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T-cell acute lymphoblastic leukemia (T-ALL) is a lymphoid disorder that results 

from an over proliferation of immature lymphocytes in the blood and bone marrow.  It 

has been determined that 60% of patients stricken with T-ALL aberrantly express TAL-1 

and have been shown to respond poorly to chemotherapy.  This research sought to 

determine if TAL-1 influences the expression of the Bcl-2 family members Bcl-2 (anti-

apoptotic), Bad and Bax (pro-apoptotic).  TAL-1 and Bcl-2 levels were elevated while 

Bad and Bax levels were lower in etoposide-treated Jurkat cells as compared to TRAIL-

treated and dual-treated Jurkat cells in which TAL-1 and Bcl-2 levels were lower while 

Bad and Bax levels were elevated.  These results suggest TAL-1 up-regulates Bcl-2 and 

suppress Bad and Bax expression in response to etoposide treatment, thus inducing an 

anti-apoptotic response in the cell.  These results also suggest that TRAIL and the dual 

treatment of etoposide and TRAIL down-regulates TAL-1 and Bcl-2 expression while 

up-regulating Bad and Bax, thus inducing a pro-apoptotic response in the cell.    
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INTRODUCTION         

 

 

 

T-cell Acute Lymphoblastic Leukemia 

 

T-cell acute lymphoblastic leukemia (T-ALL) is a member of a heterogeneous 

group of lymphoid disorders that result from an over proliferation of immature 

lymphocytes in the blood, bone marrow and other organs.  T-ALL is primarily a 

childhood disease which accounts for 80% of acute lymphoblastic leukemia cases.  T-

ALL also affects adults 65 or older which accounts for 20% of acute lymphoblastic 

leukemia cases (1).  Acute lymphoblastic leukemia (ALL) is a cancer of white blood cells 

that is characterized by an excess number of lymphoblasts (19).  Under normal 

circumstances, lymphoblasts can develop into B lymphocytes (which create antibodies), 

T lymphocytes (which assist B lymphocytes and make antibodies) and killer T cells 

(which attack invading antigens) (20).  However, in ALL, malignant lymphoid cells 

crowd out healthy erythrocytes, leukocytes and platelets causing them to not function 

properly.  This leads to frequent infections and other symptoms such as anemia, fever, 

weight loss, easy bruising, shortness of breath, bone and joint pain, edema of the lower 

limbs and enlarged lymph nodes, liver and spleen (20).  As the malignant cells circulate 

throughout the body, they can invade vital organs such as the liver, brain and spinal cord 

causing them to soften and become enlarged (21).      
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The diagnosis of ALL starts with a medical history check, a physical exam, a 

complete blood count and blood smears.  If there is a high white blood cell count, the 

prognosis will be much worse.  In 90% of ALL cases, lymphoblast cells can be seen in 

blood smears.  In order to get a conclusive diagnosis of ALL, a bone marrow biopsy must 

be performed to see if it contains immature lymphoblasts.  If there is conclusive evidence 

that the patient has ALL, a spinal tap is performed to ascertain if the central nervous 

system has been infiltrated by the malignant cells.  Additionally, ultrasound or CT scans 

can be used to find out if other organs such as the liver or spleen have been affected.    

 

Treatments for T-ALL  

  Over the past four decades, treatment of ALL has improved the prognosis from 

0% to 20-75% survival rate.  Early detection is crucial to achieve the best outcome when 

treating ALL.  The goal of treatment is to induce a lasting remission which is defined as 

having less than 5% of lymphoblast cells in the bone marrow.  Treatment of ALL 

includes a combination of chemotherapy, steroids, radiation therapy and bone marrow 

transplants.  Surgery is not an option because the malignant cells are distributed 

throughout the entire body.  Treatment usually begins with chemotherapy in which 

combinations of antileukemic drugs are used.  There are three phases of chemotherapy 

treatment for ALL: remission induction, intensification and maintenance therapy (23).  

Remission induction is the rapid killing of most tumor cells in order to get the patient into 

remission.  Intensification uses high doses of intravenous chemotherapy to reduce the 

amount of malignant cells.  This usually involves delivering the drugs directly into the 

central nervous system since ALL usually penetrates the brain and spinal cord.  Drugs 
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used in this phase include vincristine, daunorubicin, cyclophosphamide, cytarabine, 

etoposide, thioguanine and mercaptopurine.  Maintenance therapy is utilized to kill off 

any residual malignancies that may have survived the remission induction and 

intensification phases. 

Radiation is also used but usually only as part of preparation for bone marrow 

transplants.  Additionally, it can be used to prevent the recurrence of leukemia in the 

brain and spinal cord which is referred to as whole brain radiation.  However, studies 

have shown that CNS chemotherapy provides the best results with the least amount of 

side effects.  As a result, whole brain radiation is not utilized as often.  

Many subgroups of patients who have high risk T-ALL and have responded 

poorly to initial treatments have benefited from allogeneic hematopoietic stem-cell 

transplantation (24).  Hematopoietic stem cell transplantation (HSCT) is performed by 

using blood stem cells that are derived from the blood or bone marrow. Stem cell 

transplantation is utilized in the fields of hematology and oncology, usually as treatment 

for people with diseases of the blood, bone marrow, or leukemia.  However, with the 

discovery of the cytokine granulocyte-macrophage colony-stimulating factor (GM-CSF) 

and granulocyte colony-stimulating factor (G-CSF), most HSCT procedures are now 

performed utilizing stem cells taken from the peripheral blood rather than from the bone 

marrow (25).  Studies have shown that patients up to 18 years of age that received HSTC 

along with chemotherapy had a 5 year disease-free survival rate of 67%.  The fifth year 

follow-up on these patients that received both treatments revealed that the survival rate of 

this group held at 67%.  The control group that received chemotherapy alone had a 5 year 

disease-free survival rate of 67%.  However, the overall survival rate at 5 years for this 

http://en.wikipedia.org/wiki/Pluripotential_hemopoietic_stem_cell
http://en.wikipedia.org/wiki/Hematology
http://en.wikipedia.org/wiki/Oncology
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Bone_marrow
http://en.wikipedia.org/wiki/Peripheral_blood
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group was only 47% (26).  These results show that HSTC, along with chemotherapy, is a 

more effective treatment than chemotherapy alone. 

Genetic Abnormalities of T-ALL 

The number of ALL cases reported annually in the United States is approximately 

4000, with 3000 of those afflicting children.  The majority of the underlying causes of 

ALL are unknown (18).  It has been found that adults with ALL were exposed to some 

sort of physical or chemical agent such as ionizing radiation or benzene (22).  These 

agents usually cause a genetic abnormality such as chromosome breakage and 

translocations that leads to the development of ALL.  Some other genetic abnormalities 

such as the TEL-AML1 fusion gene and the BCR-ABL fusion gene (also known as the 

Philadelphia chromosome) are responsible for inducing ALL in children (18).  However, 

it has been determined that 60% of patients stricken with T-ALL aberrantly express the 

TAL-1 protein (T-cell Acute Leukemia) and have been shown to respond poorly to 

chemotherapy (2).  TAL-1 or SCL is a 40-47 kDa protein that is a basic helix-loop-helix 

(bHLH) transcription factor necessary for normal hematopoiesis (2).   

Targeted-disruption experiments have shown that TAL-1 is essential for 

embryogenesis.  These experiments included utilizing mutant mice lacking TAL-1.  It 

was revealed that these mice die at embryonic day 9.5 due to the absence of yolk sac 

erythropoiesis (4).  TAL-1 also plays a role in vasculogenesis by being co-expressed with 

Flk 1 at E7 in the visceral mesoderm which forms blood islands.  As the blood islands 

develop, Flk 1 becomes restricted to vascular cells.  These findings reveal that TAL-1 is 

responsible for remodeling yolk sac vasculature (5).  TAL-1 is also needed for the up-

regulation of RALDH2 which is necessary for embryonic limb, cardiac and organ 
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development.  Furthermore, it is needed for the maturation of erythroid and 

megakaryocytic progenitors, as well as mast cell differentiation and neural development 

(7).   

Even though TAL-1 plays a role in hematopoiesis, the manner in which it 

contributes to leukemogenesis is not completely understood (8).  Aberrant expression of 

TAL-1 can occur due to the chromosomal translocation t(1;14)(p34;q11) or 

t(1;14)(p32;q11), which has been observed in 3% of patients with T-ALL and is present 

in 25% of pediatric T-ALL cases (3,18). Also, it is believed that the TAL-1 gene can be 

activated by a chromosomal site-specific deletion that replaces the regulatory elements of 

TAL-1 with those of an upstream gene called Sil (6).  Two site-specific deletions 

responsible for this alteration have been discovered.  These site specific deletions are 

TALD1 and TALD2.  One study revealed that these deletions were detected in a high 

proportion of pediatric T-ALL patients.  In this study, structural alterations within the 

TAL-1 protein were searched for in a panel consisting of 66 T-ALL patients.  It was 

discovered that 6% of T-ALL patients expressed the TALD1 deletion and another 6% 

exhibited a second site-specific deletion termed TALD2.  The TALD1 and TALD2 

deletions result in structural similarities that are associated with aberrant recombinase 

activity.  Overall, this study revealed a more detailed view of TAL-1 gene structure.  

Additional data showed that several different species of the TAL-1 protein possess the 

same HLH motif, but exhibit differences in their amino terminus.  Apparently t(1;14) 

translocations and both TALD deletions alter the 5’ end of the TAL-1 gene which places 

its genetic functions under the control of the Sil gene (35). 
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There are two isoforms of TAL-1; one being full length TAL-1α and the other 

being N-terminally truncated βTAL-1 (4).  TAL-1 dimerizes with bHLH E-proteins such 

as E2A, E12, E47 and HEB.  The heterodimers then bind to DNA through what is 

referred to as the E-box motif (CANNTG), most preferably to AACAGATGGT.  

However, it is not clear whether the TAL-1/E-protein heterodimers regulate transcription 

by binding to this preferred E-box since no downstream targets have been identified (4).  

Additionally, it has been shown that TAL-1 acts in concert with LMO1 or LMO2 in T-

ALL.  Lim domain only 1 and 2, also known as rhombotin 1 and 2, belong to the LIM 

class of proteins which consist of two repeated LIM domains.  The LIM domain is 

described as a cysteine-rich zinc finger-like motif.  It is present in certain transcription 

factors, kinases and cytoskeletal proteins.  LMO is thought to mediate protein-protein 

interactions and even though it is involved in transcription regulation, it does not have the 

ability to bind to DNA (3).  Finally, studies have shown that in leukemic T-cells, TAL-1 

and E2A form heterodimers to activate transcription by binding to the CAGGTG E box 

(3).  TAL-1 then interacts with LMO1 and 2 which is a mediator between TAL-1 and 

GATA-3.  GATA-3 then binds to the GATA (named for the nucleotide sequence) site in a 

cryptic promoter in the second intron of the RALDH2 gene and regulates transcription 

through this site.  Activation of RALDH2 then stimulates production of retinoic acid 

which has been shown to inhibit apoptosis in cells from T-ALL patients (4). 

 

Cell Cycle Regulation            

In order to gain a better understanding of the nature of cancer, the cell cycle and 

the mechanisms governing its regulation, as well as the mechanics of malignancy need to 
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be addressed.  Cell growth is a process that is regulated by numerous signals.  Cellular 

transformation and metastasis are the result of intrinsic genomic changes and extrinsic 

signals such as cytokines, growth factors and chemical stimulation (36).  There are 

numerous changes that a cell must undergo in its transition from a state of homeostasis to 

malignancy.  There are several pathways that are involved in cellular transformation 

which include the processes that govern the cell cycle and apoptosis. 

  Cell cycle or cellular division is comprised of two consecutive processes.  These 

two processes accomplish the two vital events of the cell cycle, which are DNA 

replication and the segregation of replicated chromosomes into two different cells.  Cell 

division was originally thought of as only having two stages: mitosis or the M phase 

which is the process of nuclear division and interphase, an interlude between two M 

phases.  It was later discovered that interphase and mitosis are actually comprised of 

several subdivisions.  The traditional subdivisions of interphase are the G1, S, G2, and 

mitosis includes the stages of prophase, metaphase, anaphase and telophase (34).  The G1 

phase is the period in which the cell is undergoing preparations for DNA synthesis.  

During the G1 phase, cells can enter a state of quiescence referred to G0.  If the cells 

proceed through G1 it enters the S phase which is the part of interphase when DNA 

replication takes place.  After DNA synthesis, the cell enters a second gap phase called 

G2, which is when the cell goes through the final preparations for mitosis.   

The phases of the cell cycle are regulated by cyclin-dependent kinases (CDK) 

which are activated by forming complexes with specific cyclins (Fig. 1).  Once these 

kinases have been activated, they begin a downstream process of phosphorylating select 

sets of proteins (34).  CDK protein levels are relatively stable throughout the cell cycle, 
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whereas the levels of their activating cyclins fluctuate due to the fact that different cyclins 

are required for the transition to and progression through each phase of the cell cycle.  

CDK activity is regulated by cell cycle checkpoints and inhibitory proteins. 

  

 

Figure 1.  The stages of the cell cycle and the CDK/cyclin complexes that regulate each cycle are 

presented.  Taken from Vermeulen et al.  (2003).  

 

For the cell to exit G0 and enter into G1, cyclin D and CDK 4/6 must form a 

complex.  If any DNA damage is detected at this checkpoint, Ataxia Telangiectasia 

Mutated/Rad 3 related kinase (ATM/R) will activate the p53 tumor-suppressor protein 

which in turn, will stimulate the expression of the CDK inhibitor (CDKI) p21.  The p21 

gene encodes a cyclin-dependent kinase inhibitor that is capable of phosphorylating all 

CDK-cyclin complexes inhibiting their activity (36). The p21 protein will bind and 

inhibit the cyclin D-CDK4/6 complex (Fig.2).  In order for the cell to proceed through G1 
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and into the S phase, the retinoblastoma protein (Rb), which is a product of the tumor-

suppressor gene Rb, must be phosphorylated.  Once phosphorylated, Rb releases E2F 

transcription factors and genes required to enter the S phase are transcribed.  E2F is able 

to stimulate its own expression and that of the late G1 cyclin E-CDK2 complex.  

Therefore, there is a positive cross-regulation of both activities which leads to the 

progression into S phase.  If there are any genetic abnormalities at this DNA damage 

checkpoint, ATM/R will stimulate the p53 tumor suppressor protein, which in, turn 

induces expression of p21.  The p21 protein will inhibit the cyclin E-CDK2 complex and 

AMT/R can activate Chek 1/2 (Chk1/2) which inhibits the Cell division cycle 25A 

protein (Cdc25A).  If there is no DNA damage, the CDKIs will be phosphorylated and 

the cell will be allowed to proceed into the S phase.   

The G2 checkpoint is regulated by the cyclin A-CDK2 complex.  This checkpoint 

is governed by the same inhibitors that can stop the cell cycle before the cell enters the S-

phase.  If the cell proceeds through G2, the intra-S-phase checkpoint can prevent the 

activation of cyclin A/B-CDK1 preventing the cell from entering mitosis.  ATR activates 

Chk1 which inhibits Cdc25C activity.  Additionally, ATM/R can activate p53 which 

leads to the activation of p21 and inhibition of cyclin A/B-CDK1 activity.   

