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Abstract 
. L8~ 

In order to better understand the progression of cancer, the changes in genes and their product 

proteins that lead to malignancy must be studied. This requires the characterization of molecular 

and genetic interactions that are fundamental to the progression of cancers, such as T-cell acute 

lymphoblastic leukemia (T-ALL). T~ALL is an aggressive cancer that affects both children and 

adults, and patients typically respond poorly to chemotherapy. In the majority of affected 

individuals, a specific chromosomal translocation or deletion event leads to the misactivation of 

the TAL I gene, which produces an aberrantly expressed TAL I transcription factor protein. 

Normally, TALI controls hematopoiesis and blood vessel formation. As a basic helix-loop-helix

transcription factor, TAL I heterodimerizes with many other transcription factors and may alter 

gene activation, gene transcription, and gene product production. It is thought that changes in 

gene expression patterns, mediated by misexpression of this transcription factor, lead to an 

overabundance of immature T -cells by deregulating control of cell proliferation and cell death 

(apoptosis) pathways. Apoptosis pathways are critical to sustaining life, as these beneficial 

processes allow for the removal of unwanted or abnormal cells through a well-defined series of 

events. Misexpression of TAL I in T -ALL may alter transcriptional control and protein 

e,xpression of one or several genes or proteins that regulate apoptosis, leading to this malignant 

condition. In this study, Western blot and flow cytometry analyses were used to determine the 

potential protein targets of TAL l. In particular, Bel-xl, caspase-9, and Nur77 were the factors 

studied. If changes in the expression of these additional proteins, due to altered transcription 

regulation by TAL 1, can be detected using these methods, then better, more targeted therapies 

can potentially be developed to combat T -ALL at the molecular level. 
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INTRODUCTION 

T-cell Acute Lymphoblastic Leuken1ia: A Brief Introduction 

Cancer comprises diseases that involve the deregulated growth and multiplication of the 

body's cells (12). This disruption in the normal cycle of the cell can result from various genetic 

n1utations, which may be influenced by environment and lifestyle choices (12). Once cell growth 

regulation is disturbed, cells may accumulate in an unnatural abundance, become malignant, and 

spread throughout the body in an invasive process called metastasis (12). Leukemias, the most 

common types of cancer in children, originate from cells in the bone marrow (10,12). 

Acute lymphoblastic leukemia (ALL) is the most common form of childhood cancer, and 

10% - 15% of these pediatric cases originate in cells that are involved in the body's immune 

response, also called T -cells (1,18). This type of cancer is called T-cell acute lymphoblastic 

leukemia, or T-ALL (1). Approximately 250/0 of ALL cases in adults also originate in the T -cells 

(2). Knowledge about how this particular type of cancer develops and how to treat patients using 

targeted therapies is limited (1,2). 

T-cell acute lymphoblastic leukemia 1 (TAL 1), also known as the stenl cell factor SCL, is 

a transcription factor that appears to be highly expressed in approxinlately 400/0 - 60% of cases 

of T-ALL (2,3,16). This transcription factor turns genes "on" and "off' in response to various 

environmental and cellular signals, thus altering the production of proteins that control various 

bodily functions (2,3,16). Normally, TALI is involved in the regulation of blood cell 

development (3,5,9,14,17). However, TALI may also help to regulate the amount and types of 

proteins produced by genes involved in the development and spread of T-ALL in patients, 

although how TALI may do this is unclear (9,14). Abnormal functioning of TALI due to genetic 

nlutations, certain internal (cellular) and external (environmental) signals, and various other 

factors may result in the development of cancerous diseases such as T -ALL (2,3,4,15). 
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One way that TAL 1 may contribute to the development of T -ALL is by deregulating the 

production of proteins involved in apoptosis, or organized and orchestrated ("programn1ed") cell 

death (6). Apoptosis is vital for an organism's survival, as it is important for overall health and 

normal body functioning and development (6,7,11,13, 19). Specifically, apoptosis functions in 

normal cell turnover, proper development and functioning of embryos and all body systems, cell 

population maintenance, defense after cellular damage due to disease and noxious agents, wound 

healing during and after immune response and pathogen clearance, and hormonally- and 

chemically-induced homeostasis (or the maintenance of a stable internal environment) 

(6,7,11,13,19). This process of cell destruction is generally very carefully regulated, although 

genetic mutations can disrupt the control of this process (20,22). This disruption of apoptosis 

could result in abnormal cell cycling and lead to diseases such as cancer (6). 

In T -ALL, as in other cancers, a loss of balance between cellular division and 

programmed cell death occurs when cells that should have died via apoptosis do not receive the 

stimuli to do so (6). The stimuli that signal the initiation of apoptosis often result from 

irreparable genetic damage caused by DNA mutation (6,8). The balance between pro-apoptotic 

("pro-cell death") and anti-apoptotic ("pro-cell survival") proteins determines whether or not cell 

death actually occurs; therefore, a disruption in this balance may contribute to dysregulated 

apoptosis and the malignancy ofT-ALL (6). 

Bel-XL is a protein whose function may be controlled by TALI. This protein, which is 

closely associated with cellular and mitochondrial membranes, is anti-apoptotic; this means that 

Bel-XL functions to prevent apoptosis by increasing a cell's ability to survive (19,21). Another 

potential target of TAL 1 is caspase-9, a pro-apoptotic protein that hastens cell death by 

activating various other caspase proteins that coordinate apoptosis (20). Yet another potential 



3 INTRODUCTION 

target ofTALI is the transcription factor Nur77 (23). Nur77 is unique in that it has dual 

functions: Nur77 can promote either cell survival and growth or cell death in T-cells and tumor 

cells depending on cellular stimuli, location within cells, expression levels, growth promotion 

factors, and protein modification (23,24,25). 

In cancer cells, Nur77 is located in the nucleus of a cell and functions as an anti-apoptotic 

survival factor; ifNur77 relocates itself to the cytoplasm of a cell, it becomes a potent pro

apoptotic killer by triggering cytochrome c release from mitochondria (23,24). This leads to 

activation of caspase-9 and the caspase cascade, as well as to the conversion of the anti-apoptotic 

Bcl-2 protein to a pro-apoptotic form via changing the shape and function of Bcl-2 (23). Both of 

those processes increase the likelihood that a cell will die via apoptosis (23). Therefore, it 

appears that Nur77 and its cancer-causing and/or survival abilities playa role in the regulation of 

cancer cell growth and the development, maintenance, and spread of T -ALL. 

Due to the induction of such complex cellular signaling pathways during the development 

of T -ALL, examination and study of the cellular pathway profiles associated with T -ALL is 

essential. Such research could identify potentially critical biomarkers that could be used in the 

diagnosis and prognosis staging of T -ALL, as well as to the identification of molecular targets 

that could one day be used in the treatment of this devastating fonn of cancer (l, 18). Such 

discovery could result in increasing the relapse-free five year survival rate beyond the current 

range of 600/0 - 750/0 (1,18). Further studies of the aforementioned proteins and their roles in cell 

signaling, apoptosis, and T -ALL is required in order to better understand their mechanisms of 

action. The hope is to generate potential treatment strategies that could reduce or possibly one 

day cure this chemotherapy-resistant type of cancer (19). 
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T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA 


TAL 1 Expression and Protein Targets in T-cell Acute Lymphoblastic 

Leukemia 

Cancer comprises diseases whose progression is driven by an accumulation of genetic 

and epigenetic mutations that are influenced by various hereditary, somatic, and environmental 

factors (15). These changes generally result in a breakdown of the tightly regulated "checks and 

balances" involved in cell differentiation, division, and death, contributing to overproliferation 

and lack of regulatory signal responsiveness exhibited by cancer cells (15). Involved in this 

malignant process is dysregulated gene expression, abnormally regulated cell growth cycle 

involved in genome replication and cell reproduction, and resistance to cell death induction 

(11,15,16,18). Leukemias, the most common types of cancer in children, are monoclonal 

diseases originating from cells in the bone marrow whereby red blood cells progressively lose 

maturation ability and develop an aggressively-growing, undifferentiated phenotype (11,15). 

