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A. Personal Statement 
Over the years my graduate and postdoctoral research has built the foundation for my future research 
interests. My goal is to utilize genomic and proteomic approaches in adult, and leukemic stem cells as well as 
mouse models to study molecular mechanisms regulating cell fate decisions. Specifically, studying 
posttranslational modifications by the ubiquitin proteasome system (UPS) in self-renewal, differentiation, and 
transformation. These goals combine my knowledge gained during my graduate work directly with the 
experience and expertise of my postdoctoral fellowship. My PhD was completed in January 2009 where I 
studied the role of the microenvironment in regulating hematopoietic stem cell (HSC) self-renewal and 
maintenance with my graduate advisor Dr. Catherine Verfailllie at both the University of Minnesota and the 
Katholieke Universiteit Leuven in Belgium. My work identified novel secreted factors expressed during the 
development of hematopoiesis that enhance migration, homing, and maintenance of HSC, thus providing 
further understanding of the stem cell niche. I did my postdoctoral work in the Department of Pathology at New 
York University School of Medicine working under Dr. Iannis Aifantis. For my postdoctoral research I turned my 
interest to intrinsic mechanisms regulating cell fate decisions. Employing both pluripotent  (embryonic stem 
cells and induced pluripotent stem cells) and adult stem cells (HSC), we were able to identify novel members 
of the UPS that play key roles in pluripotency, differentiation and leukemogenesis. Building from these findings 
I aim in my future research to further explore the role of UPS in regulating self-renewal, differentiation, cellular 
reprogramming, and transformation by utilizing both proteomic and genomic approaches in stem cell 
populations.  
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C. Contribution to Science 
1. In vivo, HSC receive signals from the local microenvironment in which they reside that regulate self-renewal 
vs. differentiation cell fate decisions. Utilizing transcriptional profiling of the hematopoietic microenvironment 
during development, we identified novel secreted proteins that enhance migration, homing, and maintenance 
of HSC, thus providing further understanding of the stem cell niche, as well as, potential treatments to enhance 
homing of HSC following HSC transplantation in patients. 
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2. My postdoctoral research in the Aifantis lab focused on the role of the UPS in stem cell fate decisions. 
Utilizing both pluripotent and adult stem cells, we have shown that ubiquitin E3 ligases regulate mechanisms of 



 

self-renewal and differentiation. The primary focus was on identifying ubiquitin E3 ligases that regulate 
pluripotency and differentiation, as well as determining substrates, utilizing a combination of genomic and 
proteomic approaches. We: a) defined “ubiquitin signatures” of ESC (embryonic stem cells), and iPSC 
(induced pluripotent stem cells) using mass spectrometry-based approaches and, b) identified ubiquitin 
ligases, and deubiquitinases (DUBs) as essential for ESC pluripotency and differentiation using RNAi-based 
screens. The second part of my postdoctoral work focused on the role of E3 ligase Fbxw7 in regulating the 
leukemic stem cells (LSC) in chronic myeloid leukemia (CML). The LSC population in CML is contained to the 
hematopoietic stem and progenitor population (HSPC) suggesting molecular mechanisms regulating HSC may 
also regulate initiation and progression of the disease. Utilizing both mouse models of disease and primary 
patient samples we have identified the role of ubiquitin ligase, Fbxw7, and its substrate cMyc in disease 
progression, maintenance and initiation. We found that CML requires specific levels of cMyc expression for 
maintenance of disease and that silencing of Fbxw7 leads to cell death of the cancer stem cell population 
suggesting Fbxw7 as a potential therapeutic target in CML.  
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PROJECT TITLE: Role of E3 ligase, UBR5, in hematopoietic differentiation and malignant 
transformation 

Scientific Abstract   

Mantle cell lymphoma (MCL) is a rare and aggressive non-Hodgkin’s lymphoma. The majority of MCL patients 
have mutations leading to overexpression of CyclinD1 in the pre-B cell population subsequently preceding 
extensive proliferation and blocks in differentiation originating in the mantle zone of the lymph node. Recently 
next generation sequencing has identified a number of new novel mutations in MCL patients including the 
ubiquitin E3 ligase UBR5. E3 ubiquitin ligases serve as the substrate recognizing component for protein 
degradation by the ubiquitin proteasome system. Approximately 18% of MCL patients were found to have 
mutations within the HECT domain of UBR5, which can accept and transfer ubiquitin molecules to the 
substrate. Interestingly in hematopoietic  lineages the B-lymphoid populations including the pre-B cell highly 
express UBR5 compared to the myeloid and T-lymphoid compartments. These findings suggest that 
understanding the role of UBR5 in hematopoiesis will provide insights to mantle cell lymphoma transformation, 
progression and possible future therapeutics treatment, in addition to, basic understanding of hematopoietic 
cell specification. 