If the cell proceeds into mitosis, the next checkpoint is the spindle-assembly 

checkpoint.  Genetic abnormalities can stimulate Mitotic Arrest Deficient 2 protein 

(Mad2) which inhibits the Anaphase-promoting complex (APC/C) and Cdc-20 

polyubiquitination of securin and prevents entry into anaphase.  If the cell enters 

anaphase and genetic abnormalities still exist, the spindle position checkpoint can inhibit 

Cdc14 function which, in turn, stops APC/C and APC/C specificity factor (Cdh1) 
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polyubiquitination of B-type cyclins.  If any of these critical regulators and inhibitors do 

not function properly, normal cell cycle activities will be disrupted leading to 

carcinogenesis.    

 

Figure 2.  Overview of critical regulators and inhibitors of the cell cycle.  Taken from Vermeulen 

et al.  (2003). 

 

Apoptosis 

Apoptosis, also referred to as programmed cell death, is an organized process 

through which unnecessary or damaged cells undergo self-destruction without eliciting an 

immune response (9).  It has been conserved over the course of evolution and helps 

regulate the maintenance of multicellular organisms (11).  Apoptosis is thought to be 

activated through two major pathways.  One involves the tumor necrosis family (TNF) of 

death receptors and is referred to as the receptor-mediated pathway.  The second is the 
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mitochondrial-mediated pathway which involves the release of cytochrome c from the 

mitochondria into the cytoplasm (9).   

The best way to study apoptosis is by in vitro analysis of cell death that is induced 

by cytotoxic agents (29).  This method appears to give an accurate depiction of what is 

occurring in vivo.  The characteristics of this type of cell death include fragmentation of 

DNA, changes in cellular membranes and ultimately the recognition of the apoptotic 

bodies by phagocytic cells (29).  Chemotherapeutic agents induce apoptosis by causing 

damage to mitochondria allowing the release of cytochrome c which binds to Apaf-1.  

Apaf-1 undergoes a conformational change into a seven-subunit complex, the 

apoptosome.  Bad binds to the anti-apoptotic proteins Bcl-2 and Bcl-xL inhibiting their 

ability to interact with Bax.  The apoptosome interacts with procaspase-9 converting it 

into the active caspase-9 which leads to a cascade of events ultimately leading to 

apoptosis (29).  This process will be explained in greater detail later. 

 

Jurkat Cell Line and Chemotherapeutic Drugs  

Much of what is known about T-ALL comes from studying cell lines that have                                             

been found to ectopically express TAL-1 such as Jurkat cells.  Jurkat cells are an 

immortalized line of T lymphocyte cells that have been used to model T-ALL.  Their 

main use has been to study the susceptibility of cancers to drugs and radiation.  These 

cells were originally established in the late 1970s from the blood of a 14 year old boy 

with T-cell leukemia (15).  One study showed that when Jurkat cells overexpressed Bcl-2 

and Bcl-xL, these cells were resistant to etoposide-induced apoptotic events (14).  Bcl-2 

and Bcl-xL caused a disruption in the apoptotic pathway by blocking mitochondrial 
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permeabilization and the release of cytochrome c. This rendered leukemic cells resistant 

to chemotherapeutic drugs.  However, another study has shown that Bcl-2-induced 

resistance to chemotherapeutic drugs, such as etoposide and doxorubicin, can be 

overcome by combining these drugs with TRAIL.   

Etoposide 

Etoposide also known as Eposin, Etopophos, Vepesid and VP-16, is a 

chemotherapeutic drug that is used in the treatment of several types of cancer including 

lung cancer, testicular cancer, lymphoma and T-ALL.  The toxic component is derived 

from podophyllotoxin, which is found in the American Mayapple (40).  Etoposide acts as 

a topoisomerse II inhibitor and can negate the activity of this enzyme which helps unwind 

DNA during replication (16).  Under normal circumstances, topoisomerase II prevents 

torsional stress by making breaks through which the double helix can pass (39).  

Etoposide inhibits this action by forming a ternary complex with DNA and topoisomerase 

II which prevents the religation of the strands.  This causes disruptions in DNA 

replication and induces apoptosis of the cancer cell (40).   

Robertson et al. (2002) demonstrated a role for caspase-2 in etoposide-induced 

cytochrome c release.  Jurkat T-lymphocytes were incubated with either caspase-2 

inhibitor, z-VDVAD-fmk or z-VAD-fmk.  These cells became resistant to etoposide-

induced cytochrome c release (39).  A cell free system consisting of Jurkat nuclei and 

liver mitochondria with reconstituted caspase-2 activity demonstrated cytochrome c 

release upon etoposide treatment (39).  This demonstrated that that caspase-2 provides a 

link between etoposide-induced DNA damage and the induction of the mitochondrial 

apoptotic pathway which, as stated earlier, will be addressed in greater detail later.   
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TRAIL 

Tumor Necrosis Factor-related apoptosis-inducing ligand (TRAIL) is a protein 

that can induce apoptosis (41).  The gene that carries the code for TRAIL is located on 

chromosome 3q26.  The TRAIL gene spans 20 kb and is homologous to other tumor 

necrosis family members (41).  It consists of 281 amino acids and binds to the death 

receptors DR4 (TRAIL-RI) and DR5 (TRAIL-RII).  DR4 and DR5 contain death 

domains that are required for TRAIL-induced apoptosis (43).   The receptor mediated 

pathway of apoptosis is dependent on caspase-8 that is activated by the death-inducing 

signaling complex (DISC).  DISC is a multi-protein complex formed by members of 

apoptosis-inducing cellular receptors (43).  This complex can activate downstream 

effector caspases such as caspases-3, -6 and -7.  TRAIL binds other receptors such as 

DcR1 and DcR2 which act as decoy receptors.  However, DcR2 contains a death domain 

motif which activates NFκB.  NFκB is a protein complex that can transcribe genes that 

antagonize the death signal and promotes inflammation (42).   

The majority of leukemic cells have shown resistance to TRAIL-induced 

apoptosis (43).  However, approximately 80% of human cancer cell lines derived from 

colon, lung, breast, kidney, and skin and brain tissue have shown sensitivity to TRAIL.  

Szegezdi et al. (2005) demonstrated in Jurkat cells that TRAIL used in combination with 

arsenic trioxide led to increased expression of the cell surface receptor DR5 and 

inhibition of PI3K/Akt signaling pathway. This induces the cleavage of pro-caspase-8 

leading to the induction of apoptosis.  A discovery such as this could lead to the 
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development of new therapeutic uses of TRAIL in the treatment of many different types 

of cancer including T-ALL.    

Caspase Activity  

The process of apoptosis is executed by a family of cysteine proteases known as 

caspases.  These proteases are responsible for the cleavage of cellular proteins leading to 

a cell’s demise.  Caspases usually cleave their target on the carboxy side of aspartic acid.  

Their specificity for substrate is determined by three amino acids that are located adjacent 

to the N-terminal aspartic acid (29).  The activity of caspases varies depending upon the 

type of tissue and stimuli involved.  Caspases exist as inactive procaspases until they are 

cleaved during apoptosis to become active proteases (10).  For example, in the receptor-

mediated pathway involving tumor necrosis factor (TNF), the TNF ligand binds to its 

receptor called TNF-RI.  Once engaged, the cytoplasmic domain of this receptor recruits 

other adapter proteins such as TRADD (Tumor necrosis factor receptor type 1-associated 

death domain) and (FADD) FAS-associated death domain.  FADD activates procaspase-8 

leading to a cascade of events that result in apoptosis (11).  This pathway will be 

described in greater detail later.  

Caspase-induced proteolysis, whether induced by cytotoxic agents or by natural 

causes, can activate or inactivate targeted proteins.  Activation of a target protein can be 

due to its cleavage or the cleavage of an inhibitor protein associated with it (29).  An 

example of this involves the poly ADP-ribose polymerase (PARP) enzyme.  Caspase 

activity begins with the proteolysis of PARP.  This nuclear enzyme is normally 

responsible for DNA repair (29).  Once PARP is cleaved, its activity ceases.  

Furthermore, it has been found to be involved in cell death due to cerebral ischemia 
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because mouse cells that were PARP 
-/-

 were resistant to ischemia (29).  Another example 

of a protein that is activated through proteolysis is the protein caspase-activated DNase 

(CAD).  ICAD acts as a chaperone for CAD in order to acquire an active conformation 

(29).  When ICAD is cleaved, this causes CAD to be released into the nucleus where it 

can degrade DNA.  Caspases also recognize and cleave proteins such as lamin A, actin, 

gas 2, fodrin and Rock-1 which leads to cell shrinkage and membrance blebbing (Fig. 3).    

 

Receptor-Mediated Pathway    

As stated earlier, apoptosis can be induced by a receptor-mediated series of events 

(Fig. 3).  Receptors such as Fas (CD95), TRAIL R-1, TNF-RI and TNF-RII α which 

belong to the TNF family of receptors, all play crucial roles in the initial stages of this 

pathway (9, 11).  Initiation begins when a TNF receptor binds Fas ligand (FasL), TRAIL 

(tumor necrosis factor-related apoptosis inducing ligand) or TNF α, respectively (11).  

The activated receptor then recruits the TNFR-I associated death domain containing 

protein (TRADD).  This death effector protein then recruits a FAS-associated death 

domain (FADD) protein which interacts with TRADD (9, 11).  FADD then mediates the 

cleavage of procaspase-8 into active caspase-8 which is released into the cytosol where it 

can cleave and activate caspase-3.  Caspase-3 induces the final part of apoptosis referred 

to as the execution pathway.  This caspase serves as an executioner caspase and degrades 

proteins such as lamin A, actin, gas2, rock-1 and fodrin (12).  Several caspases are 

activated and induce apoptosis once stimulated by chemotherapeutic agents.  However, 

experiments have shown that the proteins c-IAP1, c-IAP2 and XIAP can inhibit caspase-

3 and 7 by binding to them.  Overexpression of these proteins has been found to result in 
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apoptotic resistance in T-ALL after exposure to chemotherapeutic agents such as 

daunorubicin, doxorubicin and etoposide (30).        

 

Figure 3.  Receptor-mediated pathway of apoptosis.  Obtained from the Cell Signaling Technology       

website. 

 

 

Mitochondrial-Mediated Pathway 

The second major mode of apoptosis involves the mitochondrial-mediated or the 

intrinsic pathway of apoptosis (Fig. 4).  This pathway is induced by mitochondrial 

damage, which leads to the release of cytochrome c.  Once cytochrome c is released into 

the cytoplasm, it binds and activates APAF-1, as well as, several molecules of 
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procaspase-9 and dATP forming an oligomeric complex known as the apoptosome.  The 

inactive procaspase-9 molecules are recruited and activated within the apoptosome 

releasing the active caspase-9 (17).  Caspase-9 then cleaves procaspase-3 into the 

executioner caspase-3.  Cellular systems such as the cytosol and the mitochondria contain 

procaspase-3.  Procaspase-3 is activated in the mitochondria and cleaves Bcl-2 which is a 

member of the Bcl-2 family of proteins.  These proteins are key regulators of 

mitochondrial-mediated apoptosis.  This family is comprised of the pro-apoptotic 

proteins (Bcl-xs, Bax, Bak, Bid, Bad, Bim, Noxa and Puma) and the anti-apoptotic 

proteins (Bcl-2, Bcl-xL, A1 and Mcl-1).  Members work with one another in response to 

cell damage brought on by radiation, chemotherapeutic drugs, oxidation and damage to 

the membrane (13).  Additionally, they share the Bcl-2 domains BH1, BH2, BH3 and 

BH4.  BH1 and BH2 are present in all of the anti-apoptotic members and in the pro-

apoptotic members Bax and Bad.  These domains are responsible for pore formation and 

their three dimensional structures are similar to the channel forming region of diphtheria 

toxin (9).  The BH3 domain is common to all of the Bcl-2 members and consists of 8 

amino acids with a leucine at position 1 and aspartic acid at position 6.  This arrangement 

mediates heterodimerization and if these amino acids are changed due to mutation, 

heterodimeriztion cannot occur and apoptosis will be altered.  Finally, the B4 domain 

(found mostly in antiapoptotic factors) allows for protein-protein interactions with 

proteins outside the Bcl-2 family that control cell cycle progression and stabilization of 

the voltage-dependent anion channel (VDAC) (9). 
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 Figure 4.  Mitochondrial-mediated pathway of apoptosis.  Obtained from the Cell Signaling       

Technology website. 

 

Bcl-2 Family of Proteins 

The Bcl-2 family members are most noted for their ability to form heterodimers 

(37).  If trophic or survival factors are not present, the pro-apoptotic protein Bad binds to 

Bcl-2 and Bcl-xL.  This prevents Bcl-2 and Bcl-xL from interfering with Bax, a protein 

located in the outer mitochondrial membrane.  Bcl-2 has been shown to stabilize the 

VDAC by binding to it and preventing the permeabilization of the outer mitochondrial 

membrane (38).  Caspase-8 can cleave Bid to tBid which results in the activation of Bak 

or Bax.  The Bax:Bax homodimer helps to open up the VDAC which facilitates the 
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release of cytochrome c.  Then, Bax interacts with Ant (adenine nucleotide translocator) 

which increases the permeability of the inner membrane.  Lastly, Bax is able to form 

pores in the outer membrane thereby inducing cytochrome c release.  Bax, along with 

Bak, is also responsible for mitochondrial-mediated apoptosis.  Bad is another pro-

apoptotic protein that is able to inhibit the activity of Bcl-2 and Bcl-xL.  Bad can form 

heterodimers with Bcl-2 and Bcl-xL, but not with the pro-apoptotic proteins Bax or Bak.  

Bad binds Bcl-2 and Bcl-xL and prevents them from interacting with Bax (9).  Bad is 

able to bind to Bcl-2 and Bcl-xL through its BH3 domain, which in turn, helps induce the 

apoptotic response.  If there are mutations in the BH3 domain, Bad will not be able to 

bind to Bcl-2 or Bcl-xL and apoptosis will be inhibited (9).  The anti-apoptotic members 

of the Bcl-2 family that inhibit the mitochondrial-mediated pathway of apoptosis have 

become targets of chemotherapeutic drugs (9).  Experiments involving Jurkat cells, that 

have been modified to overexpress Bcl-2 and Bcl-xL, have shown resistance to 

anticancer drug mediated cytotoxicity (13).  More specifically, these cells were shown to 

be resistant to drugs such as etoposide, nocodazole and staurosporine.  This indicates that 

overexpression of Bcl-2 and Bcl-xL may induce resistance to chemotherapeutic agents.   

 

 

Correlation between p53 and Bcl-2 

Additionally, it has been suggested that the tumor suppressor protein p53 has an 

effect on the down-regulation of Bcl-2.  Some studies involving breast cancer and non-

Hodgkins lymphoma revealed that higher levels of p53 correlated with lower levels of 

Bcl-2 (27).  This study, which was conducted on 22 pediatric T-ALL cell lines, illustrated 

http://www.copewithcytokines.de/cope.cgi?key=Adenine%20nucleotide%20translocator
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that Bcl-2 may be p53-dependent, but it had no effect on the expression of Bcl-xL.  Some 

of the cell lines expressed wild type p53 while other cell lines expressed a mutant form of 

p53 or were null-p53 lines.  Bcl-2 was not expressed in p53-null lines, which illustrated 

the dependence of Bcl-2 on p53 expression.  Cells that expressed the wild type p53 

phenotype and in which Bcl-2 expression was high, underwent apoptosis after exposure 

to ionizing radiation (IR).  This finding showed that Bcl-2 was not sufficient alone in 

producing an anti-apoptotic response in T-ALL.  