Acute lymphoblastic leukemia (ALL) is the most common form of childhood malignancy 

with 10% - 150/0 of these pediatric cases originating in T -cells that result in T-cell acute 

lymphoblastic leukemia, or T-ALL (1,23). T-ALL also accounts for approximately 25% of adult 

cases of ALL (2). This disorder, biological knowledge of which has long been limited, results 

from the clonal expansion of certain lymphoid progenitors undergoing malignant transformation 

during distinct stages of cellular differentiation (1,2). These cell-intrinsic defects, which are 

experienced alongside high white blood cell counts, organomegaly, and central nervous system 

involvement, often converge with certain external stimuli (1,2). This "convergence" activates 

key pro-oncogenic intracellular pathways that promote the development of T-ALL (1). 

Subsequent alterations of intracellular signaling pathways play distinct, in1portant roles in the 

etiology, maintenance, and progressive development of T-ALL (1). 
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T -cell acute lymphoblastic leukemia 1 (TAL 1), also known as the stem cell factor SCL, is 

a transcription factor that appears to highly expressed in approximately 400/0 - 600/0 of cases of 

T -ALL (2,3,21 ). TAL 1 is a member of the helix-loop-helix domain family of transcription 

factors, which are involved in the regulation of hematopoietic blood cell development, 

proliferation, and terminal differentiation during embryonic erythoid development 

(3,6,10, 19,22). TAL 1 may also help to regulate protein expression in signaling and regulatory 

pathways involved in the production, survival, proliferation, and terminal maturation of all cells 

of the blood system (10,19). This transcription factor also seems to inhibit cell death (apoptotic) 

processes in leukemic T -cells (22). TAL 1, like other helix-Ioop-helix proteins, functions as both 

an activator and as a regulator of gene transcription and expression; its targets appear to be key 

transcription factor regulators involved in erythoid commitment, development, proliferation, and 

differentiation (6,10). 

Abnormal TAL 1 expression and aberrant activity, often indicated by a t(1 : 14)(p32;q 11) 

chromosomal translocation during later stages of T-cell development, has been proposed to 

interfere with cellular proliferation and differentiation (2,3,4,20). The mode of action is thought 

to be mediated by inhibiting or otherwise altering transcriptional regulation of various genes 

(2,3,4,20). Other translocations have also been implicated in the promotion of lymphoblastic 

malignancy, including t(9:22)(q34;ql1.2), t(8:14)(q24;qll), t(10:14)(q24;qll), and 

t(11: 14)(pI3;ql1) translocations (5,20). Also, cytogenic abnormalities involving the 14qll band 

also appear to contribute to the etiology of T-ALL due to perturbation of transcriptional 

regulation (20,21). This process of non-random, reciprocal translocation between non

homologous chromosomes is often associated with malignant transformation and human T-cell 

leukemogenic carcinogenesis, although the direct target gene repertoire is poorly understood 



3 T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA 

(3,5). While chromosomal translocation between regulator transcription factor genes on key 

chromosomes to regions of activated tissue-specific TCR genes is one mechanism by which the 

TAL 1 gene can become dysregulated, these SCL mutations are proposed to playa pivotal role in 

only about 30/0 ofT-ALL cases (4,12). 

Additionally, deletion of approximately 90 kb of DNA from chromosome 1 may result in 

disruption and aberrant activation of TAL 1 in leukemic T -lymphocytes in 6% - 260/0 of T -ALL 

cases (4). Also, 600/0 of pediatric T -ALL cases appear to show aberrant TAL 1 expression without 

accompanying gene rearrangements or chromosomal translocations; for example, 

phosphorylation of TAL 1 stimulates ubiquitination of this transcription factor and conversion 

into a constitutive activator by repressing its dual role as a repressor (4,6). However 

dysregulation of TAL 1 occurs, this transcription factor clearly plays a pivotal role in irregular 

hematopoiesis, vasculogenesis, and nervous system functioning (4,6). 

The precise mechanisms by which TAL 1 contributes to leukemia development in patients 

is still unclear, although this transcription factor has been proposed to provide a proliferative 

advantage to cells in an unclear method of action (4). This stimulation of cellular proliferation, 

cell cycling, and cellular potential for self-renewal, with an apparent accompanying decrease in 

cellular death, appears to contribute to leukemogenesis in T-cells (4). It is thought that the 

leukemogenic effect of TAL 1 misexpression may activate certain target genes that are normally 

unexpressed ("silent") or sequester various components of multi-protein complexes, which may 

contribute to the development and progression of T -ALL (4). 

While the misexpression of the TAL 1 transcription factor plays a key role in 

leukemogenesis, other cellular processes contribute to the nlalignancy of T -ALL (7). For 

example, apoptosis, or organized and orchestrated ("programmed") cell death, is typically 
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important for the overall moderation of health and normal functioning and development by 

maintaining tissue homeostasis (7,8,13,17,24). Specifically, apoptosis functions in normal cell 

turnover, proper development and functioning of embryos and all body systems, cell population 

maintenance, defense after cellular damage due to disease and noxious agents, wound healing 

during and after immune response and pathogen clearance, and hormonally- and chemically

induced homeostasis (13). This tightly-regulated process involves many proteins and results in 

cell blebbing, shrinkage, and degradation; defects occurring at any point during apoptosis can 

lead to cell death occurring with either too little or too much frequency (7,8,9). 

Apoptotic processes can be induced by DNA-damaging events, such as chemotherapy 

and ionizing radiation, developmental signals, and cell stress (25,29). Under these conditions of 

abnormal cell death, disease may result via cellular degeneration or malignant transformation, 

tumor metastasis, and resistance to therapeutic anticancer drugs (7). This malignant 

transformation is generally accon1panied by progressive loss of tissue homeostasis and 

metastasis ofturrlOrs to distant body sites (14). When too little apoptosis occurs, cell proliferation 

increases the production of malignant cells that do not die, resulting in cancer due to 

dysfunctional cell cycle regulation, overproliferation of cells, and reduced removal of cells 

(7,13). 

In T -ALL, as in other cancers, a loss of balance between cellular division and 

progran1n1ed cell death occurs when cells that should have died via apoptosis do not receive the 

stimuli to do so (7). The stimuli that signal the initiation of apoptosis include irreparable genetic 

damage, hypoxia, high concentrations of cytosolic calcium, and severe oxidative stress (7,9). A 

group of proteins belonging to the Bcl-2 family regulate these signals, many of which are 

associated with the mitochondria; this family includes both pro-apoptotic and anti-apoptotic 
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proteins (7). Caspase proteins, such as caspase-9, also playa role in promoting apoptosis (7). 

Pro-apoptotic proteins promote apoptosis, eliciting cell death when it is advantageous to restore 

tissue homeostasis, while anti-apoptotic proteins promote cell survival when cell death is not 

advantageous (7,8). The balance between pro- and anti-apoptotic proteins determine whether or 

not cell death actually occurs; therefore, a disruption in this balance may contribute to 

dysregulated apoptosis and the malignancy of T -ALL (7). This leukemogenic effect may be 

influenced by the over- or under-expression of certain genes due to misexpression of TAL 1 (7). 

There are various gene and protein targets that are involved in n10derating apoptosis 

involved in T-ALL due in large part to the expression level of TALI (7). For example, Bcl-XLis 

one such target; this anti-apoptotic protein resides in the outer mitochondrial membrane and 

within other intracellular cytoplasmic membranes in order to moderate and prevent apoptosis 

(24,28). Bel-XL encodes a membrane-associated protein that guards cancerous cells from 

apoptosis induced by DNA-damaging agents (25). Because Bcl-XL is anti-apoptotic, it provides 

protection and greater cell viability against etoposide-induced cell death, chemotherapeutic 

agents, and DNA-damaging gamma radiation by moderating tumor cell sensitivity to such 

aversive stimuli (24). This protection against apoptosis-inducing, anti-tumor agents via reducing 

cell susceptibility to apoptotic signals occurs by an unknown mechanism (24). The ability of Bcl

XL to modulate and inhibit cell death can be modified through the phosphorylation or 

dephosphorylation of this protein (24,25). 

Another potential target of TALI is caspase-9, a pro-apoptotic cytosolic protease that 

orchestrates apoptosis via cleavage of various cellular substrates (25). Specifically, caspase-9 

functions during receptor- and chemically-mediated apoptosis to trigger a caspase cascade in the 

cytoplasm of target cells by activating other caspase proteins, which cleave key substrates and 
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coordinate the process of apoptosis through the resulting morphological and biochemical pro

apoptotic signals (25,26,27,29). This mechanism, typically initiated after the release of 

mitochondrial apoptogenic molecules such as cytochrome c, promotes apoptosis by making cells 

more sensitive to cell death-promoting stimuli and signaling (25,26,27). These target cells 

become more sensitive to cell death signals through the perturbation and disruption of 

mitochondrial membranes through depolarization, which stimulates cell death (27). Therefore, 

caspase activity acts as the effector branch of the apoptotic program, promoting oncogenic 

transformation (26,27). 