 
Lay Abstract 
 

Mantle cell lymphoma (MCL) is a raw and aggressive form of non-Hodgkin’s lymphoma. Currently MCL 
patients have poor outcomes and often undergo bone marrow transplantation as part of their treatment. 
Recently new novel mutations have been identified in patients promising new avenues of research to 
understand MCL. Here we aim to study the role of the protein UBR5 which has been found to be mutated in 
~18% of MCL patients to gain new knowledge and understanding of disease initiation, progression, and future 
therapies. 

DESCRIPTION OF RESEARCH PROPOSED:  

A. Specific Aims  

The hematopoietic system is maintained and replenished throughout life by hematopoietic stem cells (HSC) 
that are capable of differentiation to all hematopoietic lineages. Differentiation pathways to specific 
hematopoietic lineages have been well studied over the years. However, it has been suggested that disruption 
of differentiation pathways leads to blocks in differentiation and initiation of hematopoietic malignancies. 
Research has focused on a number of transcription factors networks that regulate cell fate decisions in 
hematopoiesis however accumulating evidence suggests that protein degradation by the ubiquitin proteasome 
system regulates decisions of self-renewal, differentiation, and survival. We recently identified a number of 
ubiquitin E3 ligases that regulate cell fate decisions utilizing genomic and proteomic approaches in embryonic 
stem cells (ESC), including UBR5, a HECT domain E3 ligase. Interestingly, UBR5 is disrupted in a number of 
cancers and more recently been found to be mutated in ~18% of patients with mantle cell lymphoma (MCL). 
These mutations are found within the HECT domain, which can accept and transfer ubiquitin molecules to the 
substrate. Ubr5 null mice die in utero due to defects in yolk sac vascularization and although Ubr5 is expressed 
in hematopoietic cell lineages, the role in hematopoietic development and maintenance is unknown. 
Determining the role of UBR5 in hematopoiesis will provide insights to mantle cell lymphoma transformation, 
progression and treatment in addition to basic understanding of hematopoietic cell specification.  

 
This leads to the hypothesis that the ubiquitin proteasome system (UPS), specifically E3 ligase UBR5 can 
control differentiation and lymphoma transformation. We test this hypothesis in the following Aims: 
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Aim1: Understanding the role of Ubr5 in B-lymphoid lineage specifications and mantle cell lymphoma. 
In Aim 1, we propose both in vitro experiments in normal and malignant cells to understand the role of Ubr5 in 
Mantle Cell Lymphoma and B-lymphoid lineage specification. In vitro we will use bone marrow derived B-cell 
progenitors to determine if Ubr5 alters lymphoid differentiation, survival, proliferation, and/or DNA damage.  

 
Aim 2: Mimicking UBR5 mutations to determine role in disease initiation and progression. In Aim 2, we 
will use a murine disease model to determine if Ubr5 plays a role in disease initiation and progression. Finally, 
we propose to target Ubr5 to mimic mutations previously identified in MCL patients to study lymphoma initiation 
and progression. 
 

B. Background and Significance   

We believe that this seed grant award can further the understanding of ubiquitin ligase, UBR5, function in 
hematopoietic differentiation and lymphomagenesis, as well as it may provide a future therapeutic target. 
There have been limited studies that address the role of the protein degradation by the ubiquitin proteasome 
system (UPS) during hematopoietic lineage specification. The studies proposed can significantly affect both 
basic and translational research as they could identify novel ubiquitin-regulated substrates important for 
hematopoiesis, immune regeneration, and leukemia/lymphoma maintenance. Most importantly, the UPS is 
amenable to small molecule targeting opening the way for possible future therapeutics. Proteasome inhibitors 
such as bortezomib have shown success for the treatment of blood cancers, including mantle cell lymphoma. 
Further supporting the translational importance of the UPS and suggests that targeting of specific elements of 
the UPS could lead to future breakthroughs in both basic research and cancer therapy.   