Most of the cell lines were sensitive to IR, yet a smaller number of the Bcl-2
+
/wt-

p53
+
 cell lines were resistant to apoptosis.  As a result, the researchers decided to study 

the effect that the expression level of Bax had on the different cell lines in order to 

address the variability (27).  As stated earlier, Bax is a proapoptotic member of the Bcl-2 

family of proteins.  Bax can form heterodimers with Bcl-2, as well as, Bax:Bax 

homodimers.  Bax:Bax homodimers are formed when the level of Bax exceeds the level 

of Bcl-2 expression.  The Bcl-2:Bax heterodimers inhibit apoptosis while the Bax:Bax 

homodimers initiate the apoptotic reaction.  Bax was expressed in all of the cell lines that 

were studied, which suggests that Bax expression is not dependent on p53 expression 

(27).  Most of the wt-p53
+ 

cell lines that demonstrated a down-regulation of Bcl-2 and 

up-regulation of Bax after IR treatment underwent apoptosis.  Three wt-p53
+ 

cell lines 

were thought to be resistant to apoptosis after IR treatment due to a lack of down-

regulation of Bcl-2 or the up-regulation of Bax.  This means a decrease in the Bcl-2:Bax 

ratio, due to the increased expression of Bax and decreased expression of Bcl-2 which 

occurred after IR, was needed for apoptosis to occur in wt-p53
+ 

T-ALL
 
cell lines.  This 
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study ultimately found that simultaneous down-regulation of Bcl-2 and up-regulation of 

Bax in wt-p53
+ 

T-ALL
 
cell lines was required for apoptosis to occur after IR.     

However, it was also found that the p53 protein by itself did not dictate sensitivity 

to apoptosis.  The p53 protein was up-regulated in both IR-resistant and IR-sensitive cell 

lines, which indicated that the induction of p53 was not able to trigger the apoptotic 

response by itself (27).  Apparently changes in the expression of Bcl-2 and Bax were 

more predictive of apoptosis than the level of p53 expression.  This was demonstrated by 

the fact that cell lines expressing mutant p53 or were null p53 did not show the Bcl-2/Bax 

paradigm.  Two lines that expressed mutant p53 underwent apoptosis after IR treatment, 

but did not show any induction of Bax.  Usually cells that express mutant p53 are 

resistant to apoptosis, but the lack of Bcl-2 expression was believed to be responsible for 

their sensitivity.  However, sensitive and resistant lines did not show any up-regulation of 

Bax after IR treatment which led the researchers to come to the conclusion that the IR-

induced apoptosis may involve a p53 and a Bcl-2/Bax independent mechanism of 

apoptosis.   

The researchers then decided to pursue the p53-independent mechanism of 

apoptosis by investigating expression of Bcl-xL in their cell lines.  Bcl-xL is a protein 

that is encoded by the Bcl-xL gene, which is homologous to the Bcl-2 gene, and the 

protein functions to inhibit apoptosis in cells in which growth factors are removed or 

when they are exposed to chemotherapeutic agents (27).  Even though Bcl-2 and Bcl-xL 

are homologs, there are some differences between the two.  Both proteins are expressed 

independently during embryogenesis and during the development of hematopoietic stem 

cells and lymphoid progenitor cells.  Bcl-xL has the ability to protect cells from apoptosis 
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that is induced by protein synthesis inhibitors.  After exposure to interlueukin-6 and 

granulocyte-macrophage colony stimulating factor, Bcl-xL, not Bcl-2, was up-regulated 

which reduced susceptibility to induction of apoptosis by adriamycin or cyclohexamide 

(27).  Even though Bcl-xL can form heterodimers with Bax, this interaction is not needed 

for protection against apoptosis.  Other differences were found in the regulation of Bcl-2 

and Bcl-xL in the pediatric T-ALL cell lines (27).  Bcl-xL in these lines was found to be 

independent of p53 unlike Bcl-2.  This was shown by the fact that Bcl-xL was expressed 

by all of the p53-null cell lines, as well as, the wt-p53 and mutant-p53 cell lines.  Also, 

there was no down-regulation of Bcl-xL in any of the cell lines after IR, regardless of 

whether they were wt-p53 or p53-null.  However, Bcl-2 was down-regulated in the wt-

p53
+ 

lines, which suggested that Bcl-xL expression was independent of Bcl-2 and p53 

(27).    

Furthermore, Bcl-2 is usually expressed at high levels in pediatric T-ALL 

patients.  However, there is no evidence between high Bcl-2 expression and a poor 

prognosis although, as stated earlier, Bcl-2 overexpression can lead to resistance to 

cytotoxic agents (29).  It was determined that high levels of Bcl-xL expression in p53-

null lines protected them from DNA damage inflicted by IR (27).  This high level of Bcl-

xL expression was also thought to protect p53 null and Bcl-2 null cell lines from 

apoptosis.  A higher level of Bcl-xL expression has been associated with drug resistant T-

ALL cells from relapse patients suggesting that Bcl-xL was responsible for drug 

resistance in vivo (27).     

Overall, it was discovered that Bcl-2 expression in pediatric T-ALL cells was 

dependent on p53 and the response of wt-p53
+ 

cells to IR-induce DNA damage was 
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determined by the regulation of Bcl-2 and Bax post-treatment (27).  This work also 

revealed that Bcl-xL was expressed in pediatric T-ALL cells in a p53 independent 

manner and the response of these cells to IR was dependent upon pre-treatment levels of 

Bcl-xL.  So, it has been established that Bcl-xL plays a major role in the process of 

apoptosis as it relates to T-ALL.  It still remains unclear on how TAL-1 influences the 

expression Bcl-xL or any of the other members of the Bcl-2 family of proteins. 

Other experiments have been conducted to assess the effect TAL-1 has on the 

process of apoptosis in T-ALL.  Bernard et al. (1998) worked with a human leukemic cell 

line to investigate the effect TAL-1 has on apoptotic resistance in T-ALL.  The 

researchers developed stable transfectants expressing either wild type TAL-1 protein or 

the basic domain deletion variant in the MKB1 malignant T-lymphoid cell line (28).  It 

was discovered that ectopic expression of TAL-1 did not interfere with T-lymphoid cell 

proliferation and survival when the concentration of fetal calf serum (FCS) was reduced.  

However, it was found that stable transfectants were more resistant to etoposide-induced 

apoptosis.  Stable transfectant clones were cultured in the presence of 20 μg/ml etoposide 

for 20 hr.  Apoptosis was detected by the uptake of the DNA intercalating dye propidium 

iodide through flow cytometric analysis.  The death rate was approximately 30% for the 

MKB1 cell line expressing the wild type version of TAL-1.  The other clones that 

expressed the TAL-1 protein, in which the basic domain was deleted, showed a slightly 

higher sensitivity to etoposide-induced apoptosis at approximately 50-59% (28).  This 

illustrated that the wild type version of the TAL-1 protein led to a decreased sensitivity of 

MKB1 cells to etoposide-induced apoptosis whereas, the basic domain-deleted variant 

did not.   
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This study also investigated the role that Bcl-2 and Bcl-xL played in relation to 

the significance of TAL-1 expression.  As stated earlier, Bcl-2 and Bcl-xL inhibit 

apoptosis in cells exposed to various chemotherapeutic agents and do so independent of 

their cell cycle phase specificity (28).  These survival proteins inhibit the action of 

caspases that are normally activated by chemotherapeutic drugs.  Bernard et al. (1998) 

also assessed the expression of Bcl-2 and Bcl-xL by Western blot analysis and found no 

differences among the different clone lines (28).  Therefore, there was no evidence 

indicating that TAL-1 and Bcl-2/Bcl-xL act in concert to inhibit apoptosis.  The 

significance of TAL-1 expression is crucial in determining the chemoresistance that is 

prevalent in T-ALL.  Deregulation of TAL-1 occurs in 6-30% of pediatric T-ALL cases 

although this does not lead to a poor prognosis.  However, the expression of TAL-1 

protein has been found in 10-50% of T-ALL and the resistance to chemotherapy that 

correlates with this expression can limit the choices for chemotherapy (28).                    
     

 

The focus of this research is to ascertain what effects different concentrations of 

etoposide, either by itself or in combination with TRAIL or TRAIL alone, have on 

expression levels of TAL-1 and the Bcl-2 family members of proteins and how changes 

in these key proteins relate to the induction of apoptosis.  This research will also assess 

the effects these agents have on the aforementioned proteins at the genetic level through 

RT-PCR analysis and protein expression levels will be assessed through Western blot 

analysis.  Furthermore, caspase-3 activity levels will be monitored for any variations that 

may exist among the different treatments.  Ultimately it is hoped that the results 

generated from this research will lead to better therapies and treatments not only for T-

ALL, but for all forms of cancer.        



 

 

 

 

 

 

 

MATERIALS AND METHODS 

 

Cell Culture and Drug Treatment  

Jurkat cells were grown in T-25 flasks containing RPMI media supplemented 

with 10% BGS.  The flasks were cultured in a humidified incubator at 37 
o
C with 5% 

CO2.  Approximately 2.2-3.9X10
6
 cells/ml were treated with etoposide (5 µM and 10 

µM) or with TRAIL (20 ng/ml).  Additionally, a dual treatment of etoposide and TRAIL 

was administered at 1 µM/10 ng/ml, respectively.  Another population of cells served as 

an untreated control.  All treatments were done for 24 hr.  Cells were then counted with a 

hemacytometer and subjected to either RNA or protein extraction.     

 

RNA Extraction and RT-PCR 

The Qiagen RNeasy Mini Kit was utilized to extract total RNA from untreated 

and treated Jurkat cells.  After the 24 hr drug treatment, cells were counted then 

centrifuged for 5 min in a 15 ml conical tube at 1000 rpm.  The supernatant was then 

aspirated off.  The pelleted cells were disrupted by the addition of 350 μl of Buffer RLT 

(lysis buffer).  The resulting lysate was pipetted into a 10 cc syringe and passed 5 times 
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through a 21-gauge needle to shear the cells.  The lysate was added to a clean tube, 350 

μl of 70% ethanol was added and the mixture was homogenized by pipetting.  

Approximately 700 μl of the sample was transferred to an RNeasy spin column which 

was placed into a 200 ml collection tube.  The tube was centrifuged at >10,000 rpm for 1 

min.  The flow- through was discarded, then 700 μl of Buffer RW1 (wash buffer) was 

added to the spin column for 1 min and the tube was centrifuged at >10,000 rpm.  The 

flow-through was discarded and 500 μl of Buffer RPE was added to the spin column and 

centrifuged for 1 min at >10,000 rpm.  The previous step was repeated a second time and 

the spin column was centrifuged for 2 min.  The spin column was then placed into a 1.5 

ml collection tube and 50 μl of RNase free water was added and the tube was centrifuged 

at >10,000 rpm to elute the RNA.  The RNA was analyzed using a spectrophotometer to 

determine the quantity of RNA present in each sample.  The A260 value was multiplied by 

the inverse of the dilution factor (1/100) and the extinction factor of 44 μg/ml to 

determine RNA concentration.  Samples were stored at -20 
o
C until analyzed. 

Primers for the housekeeping gene GAPDH and the TAL-1 gene were designed 

and are as follows: GAPDH forward 5’-ACAGTCCATGCCATCACTGCC-3’, GAPDH 

reverse 5’-GCCTGCTTCACCACCTTCTTG-3’ (31), TAL-1 forward 5’-

TGGTGGGCTTCAGGGCAGGT-3’, TAL-1 reverse 5’-

CCCTCCGGCCCAGCTCATCT-3’.  Primers for Bcl-2, as well as, primers for Bad and 

Bax were also designed.  The sequences are as follows: Bcl-2 forward 5’-

GTCATGTGTGTGGAGCGT-3’, Bcl-2 reverse 5’-GCCGTACAGTTCCACAAAGG-3’ 

(32); Bad forward 5’-GCACAGCAACGCAGATGC-3’, Bad reverse 5’-
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AAGTTCCGATCCCCACCAGG-3’, Bax forward 5’-CTGCAGAGGATGATTGCCG-

3’, Bax reverse 5’-TGCCACTCGGAAAAAGACCT-3’ (33).   

Expression of the aforementioned genes was assessed using the Promega Access 

RT-PCR System and the Invitrogen SuperScript III One-Step RT-PCR System.  For the 

Promega Access RT-PCR System reactions, reagents were set up according to the 

following protocol: 5 µl AMV/Tfl 5X reaction buffer, 0.5 µl dNTP mix, 1 µl MgSO4, 0.5 

µl AMV reverse transcriptase, 0.5 µl Tfl DNA polymerase, 1 µg of RNA, 1 µl of both 

forward and reverse primers, 1 µl Sybr® Green I and nuclease-free water to bring the 

reaction volume to 25 µl.   

For the Invitrogen SuperScript III One-Step RT-PCR System reactions, reagents 

were set according to the following protocol: 12.5 µl of 2X Reaction Mix, 1 µl of 

SuperScript III Taq mix, 1 µg of RNA, 1 µl of Sybr® Green I and nuclease-free water to 

bring the reaction volume to 25 µl.  A negative control with all of the aforementioned 

reagents except for RNA was also prepared.  The reagents and RNA samples were added 

to Smart Cycler tubes and the tubes were put into the Smart Cycler and run for 35 cycles.  

First cycle was the phase when reverse transcription took place.  In the second cycle, 

reverse transcriptase was inactivated and RNA/cDNA/primer was denatured.  This was 

followed by 35 cycles of denaturation, annealing and extension.  Each treatment set was 

run in duplicate.  RNA expression was assessed by evaluating the resultant Ct values 

produced by the RT-PCR reaction.   

     

Protein Extraction and Protein Determination 
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Proteins were extracted from untreated and treated Jurkat cells using RIPA buffer.  

Cell suspensions were added to 15 ml conical tubes and the tubes were centrifuged at 

1000 rpm for 5 min.  The supernatant was discarded and the cells were washed in 3 ml of 

cold PBS.  Tubes were centrifuged for 5 min at 1000 rpm to pellet the cells.  This process 

was repeated a second time.  One ml of RIPA buffer was added to each cell pellet and 

resuspended.  The mixture was pipetted into a syringe and forced through a 21 gauge 

needle in order to shear the cells.  The suspension was added to a snap-cap tube and 

rocked at 4 
o
C for 30 min.  The mixture was then centrifuged for 15 min at 10,000 rpm.  

The supernatant was transferred to a series of microfuge tubes and stored at -20 
o 
C until 

analyzed.   

Protein determinations were performed using the Bio-Rad Bradford system.  