It is imperative to note the interaction that takes place between Bel-XL and caspase-9 

proteins. Bel-XL is able to interact with and inhibit or delay the release of caspase-9, preventing 

the activation of the caspase cascade and significantly preventing cell death (25). Specifically, 

Bel-XL inhibits eleavage of target proteins and the execution of the apoptotic program due to 

inactivation of caspase-9 and its subsequent caspase cascade (28). This solidifies the role of Bel

XL in modulating and blocking cell death machinery by inhibiting caspase function (25). The 

precise mechanism by which Bel-XL associates with and regulates caspase activity and cell death 

activation is not yet understood, although this interaction is likely not direct (28). It has been 

speculated that part of the mechanisn1 may involve maintenance of the integrity of the 

mitochondrial membrane by Bel-XL through the formation of ion channels, although this 

hypothesis remains uncertain (28). Although the occurrence of apoptosis is regulated by an 

intracellular balance between pro-apoptotic and anti-apoptotic proteins (such as the balance 

between Bel-XL and caspase-9), it is unclear whether the anti-apoptotic, protective cell survival 

function of Bel-XL is solely mediated through inhibition of the pro-apoptotic, cell death

promoting effects of caspase-9 (29). 



7 T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA 

Another potential target of TAL 1 is the zinc-finger transcription factor and immediate

early gene Nur77, also called TR3, NGFI-B, TIS1, or NAK-1 (30,31,32). This member of the 

orphan nuclear receptor superfamily is unique in that it has dual functions: Nur77 can promote 

either cell survival and growth or cell death and apoptotic resistance in T -cells and tumor cells 

depending on cell stress stimuli, subcellular distribution, expression levels, heterodimerization, 

growth promotion factors, and protein modification (30,31,33). In cancer cells, ifNur77 is 

located in the nucleus, it functions as an anti-oncogenic, anti-apoptotic survival factor; however, 

ifNur77 translocates (relocates) to the cytoplasm and targets mitochondria in the cytoplasm due 

to regulation by certain death stimuli, it becomes a potent pro-apoptotic killer by triggering 

cytochrome c release from n1itochondria (30,31). This leads to activation of the caspase cascade 

and the conversion ofBcl-2 to a pro-apoptotic form via a conformation change (30). 

Therefore, it appears that Nur77 and its oncogenic and survival abilities can playa role in 

the deregulation of cancer cell growth and in the modulation of various extracellular stimuli. It is 

thought that Nur77 can confer a growth advantage to cancer cells by suppressing negative 

growth regulation, and this process prevents cell death, enhances the survival rates and 

proliferation of cancer cells, and promotes neoplasmic transformation (30,31). Also, the 

transcriptional activity of this transcription factor may stimulate cell cycle progression and 

proliferation in these same cells (30). Overexpression ofNur77 in cancer cells is also common, 

and growth factors and mitogens present may potentiate and rapidly induce the expression of 

Nur77 (30). Such overexpression ofNur77 generally leads to massive apoptosis (30). For 

example, this transcription factor has been found in high levels in T -cells undergoing apoptosis, a 

process which may stimulate rapid induction ofNur77 in cancer cells, particularly in the 

presence of apoptosis-inducing agents such as etoposide (30). 



8 T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA 

While there is a con-elation between the function ofNur77 and the occurrence of 

apoptosis in T -cells, this process and the mechanisms by which it occurs are not well understood, 

and few of its target genes have been identified within its biological response mediation 

pathways (30). Depending on the cell type and death stimuli present, Nur77 may induce cell 

survival or apoptosis via mitochondrial disturbance (30). Therefore, Nur77 initiates varying cell 

survival programs or apoptotic mechanisms depending on cell type and cell signaling and pro

apoptotic death stimuli (30,33). There is also inconsistency between studies concerning how and 

when various positive and negative apoptotic regulation pathways involving Nur77 are activated 

in T-ALL target cells (33). 

The dual cell survival or cell death functions ofNur77 and its subcellular trafficking and 

translocation regulate cell proliferation and apoptosis, processes that control tumor development 

(30). These dual functions and their unknown mechanisms may be regulated through 

phosphorylation or dephosphorylation of Nur77 (30). Phosphorylation ofNur77 inhibits its 

versatile functions as a transcription factor and as an apoptotic mediator (30). While activation of 

Nur77 in the nucleus is oncogenic, its translocation into the cytoplasm and mitochondrial 

targeting may inhibit these apoptotic effects (30). However, this link between direct or indirect 

Nur77 -mediated transcriptional activity and the promotion or inhibition of apoptotic pathways is 

still ill-defined and poorly understood, as are the mechanisms that modulate Nur77 activity (33). 

Due to the induction of such complex intracellular signaling pathways during the genesis 

of T -ALL, examination and study of the intracellular pathway profiles associated with T -ALL is 

essential. Such research could identify potentially critical biomarkers that could be used in the 

diagnosis and prognosis staging of T -ALL, while also identifying n10lecular targets that could 

one day be used in the treatment of this devastating form of cancer (l,23). Such discovery could 
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result in increasing the relapse-free five year survival rate beyond the current range of 600/0 

750/0 (l,23). Further studies of the aforementioned proteins and their roles in cell signaling, 

apoptosis, and T-ALL is required in order to better understand their mechanisms of action. The 

hope is to generate potential treatment strategies that utilize the ability of certain gene products 

to stimulate apoptosis in various cancers (24). 
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TALI Expression and Protein Targets in T-cell Acute Lymphoblastic 

Leukemia 

Danielle N. Lutton 

ABSTRACT 

In order to better understand the progression of cancer, the changes in genes and their product 
proteins that lead to malignancy must be studied. This requires the characterization of molecular 
and genetic interactions that are fundamental to the progression of cancers, such as T-cell acute 
lymphoblastic leukemia (T-ALL). T-ALL is an aggressive cancer that affects both children and 
adults, and patients typically respond poorly to chemotherapy (1). In the majority of affected 
individuals, a specific chromosomal translocation or deletion event leads to the misactivation of 
the TALl gene, which produces an aberrantly expressed TALI transcription factor protein (2). 
Normally, TALI controls hematopoiesis and blood vessel formation (3). As a basic helix-Ioop
helix-transcription factor, TALI heterodimerizes with many other transcription factors and may 
alter gene activation, gene transcription, and gene product production (10). It is thought that 
changes in gene expression patterns, mediated by misexpression of this transcription factor, lead 
to an overabundance of immature T -cells by deregulating control of cell proliferation and cell 
death (apoptosis) pathways (4). Apoptosis pathways are cri tical to sustaining life, as these 
beneficial processes allow for the removal of unwanted or abnormal cells through a well-defined 
series of events (14). Misexpression of TAL 1 in T -ALL may alter transcriptional control and 
protein expression of one or several genes or proteins that regulate apoptosis, leading to this 
malignant condition (4). In this study, Western blot and flow cytometry analyses were used to 
determine the potential protein targets ofTALl. In particular, Bcl-xl, caspase-9, and Nur77 were 
the factors studied. If changes in the expression of these additional proteins, due to altered 
transcription regulation by TALI, can be detected using these methods, then better, more 
targeted therapies can potentially be developed to combat T -ALL at the molecular level. 

INTRODUCTION 

Cancer progression is driven by an 
accumulation of genetic and epigenetic 
mutations that are influenced by various 
hereditary, somatic, and environmental factors 
(15). These changes generally result in a 
breakdown of the tightly regulated "checks 
and balances" involved in cell differentiation, 
division, and death, leading to cellular 
overproliferation and lack of regulatory signal 
responsiveness (15). Involved in this 
malignant process is dysregulated gene 
expression, an abnormally regulated cell 
growth cycle, and resistance to cell death 
ind\lction (11,15,16,18). 

Leukemias, the most common types of 
cancer in children, are monoclonal diseases 
originating from cells in the bone marrow, 
whereby red blood cells progressively lose 
maturation ability and develop an 
aggressi vel y -growing, undifferentiated 
phenotype (11,15). Acute lymphoblastic 
leukemia (ALL) is the most common form of 
childhood malignancy with 100/0 - 15% of 
these pediatric cases originating in T -cells that 
result in T-cell acute lymphoblastic leukemia, 
or T -ALL (1,23). T -ALL also accounts for 
approximately 25% of adult cases of ALL (2). 
This disorder results from the clonal 



expansion of certain lymphoid progenitors 
undergoing malignant transformation during 
distinct stages of cellular differentiation (l,2). 