Background: Hematopoietic maintenance and development. During gestational life, lymphopoiesis occurs 
in the thymus and spleen, and subsequently in the secondary lymphoid organs such as lymph nodes. At E11-
12, at which time T-lymphoid progenitors are also detected in the aorta-gonad-mesonephros (AGM) region, the 
first lymphoid progenitors can be detected in the thymus1-3. These progenitors then undergo maturation where 
they progressively become restricted to the T-cell lineage3. At the same time the population expands 
significantly. By contrast B-cell development occurs largely in the fetal liver, where from E14 B-cell progenitors 
expand peaking at the perinatal stage4. At E11, cells cluster at the site of the spleen in the dorsal 
mesogastrium, but the spleen is not identifiable until around E135. By embryonic day 13 cells derived from the 
fetal liver start to migrate to the spleen. By E14-16, hematopoietic progenitors such as CFU-E and CFU-GEMM 
can be found in the spleen, a phenomenon that persist in mice till after birth, even though the frequency of 
colony forming cells decreases around 3 weeks postnatally6.  Around E17, coinciding with initiation of 
lymphopoiesis, cells from the thymus immigrate in the spleen6. Migration of HSC from the fetal liver to the 
marrow commences around E17, and peaks in the immediate pre-natal period at which time the bone marrow 
(BM) becomes the chief hematopoietic organ.  
 
Hematopoietic differentiation is a highly ordered process that depends on extrinsic and intrinsic signaling 
pathways. Adult hematopoiesis is maintained throughout life by the hematopoietic stem cells (HSCs), which 
are self-renewing capable of generating all hematopoietic lineages 7-10. The hematopoietic stem and progenitor 
populations is marked by cell surface profile of Lineage-Sca1+c-kit+ (LSK) subset 11. The LSK fraction can be 
further divided into subsets of quiescent or Long Term (LT)-HSC (CD34-48-CD150+LSK), short-term or 
“actively self-renewing” (ST)-HSC (CD34+48-CD150-LSK) and multipotential progenitors (MPP, 
CD34+48+CD150-CD135-/+) cells 12. Homeostasis and differentiation of stem cells depends on interactions with 
their microenvironment and transcription factor signaling that determine hematopoietic lineage specification.   
 
Mantle Cell Lymphoma. Mantle Cell Lymphoma (MCL) is a non-Hodgkin lymphoma (NHL) that represents 
~6% of al NHL. Malignant transformation occurs in the mantle zone of the lymph node where the transformed 
pregerminal center B-lymphocyte population accumulates due to uncontrolled proliferation 13. The majority of 
MCL cases are marked by a translocation between chromosome 11 and 14 t(11;14), resulting in 
overexpression of cyclinD1. Recently additional mutations have been identified in MCL patients including ATM, 
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TP53, NOTCH, CCDN1, and UBR5 14,15. Although MCL initiates within the lymph nodes, infiltration can occur in 
the bone marrow (BM), liver, and lungs. Limited treatments are available for patients with MCL resulting in poor 
survival rates and outcomes. The proteasome inhibitor, Bortezomib has recently been successful in patients 
with progressed disease16, however many patients undergo autologous bone marrow transplants.   
 
The ubiquitin-proteasome system (UPS). Temporally coordinated destruction of key cell regulatory proteins 
by the UPS represents an important control mechanism to ensure that specific protein functions are turned off 
at the right time, in the right compartment, and in a unidirectional fashion. Proteins are covalently tagged with 
chains of the small protein ubiquitin, which allows recruitment to the proteasome for proteolysis. The 
polyubiquitin chain is assembled on the substrate protein via an enzymatic cascade, in which ubiquitin is 
activated by covalent linkage to an E1 ubiquitin activating enzyme and transferred to an E2 ubiquitin 
conjugating enzyme, before an E3 ubiquitin ligase mediates transfer to a lysine residue in the substrate or a 
lysine in the growing polyubiquitin chain. Notably, the ultimate regulation of the reaction is dictated by the E3, 
which determines substrate specificity. Accordingly, the human genome encodes two E1s, 39 E2s, and over 
500 E3s.  They are divided into groups based on their recognition sequences and interaction with its target 
substrate. The majority of E3 ligases are classified into two classes including HECT E3, and RING E3 ligases 
23. Moreover, apart from the function of distinct ligase complexes, the UPS is also regulated by a class of 
enzymes responsible for removing ubiquitin conjugates from substrates. These deubiquitinating enzymes 
(DUBs) may serve a number of purposes: to recycle ubiquitin, to process ubiquitin precursors, or to edit 
previously ubiquitinated proteins among other functions 24.  
 