Protein samples were first thawed on ice.  A series of tubes were then set up and labeled 

as standards and unknowns.  The absorbance readings of standards were used to generate 

a standard curve to help determine the protein concentration of the unknowns.  EXCEL 

software was used to generate a standard curve which was subsequently used to 

determine the protein concentration of each sample.  Five µl of protein extracted from 

Jurkat cells was added to 795 µl of milli-Q water.  Two tubes for each sample were 

prepared in this fashion in order to perform the assay in duplicate.  Then, 200 µl of Bio-

Rad developing reagent was added to all tubes.  The contents were transferred to plastic 

cuvettes using transfer pipettes.  The standards and unknown samples were read using a 

spectrophotometer set at 595 nm.  Absorbance values were recorded for each sample and 

the average reading was calculated.  A standard curve was generated from the five 

averaged BSA standard absorbance values (Y-axis) versus their corresponding protein 
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concentration value (µg/µl) on the X-axis.  Values were entered into the Microsoft Excel 

program and a slope equation, based on the standard curve, was calculated.  The average 

absorbance value of each unknown protein sample was calculated by inserting this 

absorbance value as the Y-value within the slope equation and solving for X.  The final 

protein concentration of each sample was divided by 5 since 5 µl of sample was used 

originally and the final concentration was reported as µg/µl.      

 

 

Western Blot Analysis 

 Western blot analysis was performed on proteins extracted from treated and 

untreated cells.  Expression levels of β-tubulin, TAL-1, Bcl-2, Bcl-xL, Bad and Bax were 

assessed.  A 10% SDS/polyacrylamide running gel was prepared as a mixture of 4 ml 

sterile deionized water, 3.33 ml 30% acrylamide/0.8% bisacrylamide, 2.5 ml 4X 

Tris/SDS pH 8.8, 50 μl 10% ammonium persulfate (APS) and 10 μl TEMED.  The 

reagents were mixed with a transfer pipette then added between two glass plates in the 

casting stand and allowed to polymerize for 20 min.  Next, the stacking gel was prepared 

from 3.35 ml sterile deionized water, 650 μl acrylamide/bisacrylamide, 1.25 ml 4X 

Tris/SDS pH 6.8, 50 μl APS and 5 μl TEMED.  The reagents were mixed with a transfer 

pipette then added between the two glass plates in the casting stand on top of the running 

gel and a comb was inserted to form the wells.  The stacking gel was allowed to 

polymerize for 20 min.   

The glass plates, containing the polymerized gel, were placed into an 

electrophoresis unit.  Next, 1 L of 1X SDS running buffer was added into the two 
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chambers of the electrophoresis unit.  The wells were rinsed with 1X SDS running buffer 

as well.  Approximately 20 μg of each protein sample along with 2 μl of sample loading 

buffer was added to microfuge tubes.  Two μl of Dylight molecular weight markers along 

with 0.5 μl of sample loading buffer was added to a microfuge tube.  All tubes were then 

placed into a floating holder and incubated in boiling water for 5 min in order to denature 

the proteins.  Samples were then loaded into wells and the gel was run at 100V for 1
1
/2-2 

hr.   

Next, the gel was removed from the glass plates and the separated proteins were 

transferred to a nitrocellulose membrane using the Owl Scientific semi-dry transfer 

apparatus.  Chromatographic filter paper was soaked in cathode and anode buffer 

solutions.  Three sheets of filter paper soaked in cathode buffer were stacked onto the 

negative electrode.  Then, the gel was positioned on top of the filter paper.  Next, one 

sheet of nitrocellulose membrane was placed on top of the gel.  Then, one sheet of filter 

paper soaked in anode 2 solution was placed on top of the membrane.  Next, two sheets 

of filter paper soaked in anode 1 solution were placed on top of the stack.  Lastly, the 

positive electrode was positioned onto the completed stack.  Transfer was conducted for 1 

hr at 90 mA/blot.   

Following transfer, the unit was broken down and the membrane was placed into 

a plastic box containing 1X PBS for washing.  The membrane was then placed in 3 ml 

Odyssey blocking buffer and allowed to incubate for 24 hr at 4
o 
C on a rocking platform.  

On the second day, the blot was transferred to another container containing 1X PBS for 

washing.  Next, 3 μl of Tween-20 was added to 3 ml of Odyssey blocking buffer and 

either a 1:500 or 1:1000 dilution of the primary antibody was prepared.  The blot was 
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removed from the PBS and placed into a container containing the diluted primary 

antibodies.  The container was placed on a rocking platform for 24 hr at 4 
o
C.   

On the third day, the blot was washed 4 times for 5 min in 1X PBS/0.1% Tween-

20 on a rocking platform.  During the last wash, 3 ml of fresh blocking buffer and 3 μl of 

Tween-20 were added to a 15 ml conical tube.  Then, a 1:25,000 dilution of secondary 

antibody (goat anti-rabbit IgG with Alexa-Fluor 688) was prepared in the blocking 

buffer.  The secondary antibody was poured over the blot and allowed to incubate on a 

rocking platform for 1 hr at room temperature.  The container was wrapped in foil to 

protect it from light.  After incubation, the blot was then washed again 4 times for 5 min 

in 1X PBS/0.1% Tween-20 on a rocking platform.  The blot was washed twice in 1X PBS 

for 5 min.  The blot was then imaged using the Li-Cor Odyssey imaging system.           

Densitometry 

 The relative density of the bands was determined using Odyssey Imaging 

Software.  The rectangle tool was utilized to draw boxes around the individual bands.  

Each box was selected to obtain the quantification information.  The data was transferred 

into a Microsoft Excel spreadsheet.  The data for the protein of interest (TAL-1, Bcl-2, 

Bad or Bax) was normalized to the loading control (β-tubulin).  The information obtained 

was utilized to quantify the bands and determine the differences in intensity (protein 

expression).             

Caspase Activity Assay   

   The Promega Colorimetric CaspACE™ Assay system for caspase-3 was used to 

assess the activity of the aforementioned caspase.  Each assay was done in duplicate for 

all of the untreated and treated protein extracts previously mentioned.  The assay was 
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performed in a 96-well plate.  To each well, 32 µl caspase assay buffer, 2 µl DMSO, 10 

µl DTT and 2 µl of DEVD-pNA substrate was added.  The amount of protein extract 

added to a well was approximately 25-27 µg along with milli-Q water to obtain 100 μl.  

One well, which served as a blank, was set up containing all of the previously mentioned 

reagents with the exception of protein sample.  The plate was sealed with parafilm and 

incubated for 4 hr at 37 
o
C.  Color development was monitored during the incubation.  

The pNA cleaved from the DEVD substrate resulted in a change in absorbance.  This 

indicated that caspase-3 was present and active.  The absorbance was read in each well 

utilizing the Tecan microplate reader set at 405 nm.              

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

RESULTS  

 

Drug Treatments and Cell Counts 

Jurkat cells were counted with a hemacytometer before and after each drug or 

TRAIL treatment.  After being counted, the cells were subjected to either an RNA or 

protein extraction.  A first round of drug treatments was completed where etoposide was 

administered at concentrations of 5 μM and 10 μM.  TRAIL was administered at a 

concentration of 20 ng/ml.  After 24 hr, the percentage of cell death was determined 

(Table 1.1).  The untreated control exhibited 14% cell death.  Approximately 72% of 

Jurkat cells were dead after being treated with etoposide at 5 μM.  Cell death increased to 

84% with etoposide treatment at the higher concentration of 10 μM.  Cells that were 

treated with TRAIL at 20 ng/ml experienced the greatest amount cell death at 90%.   

Drug Treatment  Pre-treatment count Post-treatment count % Cell Death 

Untreated Control 2.2X10
6
 cells/ml 1.9X10

6
 cells/ml 14 

Etoposide 5 μM 2.2X10
6
 cells/ml 6.1X10

5
 cells/ml 72 

Etoposide 10 μM 2.2X10
6
 cells/ml 3.6X10

5
 cells/ml 84 

TRAIL 20 ng/ml 2.2X10
6
 cells/ml 2.3X10

5
 cells/ml 90 

Etoposide 1μM/TRAIL 
10ng/ml 2.6X10

6
 cells/ml 1.2X10

6
 cells/ml 53 

Table 1.1 Pre-treatment and post-treatment cell viability and cell death percentages for the initial round of 

24 hr etoposide and/or TRAIL treatment.  Each flask contained at least 2.2X10
6 
cells/ml prior to treatment.  

The untreated control produced 14% cell death.  Etoposide at 5 μM produced 72% cell death, etoposide at 

10 μM produced 84% cell death and cells that were treated with TRAIL at 20 ng/ml exhibited 90% cell 

death.  Dual treatment resulted in 53% cell death.   

    
 

Additionally, Jurkat cells were treated with a dual treatment of etoposide at 1 μM 

and TRAIL at 20 ng/ml for a 24 hr period.  Cell death percentages were also determined 
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(Table 1.1).  The dual treatment of etoposide and TRAIL produced 53% cell death.  This 

is lower than the single treatments with etoposide or TRAIL. 

A second round of drug and TRAIL treatments were conducted using the same 

concentrations.  As with the first round, cell counts were made before and after treatment 

and the amount of cell death that occurred over 24 hr was also ascertained (Table 1.2).  

The untreated control showed 9% cell death.  The flask treated with etoposide at 5 μM 

produced 48% cell death and the flask treated with etoposide at 10 μM produced 28% cell 

death.  The second treatment of etoposide at 1 μM and TRAIL at 10 ng/ml resulted in 

26% cell death.  Finally, when TRAIL was administered at 20 ng/ml, 55% cell death was 

recorded.  All values from the second treatment were lower than that of the previous 

treatment.                 

 

Drug Treatment  Pre-treatment count Post-treatment count % Cell Death 

Untreated Control 3.2X10
6
 cells/ml 2.9X10

6
 cells/ml 9 

Etoposide 5 μM 2.9X10
6
 cells/ml 1.5X10

6
 cells/ml 48 

Etoposide 10 μM 2.5X10
6
 cells/ml 1.8X10

6
 cells/ml 28 

TRAIL 20 ng/ml 2.7X10
6
 cells/ml 1.2X10

6
 cells/ml 55 

Etoposide 1 μM/TRAIL 10 
ng/ml 2.3X10

6
 cells/ml 1.7X10

6
 cells/ml 26 

Table 1.2 Pre-treatment and post-treatment cell viability and cell death percentages for the second round of 

24 hr etoposide and/or TRAIL treatment.  The untreated control produced 9% cell death.  Etoposide at 5 

μM produced 48% cell death, etoposide at 10 μM produced 28% cell death and cells that were treated with 

TRAIL at 20 ng/ml exhibited 55% cell death.  Dual treatment resulted in 26% cell death.   

 

A third round of etoposide and TRAIL treatments produced cell death rates that 

were comparable with those of the second round.  Pre-treatment and post-treatment cell 

counts were performed after 24 hr and the cell death rate was determined (Table 1.3).  

The untreated control showed no cell death; in fact there was a 33% increase in the 

number of cells per ml.  All previous untreated controls did exhibit some measurable 
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amount of cell death.  The flask that was treated with etoposide at 5 μM produced a 46% 

cell death and the flask treated with etoposide at 10 μM produced 67% cell death.  The 

TRAIL treatment produced 56% cell death.  The dual treatment produced 22% cell death. 

 

 

   

Drug Treatment  Pre-treatment count Post-treatment count % Cell Death 

Untreated Control 2.4X10
6
 cells/ml 3.2X10

6
 cells/ml                    <0 

Etoposide 5 μM 3.9X10
6
 cells/ml 2.1X10

6
 cells/ml 46 

Etoposide 10 μM 3.1X10
6
 cells/ml 1.0X10

6
 cells/ml 67 

TRAIL 20 ng/ml 2.5X10
6
 cells/ml 1.1X10

6
 cells/ml 56 

Etoposide 1 μM/TRAIL 
10ng/ml 1.8X10

6
 cells/ml 1.4X10

6
 cells/ml 22 

Table 1.3 Pre-treatment and post-treatment cell viability and cell death percentages for the third round of 

24 hr etoposide and TRAIL treatments.  The untreated control produced no measurable cell death.  

Etoposide at 5 μM produced 46% cell death, etoposide at 10 μM produced 67% cell death and cells that 

were treated with TRAIL at 20 ng/ml exhibited 56% cell death.  Dual treatment resulted in 22% cell death.   

 

  A final round of etoposide and TRAIL treatments were completed to gain a more 

consistent analysis of cell viability/cell death (Table 1.4).  No untreated control was 

measured in this round.  The flask that was treated with etoposide at 5 μM produced 54% 

cell death and the flask treated with etoposide at 10 μM produced 66% cell death.  The 

flask that was treated with TRAIL at 20 ng/ml produced 23% cell death.  The dual 

treatment produced 20% cell death.    

Drug Treatment  Pre-treatment count Post-treatment count % Cell Death 

Etoposide 5 μM 2.4X10
6
 cells/ml 1.1X10

6
 cells/ml 54 

Etoposide 10 μM  2.4X10
6
 cells/ml 8.1X10

5
 cells/ml 66 

TRAIL 20 ng/ml 2.1X10
6
 cells/ml 1.6X10

6
 cells/ml 23 

Etoposide 1 μM/TRAIL 10 
ng/ml 2.4X10

6
 cells/ml 1.9X10

6
 cells/ml 20 

Table 1.4 Pre-treatment and post-treatment cell viability and cell death percentages for the final round of 

24 hr etoposide and/or TRAIL treatment.  Etoposide at 5 μM produced 54% cell death, etoposide at 10 μM 

produced 66% cell death and cells that were treated with TRAIL at 20 ng/ml exhibited 23% cell death.  

Dual treatment resulted in 20% cell death.   
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RT-PCR Analysis 

RNA extracts from Jurkat cells (untreated, treated with etoposide at 5 μM and 10 

μM, TRAIL at 20 ng/ml and etoposide and TRAIL at 1 μM and 10 ng/ml) were subjected 

to RT-PCR analysis using various primer sets.  Each RT-PCR reaction was done in 

duplicate for each treatment set and the mean threshold value (CT) was determined.  

Amplification of GAPDH was utilized as a control for all RT-PCR runs.  The untreated 

control extracts were analyzed first with each primer set (Table 2.1).  The primer set for 

GAPDH produced a CT average of 12.28.  The primer set for TAL-1 produced a CT 

average of 13.27.  The primer set for Bcl-2 produced a CT average of 18, while the primer 

sets for Bad and Bax had CT values of 16.54 and 17.23, respectively.  The melting peaks 

of the amplicons generated for each primer set demonstrated that they were stable (Table 

2.1).  The melting peaks generated for each primer set were recorded as follows: GAPDH 

at 90.73 
o
C, TAL-1 at 87.43 

o
C, Bcl-2 at 88.14 

o
C, Bad at 86.28 

o
C and Bax at 85.56

 o
C.  

The GAPDH no template control produced a melt peak at 86.42
 o
C which is below the 

positive control indicating that GAPDH amplicons were stable.     
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Untreated Controls       

Primers CT St. Dev. MT 
o
C   

GAPDH 12.28 +0.007 90.73 

TAL-1 13.27 +0.381 87.43 

Bcl-2 18 +2.39 88.14 

Bad  16.54 +1.71 86.28 

Bax 17.23 +1.99 85.56 

NTC (GAPDH) 17.47   86.42 

                                           Table 2.1 Average CT values obtained from untreated 

                                                    Jurkat RNA extracts. The GAPDH and TAL-1 primer  

                                                    sets both produced values of 12.28 and 13.27, respe-  

                                                    ctively.  The Bcl-2 primer set produced a CT value     

                                                    of 18.  The Bad and Bax primer sets produced CT     

                                                    values of 16.54 and 17.23, respectively.  The melting  

                                                    peaks generated from the primer sets indicate ampli- 

                                                    con stability.                                           

                                        

Extracts from cells treated with 5 µM etoposide were also amplified with the same 

primer sets as just described (Table 2.2).  The primer set for GAPDH produced an 

average CT value of 12.16.  The primer set for TAL-1 produced an average CT value of 

12.67, which was slightly lower than that of the untreated control extract (13.27).  Bcl-2 

had an average CT value of 17.04, which was also lower than the untreated control extract 

(18).  Bad and Bax each had CT values of 14.88 and 13.49, respectively, which were 

lower than that of the untreated control extract (16.54 and 17.23).  The melting peaks of 

the amplicons generated for each primer set demonstrated that they were stable (Table 

2.2).  The melting peaks generated for each primer set were recorded as follows: GAPDH 

at 90.45 
o
C, TAL-1 at 88.03

 o
C, Bcl-2 at 88.32

 o
C, Bad at 87.24

 o
C and Bax at 85.26

 o
C.  