T-cell acute lymphoblastic leukemia 1 
(T AL 1), also known as stem cell factor SCL, 
is a transcription factor that appears to be 
highly expressed in approximately 400/0 - 600;() 
of cases ofT-ALL (2,3,21). TALI is a 
member of the helix-loop-helix domain family 
of transcription factors, which are involved in 
the regulation of hematopoietic blood cell 
development and proliferation; tenninal 
differentiation during embryonic erythoid 
development; regulation of protein expression 
in signaling and regulatory pathways involved 
in the production, survival, proliferation, and 
terminal maturation of all cells of the blood 
system; and the inhibition of cell death 
(apoptotic) processes in leukemic T-cells 
(3,6,10,19,22). TALI, like other helix-Ioop
helix proteins, functions as both an activator 
and as a regulator of gene transcription and 
expression, and its targets appear to be key 
transcription factor regulators involved in 
erythoid commitment, development, 
proliferation, and differentiation (6,10). 

Due to mutations such as deletions and 
translocations, abnormal TAL 1 expression and 
aberrant acti vi ty during later stages ofT-cell 
development have been proposed to interfere 
with normal cellular proliferation and 
differentiation (2,3,4,20). The mode of action 
is thought to be mediated by inhibiting or 
otherwise altering transcriptional regulation of 
various genes (2,3,4,20). However 
dysregulation of TAL 1 occurs, such 
misexpression and, typically, upregulation and 
overexpression of this transcription factor 
clearly plays a pivotal role in irregular 
hematopoiesis, vasculogenesis, and nervous 
system functioning (4,6). The precise 
mechanisms by which TALI contributes to 
leukemogenesis in T -cells is still unclear, 
although this transcription factor has been 
proposed to provide a proliferative advantage 

to cells and interacts with various gene targets 
(4). 

While misexpression ofTALI plays a key 
role in leukemogenesis, other cellular 
processes may also contribute to the 
malignancy ofT-ALL (7). For example, 
apoptosis, organized and orchestrated 
("programmed") cell death, is typically 
important for overall moderation of health and 
nonnal functioning and development by 
maintaining tissue homeostasis (7,8,13,17,24). 
Specifically, apoptosis functions in normal 
cell turnover, proper development and 
functioning of embryos and all body systems, 
cell population maintenance, defense after 
cellular damage, wound healing during and 
after immune response and pathogen 
clearance, and hormonally- and chemically
induced homeostasis (13). 

This tightly-regulated process results in 
cell blebbing, shrinkage, and degradation, and 
defects occurring at any point along the 
apoptotic pathway leads to cell death 
occurring with either too little or too much 
frequency (7,8,9). When too little apoptosis 
occurs, cell proliferation increases the 
production of malignant cells that do not die, 
resulting in dysfunctional cell cycle 
regulation, overproliferation of cells, reduced 
removal of cells, and cancer (7,13). 

In T -ALL, as in other cancers, there is a 
loss of balance between cellular division and 
programmed cell death where cells that should 
have died via apoptosis do not do so (7). Pro
apoptotic proteins promote apoptosis, eliciting 
cell death when it is advantageous in restoring 
tissue homeostasis, while anti-apoptotic 
proteins promote cell survival when cell death 
is not advantageous (7,8). The balance 
between pro- and anti-apoptotic proteins 
determines whether or not cell death occurs 
(7). Therefore, a disruption in this balance 
may contribute to dysregulated apoptosis and 
the .malignancy of T-ALL (7). This 
leukemogenic effect may be influenced by the 
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over- or under-expression of certain genes due 
to misexpression of TAL 1 (7). 

There are various gene and protein targets 
that are involved in moderating apoptosis 
involved in T -ALL due in large part to the 
expression level of TAL 1 (7). For example, 
Bel-XL is thought to be one such target 
(24,28). This anti-apoptotic protein resides in 
the outer n1itochondrial membrane and within 
other intracellular cytoplasmic membranes in 
order to moderate and prevent apoptosis 
(24,28). Because Bel-XL is anti-apoptotic, it 
provides protection and greater cell viability 
against etoposide-induced cell death (24). 

Another potential target of TAL 1 is 
caspase-9, a pro-apoptotic cytosolic protease 
that orchestrates apoptosis via eleaving 
various cellular substrates (25). This caspase 
is typically activated after the release of 
mitochondrial apoptogenic molecules such as 
cytochrome c and promotes apoptosis by 
making cells more sensitive to cell death
promoting stimuli and signaling (25,26,27). It 
has been shown that T -cells can be made more 
sensitive to cell death signals through the 
perturbation and disruption of mitochondrial 
membranes, which stimulates cell death (27). 
Therefore, caspase activity acts to promote the 
apoptotic program and limit oncogenic 
transformation (26,27). 

It is imperative to note the interaction that 
takes place between Bcl-XLand caspase-9 
proteins. Bel-XL is able to interact with and 
inhibit or delay the activation of caspase-9, 
preventing the activation of the caspase 
cascade and significantly preventing cell death 
(25). Specifically, Bel-XL inhibits eleavage of 
target proteins and the execution of the 
apoptotic program due to inactivation of 
caspase-9 (28). This solidifies the role of Bcl
XL in modulating and blocking cell death 
machinery by inhibiting caspase function (25). 
The precise mechanism by which Bcl-XL 
associates with and regulates caspase activity 
and cell death activation is not fully 

understood, although this interaction is likely 
not direct (28). 

Another potential target of TAL1 is the 
zinc-finger transcription factor and 
immediate-earl y gene N ur77, also called TR3, 
NGFI-B, TIS1, or NAK-1 (12,14,29). This 
member of the orphan nuclear receptor 
superfamily is unique in that it has dual 
functions (5,14,29). Nur77 can promote either 
cell survival and apoptotic resistance or cell 
death in T -cells and tumor cells depending on 
cell stress stimuli, subcellular distribution, 
expression levels, heterodimerization, 
presence of growth promotion factors, and 
protein modification (5,14,29). 

In certain cancer cells, Nur77 has been 
found to reside in the nucleus and functions as 
an anti-apoptotic survival factor (14,29). 
However, ifNur77 translocates (relocates) to 
the cytoplasm and targets mitochondria in the 
cytoplasm, it becomes a potent pro-apoptotic 
molecule by triggering cytochrome c release 
from mitochondria (14,29). This leads to 
acti vation of the caspase cascade and may 
simultaneous conversion of the anti-apoptotic 
Bel-2 protein to a pro-apoptotic form via a 
conformation change (29). 

Therefore, overexpression ofNur77 in 
cancer cells is common, and growth factors 
and mitogens present may potentiate and 
rapidly induce the expression ofNur77 (29). 
Such overexpression ofNur77 generally leads 
to massive apoptosis (29). Therefore, Nur77 
can initiate cell survival or apoptotic 
mechanisms depending on cell type and cell 
signaling and pro-apoptotic death stimuli 
(5,29). 

The examination and study of the 
intracellular pathway profiles associated with 
T -ALL could identify potentially critical 
biomarkers that could be used in the diagnosis 
and prognosis staging of T -ALL (1,23). 
Furthermore, this may help identify molecular 
targets that could potentially be used in the 
treatment of this devastating form of cancer 
(1,23). Such discovery could result in 
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increasing the relapse-free five year survival 
rate beyond the current range of 600/0 - 75% 
(1,23). Further investigation of the 
aforementioned proteins and their roles in cell 
signaling, apoptosis, and T -ALL is warranted 
in order to better understand their mechanisms 
of action. The hope is to generate potential 
treatment strategies that utilize the ability of 
certain gene products to protect against 
apoptosis in various cancers (24). 

MATERIALS AND METHODS 

Cell Culture and Drug Treatments. lurkat 
cells were grown in RPMI +100/0 BGS in a 
humidified incubator at 37°C with 5% CO2. 