The ubiquitin E3 ligase, Ubr5. Ubr5 is a large ~300kDa protein that belongs to the HECT domain class of E3 
ligases and has a conserved carboxyl terminal HECT domain. Unlike RING E3 ligases that interact with E2 
ubiquitin conjugating enzymes the conserved cysteine within the HECT domain can forms bond with ubiquitin 
before transferring the ubiquitin molecule to the target substrate17. Ubr5 has been shown to either poly- and 
mono-ubiquitinate substrates including β-catenin, RNF168, and CDK918,19,20. Ubr5 also contains two protein-
protein interacting domains, a UBA domain and RING like zinc finger domain suggested being required for 
substrate interaction21. The Ubr5 null mice die during embryogenesis due to defects in yolk sac 
vascularization22.  Ubr5 mutations have been identified in a number of solid tumors, however mutations are 
found throughout the gene. Interestingly, recently mutations have also been found in patients with MCL14. 

Approximately 60% of mutations in MCL are located in 
the HECT domain, and lead to loss of the conserved 
cysteine residue suggesting that mutations inhibit 
ubiquitin conjugation of Ubr5 substrates. 
 

C. Preliminary Studies.   

Identification of UPS regulators of pluripotency 
and differentiation. To study in detail the role of the 
UPS in embryonic stem cell (ESC) differentiation and 
pluripotency, we employed a combination of genomic 
and proteomic approaches. First, using mass 
spectrometry approaches we defined the ubiquitin 
landscape in mouse ESC, differentiated ESC, induced 
pluripotent stem cells (iPSC), and mouse embryonic 
fibroblasts (MEF). This approach identified a large 
number of pluripotent cell-specific ubiquitinated 
proteins. Second, to start identifying the enzymes 
responsible for these modifications, we used RNAi-
based screens, targeting the majority of known 
members of the UPS under both conditions of self-

Figure 1; Silencing of UBR5 leads to loss of 
pluripotency and increased differentiation. A) z&
score!of! siRNA!screen! for!UPS!genes!regulating!!
pluripotency..! B)! Nanog&GFP! expression!
following! silencing! by! siRNA! C)! heat! map! of!
gene! expression! profile! for! pluripotency! genes!
and! early! differentiation! genes! in! identified!
regulators! in! D)! morphology! of! two!
representative!colonies!following!transfection!of!
siRNA!at!day!6.!E)!AP+!ES&like!colony!at!Day!14!
following!siRNA!knockdown!of!UBR5!relative!to!
non&target!control. 
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renewal and differentiation. These functional screens identified a large number of putative novel regulators and 
suggested that proteasome function is essential for both ESC differentiation and pluripotency. These studies 
revealed that ubiquitin E3 ligase Ubr5 silencing leads to loss of maintenance and induction of pluripotency. To 
evaluate the role of the UPS in pluripotency vs. lineage differentiation cell fate decisions, we used siRNA 
libraries against E1 activating enzymes, E2 conjugating enzymes, E3 ligases, and deubiquitinating enzymes, 
as well as, predicted E3 ligases, which consisted of approximately 640 predicted and known UPS genes. The 
initial screen revealed 22 genes, including Ubr5 that led to significant negative effects on ESC self-renewal (z-
score >1) (Figure 1A&B). Interestingly, following silencing of Ubr5 whole transcriptome profiling revealed up-
regulation of early ectoderm specific genes suggesting Ubr5 plays a key role in lineage specification (Figure 
1C). Additionally, when Ubr5 was silenced during cellular reprogramming morphology changes consistent with 
cellular reprogramming were not observed and the efficiency of generation of induced pluripotent stem cells 
was significantly reduced (Figure 1D&E). These combined studies suggest that Ubr5 plays a key role in cell 
fate decisions and lineage commitment. 
 