The GAPDH no template control produced a melt peak at 90.58
 o
C which is higher than 

the positive control which may be an indicator of some possible instability and the 

presence of primer dimers.     
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Etoposide 5 µM       

Primers CT St. Dev. MT 
o
C 

GAPDH 12.16 +0.028 90.45 

TAL-1 12.67 +1.81 88.03 

Bcl-2 14.88 +1.06 88.32 

Bad 15.54 +0.926 87.24 

Bax 14.24 +1.06 85.26 

NTC (GAPDH) 14.19   90.58 

 
                                              Table 2.2 Average CT values obtained from by 5 µM 

                                                        etoposide treated Jurkat RNA extracts. The GAPDH  

                                                        and TAL-1 primer sets produced values of 12.16  

                                                        and 12.67, respectively.  The Bcl-2 primer set pro-  

                                                        duced a CT value of 14.88.  The Bad and Bax primer  

                                                        sets produced CT values of 15.54 and 14.24, res-     

     pectively.  Melting peaks indicate amplicon stability.                                          

                                                                     
Extracts from cells treated with etoposide at 10 μM were also amplified with the 

same primer sets as just described (Table 2.3).  The primer set for GAPDH produced an 

average CT value of 12.44.  The TAL-1 primer set produced a CT value of 13.22, which 

was slightly lower than the untreated control (13.27) but higher than the 5 μM etoposide 

treatment (12.67).  The Bcl-2 primer set produced a CT value of 15.16, which was lower 

than the untreated control (18), but higher than the 5 μM etoposide set (14.88).  The Bad 

primer set produced an average CT value of 16.41, which was higher than the 5 μM set 

(15.54), but lower than the untreated set (16.54).  The Bax primer set produced an 

average CT value of 14.13, which was lower than both the untreated and 5 μM etoposide 

sets (17.23 and 14.24).  The melting peaks of the amplicons generated for each primer set 

demonstrated that they were stable (Table 2.3).  The melting peaks generated for each 

primer set were recorded as follows: GAPDH at 90.43 
o
C, TAL-1 at 86.82

 o
C, Bcl-2 at 

86.32
 o
C, Bad at 86.03

 o
C and Bax at 84.36

 o
C.  The GAPDH no template control 

produced a melt peak at 90.58
 o
C which is higher than the positive control which once 

again may be an indicator of some possible instability and the presence of primer dimers.      
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Etoposide 10 µM       

Primers CT St. Dev. MT 
o
C 

GAPDH 12.44 +0.007 90.43 

TAL-1 13.22 +1.4 86.82 

Bcl-2 15.16 +4.15 86.32 

Bad 16.14 +0.671 86.03 

Bax 14.13 +1.59 84.36 

NTC (GAPDH) 14.19   90.58 

                                             Table 2.3 Average CT values obtained from 10 µM 

                                                      etoposide treated Jurkat RNA extracts. The GAPDH  

                                                      and TAL-1 primer sets both produced values of 12.44  

                                                      and 13.22, respectively.  The Bcl-2 primer set pro-  

                                                      duced a CT value of 15.16.  The Bad and Bax primer  

                                                      sets produced CT values of 16.14 and 14.13, res-     

   pectively.  Melting peaks indicate amplicon stability.   

                                       

Extracts treated with TRAIL at 20 ng/ml were also amplified with the same 

primer sets as just described (Table 2.4).  The primer set for GAPDH produced an 

average CT value of 12.26.  The TAL-1 primer set generated an average CT value of 14.44, 

which was higher than the untreated reaction set and both etoposide-treated sets (13.27, 

12.67 and 13.22).  The Bcl-2 primer set produced an average CT value of 16.35, which 

was lower than the untreated set (18) but higher than the 5 μM etoposide-treated set and 

the 10 μM etoposide-treated set (14.88 and 15.16).  The Bad primer set produced an 

average CT value of 16.11, which was approximately the same as the 10 μM etoposide-

treated set (16.14), but slightly higher than that of the 5 μM etoposide treated set (15.54) 

and slightly lower than the untreated reaction set (16.54).  The Bax primer set generated 

an average CT value 13.94, which was consistent with both etoposide-treated reaction sets 

(14.24 and 14.13), but lower than the untreated set (17.23).  The melting peaks of the 

amplicons generated for each primer set demonstrated that they were stable (Table 2.1).  

The melting peaks generated for each primer set were recorded as follows: GAPDH at 

90.5 
o
C, TAL-1 at 88.12

 o
C, Bcl-2 at 87.84

 o
C, Bad at 86.76

 o
C and Bax at 85.96

 o
C.  The 
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TAL-1 no template control produced a melt peak at 87.14
 o
C which is below the positive 

control indicating that GAPDH amplicons were stable.    

 

TRAIL 20 ng/ml       

Primers CT St. Dev. MT 
o
C      

GAPDH 12.26 +0.219 90.5 

TAL-1 14.44 +0.643 88.12 

Bcl-2 16.35 +0.332 87.84 

Bad 16.11 +1.19 86.76 

Bax 13.94 +1.2 85.96 

NTC (TAL-1) 14   87.14 

                                              Table 2.4 Average CT values obtained from 20 ng/ 

                                                        ml treated Jurkat RNA extracts. The GAPDH  

                                                        and TAL-1 primer sets both produced values of  

                                                        12.26 and 14.44, respectively.  The Bcl-2 primer  

                                                        set produced a CT value of 16.35.  The Bad and  

                                                        Bax primer sets produced CT values of 16.11 and  

                                                        13.94, respectively.  Melting peaks indicate amplicon  

                                                        stability. 

  

 

The final treatment set consisted of RNA extracts originating from Jurkat cells 

that were subjected to a dual treatment of etoposide at 1 μM and TRAIL at 10 ng/ml 

(Table 2.5).  The primer set for GAPDH produced an average CT value of 12.61.  The 

TAL-1 primer set produced an average CT value of 14.28, which was approximately the 

same as the 20 ng/ml TRAIL-treated set (14.44), but was higher than that of both 

etoposide-treated sets (12.67 and 13.22) and the untreated reaction set (13.27).  The Bcl-2 

primer set produced an average CT value of 15.9 which was higher than the both 

etoposide-treated sets (14.88 and 15.16), but lower than the untreated and TRAIL-treated 

reaction sets (18 and 16.35).  The Bad primer set generated an average CT value of 13.34, 

while the Bax primer set produced an average CT value of 13.42.  These CT values were 

the lowest for the pro-apoptotic genes among all treated and untreated reaction sets (see 

Tables 2.1-2.4).  The melting peaks of the amplicons generated for each primer set 
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demonstrated that they were stable (Table 2.1).  The melting peaks generated for each 

primer set were recorded as follows: GAPDH at 90.6 
o
C, TAL-1 at 88.4

 o
C, Bcl-2 at 87.69

 

o
C, Bad at 86.39 

o
C and Bax at 84.71 

o
C.  The TAL-1 no template control produced a melt 

peak at 87
 o
C which is below the positive control indicating that TAL-1 amplicons were 

stable.    

Etoposide 1 µM and TRAIL 10 ng/ml       

Primers CT St. Dev. MT 
o
C 

GAPDH 12.61 +0.155 90.6 

TAL-1 14.28 +0.714 88.4 

Bcl-2 15.9 +1.2 87.69 

Bad 13.34 +0.374 86.39 

Bax 13.42 +1.2 84.71 

NTC (TAL-1) 14   87 

                               Table 2.5 Average CT values obtained from 1 µM etoposide and 10 ng/ml  

                                      TRAIL treated Jurkat RNA extracts. The GAPDH and TAL-1 primer sets  

                                      both produced values of 12.61 and 14.28, respectively.  The Bcl-2 primer  

                                      set produced a CT value of 15.9.  The Bad and Bax primer sets produced  

                                      CT values of 13.34 and 13.42, respectively.  Melting peaks indicate ampli- 

                                      con stability. 

  

 Fluorescence curves were also generated from the untreated and drug treated 

Jurkat cell extracts.  These curves indicated whether amplicons for each primer set were 

produced or not.  The RT-PCR cycles were plotted against fluorescence in log scale.  

There was amplification from all primers in the untreated samples (Fig. 1).  GAPDH was 

utilized as a positive control in all RT-PCR reactions to insure that the same amount of 

RNA was loaded into SmartCycler tubes and reaction conditions were optimal.  GAPDH 

was expressed in these Jurkat cells and produced the highest fluorescence curve as 

indicated by site A1.  TAL-1 expression was depicted by site A3, which illustrated this 

primer set produced the second highest fluorescence value of all samples.  This indicated 

that the TAL-1 gene was transcribed in the untreated cells.  Bcl-2 expression was depicted 
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by site A4 and also produced an abundant level of fluorescence.  This indicated that the 

untreated cells exhibited a high level of Bcl-2 expression.  Site A5 depicted the 

fluorescence levels of the pro-apoptotic gene Bad.  The fluorescence level of Bad was 

lower than that of TAL-1 and Bcl-2 in the untreated RNA extracts.  The fluorescence level 

of Bax was depicted by site A6.  This pro-apoptotic gene exhibited the lowest level of 

fluorescence among all primer sets in the untreated extracts.  The GAPDH primer set was 

used in the no template control (NTC in site A7) to ensure that contamination was not 

present.  It appeared that this sample produced the greatest fluorescence level, however 

the melting temperature data showed that the melting peak for the NTC was lower than 

that of site A1.  This indicated that the amplicons in site A7 were not as stable as those in 

site A1 (Fig. 2, 3).  The fluorescence produced in site A7 was most likely due to primer 

dimers.    

 
Figure 1.  Fluorescence curves generated from untreated Jurkat RNA extracts.  GAPDH primer set (site 

A1).  TAL-1 primer set (site A3).  Bcl-2 primer set (site A4).  Bad primer set (site A5).  Bax primer set (site 

A6).   No template control. (site A7).      
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Figure 2.  Melting peaks generated from the GAPDH positive control.  Three melting peaks were 

produced.  The largest peak of 90.61
o
C is the true melting temperature of the amplicon which indicates 

stability.  

 

 
Figure 3.  Melting peaks generated from the GAPDH NTC.  Three melting peaks were produced.  The 

largest peak of 86.17
 o
C is lower than the positive control indicating instability.  

  

The amplicons generated from cells treated with etoposide at 5 μM produced 

fluorescence curves that differed from the untreated control extracts (Fig. 4).  Once again, 

GAPDH was utilized as a positive control (site A1).  However, fluorescence levels for 

GAPDH dropped after the 12
th

 cycle.  As with the untreated samples, TAL-1 appeared to 
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have a greater fluorescence (site A3) indicating a high level of gene expression.  

Additionally, Bcl-2 appeared to have a lower fluorescence level than that of TAL-1 and 

Bad (sites A4 and A5), however the CT values for Bad and Bcl-2 indicated that Bcl-2 

gene expression was higher than that of Bad (Table 2.2).  Bax appeared to have the 

lowest fluorescence level (site A6) of all samples, but the CT value for Bax indicated that 

it exhibited a higher expression level than that of Bad (Table 2.2).     

 
Figure 4.  Fluorescence curves generated from 5 μM etoposide-treated Jurkat RNA extracts.  GAPDH 

primer set (site A1).  TAL-1 primer set (site A3).  Bcl-2 primer set (site A4).  Bad primer set (site A5).  Bax 

primer set (site A6).      
 

 

 RNA extracts from cells treated with 10 μM etoposide produced fluorescence 

curves that followed a similar pattern to those generated from the 5 μM extracts (Fig. 5).  

The fluorescence levels for TAL-1, Bcl-2, Bad and Bax primer sets were comparable to 

those of the 5 μM treated sets.  Initially, the TAL-1 primer set (site A9) produced the 

highest level of fluorescence and exhibited the highest level of expression according to its 

CT value of 13.22 (Table 2.3).  By the 32
nd

 cycle, the fluorescence level of the amplicons 

produced by the Bax primer set created a greater fluorescence value than the amplicons 
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produced by the TAL-1 primer set, but TAL-1 exhibited the highest level of expression 

according to its CT value of 13.22 (Table 2.3).  However, Bax did exhibit a high 

expression level.  The Bcl-2 primer set (site A10) generated a fluorescence curve that was 

lower than all other samples and this corresponded to its CT value of 15.16 (Table 2.3).  

The Bad primer set (site A11) produced a low fluorescence curve which also correlated 

with its CT value of 16.14 (Table 2.3).  The TAL-1 primer set was used in the NTC (site 

A13) and produced the highest fluorescence curve, but once again this was due to primer 

dimers (Fig. 6, 7).  GAPDH was used as a positive control and the fluorescence curve 

dropped as it did in the 5 µM etoposide sample.   

 

 
Figure 5.  Fluorescence curves generated from 10 μM etoposide treated Jurkat RNA extracts.  GAPDH 

primer set (site A7).  TAL-1 primer set (site A9).  Bcl-2 primer set (site A10).  Bad primer set (site A11).  

Bax primer set (site A12).   No template control. (site A13). 
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Figure 6.  Melting peak generated from the TAL-1 primer set.  This primer set only produced one melting 

peak of 88.28 
o
C which is the melting temperature TAL-1. This indicated that the amplicon was stable.  

 

 

 

 

 

 
Figure 7.  Melting peaks generated from the TAL-1 NTC.  Two melting peaks were produced.  The largest 

peak of 87.29
 o
C was lower than the positive control indicating instability.     

 

RNA extracts from cells treated with TRAIL at 20 ng/ml produced fluorescence 

curves that were different from those generated from the etoposide-treated cells (Fig. 8).  

The TAL-1 primer set (site A3) produced the highest fluorescence curve; however this 
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does not correlate with its CT value of 14.44 (Table 2.4).  The Bcl-2 and Bad primer sets 

(sites A4 and A5) produced similar fluorescence curves and their CT values of 16.35 and 

16.11 reflected that fact (Table 2.4).  The Bax primer set (site A6) produced a low 

fluorescence curve which does not correlate with its CT value of 13.94.  Once again, 

GAPDH (site A1) produced the lowest fluorescence curve, which does not correlate with 

its CT value of 12.26 (Table 2.4).   

 

 

 

 
Figure 8.  Fluorescence curves generated from 20 ng/ml TRAIL-treated Jurkat RNA extracts.  GAPDH 

primer set (site A1).  TAL-1 primer set (site A3).  Bcl-2 primer set (site A4).  Bad primer set (site A5).  Bax 

primer set (site A6).   
 