Cells underwent 24 hr drug treatments with 
either 0 )lM (control), 1 ~LM, or 5 )lM 
etoposide (Et) in order to initiate apoptotic cell 
death. 
Protein Extraction. Nuclear and cytoplasmic 
protein extracts were isolated using Dignam's 
Buffers containing HALT protease inhibitors. 
The isolated supernatant containing both 
nuclear and cytoplasmic protein was aliquoted 
and stored in microfuge tubes at -80°C for 
further analysis. 
Protein Determination. Protein 
concentrations of the isolated cytoplasmic and 
nuclear protein fraction extracts were 
determined using the Bio-Rad Bradford assay. 
BSA standards were used to generate a 
standard curve using Microsoft Excel 
software, and unknown nuclear and 
cytoplasmic protein concentrations were 
determined using the slope equation from the 
standard curve. 
Western Blot Analysis. Approximately 12.5 
)lg of protein from each extract was loaded 
into a polyacrylamide gel and 
electrophoretically separated at 100V for 1.5 
hrs. Each Western blot was performed in 
triplicate. After electrophoresis, proteins were 
transferred to nitrocellulose using a semi-dry 
apparatus for 1 hr at 90 rnA/blot. Each blot 
was stained for 1 hr with primary antibodies at 

a 1: 1 000 dilution (Bcl-XL, caspase-9, and Nur
77) or a 1 :300 dilution (actin). Subsequently, 
1 :25000 dilutions of both IRDye 680 Goat 
Anti-Rabbit IgG and IRDye 800 Goat Anti
Mouse IgG secondary antibodies were 
incubated with each blot for 1 hr. The 
membranes were then imaged using LI-COR 
Odyssey CXL, and densitometry analysis was 
performed using_LI-COR is software. 
Flow Cytometry Analysis. Approximately 
1xl 06 cells from each treatment flask were 
incubated with rabbit blocking antibody serum 
for 15 n1in. Samples were then incubated with 
the appropriate primary antibody (actin, Bcl
XL, caspase-9, or Nur77) at a 1: 1 00 dilution 
for 30 min. San1ples were washed and then 
incubated with Goat Anti-Rabbit IgG Alexa 
Fluor 488 Conjugate secondary antibody at a 
dilution of 1 :5000 for 30 min. Triplicates of 
each sample were analyzed with an Accuri C6 
Flow Cytometer. 
Statistical Analysis. Normalized 
densitometry values fron1 Western blots and 
normalized expression values from flow 
cytometry were statistically analyzed using 
SigmaPlot software. One-way ANOVA with 
Student-Neuman-Keuls post hoc analysis were 
performed to determine significance. 

RESULTS 

Western blot analyses were performed in 
order to determine the expression levels of 
TALI, actin, Bcl-XL, caspase-9, and Nur77 in 
both cytoplasmic and nuclear extracts (Fig. 1; 
Fig. 3). Densitometric analysis was performed 
on each individualWestern blot, arid the band 
intensity for each protein was normalized to 
the expression of the actin reference protein 
(Table 1, 2, and 3). 

Results indicate tha~ TAL1 ,vas expressed 
in lurkat cells (data not shown) and \vas up
regulated upon etoposide treatment (Fig. 1; 
Fig. 2). Next, additional protein targets were 
assessed in order to determine if their 
expression was influenced, either directly or 
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indirectly, through ectopic expression of 
TALI. 

As seen in Fig. 3 a, b, and c, Bcl-XL band 
intensities were fairly consistent across 
samples. All cytoplasmic samples exhibited 
approximately the same band intensity, while 
all nuclear samples exhibited similar band 
intensities. When raw normalized 
densitometry values of Bcl-XL expression 
(Table 1, 2, and 3) were determined and 
compared between cytoplasmic samples, no 
statistically significant difference (p < 0.05) 
was found to exist in expression levels 
between 0 jlM, 1 jlM, and 5 jlM treated 
samples. Likewise, when normalized 
expression was compared between nuclear 
samples, no statistically significant difference 
(p < 0.05) was determined to exist (data not 
shown). 

Cytoplasmic Bcl-XL expression levels 
remained relatively high between 0 jlM, I 
jlM', and 5 jlM drug treatments, increasing 
only slightly across treatment samples (Fig. 
4A). The band intensities of Bcl-XLbetween 
treated samples remained relatively constant. 

Bcl-XL expression at various 
concentrations of etoposide was also analyzed 
using flow cytometry (Fig. 5; Table 4). There 
wa~ a 19.8% increase in expression between 
control and 1 ~M etoposide treatments and a 
5.50/0 increase in expression between the 1 jlM 
and 5 jlM etoposide treatments. This gives an 
overall increase in protein expression of 
24.2%. When intracellular expression values 
ofBcl-XLwere compared, statistical 
differences (p < 0.05) in expression levels 
between the 0 jlM, 1 jlM, and 5 jlM treatment 
concentrations of etoposide were found. These 
significant differences in expression contrast 
with the lack of statistical difference by 
Western blot. 

Expression levels of caspase-9 were found 
to vary between treated and untreated samples 
from both cytoplasmic and nuclear extracts 
(Fig. 3; Table 1,2, and 3). When raw 
normalized densitometry values were 

calculated and compared, there was a five-fold 
reduction in expression of uncleaved caspase
9 in the 5 jlM etoposide-treated cytoplasmic 
extract as compared to both the untreated and 
1 jlM etoposide-treated samples (Fig. 4B). 
However, when normalized densitometry of 
uncleaved caspase-9 expression was 
determined and con1pared between 
cytoplasmic samples, no statistical difference 
(p < 0.05) was found to exist between 
etoposide-treated and untreated samples. 

Additionally, there was a two-fold increase 
in cleaved caspase-9 expression in the 1 jlM 
treated cytoplasmic extract as compared to 
untreated and 5 jlM etoposide-treated samples 
(Fig. 4D). However, when normalized 
densitometry of cleaved caspase-9 expression 
was determined and compared between 
cytoplasmic samples, no statistical differences 
(p < 0.05) was found to exist in expression 
levels between untreated and treated samples. 

Furthermore, there was a greater than two
fold reduction in expression of uncleaved 
caspase-9 in the 5 jlM etoposide-treated 
nuclear extract as compared to the 1 jlM 
etoposide-treated sample (Fig. 4C). However, 
when norn1alized densitometry of uncleaved 
caspase-9 expression was determined and 
compared between nuclear samples, no 
statistical difference (p < 0.05) was found to 
exist in expression levels between untreated 
and treated samples. 

Total caspase-9 expression at various 
concentrations of etoposide was also analyzed 
using flow cytometry (Fig. 5; Table 4). There 
was a 17.20/0 decrease in expression between 
control and 1 jlM etoposide treatments and a 
22.3% decrease in expression between the 1 
jlM and 5 jlM etoposide treatments. This 
gives an overall decrease in protein expression 
of 35.7%. When intracellular expression 
values of caspase-9 were compared, there 
were statistical differences (p < 0.05) between 
the 0 jlM, 1 jlM, and 5 jlM treatment samples. 
These significant differences in expression 
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contrast with the lack of statistical difference 
by Western blot. 

Nur77 also exhibited variable expression 
between etoposide-treated and untreated 
cytoplasmic samples (Fig. 3; Table 1, 2, and 
3). As depicted in Fig. 4E, the highest 
molecular weight N ur77 band showed an 
almost three-fold increase in normalized 
expression in cytoplasmic extracts treated with 
1 ~M and 5 ~M etoposide versus the untreated 
sample. Additionally, the second highest 
molecular weight Nur77 band showed a one 
hundred-fold increase in normalized 
expression in cytoplasmic extracts treated with 
1 ~M etoposide versus the untreated sample. 
This same band also showed a thirty-fold 
increase in expression in cytoplasmic extracts 
treated with 5 ~M etoposide versus the 
untreated sample (Fig. 4F). The next highest 
molecular weight Nur77 band showed a five
fold reduction in expression in cytoplasmic 
extracts treated with 1 ~M and 5 ~M 
etoposide versus the untreated sample (Fig. 
40). Finally, the lowest molecular weight 
Nur77 band showed a nearly two-fold increase 
in expression in cytoplasmic extracts treated 
with 1 ~M etoposide versus the untreated 
sample (Fig. 4H). However, when normalized 
densitometry ofNur77 expression was 
compared between cytoplasmic samples, no 
statistical difference (p < 0.05) was found to 
exist in expression levels between untreated 
and treated samples. 

Furthermore, total Nur77 expression 
was analyzed using flow cytometry (Fig. 5; 
Table 4). There was a 15.2% increase in 
expression between control and 1 ~M 
etoposide treatments and a 30.00/0 decrease in 
expression between the 1 ~M and 5 ~M 
etoposide treatments. This gives an overall 
decrease in protein expression of 16.2%. 
When intracellular expression values ofNur77 
were compared between treatments, there 
were statistical differences (p < 0.05) in 
expression levels between the 0 ~M, 1 ~M, 
and 5 ~M treatment samples. These 

significant differences in expression contrast 
with the lack of statistical difference by 
Western blot. 