Ubr5 in hematopoiesis.  Little is known about the role of Ubr5 in hematopoiesis due to the Ubr5 null mouse 
dies during embryogenesis prior to the onset of definitive hematopoiesis at E10.522. However the recent 
identification of mutations specifically in the ubiquitin conjugation domain, HECT, of Ubr5 suggests a role in  
lymphomagenesis Ubr5. Utilizing transcriptional 
profiling in mouse hematopoietic cell lineages, 
we found that Ubr5 is expressed in all 
hematopoietic populations, however the highest 
expression is in the IgM+ B- and pre-B 
lymphocytes (Figure 2A). To determine if 
silencing would affect hematopoietic 
differentiation, we designed shRNAs targeting 
Ubr5 (Figure 2B). Silencing of Ubr5 in 
hematopoietic stem and progenitor cells led to 
significant decrease in hematopoietic progenitor 
colony forming potential with a greater impact 
on the more primitive GEMM colonies (Figure 
2C&D). However no increase in cell death, 
apoptosis, or cell cycle was observed (Data Not 
Shown). Interestingly, the colonies following 
knockdown of Ubr5 were more mature lineage 
and analysis of cells within the colonies 
depicted definitive myeloid cells suggesting that 
loss of Ubr5 led to hematopoietic differentiation 
similar to what was seen in ESC differntiation.  

 
Together these studies define a role for the UPS in cell fate decisions, and more specifically suggest a role of 
Ubr5 in hematopoietic differentiation.  

 

D. ProgressReport (forRenewalApplicationsonly)   N/A 
 

E. Research Design and Methods   

Aim1: Understanding the role of Ubr5 in B-lymphoid lineage specifications and mantle cell lymphoma. 
Ubr5 null mice die in utero due to defects in yolk sac vascularization and although Ubr5 is expressed in 
hematopoiesis, the role in hematopoietic maintenance and development is unknown. Interestingly, Ubr5 is 
disrupted in a number of cancers and more recently been found to be mutated in 18% of patients with mantle 

Figure 2; UBR5 is expressed in hematopoietic lineages and silencing leads to loss of 
progenitor cell activity. A) expression profiling in hematopoietic populations  B) 
relative knockdown of UBR5 shRNAs. C&D) Colony forming units per 1,000 shRNA+ 
Lin- bone marrow cells C) total colonies. D) of GEMM colonies. 
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cell lymphoma (MCL)14. These mutations are found within the HECT domain, which can accept ubiquitin 
molecules that are then transferred to the substrate. Our findings of Ubr5 having a role in ESC differentiation 
along with the identification of Ubr5 mutations in lymphoma allude to a role of Ubr5 in hematopoiesis may 
provide insights on mantle cell lymphoma transformation and hematopoietic development. To test this 
hypothesis we will; 
 
Aim 1A: Determine role of Ubr5 in B-lymphoid differentiation in vitro. We have previously showed that 
silencing of Ubr5 leads to a reduction in myeloid progenitor populations and rapid differentiation, however the 
effect on B-lymphoid differentiation is unknown. We will isolate hematopoietic progenitor cells (Lin-) from the 
bone marrow and transduce the cells with retroviral expressing shRNAs against Ubr5. Cells will be plated in 
pre-B cell methylcellulose based colony forming cultures supplemented with IL-7 and analyzed for their 
potential to give rise to colonies as well as their ability to subsequently replate to determine their proliferative 
potential, an indicator of tumor transformation. Cell surface markers (B220, CD45, IgM, CD19) will also be 
followed by flowcytometry during in vitro differentiation to follow lineage specification towards the B-Lymphoid 
lineage. Since MCL is marked by overexpression of cyclinD1, in parallel cells will also be co-transduced with 
retrovirus expressing cyclinD1 cDNA. These studies will determine if silencing of Ubr5 alone or in conjunction 
with cyclinD1 leads to a block in differentiation and enhanced proliferative potential of B-lymphoid progenitors. 
 
Aim 1B: Impact of loss of UBR5 in MCL cell lines. In order to further understand the role of Ubr5 in MCL we 
will perform proliferation and survival experiments. We will transduce MCL cell lines, JEKO-1 and Mino, and a 
normal human transformed B-lymphoblast cell line with shRNAs against UBR5 and monitor for growth, survival 
and death. It is important to note that we have sequenced these MCL cell lines and they do not possess 
mutations in the UBR5 gene. Proliferation and survival will be monitored by flowcytometry using BrdU for cell 
cycle and AnnexinV for apoptosis/death. We expect if UBR5 plays a role in tumor initiation and progression 
increased proliferation and survival will be observed. 
 