 RNA extracts from cells that were dually treated with etoposide at 1 μM and 

TRAIL at 10 ng/ml produced fluorescence curves that followed similar patterns to those 

produced by extracts from cells treated with TRAIL at 20 ng/ml (Fig. 9).  Whereas the 

Bax primer set produced the lowest fluorescence curve with the 20 ng/ml TRAIL set, this 

primer set produced the highest fluorescence curve with the dual treatment set (site A12).  
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The fluorescence curve generated by Bax amplicons indicated a high expression level, 

which correlated with its CT value of 13.42 (Table 2.5).  The Bad primer set (site A11) 

produced the second highest fluorescence curve, which also correlated with its CT value 

of 13.34 (Table 2.5).  In comparison, the Bad primer set produced a low fluorescence 

curve in the TRAIL 20 ng/ml set.  The TAL-1 and Bcl-2 primer sets in the TRAIL 20 

ng/ml set produced high fluorescence curves with CT values of 14.44 and 16.35 (Table 

2.4), whereas in the dual treatment set, the same primer sets produced low fluorescence 

curves.  However, the corresponding CT values of 14.28 and 15.9 respectively, seemed to 

indicate a high level of gene expression (Table 2.5). 

 

 
Figure 9.  Fluorescence curves generated from 1 µM etoposide and 10 ng/ml TRAIL treated Jurkat RNA 

extracts.  GAPDH primer set (site A7).  TAL-1 primer set (site A9).  Bcl-2 primer set (site A10).  Bad 

primer set (site A11).  Bax primer set (site A12).   No template control. (site A13). 

 

 

Western Blot Analysis     

 

 Jurkat cells were treated with etoposide, TRAIL, or a combination of 

etoposide/TRAIL for 24 hr and then protein extractions were performed.  Following 

protein determinations, Western blot analysis was performed on untreated and treated 
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extracts to confirm expression levels of TAL-1 (45-47 kDa), Bcl-2 (25kDa), Bad (15 

kDa) and Bax (21 kDa).  It was determined that TAL-1 expression varied among the 

different drug and TRAIL treatments (Fig. 10).  When Jurkat cells were treated with 

etoposide alone, TAL-1 expression was higher compared to the untreated sample.  The 

untreated sample had a normalized densitometry value of 0.185 (Table 3.1).  The 5 μM 

etoposide-treated sample had a normalized densitometry value of 0.363 and the 10 μM 

etoposide-treated sample had a normalized densitometry value of 0.322 (Table 3.1).  

Thus, TAL-1 expression in Jurkat cells increased 45-49% when treated with etoposide 

alone compared to the untreated control.  Furthermore, treatment with a lower 

concentration of etoposide (5 μM) increased TAL-1 expression slightly more than the 

higher concentration of etoposide (10 μM).     

 

 kDa 1          2            3         4          5        6 

 
                             97- 

                               

                           66- 

    

                           45- 

 

                           36- 

                           

Figure 10.  Western blot analysis of TAL-1 and Bcl-2 ex- 

                                        pression in untreated and treated Jurkat cells.  Wells were 

                                        loaded with Dylight molecular weight marker (Lane 1),   

                                        untreated extract (Lane 2), etoposide 5 μM (Lane 3),   

                                        etoposide 10 μM (Lane 4), TRAIL 20 ng/ml (Lane 5),   

                                        etoposide 1 μM/TRAIL 10 ng/ml (Lane 6). 

 

 

 

 

 

 

-β-tubulin    

-TAL-1 

-Bcl-2 
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Treatment Group 
TAL-1 
Intensity 

β-tubulin 
Intensity 

Normalized 
Densitometry Value 

Untreated 0.46 2.49 0.185 

Etoposide 5 μM 0.78 2.15 0.363 

Etoposide 10 μM 0.65 1.96 0.332 

TRAIL 20 ng/ml 1.4 4.33 0.323 

Etoposide/TRAIL 1 μM/10 
ng/ml 0.85 2.47 0.344 

 

Table 3.1  Densitometry evaluation of TAL-1 expression after various drug treatments.  Following Western 

blot analysis using the Odyssey Infrared Imaging System, band intensities were determined using Odyssey 

software.  Intensity values for TAL-1 were divided by intensity values obtained for β-tubulin (51 kDa) to 

yield the normalized densitometry value.   

 

            When Jurkat cells were treated with TRAIL alone, TAL-1 expression was higher 

than in the untreated sample.  The TRAIL-treated sample had a normalized densitometry 

value of 0.323 (Table 3.1).  The untreated sample had a normalized densitometry value of 

0.185 (Table 3.1).  Thus, TAL-1 expression in Jurkat cells increased 43% when treated 

with 20 ng/ml TRAIL compared to the untreated sample, but it was 4% lower than the 5 

μM etoposide-treated sample and 3% lower than the 10 μM treated sample (Table 3.1).      

 When Jurkat cells were treated with an etoposide/TRAIL combination, TAL-1 

expression was once again higher than that of the untreated Jurkat cells.  The 1 μM 

etoposide and 10 ng/ml TRAIL treated sample had a normalized densitometry value of 

0.344 (Table 3.1).  Thus, TAL-1 expression increased in Jurkat cells treated with 

etoposide/TRAIL 46% compared to the untreated samples and it was 6% higher than the 

sample treated with TRAIL alone.  TAL-1 expression in the dual treatment sample was 

3% higher than the 10 μM etoposide-treated sample, but 5% lower than the 5 μM 

etoposide-treated sample (Table 3.1). 

Western blot analysis revealed that Bcl-2 expression also varied among Jurkat 

cells when treated with etoposide and/or TRAIL (Fig. 10).  Bcl-2 expression was higher 

when treated with etoposide alone compared to the untreated sample.  The untreated 
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sample had a normalized densitometry value of 0.715 (Table 3.2). The 5 μM etoposide-

treated sample had a normalized densitometry value of 0.767 and the 10 μM etoposide-

treated sample had a normalized densitometry value of 1.2 (Table 3.2). Thus, Bcl-2 

expression in the Jurkat cells increased 7% when treated with a lower concentration of 5 

μM etoposide and increased substantially to 40% when treated with a higher 

concentration of 10 μM etoposide compared to the untreated sample.   

When Jurkat cells were treated with 20 ng/ml TRAIL alone, Bcl-2 expression was 

higher compared to the untreated samples.  The TRAIL-treated sample had a normalized 

densitometry value of 1.12 (Table 3.2).  Thus, Bcl-2 expression in the Jurkat cells 

increased 36% when treated with 20 ng/ml TRAIL compared to the untreated control and 

increased 32% compared to the 5 μM etoposide-treated sample, but decreased 7% 

compared to the 10 μM etoposide-treated sample (Table 3.2).  

When Jurkat cells were treated with an etoposide/TRAIL combination, Bcl-2 

expression was higher than that of the untreated Jurkat cells.  The 1 μM etoposide and 10 

ng/ml TRAIL-treated sample had a normalized densitometry value of 1.3 (Table 3.2).  

Thus, Bcl-2 expression increased 45% in Jurkat cells treated with etoposide/TRAIL 

compared to the untreated samples and it was 14% higher than the sample treated with 

TRAIL alone.  Bcl-2 expression in the dual treatment sample was 8% higher than the 10 

μM etoposide-treated sample and 41% higher than the 5 μM etoposide-treated sample 

(Table 3.2). 

 

 

 



 52 

Treatment Group 
Bcl-2 
Intensity 

β-tubulin 
Intensity 

Normalized 
Densitometry Value 

Untreated 1.78 2.49 0.715 

Etoposide 5 μM 1.65 2.15 0.767 

Etoposide 10 μM 2.35 1.96 1.2 

TRAIL 20 ng/ml 4.86 4.33 1.12 

Etoposide/TRAIL 1 μM/10 
ng/ml 3.11 2.47 1.3 

Table 3.2  Densitometry evaluation of Bcl-2 expression after various drug treatments.  Following Western 

blot analysis using the Odyssey Infrared Imaging System, band intensities were determined using Odyssey 

software.  Intensity values for Bcl-2 were divided by intensity values obtained for β-tubulin to yield the 

normalized densitometry value.   

 

It was also revealed that Bad expression varied among Jurkat cells when treated 

with etoposide and/or TRAIL (Fig. 11).  When Jurkat cells were treated with etoposide 

alone, Bad expression was higher than that of the untreated sample.  The untreated 

sample had a normalized densitometry value of 0.02 (Table 3.3).  The 5 μM etoposide-

treated sample had a normalized densitometry value of 0.05 while the 10 μM etoposide 

sample had a normalized densitometry value 0.02 (Table 3.3).  Thus, Bad expression in 

Jurkat cells remained nearly the same whether treated with a lower concentration of 5 μM 

etoposide or a higher concentration of 10 μM etoposide compared to the untreated 

sample.   

When Jurkat cells were treated with 20 ng/ml TRAIL alone, Bad expression was 

once again comparable with the untreated and etoposide-treated samples.  The TRAIL 

treated sample had a normalized densitometry value of 0.02 (Table 3.3).   

When Jurkat cells were treated with an etoposide/TRAIL combination, Bad 

expression was lower than that of any of the other treated or untreated Jurkat cells.  The 1 

μM etoposide and 10 ng/ml TRAIL treated sample had a normalized densitometry value 

of 0.002 (Table 3.3).  Thus, Bad expression decreased in Jurkat cells treated with 
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etoposide/TRAIL approximately 90% compared to the untreated and treated samples 

(Table 3.3). 

Treatment Group 
Bad 
Intensity 

β-tubulin 
Intensity 

Normalized 
Densitometry Value 

Untreated 5.15 60.69 0.084 

Etoposide 5 μM 5.4 32.15 0.168 

Etoposide 10 μM 5.42 26.55 0.204 

TRAIL 20 ng/ml 7.56 98.37 0.0769 

Etoposide/TRAIL 1 μM/10 
ng/ml 5.29 42.79 0.122 

Table 3.3  Densitometry evaluation of Bad expression after various drug treatments.  Following Western 

blot analysis using the Odyssey Infrared Imaging System, band intensities were determined using Odyssey 

software.  Intensity values for Bad were divided by intensity values obtained for β-tubulin to yield the 

normalized densitometry value.   

 

Bax expression varied among Jurkat cells when treated with etoposide and/or 

TRAIL (Fig. 11).  When Jurkat cells were treated with etoposide alone, Bax expression 

was higher than that of the untreated sample.  The untreated sample had a normalized 

densitometry value of 0.07 (Table 3.4).  The 5 μM etoposide-treated sample had a 

normalized densitometry value of 0.157, while the 10 μM etoposide sample had a 

normalized densitometry value 0.187 (Table 3.4).  Thus, Bax expression in Jurkat cells 

increased 55% when treated with a lower concentration of 5 μM etoposide and increased 

62% when treated with a higher concentration of 10 μM etoposide compared to the 

untreated sample.   

When Jurkat cells were treated with 20 ng/ml TRAIL alone, Bax expression was 

lower compared to the untreated and etoposide-treated samples.  The TRAIL-treated 

sample had a normalized densitometry value of 0.059 (Table 3.4).  Thus, Bax expression 

in the Jurkat cells decreased 8% when treated with 20 ng/ml TRAIL compared to the 

untreated control and it decreased 54% compared to the 5 μM etoposide-treated sample 

and decreased 62% compared to the 10 μM etoposide-treated sample (Table 3.4).   
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When Jurkat cells were treated with an etoposide/TRAIL combination, Bax 

expression was higher than that of the untreated Jurkat cells.  The 1 μM etoposide and 10 

ng/ml TRAIL treated sample had a normalized densitometry value of 0.122 (Table 3.4).  

Thus, Bax expression increased in Jurkat cells treated with etoposide/TRAIL 42% 

compared to the untreated samples and it was 52% higher than the sample treated with 

TRAIL alone.  Bax expression in the dual treatment sample was 35% lower than the 10 

μM etoposide-treated sample and 29% lower than the 5 μM etoposide-treated sample 

(Table 3.4).  

Treatment Group 
Bax 
Intensity 

β-tubulin 
Intensity 

Normalized 
Densitometry Value 

Untreated 4.19 60.69 0.07 

Etoposide 5 μM 3.64 32.15 0.157 

Etoposide 10 μM 4.97 26.55 0.187 

TRAIL 20 ng/ml 5.8 98.37 0.059 

Etoposide/TRAIL 1 μM/10 
ng/ml 5.22 42.79 0.122 

Table 3.4  Densitometry evaluation of Bax expression after various drug treatments.  Following Western 

blot analysis using the Odyssey Infrared Imaging System, band intensities were determined using Odyssey 

software.  Intensity values for Bax were divided by intensity values obtained for β-tubulin to yield the 

normalized densitometry value. 
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                           Figure 11.  Western blot analysis of Bad and Bax expression in untreated  

                           and treated Jurkat cells.  Wells were loaded with Dylight molecular weight  

                           marker (Lane 1), untreated extract (Lane 2), etoposide 5 μM (Lane 3), eto- 

                           poside 10 μM (Lane 4), TRAIL 20 ng/ml (Lane 5), etoposide 1 μM/TRAIL  

                           10 ng/ml (Lane 6). 

 

 

 

Caspase-3 Assay  

 Caspase-3 activity was assessed to determine apoptotic levels in untreated and 

treated Jurkat cells.  The relative absorbance (ΔA) of all samples was determined by 

finding the mean absorbance (AA) and subtracting the mean absorbance of the untreated 

control (AN).  This assay revealed that the untreated control exhibited a mean absorbance 

of 0.1816 and a relative absorbance of 0.0184 (Table 3).  The extracts from cells treated 

with 5 μM etoposide had a slightly higher mean absorbance value of 0.2019 and a 

relative absorbance value of 0.019.  The extracts from cells treated with 10 μM etoposide 

exhibited a lower mean absorbance of 0.1942 along with a lower relative absorbance of 

0.0127 (Table 3).  Extracts from cells that were treated with 20 ng/ml TRAIL had a mean 

absorbance value of 0.2041 and a relative absorbance of 0.0225 (Table 3).  The cells that 

received the dual treatment of 1 μM etoposide and 10 ng/ml TRAIL had a mean 

absorbance of 0.2015 and relative absorbance of 0.02 (Table 3).       

-β-tubulin 

-Bad 

-β-tubulin 

-Bax/Bad 
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Sample Mean Absorbance Relative Absorbance 

Blank 0.1632 0 

Untreated Control 0.1816 0.0184 

Etoposide 5 μM 0.2019 0.019 

Etoposide 10 μM 0.1942 0.0127 

TRAIL 20 ng/ml 0.2015 0.02 

Etoposide/TRAIL 1 μM/10 
ng/ml 0.2041 0.0225 

Table 3 Mean and relative absorbance values generated from caspase-3 assay.  The untreated control had a 

mean absorbance value of 0.1816 and a relative absorbance value of 0.0184.  The sample that was treated 

with 5 μM etoposide had a mean absorbance value of 0.2019 and a relative absorbance value of 0.019.  The 

sample treated with 10 μM etoposide had a mean absorbance value of 0.1942 and a relative absorbance 

value of 0.0127.  The sample treated with 20 ng/ml TRAIL had a mean absorbance value of 0.2015 and a 

relative absorbance value of 0.02.  The dual treatment sample had a mean absorbance value of 0.2041 and a 

relative absorbance value of 0.0225. 
 