DISCUSSION 

In order to better understand the 
progression ofT-ALL, the changes in genes 
and their protein products that lead to cellular 
apoptosis and malignancy must be researched. 
In this study, Western blot and flow cytometry 
analyses were utilized in order to determine 
the potential protein targets of TAL 1, 
particularly Bcl-XL, caspase-9, and Nur77. 

Western blot and flow cytometry results 
indicate that TAL 1 is expressed in lurkat cells 
and is up-regulated upon etoposide treatment. 
Upon treatment, the overall fluorescence 
profile of TAL 1 increased, indicating higher 
expression of this protein. This is most 
apparent in the 5~M etoposide treatment. In 
all, cells were found to generally exhibit 
higher expression of TAL1, as determined by 
flow cytometry, particularly with increasing 
concentrations of etoposide. Increased 
expression of TAL 1 upon etoposide treatment 
n1ay indicate that TAL1 attempts to function 
in an anti-apoptotic manner by exerting 
unknown effects on other gene products. 

In this study, additional protein targets 
were assessed in order to determine if their 
expression was influenced, either directly or 
indirectly, through ectopic expression of 
TAL1. The proteinaceous gene targets of 
greatest significance were Bcl-XL, caspase-9, 
and Nur77. 

As determined by Western blotting, Bcl-XL 
cytoplasmic and nuclear band intensities were 
fairly consistent across all samples. When 
normalized densitometry of Bcl-XLexpression 
was determined and compared within 
cytoplasmic and nuclear samples, no 
difference was found to exist in expression 
levels between untreated and treated samples. 

Previous research (not shown) suggested 
that Bcl-XL expression was high in lurkat cells 
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in general, confirmed by the current study's 
results. This indicates that there was no 
significant change in expression across all 
treatment samples. Furthermore, this data 
indicates that there might be some influence of 
TALlon the expression ofBcl-XL. TALI 
may upregulate the expression of Bcl-XL in 
general in order to provide the 1urkat cells 
with an innate resistance to potential apoptotic 
induction. Once treated with etoposide, Bcl
XL expression only increased slightly in both 
the I ~M and 5 ~M drug-treated samples. 
Although densitometry of Western blot band 
intensities showed only minimal increases in 
Bcl:-XLexpression, flow cytometry showed 
significant increases in protein expression 
between 0 ~M, I ~M, and 5 ~M etoposide 
treatments. This may indicate that TAL I can 
help up-regulate Bcl-XL in lurkat cells and 
resist apoptotic cell signaling cascades upon 
etoposide treatment. 

Expression levels of both cleaved and 
uncleaved caspase-9 were found to vary 
between treated and untreated samples. 
Normalized densitometry showed a five-fold 
reduction in expression of uncleaved caspase
9 in the 5 ~M etoposide-treated cytoplasmic 
extract as compared to both the untreated and 
I ~M etoposide-treated samples. This 
indicates that upon etoposide treatment, the 
inactive, uncleaved pro-form of caspase-9 was 
converted to the active, cleaved form. The 
cleaved form of caspase-9 acts as an initiator 
caspase and induces the effector caspase 
cascade. The overall reduction in uncleaved 
caspase-9 expression at 5 ~M sugge~ts that 
there was a peak in expression of uncleaved 
caspase-9 at I ~M etoposide. The overall 
expression reduction also suggests that 
conversion of this pro-form of caspase-9 to its 
active, cleaved initiator form occurred at I ~M 
etoposide. This cleavage process results in the 
overall reduction in expression of the 
uncleaved conformation of caspase-9 in order 
to promote the apoptotic caspase cascade. This 
indicates that at 5 ~M etoposide treatment, the 

caspase cascade and apoptotic induction have 
already been initiated in lurkat cells. At this 
drug concentration, TAL I may have little 
influence from an anti-apoptotic standpoint, 
and cells are utilizing effector caspases such 
as caspase-3 to mediate the apoptotic 
response. 

Additionally, there was a two-fold increase 
in cleaved caspase-9 expression in the I ~M 
treated cytoplasmic extract as compared to 
untreated and 5 ~M etoposide-treated samples. 
This indicates that untreated lurkat cells 
express a base level of uncleaved, inactive 
caspase-9 in the cytoplasm. Upon drug 
treatment, the inactive, uncleaved pro-form of 
caspase-9 was converted to the active, cleaved 
form. The cleaved form of caspase-9 then 
initiated the caspase cascade. 

Furthermore, there was a greater than two
fold reduction in expression of uncleaved 
caspase-9 in the 5 ~M etoposide-treated 
nuclear extract as compared to the I ~M 
etoposide-treated nuclear sample. This 
supports the hypothesis that at I ~M 
etoposide, uncleaved caspase-9 was converted 
to the cleaved form in order to induce the 
apoptotic cascade. After the caspase cascade 
was initiated, cells no longer utilized caspase
9, and expression levels decreased in favor of 
utilizing effector caspases involved in the 
caspase cascade. This conclusion is also 
supported by the results of flow cytometry, 
which showed an overall reduction in caspase 
expression of 35.7% from 0 ~M to 5 ~M 
etoposide. However, since caspase-9 should 
be present primarily in the cytoplasm of a cell, 
finding an increase in nuclear expression of 
uncleaved caspase-9 at the lower drug 
treatment warrants further investigation. 

Nur77, a transcription factor that is 
extensively phosphorylated and can act in 
either a pro- or an anti-apoptotic fashion, also 
exhibited variable expression between 
etoposide-treated and untreated cytoplasmic 
samples. Previous research has shown that 
when cells were treated with etoposide, Nur77 
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translocated from the nucleus to the 
cytoplasn1, where it was thought to help 
convert the normally anti-apoptotic Bcl-2 
protein to a pro-apoptotic conformation (29). 
In this conformation, Bcl-2 could not inhibit 
the release of cytochrome c, and apoptotic 
induction was thought to occur through the 
activation and cleavage of caspase-9 (14,29). 

Overall, Nur77 bands showed an almost 
three- to one hundred-fold increase in 
normalized expression in cytoplasmic extracts 
treated with 1 ).lM and 5 ).lM etoposide versus 
the untreated sample. As a transcription factor, 
it is thought that Nur77 would be found in an 
inactive form in the cytoplasm. Activation of 
Nur77 in the cytoplasm via phosphorylation 
by kinases would result in the translocation of 
activated Nur77 from the cytoplasm to the 
nucleus, where it is thought to function in the 
upregulation of anti-apoptotic gene 
transcription (29). 

However, this anticipated result was not 
consistently supported by the data. Results 
indicate that the activated, phosphorylated 
forms ofNur77 remain in the cytoplasm. 
These phosphorylated forms ofNur77 appear 
to function not as transcriptional regulators in 
the nucleus, but as pro-apoptotic molecules in 
the cytoplasm. They may help convert Bcl-2 
to a pro-apoptotic form in order to help negate 
the cell-sparing effects of Bcl-XL as 
previously determined (29). Also, activated 
Nur77 in the cytoplasm may bring together 
cytochrome c and caspase-9 in the 
apoptosome complex, resulting in activation 
of cleaved caspase-9 and induction of the 
apoptotic caspase cascade. 

The third highest molecular weight form of 
Nur77 showed a five-fold reduction in 
expression in cytoplasmic extracts treated with 
1 ).lM and 5 ).lM etoposide versus the untreated 
sample. The reduction in cytoplasmic 
expression of this form ofNur77 may reflect 
activation via phosphorylation and 
translocation to the nucleus, where Nur77 may 
function as an anti-apoptotic transcription 

factor. However, the data did not consistently 
support that all forms ofNur77 translocated to 
the nucleus. This was the only form ofNur77 
that appeared to translocate from the 
cytoplasm to the nucleus. The other forms of 
Nur77 appeared to translocate from the 
nucleus to the cytoplasm, and further 
investigation of this phenomenon is 
warranted. 