Aim 1C: Determine if loss of UBR5 in MCL cells leads to increased DNA damage. UBR5 has been linked 
to regulating DNA damage pathways. In order to determine if loss of UBR5 in MCL cell lines leads to increased 
DNA damage, we will transduce cells MCL cell lines, JEKO1 and Mino along with bone marrow derived mouse 
hematopoietic progenitor cells with shRNAs against a non-target control or Ubr5. DNA damage will be 
evaluated following treatment with double stranded break agents (doxorubicin, ionizing radiation) and analyzed 
for markers of DNA damage repair including gamma H2AX  and 53BP1 staining. 
 
Aim 2: Mimicking UBR5 mutations to determine role in disease initiation and progression. Currently 
there is only one mouse model of mantle cell lymphoma, which takes up to 20 months for disease initiation. 
Here we propose to generate a conditional knockout mouse model of Ubr5 that mimics the truncated protein 
formed by MCL patient mutations. This model will help determine if Ubr5 plays a role in disease initiation or 
progression. We also propose bone marrow transplantations utilizing the Eµ-CyclinD1T268A mouse bone 
marrow to generate MCL and further elucidate the role of Ubr5 in disease.  
 
Aim 2A: Determine role of Ubr5 knockdown on MCL disease initiation and progression. As previously 
mentioned MCL is characterized by a translocation t(11;14) leading to overexpression of cyclinD1. CyclinD1 is 
targeted for ubiquitination following phosphorylation by GSK3β 23. Gladden et. al. generated a mouse model of 
MCL by expressing phosphorylation mutant CyclinD1 under the control of the immunoglobin enhancer (Eµ-
CyclinD1T268A)24. The mutation leads to constitutive nuclear expression of cyclinD1 and mice develop B-cell 
lymphoma. Malignancy is in the spleen and lymph nodes with infiltration of tumor cells in the lung and intestine. 
Although the mice develop B-cell lymphoma they have late latency of the disease (survival ~13-21 months of 
age) suggesting that corroborating lesions my drive disease initiation. It is important to note that Eµ-CyclinD1 

expression alone is not enough to generate malignancy. To determine if Ubr5 silencing accelerates disease 
and corroborate, we will isolate BM from Eµ-CyclinD1T268A mice and retroviral infect with shRNA against Ubr5. 
Infected cells will be transplanted intravenously into lethally irradiated C57Bl6 mice. Mice will be monitored for 
signs of disease and enlarged lymph nodes.  Disease initiation and progression will be followed by both B-
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lymphocyte development by flowcytometry and histology of lymphoid organs. Eµ-CyclinD1T268A mice will be 
kindly provided by Alan Diehl (Medical University of South Carolina). 
 
Aim 2B: Generation of HECT domain mutations in mice, modeling mutations found in MCL patients.  In 
order to mimic human MCL mutations we have designed a targeting vector to generate a mouse model 
recapitulating human mutation. Approximately 60% of the mutations found in UBR5 in MCL were located in the 
HECT leading to a truncating protein lacking a cysteine important for ubiquitin conjugation14.  In collaboration 
with Ingenious Targeting Laboratory we designed a conditional knockout strategy utilizing the cre-lox system. 
Here we flanked exon 58 with lox p sites that when crossed to a cre expressing mouse model will delete exon 
58 leading to a truncated protein lacking the ubiquitin binding cysteine (Figure 3). ESC were targeted by 
electroporation and targeting was confirmed by both PCR (Figure 3B). Tetraploid complementation will be 
utilized to provide ESC derived mice in ~18 days to provide rapid generation of targeted mice25. We will utilize 
the Cre-Lox system to delete Ubr5 in the adult hematopoietic system (Mx-Cre), and specifically in the B-
lymphoid (CD19-Cre) compartment to determine if loss of Ubr5 leads to hematopoiesis defects and/or 
generation of hematopoietic malignancies. Both Cre mouse strains are commercially available through The 
Jackson Laboratory. Hematopoiesis will be monitored utilizing flowcytometry for lineage specific cell surface 
markers. Hematopoietic organs, bone marrow, spleen, and thymus will be analyzed for cell composition and 
histology.  

 
Pitfalls/Limitations: An alternative to look at 
disease initiation and progression, is to cross 
Eµ-CyclinD1T268A mice with the conditional 
HECT domain mutant mouse in Aim 2B to 
follow disease progression and initiation. Also, 
in both aims we utilize shRNAs to silence 
Ubr5, however in the patients mutants are 
thought to lose the C-terminal HECT domain, 
as an alternative to more recapitulate the 
mutations in patients we could utilize the 
CRISPR/Cas9 system and design gRNAs 
near the HECT domain eliminating the ability 
to transfer ubiquitin to its substrate. 
 