 

 Overall, etoposide and/or TRAIL treatments produced greater caspase-3 activity 

compared to that of the untreated control (Fig. 12).  Treatment with 5 μM etoposide 

resulted in 20% caspase-3 activity.  In contrast, caspase-3 activity dropped to 15% in cell 

lysates treated with 10 μM etoposide.  Treatment with 20 ng/ml TRAIL resulted in 19.5% 

caspase-3 activity. The dual treatment of 1 μM etoposide and 10 ng/ml TRAIL resulted in 

20.5% caspase-3 activity.   

 These results coincide with results obtained from cell count data generated by the 

rounds of drug and TRAIL treatments.  Overall, higher levels of cell death were 

associated with higher levels of caspase-3 activity.  Treatment with 5 μM etoposide 

resulted in 72% cell death in the first round, 48% in the second round, 46% in the third 

round and 54% in the final round and this corresponds to 20% caspase-3 activity.  

Treatment with 10 μM etoposide resulted in 84% cell death in the first round, 28% in the 

second round, 67% in the third round and 66% in the final round and resulted in 15% 

caspase-3 activity.  Treatment with 20 ng/ml TRAIL resulted in 90% cell death in the 

first round, 55% in the second round, 56% in the third round and 23% in the final round 
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and corresponds to 19.5% caspase-3 activity.  The dual treatment of 1 μM etoposide and 

10 ng/ml TRAIL resulted in 53% cell death in the first round, 26% in the second round, 

22% in the third round and 20% in the final round and this corresponds to 20.5% caspase-

3 activity. 

 These results also coincide with CT values obtained from the Bad and Bax primer 

sets.  Overall, higher levels of Bad and Bax expression (pro-apoptotic) were associated 

with higher levels of caspase-3 activity.  Treatment with 5 μM etoposide resulted in CT 

values of 15.54 for Bad and 14.24 for Bax and this corresponds to 20% caspase-3 

activity.  Treatment with 10 μM etoposide resulted in CT values of 16.14 for Bad and 

14.13 for Bax and this corresponds to 15% caspase-3 activity.  Treatment with 20 ng/ml 

TRAIL resulted in CT values of 16.11 for Bad and 13.94 for Bax and this corresponds to 

19.5% caspase-3 activity.  The dual treatment of 1 μM etoposide and 10 ng/ml TRAIL 

resulted in CT values of 13.34 for Bad and 13.42 for Bax and this corresponds to 20.5% 

caspase-3 activity.         
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            Figure 12. Percent caspase-3 activity generated from untreated and treated Jurkat cell ly- 

            sates.  Samples were read in duplicate.  Untreated lysates had 10.5% caspase-3 activity.   

            Lysates treated with 5 µM etoposide had 20% caspase-3 activity.  Lysates treated with 10  

            µM had 15% caspase-3 activity.  Lysates treated with 20 ng/ml TRAIL had 19.5% caspase- 

            3 activity.  Lysates treated with 1 µM etoposide and 10 ng/ml TRAIL had 20.5% caspase   

            activity.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

DISCUSSION       

 

 

 

The focus of this project was to determine the effect that aberrant expression of 

TAL-1 had on the apoptotic process in Jurkat cells upon treatment with etoposide and/or 

TRAIL.  Apoptosis was induced by subjecting populations of Jurkat cells to treatments 

with etoposide at concentrations of 5 μM and 10 μM, TRAIL at 20 ng/ml and the dual 

treatment of etoposide and TRAIL at 1 μM and 10 ng/ml, respectively.  An untreated 

control was included as well.  Measurable amounts of cell death were induced by the 

etoposide and/or TRAIL treatments and although cell counts varied, there was some 

consistency in the last three of four rounds of etoposide and/or TRAIL treatments.  The 

untreated controls produced a minimal amount of cell death.  The 5 µM etoposide 

treatment produced, on average, a significantly larger amount of cell death, while the 10 

µM etoposide treatment produced an even larger amount of cell death due to an increase 

in the inhibition of topoisomerase II activity resulting from exposure to the higher 

concentration.  Ballestrero et al. (2004) demonstrated that treating Jurkat cells with 10 

µM etoposide reduced the survival fraction of Jurkat cells to 17%.  This is similar to the 

results after the first round of treatment with 10 µM etoposide in which 16% of the cells 

remained.   

The 20 ng/ml TRAIL treatments produced on average, a slightly lower amount of 

cell death as compared to the two etoposide treatments.  This may have been due to 
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TRAIL binding to the decoy receptor DcR2 as opposed to DR5 which can antagonize the 

TRAIL-induced death signal (11).  Etoposide by itself would have negated the anti-

apoptotic effect induced by the overexpression of the DcR2 receptor since etoposide is a 

topoisomerase II inhibitor and does not require the DR5 receptor as TRAIL does.   

The dual treatment of 1 µM etoposide and 10 ng/ml TRAIL produced the least 

amount of cell death as compared to either etoposide or TRAIL alone.  However, 

Ballestrero et al. (2004) demonstrated that a combination of TRAIL and etoposide 

enhanced drug induced apoptosis.  The aforementioned study also showed that a TRAIL 

concentration of 10 ng/ml produced a synergistic effect with etoposide.  It is believed that 

etoposide may have been able to up-regulate the DR5 receptor thereby allowing TRAIL 

to bind to its receptor resulting in apoptosis (13).  Furthermore, Wu et al. (2000) 

demonstrated that DNA damage increased by anticancer drugs induced the expression of 

the DR5 receptor and this was also thought to be regulated by the tumor suppressor gene 

p53.  It would be expected that the Jurkat cells receiving dual treatment of etoposide and 

TRAIL, etoposide would able to up-regulate p53 which in turn would trigger the 

production of the DR5 receptor.  This would have led to TRAIL having a greater ability 

at inducing apoptosis.  This should have resulted in a greater amount of apoptosis in the 

Jurkat cells that received the dual treatment.  The fact that the percentage of cell death 

was lower with the treatments involving TRAIL may have been due the overexpression 

of the decoy receptor DcR2 which competes with DR5 for TRAIL thereby blocking the 

function of DR5 (11).  Additionally, resistance to TRAIL-induced apoptosis via TRAIL-

mediated activation of a protein complex referred to as NFκB has been demonstrated in 

primary leukemic cells (44).  It was suggested by Ehrhardt et al. (2003) that TRAIL may 
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possibly induce a mitogenic function.  When TRAIL binds to the decoy receptor DcR2 

this mitogenic function could be occurring in the Jurkat when treated with TRAIL.           

 RT-PCR analysis revealed that the etoposide and/or TRAIL treatments had an 

effect on the mRNA expression levels of TAL-1, Bcl-2, Bad and Bax.  TAL-1 exhibited a 

higher level of expression in the 5 µM etoposide-treated extracts as compared to the 

untreated control.  Additionally, the expression levels of TAL-1 in the 10 µM etoposide-

treated extracts were slightly higher than that of the untreated control.  Furthermore, TAL-

1 expression was slightly lower in the 10 µM etoposide treated extracts as compared to 

the 5 µM etoposide-treated extracts.  The standard deviation of CT values generated by 

the two RT-PCR runs for the 10 µM treated RNA extracts was quite high.  Based on this 

data, it is suggested that treatment with etoposide could have interfered with the 

mitochondrial-mediated cell death pathway which may have been affected by 

overexpression of the TAL-1 gene.  The blockade of the apoptotic reaction could have 

been due to the up-regulation of the GATA gene thereby allowing GATA3 to bind to the 

gene leading to the transcription of TAL-1. 

Bcl-2, much like TAL-1, exhibited lower mRNA expression levels in the untreated 

extracts because there was no induction of cell death.  However, Bcl-2 exhibited high 

levels of transcript expression in both etoposide-treated extracts as compared to untreated 

controls and was the most highly expressed member of the Bcl-2 family in both 

etoposide-treated samples.  However, Bcl-2 expression levels were slightly lower in 10 

µM etoposide-treated extracts, much like that seen for TAL-1.  Overall, high expression 

levels of TAL-1 seemed to correlate with high expression levels of Bcl-2.  This evidence 
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would suggest that TAL-1 may affect the expression of the anti-apoptotic gene Bcl-2 upon 

treatment with the chemotherapeutic agent etoposide.   

Bernard et al. (1998) also assessed whether TAL-1 and Bcl-2 acted on the 

ICE/CED3 family of cysteine proteases or if TAL-1 had an effect on Bcl-2 expression due 

to the fact that both genes seemed to have an anti-apoptotic effect on Jurkat cells treated 

with etoposide.  However, they were unable to find any correlation between the two.  

Since TAL-1 is a transcription factor and its expression is elevated along with Bcl-2 when 

Jurkat cells are treated with etoposide, it is possible that TAL-1 is up-regulating Bcl-2.  

O’Neil et al. (2003) demonstrated that mouse tumors expressing TAL-1 also exhibited 

Bcl-2 overexpression.  It was determined that NFқB was activated.  NFқB is responsible 

for controlling the transcription of DNA and it is possible that genes such as IқB, which 

regulate NFқB activity, could be mutated and this may keep the NFқB transcription 

factor active.  Overexpression of Bcl-2 may very well be a product of this excess of 

NFқB activity all of which may possibly be triggered by the ectopic expression of TAL-

1.           

Furthermore, the genetic expression of the pro-apoptotic genes Bad and Bax also 

exhibited altered mRNA expression levels in the etoposide-treated extracts as compared 

to the untreated extracts.  Bad exhibited a higher level of expression in the 5 µM 

etoposide-treated extracts as compared to the untreated control.  This would suggest that 

Bad may be up-regulated in order to counteract the anti-apoptotic activity of TAL-1 and 

Bcl-2.  The expression of Bad decreased upon treatment with 10 µM etoposide, which 

was unexpected, although it does seem to be consistent with the expression patterns of 

TAL-1 and Bcl-2 as their levels were lower as well.  The lower expression of TAL-1 and 
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Bcl-2 upon treatment with the higher concentration of etoposide may have been the result 

the stimulation of p53 which, in turn, may up-regulate Bax.   The lower expression of 

Bad could be attributed to the activation of receptor tyrosine kinases activating the PI-3 

kinase pathway thereby preventing the expression of Bad.  However, the expression level 

of Bad in the 10 µM etoposide-treated extracts was still slightly higher as compared to 

the untreated control because even though TAL-1 and Bcl-2 levels were lower in 

comparison to the 5 µM etoposide-treated extracts, their levels were elevated as 

compared to the untreated extracts.  Therefore, Bad may be up-regulated to counter the 

anti-apoptotic activity of TAL-1 and Bcl-2.  The tumor suppressor protein p53 could be 

implicated in the up-regulation of Bad in response to etoposide-induced DNA damage.  

Jiang et al. (2006) treated A549 cells (known to express p53) with etoposide at 50 µg/ml.  

When RNA and protein extracts from said cells were subjected to Western blotting and 

RT-PCR analysis, the results revealed that Bad was transcriptionally regulated by p53.        

Bax mRNA expression levels were also higher in the 5 µM etoposide-treated 

extracts as compared to the untreated extracts just as Bad expression levels were higher in 

the 5 µM etoposide-treated extracts.  Bax expression levels were higher in the 10 µM 

etoposide-treated extracts as compared to 5 µM etoposide which differs from the lower 

Bad expression levels with the higher concentration of etoposide (10 µM).  One reason 

might be due to the fact that Bax is more abundant than Bad in eukaryotic cells because it 

exists as protein dimers within the outer mitochondrial membrane.  It is also possible that 

Bax could be up-regulated in cells treated with etoposide.  Ballestrero et al. (2004) 

discovered that the chemotherapeutic drug oxaliplatin may be responsible for the up-

regulation of Bak (another pro-apoptotic Bcl-2 member) along with Bax.  Miao et al. 
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(2003) also made a similar discovery when treating human hepatocellular carcinoma cells 

with etoposide.  When treated with etoposide alone, Bax expression increased.  These 

findings would suggest that Bax was indeed being up-regulated in response to etoposide-

induced DNA damage and possibly because of the anti-apoptotic activities induced by the 

expression of Bcl-2 whose activity may be up-regulated by TAL-1.   

 RT-PCR analysis of 20 ng/ml TRAIL-treated extracts revealed some differences 

as compared to the untreated and etoposide-treated extracts.  The results showed that 

TAL-1 mRNA expression was slightly lower in the 20 ng/ml TRAIL-treated extracts as 

compared to the 10 µM etoposide-treated and the untreated extracts.  This could be 

attributed to the ability of TRAIL to trigger caspase-8 activity in order to induce 

apoptosis.  Seol et al. (2001) discovered that caspase-8 deficient Jurkat cells were 

resistant to TRAIL-induced apoptosis.  Once caspase-8 was reintroduced, TRAIL was 

then able to induce apoptosis.  Since caspase-8 is involved in the receptor-based pathway 

of apoptosis, TRAIL may be inducing this pathway and bypassing the mitochondrial-

based pathway.  However, TAL-1 expression was much lower in the TRAIL-treated 

extracts as compared to the 5 µM etoposide-treated extracts.  Based on results just 

discussed, TAL-1 may be blocking the intrinsic pathway of apoptosis while exerting no 

effect on the receptor-based pathway.   

Bcl-2 also exhibited lower levels of mRNA expression in the 20 ng/ml TRAIL-

treated extracts as compared to the etoposide-treated extracts.  This could be due to the 

same reason that TAL-1 exhibited lower levels of expression.  The expression levels of 

Bcl-2 were slightly lower in the TRAIL-treated extracts as compared to the 10 µM 

etoposide-treated extracts most likely because etoposide-induced apoptosis could 
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possibly be blocked by Bcl-2, whereas TRAIL could bind the DR5 receptor and utilize 

FADD and caspase-8 to induce apoptosis.  This would then allow Bad or tBid to bind 

Bcl-2 and inhibit its activity.  However, the expression level of Bcl-2 was also lower in 

the TRAIL-treated extracts as compared to the 5 µM etoposide-treated extracts possibly 

due to the same reason the levels were lower in the 10 µM etoposide-treated extracts.  

The expression levels for Bcl-2 were still higher in the TRAIL-treated extracts as 

compared to the untreated extracts.  Once again the aberrant expression of TAL-1 and its 

ability to activate NFқB could be responsible for the overexpression of Bcl-2.     

 Bad exhibited some difference in mRNA expression levels in the TRAIL-treated 

extracts as compared to the untreated and etoposide-treated extracts.  Expression levels 

for Bad were slightly higher in the TRAIL-treated extracts than that of the 10 µM 

etoposide-treated and the untreated extracts because of TRAIL’s ability to induce the 

cleavage of caspase-8 which, in turn, cleaves Bid thereby creating a truncated form which 

is more effective at inducing apoptosis (47).  However, the expression levels for Bad 

were significantly lower in the TRAIL-treated extracts as compared to the 5 µM 

etoposide-treated extracts.  This could be due to the apoptotic resistance created by the 

overexpression of Bcl-2 which can delay apoptosis, but cannot inhibit TRAIL-induced 

apoptosis (48).  Therefore, Bad expression in this case may have been reduced due to a 

delay in the apoptotic reaction.   

The expression levels for Bax were higher in the TRAIL-treated extracts as 

compared to all the prior treatments because Bax is required for TRAIL-induced 

apoptosis (52).  Therefore, it would appear that TRAIL may be able to overcome the 

increased apoptotic resistance triggered by TAL-1 and Bcl-2 and may potentially assist in 
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the up-regulation of the pro-apoptotic gene Bax in order to induce apoptosis.  The 

evidence would also suggest that with TRAIL-induced apoptosis, Bad did not play a 

significant role which could account for the lack of expression.  This is possibly due to 

TRAIL utilizing the receptor-mediated pathway of apoptosis which does not require the 

activation of Bad.     