Finally, the lowest molecular weight form 
ofNur77 showed a nearly two-fold increase in 
expression in cytoplasmic extracts treated with 
1 ).lM etoposide versus the untreated sample. 
This may signify potential translocation of this 
form ofNur77 from the nucleus to the 
cytoplasm at the lower drug treatment. 
Curiously, the 5 ).lM etoposide-treated sample 
showed a similar expression level of this form 
ofNur77 as did the untreated sample. Variable 
expression here may be the result of changing 
Nur77 phosphorylation states due to the 
overall movement towards activation of 
N ur77. Researchers still do not fully 
understand how or why this particular 
mechanism occurs as hypothesized. 

Overall, the results indicate that 
cytoplasmic expression ofNur77 generally 
increased upon etoposide treatment; 1 ).lM 
drug treatments produced the greatest increase 
in cytoplasmic N ur77 expression. This may 
indicate that Nur77 was activated in the 
nucleus and translocated into the cytoplasm, 
where it may participate in the activation of 
apoptosis. This is supported by the caspase-9 
data. Expression of the active, cleaved form of 
caspase-9 showed a two-fold increase in the 1 
).lM treated cytoplasmic extract as compared 
to untreated and 5 ).lM etoposide-treated 
samples. If both Nur77 and cleaved caspase-9 
expression increased in the 1 ).lM etoposide
treated samples, their expression and activity 
may be tied to one another. 

These results suggest that 1 ).lM etoposide 
treatment induces translocation ofNur77 to 
the cytoplasm, where it may moderate 
interaction between cytochrome c and pro
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caspase-9 through the apoptosome complex. 
This results in the cleavage of pro-caspase-9 
in the cytoplasm and enhanced apoptosis. The 
five-fold reduction in expression of uncleaved 
caspase-9 in the 5 I-lM etoposide-tre~ted 
cytoplasmic extract supports this conclusion. 
A decline in uncleaved caspase-9 expression 
and an increase in cleaved caspase-9 
expression indicate that uncleaved caspase-9 
was being cleaved to the active form of 
caspase-9. This cleaved caspase-9 could then 
attempt to induce apoptosis, particularly after 
1 I-lM etoposide treatments. Previous work has 
shown that translocated pro-apoptotic Nur77 
can interact with cytochrome c and activate 
caspase-9, inducing the pro-apoptotic caspase 
cascade (29). The results of this study may 
indicate that a similar mechanism occurs in 
lurkat cells treated with etoposide. 

In all, this study illustrates potentially 
important cell signaling targets involved in the 
etiology and progression ofT-ALL. It appears 
that TALI may function to slightly increase 
expression of Bcl-XL in Jurkat cells in order to 
resist apoptosis when death-stimulating 
signals are induced. However, there seen1S to 
be an antagonistic, pro-apoptotic response at 1 
I-lM etoposide treatment as just described. 

The slight increase in cytoplasmic Bcl-XL 
expression at 1 I-lM etoposide treatment may 
be a mechanism whereby cells attempt to 
resist apoptotic induction. This effect was not 
observed at 5 I-lM etoposide treatment. This 
suggests that cells CalIDot mount an effective 
cell-sparing, anti-apoptotic response after 
induction of apoptotic pathways at 5 I-lM 
treatment because apoptotic pathways were 
already initiated. Therefore, high 
concentrations of etoposide (5 I-lM) may be 
lethal to cells, and apoptosis may be inevitable 
in such cases. 

Overall, there appears to be attempted 
apoptotic resistance and cell-sparing effects 
upon etoposide treatment. TAL I wa~ thought 
to provide at least some apoptosis-resisting 
effects upon drug treatment. However, the 

effort to resist apoptotic induction cannot 
withstand activation ofNur77 and cleaved 
caspase-9. The slight increase in expression of 
Bcl-XL did not appear to overcome induction 
of the apoptotic caspase cascade. Therefore, 
although it does appear that TAL I has some 
influence on upregulating and maintaining 
high concentrations of Bcl-XL, increased 
expression of this protein does not appear to 
spare cells from apoptotic induction. 

These mechanistic relationships may 
depend upon the poorly-understood functions 
of the Nur77 transcription factor at differing 
drug concentrations within the cell and upon 
the potential relationship between TAL I and 
Nur77 expression. These relationships warrant 
further investigation, as do the relationships 
between Nur77, cytochrome c, caspase-9, and 
the other effector caspase proteins involved in 
the caspase cascade. 

Examination and study of the intracellular 
signaling pathways associated with the 
etiology and progression of T -ALL could lead 
to identification of critical biomarkers and 
molecular targets that could be used in the 
diagnosis, staging, and treatment of T -ALL. 
Such discovery could result in increasing the 
survival rate of those diagnosed with this 
resistant leukemia. Such research also 
increases our understanding of protein-protein 
interactions, which may lead to the generation 
of potential treatment strategies for T -ALL. 

DIRECTIONS FOR FUTURE 
RESEARCH 

Further research using Western blotting 
and flow cytometry analyses will increase our 
understanding of the interactions between 
Nur77, Bcl-2, and members of the caspase 
family. Additionally, studying the pro- and 
anti-apoptotic effects of Nur77 in both the 
nucleus and the cytoplasm upon apoptotic 
induction with etoposide will increase our 
understanding of the significance and 
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mechanisms involved in nuclear induction and 
cytoplasmic translocation ofNur77. 

Also, gaining a more thorough 
understanding of the influence of TAL 1 on 
Bcl-XL, caspase-9, and N ur77 expression 
should be attempted by additional Western 
blot and flow cytometry analyses. Further 
exan1ination and study of the intracellular 
pathway profiles associated with T -ALL could 
identify biomarkers that could be used in the 
diagnosis and prognosis staging of this 
disease. This will increase our knowledge of 
the !ole of TAL 1 in the transcription factor
protein interactions that promote the 
development and progression of T -ALL, 
allowing development of more specific gene
targeting treatment strategies that utilize the 
ability of certain gene products to protect 
against apoptosis in various cancers. 
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Figure 1: Protein expression in cytoplasmic (CE) and nuclear 
(NE) extracts from control and drug-treated Jurkat cells. lurkat 
cells were treated for 24 hr with etoposide (1 ~M or 5 ~M). Control 
cell received 0 ~M etoposide. The actin band is marked and has a size 
of 42 kDa. The TAL 1 band has a size of 40 kDa. 
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Figure 2: Intracellular staining levels of TALI fronl control and drug-treated 
Jurkat cells. Graphical representation of flow cytometry results for TAL 1 expression 
in untreated, 1 ~lM etoposide-treated, and 5 ~M etoposide-treated samples. In the 
untreated plot (a), the peak represents cells exhibiting a similar TAL 1 expression level. 
In (b) and (c), there was a more diffuse pattern of TAL 1 expression that was consistent 
between these two treated samples. Mean fluorescence values for TAL 1 expression 
were then determined and normalized against a secondary antibody-only control. 
Triplicate experiments were analyzed by one-way ANOV A with Student-Neuman
Keuls post hoc analysis via SigmaPlot software. 
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Figure 3: Protein expression in cytoplasmic (CE) and nuclear (NE) 
extracts from control and drug-treated Jurkat cells. lurkat cells were 
treated for 24 hr with etoposide (l ~M or 5 ~M), and triplicate Western blot 
analyses are presented (a, b, and c). Control cells received 0 ~M etoposide. The 
actin band is marked and has a size of 42 kDa. The Bcl-XL band has a size of 
30 kDa. The uncleaved caspase-9 band has a size of 47 kDa, while the cleaved 
caspase-9 band has a size of 42 kDa. The various Nur77 bands have molecular 
weights ranging between 70 - 80 kDa. 
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A. Treatment Group 
(Western Blot a) 

Actin Bel-XL Uncleaved 
Caspase-9 

Cleaved 
Caspase-9 

Nur77 
Band 1 

Nur77 
Band 2 

Nur77 
Band 3 

Nur77 
Band 4 

Control CE (0 11M Et) 10300 850 501 190 -26.1 -47.2 560 403 
Control NE (0 llM Et) 10300 -2130 1330 20400 -484 11200 17200 6870 

1 11M Et CE 10300 484 243 246 -50.7 -22.8 416 418 
1 11M Et NE 10300 -1050 1650 21800 -839 9420 8610 11000 
5 11M Et CE 10300 789 -43.7 109 -70.9 347 358 142 
5 11M Et NE 10300 2370 -13.2 24600 -871 8490 19800 11100 

B. Treatment Group 
(Western Blot a) 

Actin Bel-XL Uncleaved 
Caspase-9 

Cleaved 
Caspase-9 

Nur77 
Band 1 

Nur77 
Band 2 

Nur77 
Band 3 

Nur77 
Band 4 

Control CE (0 11M Et) - 8.30/0 4.90/0 l.80/0 -0.30/0 -0.50/0 5.40/0 3.90/0 
Control NE (0 11M Et) - -20.70/0 12.90/0 198.10/0 -4.70/0 108.70/0 167.00/0 66.7% 