 

Conclusions: This funding opportunity 
would provide the preliminary data and 
more importantly the mouse model that 

mimics the UBR5 mutations in MCL patients to apply for future external funding opportunities. Aim 1 can be 
accomplished, and experiments in Aim2 can be initiated in the timeline of the grant. Aim 2 proposes mouse 
models of disease and a conditional knockout model that take more than a year to generate data, but will be 
used in future studies to further unravel the role of UBR5 in hematopoiesis and mantle cell lymphoma. The 
combination of my PhD and postdoctoral research have provided me a foundation in normal and malignant 
hematopoiesis, which can now be used to further elucidate the molecular mechanisms regulating 
hematopoietic lineage specification and pathways disrupted in cancer. The proposed experiments will further 
unravel the ubiquitin-related molecular mechanisms that regulate induction of lineage specification and 
transformation. 
 
 

F. Statement of Cancer Relevance   

We believe that post-translational regulation of hematopoietic differentiation by the UPS, specifically the 
substrate recognizing ubiquitin E3 ligases and “proteomics” centered approaches could indeed be one of the 

Figure 3; Targeting Strategy for HECT mutant. A) endogenous locus, targeting vector 
and targeted locus B) Strategy to screen ESC. 
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important future directions in the identification of novel therapeutic targets in leukemia and lymphoma. Within 
the E3 ligase family, Ubr5 is an intriguing ligase for further study for a number of reasons: 1) there are limited 
known UBR5 ubiquitin substrates; 2) Loss of Ubr5 plays a role in ESC differentiation; 3) UBR5 is highly 
expressed in hematopoietic tissue, specially in the IgM+ B-cell and pre-B populations; 4) mutations in mantle 
cell lymphoma suggests a role in hematopoietic differentiation and lymphomagenesis This proposal advances 
the understanding of the general mechanisms underlying hematopoietic lineage commitment. Also, a number 
of cancers rely on aberrant mechanisms of differentiation, providing further evidence that role of the UPS could 
have a broad impact not only in hematopoietic differentiation but also more broadly in other forms of cancer. 
Moreover the UPS provides candidates for future advances in cancer therapeutics with the goal of providing 
targets for drug discovery. 
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BUDGET

Category Cost 
Personnel 

Materials and Supplies 

Equipment 

Travel 

Other Direct Costs 

Total Cost

$32,500
Lab Supplies: $12,000 
Cores: $11,500 
Animal Facility: $9,000

$45,000

$12,500
A  Salary support or a ra uate stu ent or 

0 calen ar mont s



Budget Justification: 
 
Personnel 

Graduate Students, 6.00 calendar support requested. 
 
Dr. Buckley is a new faculty member at University of Nebraska Medical Center starting her position August 
10th, 2015. This year she is recruiting a graduate student, who will be rotating September 2015 till March 2016 
with recruited students expected to join around April 2016. Graduate student stipend at University of Nebraska 
Medical Center is $25,000/yr. 
 
6.00 months salary ~$12,500 
 
Materials and Supplies 
 
Lab Supplies: $12,000 
The proposed project requires a significant amount of lab supplies. These include cell culture 
Media, serum, cytokines, enzymes, antibodies, transfection reagents, DNA and RNA preparation kits, protein 
biochemistry supplies etc.  
 
Based on our experience we request $1000/month ($12,000/year). 
 
Cores: $11,500 

 
a. Flow cytometry/FACS sorting Facility: Our project will relay on flow cytometry to analyze hematopoietic 

surface markers, as well as, cell sorting to purify populations for transplant. We estimate a total cost of 
approximately $3,000/year. 

 
b. Transgenic Mouse Facility: Our project will be generating a new mouse models and we will use the 

transgenic facility to inject our targeted ESC into blastocyst and chimera development. We estimate a total cost 
of approximately $8,500. 
 
Animal Care: $9,000 
 
Animal Facility Costs: We anticipate the use of a number (~35) mouse cages. The mice will be used as hosts 
for transplantation and crossing transgenic models. The current per diem for our animals is $0.97/day/cage.  
We will be using an absolute minimum of 35 cages, which include both breeding and experimental cages.  The 
total cost will be (25*0.97*365)~ $9,000/year. 
 
 