The mRNA expression levels also varied with the dual treatment of 1 µM 

etoposide and 10 ng/ml TRAIL.  TAL-1 exhibited decreased expression upon dual 

treatment as compared to the TRAIL-treated extracts or etoposide only-treated extracts.  

Expression levels for Bcl-2 were higher than that of the untreated extracts, but were lower 

than the etoposide-treated extracts.  Expression levels for Bad were higher in the dual 

treatment than any other drug treatment.  Expression levels for Bax also increased with 

the dual treatment and exhibited the highest level of expression as compared to any other 

treatment.  Based on these results, TRAIL may be contributing to the lowered mRNA 

expression of TAL-1 and the higher genetic expression of Bax, while etoposide may also 

be responsible for the higher mRNA expression of Bcl-2.  Ballestrero et al. (2004) 

showed that the coupling of anti-cancer drugs such as etoposide along with TRAIL 

triggered the up-regulation of TRAIL receptor DR5 and that etoposide may also be 

assisting in the up-regulation of Bak.   

In this study, the combination of anti-cancer drugs along with TRAIL may have 

cooperated to promote caspase activation in Jurkat cells that overexpressed Bcl-2.  This 

may be due to etoposide’s ability to simultaneously up-regulate the expression of the 

DR5 receptor and Bax since its function closely mimics that of Bak.  This action may also 

be indirectly responsible for activating caspase-8 which coincides with Bid cleavage.  
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This activity could be transpiring due to TRAIL triggering receptor-mediated apoptosis 

by activating caspase-8 which cleaves Bid (a caspase-8 substrate) to truncated Bid (tBid).  

Subsequently, tBid induces the release of cytochrome c that activates caspase-3 which is 

responsible for the induction of apoptosis (11).     

All of the evidence gathered in this study seems to suggest that there is a 

correlation between high expression levels of TAL-1 and high expression levels of Bcl-2.  

It is possible that aberrant mRNA expression of TAL-1 could be up-regulating Bcl-2.  

Genetic expression of TAL-1 and Bcl-2 increased in Jurkat cells when treated with 

etoposide and decreased when treated with TRAIL.  Therefore, it would appear that 

etoposide could be antagonistic in the treatment of T-ALL patients that may aberrantly 

express TAL-1 thereby causing resistance to chemotherapy.  Etoposide may be interfering 

with the receptor-mediated pathway that is stimulated by Fas cross-linking and cytotoxic 

stimuli as demonstrated by Bernard et al. (1998).  However, the treatment sets that 

included treatment with TRAIL showed a reduction in the genetic expression of TAL-1.  

These findings suggest that TRAIL may be able to counteract the mRNA expression of 

TAL-1, which in turn, down-regulates Bcl-2 and up-regulates the pro-apoptotic gene Bax.  

Cardoso et al. (2011) demonstrated that histone deacetylase inhibitors were able to down-

regulate TAL-1 due to impaired mRNA translation in cells that express TAL-1 under the 

control of the Sil promoter.  TRAIL may be indirectly responsible for the down-

regulation of TAL-1 by activating caspases-8, -7 and -3 which then cleave transcription 

factors such as GATA-3 which binds to GATA and is needed for TAL-1 transcription 

(56).  This action may not allow TAL-1 to be transcribed which could account for the lack 

of TAL-1 mRNA expression in TRAIL-treated extracts.  It is also possible that TAL-1 is 
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expressed at a higher level when the mitochondrial-mediated pathway is stimulated by 

etoposide and TRAIL bypasses this path due to its ability to activate the receptor-

mediated pathway.    

Western analysis revealed some correlation between mRNA expression and 

protein expression of TAL-1 and Bcl-2 among the different etoposide and/or TRAIL 

treatments.  Densitometry values for TAL-1 were the lowest in the untreated Jurkat 

protein extracts which was consistent with the RT-PCR results that also revealed low 

TAL-1 mRNA in untreated RNA extracts.  These values increased upon treatment with 

etoposide because as the RT-PCR data suggests, etoposide possibly triggered the up-

regulation of TAL-1.  These values also increased upon treatment with TRAIL alone and 

etoposide and TRAIL together.  Once again this could be due to TAL-1 induced NFқB 

activity which contributes to drug resistance as demonstrated by Chang et al. (2006).  

TRAIL may have also bound to the decoy receptors DcR1 and DcR2 which can induce 

NFқB activity due to the increase in TAL-1 expression (42).  TAL-1 could possibly be 

responsible for the up-regulation of the decoy receptors DcR1 and DcR2 which could 

lead to resistance to TRAIL-induced apoptosis.        

Densitometry values for Bcl-2 (anti-apoptotic) also followed an expression 

pattern similar to those of TAL-1.  The untreated control exhibited the lowest 

densitometry value since there was no etoposide treatment to trigger the expression of 

TAL-1 which may, in turn, up-regulate Bcl-2 protein expression.  However, the values 

increased upon treatment with either etoposide and/or TRAIL and there was some 

consistency among these values as compared to the RT-PCR data.  This evidence would 

suggest that TRAIL was not effective at indirectly down-regulating Bcl-2 at the protein 
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level.  However, as stated earlier, Kim et al. (2001) demonstrated that Bcl-2 does not 

inhibit TRAIL-induced cytochrome c release, but merely delays it.  Therefore, logic 

would suggest that Bcl-2 expression should have been lower in the treatments that 

involved TRAIL.  As stated earlier, TRAIL may have bound to the decoy receptors DcR1 

and DcR2 triggering NFқB activity.  It is possible that NFқB is up-regulating Bcl-2 

which may account for the increased expression of Bcl-2. 

Further Western analysis revealed that Bad densitometry values again followed a 

pattern that mimicked those of TAL-1 and Bcl-2.  The untreated control extract exhibited 

a lower densitometry level as compared to the other treated extracts.  The 20 ng/ml 

TRAIL-treated extract produced a densitometry value for Bad that was lower than that of 

the untreated extract.  It is thought that TRAIL treatment does not lead to the down-

regulation of Bcl-2, so there may have been an inhibition of Bad expression.  However, 

as the RT-PCR results indicate, mRNA expression of Bad was lower in the TRAIL-

treated RNA extracts.  So, it would seem that this phenomenon translated over to the 

protein level because NFқB activity, possibly induced by the overexpression of TAL-1, 

may be stimulating PI-3 kinase activity leading to the activation of p70 S6K or Akt which   

inhibit Bad.  It is possible that since TRAIL activates receptor-mediated apoptosis the 

Bcl-2 family members are not affected since these proteins are involved with 

mitochondrial-mediated apoptosis.  However, the 5 µM etoposide-treated, 10 µM 

etoposide-treated extracts and the dual treatment extracts produced densitometry values 

of Bcl-2 and Bad that was consistent with one another with some variations.  As with the 

RT-PCR results, etoposide appeared to induce mRNA expression of Bcl-2 and mRNA 

expression levels of Bad seemed to increase in response to this.  Again it would seem that 
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etoposide treatment somehow stimulated the expression of Bad in response to the 

increased expression of TAL-1 and Bcl-2 at the protein level.  Once again, as Jiang et al. 

(2006) demonstrated, Bad is transcriptionally regulated by p53 so it is expected that Bad 

would exhibit higher levels of expression when treated with etoposide.  It is possible that 

p53 was up-regulated in cells that were treated with etoposide.            

Bax densitometry values closely mimicked those of Bad.  Once again, it would 

seem that etoposide is able to somehow trigger the expression of Bax in response to 

increased TAL-1 and Bcl-2 expression.  However, TRAIL treatment did not result in a 

higher expression level of Bax.  This contradicts the RT-PCR results where the TRAIL 

treatments seemed to trigger higher mRNA expression of Bax.  It is possible that TRAIL 

has no effect on protein expression of Bax in response to the up-regulation of TAL-1 and 

Bcl-2.   

Even though there may have been increases or decreases in the mRNA expression 

levels of all of the genes investigated in this study upon etoposide and/or TRAIL 

treatment, this does not necessarily imply that the protein levels followed suit.  For 

example, TAL-1 levels were shown to be higher in RNA extracts from cells that were 

treated with etoposide.  However, protein extracts from cells treated with etoposide 

revealed that TAL-1 expression levels were lower than that of the RNA extracts.  Also, 

RNA extracts that were treated with TRAIL or a combination of etoposide and TRAIL 

revealed lower expression levels of TAL-1, whereas protein extracts from cells treated in 

the same manner revealed that TAL-1 expression levels were higher.  Bcl-2 levels 

mimicked the same pattern as TAL-1 in both RNA and protein extracts.  Bad and Bax 

levels stayed consistent in both RNA and protein extracts.  However, to fully elucidate 
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the nature of the apoptotic activities occurring in the treated Jurkat cells and to clarify the 

inconsistencies of the expression levels of TAL-1 and Bcl-2 between the RNA and 

protein extracts, caspase-3 activity was assessed.          

Caspase-3 assays revealed that there was greater caspase-3 activity in protein 

extracts treated with etoposide and/or TRAIL which indicated that the treatments were 

inducing apoptosis.  The untreated protein extracts exhibited the lowest amount of 

caspase-3 activity since no etoposide or TRAIL was used to induce apoptosis.  Caspase-3 

activity nearly doubled in the extract treated with 5 µM etoposide as compared to the 

untreated control, which correlated with the RT-PCR results showing increased Bad and 

Bax expression.  In this case, increased levels of Bad and Bax could be responsible for the 

initiation of caspase-3 activity due to Bad inhibiting Bcl-2 activity and Bax allowing 

cytochrome c into the cytosol where it binds to Apaf-1 leading to the activation of the 

initiator caspase-9.  However, caspase-3 activity declined in the 10 µM etoposide-treated 

extracts which correlated with both RT-PCR and Western blot data showing an increase 

in Bcl-2.  Increased expression of Bcl-2 may have negated the pro-apoptotic activity of 

Bad and Bax.  Since TAL-1 appears to be responsible for resistance to drug-induced 

apoptosis, it is possible that TAL-1 expression was elevated in response to the higher 

concentration of etoposide.  This may have led to the up-regulation of Bcl-2 which 

triggered NFқB activity and ultimately led to the inhibition of the ability of Bax to allow 

cytochrome c into the cytosol and induce the cascade of caspase activity.   

Additionally, caspase-3 activity was higher in the extracts treated with 20 ng/ml 

TRAIL.  Caspase-3 activity rose to its highest level in the extract that was treated with 

both 1 µM etoposide and 10 ng/ml TRAIL.  These results correlated with the RT-PCR 
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results which demonstrated that Bax was being expressed at greater levels when Jurkat 

cells were treated with etoposide and TRAIL.  This would suggest that, as Ballestrero et 

al. (2004) demonstrated, etoposide may have been up-regulating the DR5 receptor and 

may also have been up-regulating the expression of Bax simultaneously.  Therefore, Bax 

may be an important factor in the apoptotic process by primarily being responsible for the 

induction of caspase activity.  Creagan et al. (1999) demonstrated in neuron cells lacking 

Bax that caspase-3 activity did not occur, suggesting Bax played a pivotal role in the 

activation of caspases by creating pores in the membrane of mitochondria.  This then 

allowed cytochrome c to be released into the cytosol where it bound to Apaf-1, which 

activated caspase-9 and ultimately activated caspase-3 leading to apoptosis.  The treated 

Jurkat cells in this study were shown to be expressing Bax and caspase assays revealed 

the presence of caspase-3 activity.  This confirms what Creagan et al. (1999) discovered.    

Overall, the analysis of the results suggests that etoposide induced a higher 

expression of TAL-1 and Bcl-2 at both mRNA and protein levels in Jurkat cells.  

However, as Miao et al. (2003) demonstrated by treating human hepatocellular carcinoma 

cell lines with etoposide alone, there was actually an increase in the expression of Bax.  

This suggests that even though TAL-1 may be able to interfere with the drug’s ability to 

bind DNA and inhibit its function by altering amino acids that are necessary for the 

stabilization of the drug (57), etoposide is still able to induce the expression of Bax 

which, as stated earlier, is crucial for caspase-3 activation.  It was also demonstrated that 

etoposide and TRAIL in combination showed not only an increase in Bax expression at 

both mRNA and protein levels, but an increase in caspase-3 activity as well.  The ability 

of etoposide to up-regulate the TRAIL receptor DR5 and its ability to up-regulate the 
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expression of Bax, indicate that this combination could provide a useful tool in 

discovering new methods for treating T-ALL and other forms of cancer.  

As stated earlier, the tumor suppressor protein p53 has also been implicated in 

controlling the expression levels of Bad as well.  It is possible that etoposide is able to 

modify Bad which can enable it to form a complex with p53 at the mitochondrial 

membrane and induce apoptosis by activating Bak and Bax.  However, Vivo et al. (2003) 

demonstrated that the combination of etoposide and TRAIL induced apoptosis by 

targeting c-Jun N-terminal kinase thus indicating that p53 assists in the activation of Bax. 

This indicates that p53 may indeed play a role in the synergistic effect of etoposide and 

TRAIL.  This would suggest that etoposide is able to stimulate p53 activity which can 

enable Bad and Bax to work in concert thus enabling the release of cytochrome c into the 

cytosol and inducing apoptosis.   

However, to fully understand how TAL-1 may be up-regulating Bcl-2 and how 

overexpression of these two factors contribute to the inhibition of apoptosis, further work 

needs to be dedicated to NFқB and what it ultimately targets.  Chang et al. (2006) 

discovered that TAL-1 modulates NFқB and found an NFқB-dependent transcriptional 

program in human leukemia cells.  O’Neil et al. (2003) discovered that NFқB activation 

is an early event in TAL-1 induced diseases.  It is possible that TAL-1 may be able to 

bind to the NFKB1 gene which encodes p50 (an NFқB family member) and inhibit its 

expression as discovered by Chang et al. (2006).  This led to the alteration of the p50:p65 

complex into the p65:cRel complex.  The p65:cRel complex led to the production of 

intercellular adhesion molecule (ICAM-1) when transgenic mouse thymocytes were 

treated with etoposide which seemed to be responsible for the up-regulation of NFқB 
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activity.  Thus, TAL-1-induced NFқB activity could possibly contribute to drug 

resistance in T-ALL by affecting factors that govern proliferation, adhesion and 

migration.  As stated earlier, it is also possible that TAL-1 may also be responsible for the 

up-regulation of the decoy receptors DcR1 and DcR2 leading to TRAIL stimulating 

NFқB activity which is one way TAL-1 may be responsible for the low densitometry 

value for Bax.   

The tumor suppressor protein p53 has been implicated in the up-regulation of Bad 

and Bax in response to higher TAL-1 expression.  It is possible that etoposide may be 

influencing TAL-1 by either stimulating its expression or up-regulating Bad or Bax as a 

response to its expression.  Future studies may include utilizing siRNA to silence TAL-1 

and then investigating the expression levels of the Bcl-2 family members to elucidate the 

effect of this oncoprotein.  Future studies also need to investigate how TAL-1 may 

influence NFқB and its possible ability to up-regulate Bcl-2 such as once again utilizing 

siRNA technology to knock down NFқB activity thus eliminating its ability to transcribe 

DNA.   
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