1 11M Et CE - 4.70/0 2.40/0 2.40/0 -0.50/0 -0 .20/0 4.00/0 4.1% 
1 11M Et NE - -10.20/0 16.00/0 21l. 70/0 -8.10/0 9l.50/0 83.60/0 106.80/0 
5 11M Et CE - 7.70/0 -0.40/0 l.10/0 -6.90/0 3.40/0 3.50/0 1.40/0 
5 11M Et NE - 23.00/0 -0.10/0 238.80/0 -8.50/0 82.40/0 192.20/0 107.8% 

Table 1: Densitometric analysis of protein expression in cytoplasmic (CE) and nuclear (NE) 
extracts from control and drug-treated Jurkat cells. The relative band intensity of each 
protein in Fig. 2 was determined using densitometry (A) and normalized to the expression of 
actin (B). Positive percentages indicate positive protein expression levels relative to control. 
Percentages greater than 1000/0 indicate protein expression levels greater than control. Negative 
percentages indicate protein expression levels less than control. 

15 



A. Treatment Group 
(Western Blot b) 

Actin Bcl-XL Uneleaved 
Caspase-9 

Cleaved 
Caspase-9 

Nur77 
Band 1 

Nur77 
Band 2 

Nur77 
Band 3 

Nur77 
Band 4 

Control CE (0 11M Et) 9830 632 432 154 -39.9 45.3 -53.7 304 
Control NE (0 11M Et) 9830 -4220 84.1 30900 720 219 15000 27200 

1 11M Et CE 9830 756 336 523 60.4 -23.8 42.1 560 
111M EtNE 9830 692 1020 21700 1240 359 7160 12500 -
5 11M Et CE 9830 761 365 260 412 -79.4 -76.7 300 
51,lM EtNE 9830 1360 1470 11400 2740 447 8680 13300 

B. Treatment Group 
(Western Blot b) 

Actin Bel-XL Uncleaved 
Caspase-9 

Cleaved 
Caspase-9 

Nur77 
Band 1 

Nur77 
Band 2 

Nur77 
Band 3 

Nur77 
Band 4 

Control CE (0 11M Et) - 6.40/0 4.40/0 1.6% -0.40/0 4.60/0 -0.50/0 3.10/0 
Control NE (0 I,lM Et) - -42.90/0 0.90/0 314.30/0 7.30/0 2.20/0 152.60/0 276.70/0 

1 11M Et CE - 7.70/0 3.40/0 5.30/0 0.60/0 -0.20/0 0.40/0 5.7% 
1 11M Et NE - 7.00/0 10.40/0 220.80/0 12.60/0 3.60/0 72.80/0 127.20/0 
5 11M Et CE - 7.70/0 3.70/0 2.60/0 4.20/0 -0 .840/0 -0.80/0 3.10/0 
5 11M EtNE - 13.80/0 15.00/0 116.00/0 27.90/0 4.50/0 88.3% 135.30/0 

Table 2: Densitometric analysis of protein expression in cytoplasmic (CE) and nuclear (NE) 
extracts from control and drug-treated Jurkat cells. The relative band intensity of each 
protein in Fig. 2 was detennined using densitometry (A) and normalized to the expression of 
actin (B). Positive percentages indicate positive protein expression levels relative to control. 
Percentages greater than 100% indicate protein expression levels greater than control. Negative 
percentages indicate protein expression levels less than control. 
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A. Treatment Group 
(Western Blot c) 

Actin Bcl-XL Uncleaved 
Caspase-9 

Cleaved 
Caspase-9 

Nur77 
Band 1 

Nur77 
Band 2 

Nur77 
Band 3 

Nur77 
Band 4 

Control CE (0 11M Et) 13200 760 614 196 180 22.7 808 86.3 
Control NE (0 11M Et) 13200 -6490 963 18200 8400 10900 -1690 3450 

1 11M Et CE 13200 1200 904 412 314 2220 -181 268 
1 11M Et NE 13200 -1790 926 21500 8260 14100 9630 -206 
5 11M Et CE 13200 968 73.9 183 -8.46 344 3.73 245 
5 11M Et NE 13200 932 -390 13100 4550 13600 9380 -1080 

B. Treatment Group 
(Western Blot c) 

Actin Bel-XL Uncleaved 
Caspase-9 

Cleaved 
Caspase-9 

Nur77 
Band 1 

Nur77 
Band 2 

Nur77 
Band 3 

Nur77 
Band 4 

Control CE (0 11M Et) - 5.80/0 4.70/0 1.50/0 1.4% 0.20/0 6.10/0 0.7% 
Control NE (0 11M Et) - -49.20/0 7.30/0 1.40/0 63.60/0 82 .60/0 -12.80/0 26.1% 

1 11M Et CE - 9.10/0 6.80/0 3.10/0 2.40/0 16.80/0 -1.40/0 2.00/0 
111M EtNE - -13.60/0 7.0% 162.9% 62.60/0 106.80/0 73.00/0 -1.60/0 
5 11M Et CE - 7.30/0 0.60/0 1.4% 0.060/0 2.60/0 0.030/0 1.9% 
5 11M EtNE - 7.10/0 -3.00/0 99.20/0 34.50/0 103.00/0 71.10/0 -8.20/0 

Table 3: Densitometric analysis of protein expression in cytoplasmic (CE) and nuclear (NE) 
extracts from control and drug-treated Jurkat cells. The relative band intensity of each 
protein in Fig. 2 was detennined using densitometry (A) and normalized to the expression of 
actin (B). Positive percentages indicate positive protein expression levels relative to control. 
Percentages greater than 1000/0 indicate protein expression levels greater than control. Negative 
percentages indicate protein expression levels less than control. 
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Figure 4: Normalized densitometry of protein expression of untreated and etoposide
treated cytoplasmic and nuclear extracts. A) Cytoplasmic expression of Bcl-xl across 0 ~M, 1 
~M, and 5 ~M etoposide treatments. B) Cytoplasmic expression of uncleaved caspase-9 across 0 
~M, 1 ~M, and 5 ~M etoposide treatments. C) Nuclear expression of uncleaved caspase-9 
across 0 ~M, 1 ~M, and 5 ~M etoposide treatments. D) Cytoplasmic expression of cleaved 
caspase-9 across 0 ~M, 1~M, and 5 ~M etoposide treatments. E) Cytoplasmic expression of the 
first (largest molecular weight) band ofNur77 across 0 ~M, 1 ~M, and 5 ~M etoposide 
treatments. F) Cytoplasmic expression of the second band ofNur77 across 0 ~M, 1 ~M, and 5 
IJ-M etoposide treatments G) Cytoplasmic expression of the third band ofNur77 across 0 ~M, 1 
~M, and 5 ~M etoposide treatments. H) Cytoplasmic expression of the fourth (lowest molecular 
weight) band ofNur77 across 0 ~M, 1 ~M, and 5 ~M etoposide treatments. 
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Treatment Group Actin Bcl-XL Caspase-9 Nur77 
o11M Et 34739.4 82455.1 55348.4 25983.2 
1 11M Et 28674.7 10280 l.2 45822.8 30653.8 
5 11M Et 38557.1 108734.7 3560l.2 21772.9 

Table 4: Normalized intracellular expression levels of various proteins 
from control and drug-treated Jurkat cells. Using flow cytometry, the raw 
mean fluorescence values for actin, Bcl-XL' caspase-9, and Nur77 expression 
in untreated, 1 ~lM etoposide-treated, and 5 ~M etoposide-treated samples 
were determined and normalized against a secondary antibody-only control. 
Triplicate experiments were analyzed by one-way ANOVA with Student
Neuman-Keuls post hoc analysis via SigmaPlot software. 
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Figure 5: Normalized intracellular expression levels of various proteins 
from control and drug-treated Jurkat cells. Using flow cytometry, the mean 
fluorescence values for actin, Bcl-XL, caspase-9, and Nur77 expression in 
untreated, 1 ~M etoposide-treated, and 5 ~M etoposide-treated samples were 
determined and normalized against a secondary antibody-only control. 
Triplicate experiments were analyzed by one-way ANOVA with Student
Neuman-Keuis post hoc analysis via SigmaPlot software. 
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