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INTRODUCTION  

 

 

 

T-cell acute lymphoblastic leukemia (T-ALL) has been defined as a malignant 

disease of the lymphoblasts. T-cell acute lymphoblastic leukemia accounts for 

approximately 10%-15% of pediatric cases of leukemia and approximately 25% of the 

adult cases of leukemia (1). T-ALL is characterized at the molecular level by 

chromosomal translocations and intrachomosomal rearrangements which lead to irregular 

expression of transcription factors (1, 4). Approximately 80% of patients having T-ALL 

exhibit altered expression of oncogenes including HOX11, Tal-1, Lyl-1, Lmo-1, and Lmo-

2 (1, 2). This disease has a high rate of treatment failure due to multidrug resistance and 

patients usually exhibit a prognosis of 60%-75% 5 year relapse-free survival rate (1, 3).  

 T-cells are formed from pluripotent hematopoietic stem cell differentiation within 

the microenvironment of the thymus. T-ALL is a result of a malignant transformation of 

normal T-cells during their developmental stages in the thymus. Several articles have 

shown the role of abnormal cell signaling pathway activation within T-lymphocytes 

leading to the development of T-ALL. Several of the overexpressed oncogenes found in 

T-ALL are a result of T-cell receptor (TCR) gene translocations. These events induce 

altered expression of transcription factors and signaling molecules normally regulated 
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developmentally. Most oncogenes observed in T-ALL are only expressed in the normal 

thymus in the first stage of development. , Thus, genes such as Tal-1 and Tal-2, which are 

not expressed in normal T-cells, are ectopically expressed in T-ALL. Other oncogenes 

such as Lmo-1 and Lmo-2 are normally expressed during development; however, Lmo-1 

and Lmo-2 are not expressed in more mature T-cells cells, demonstrating that Lmo-1 and 

Lmo-2 are oncogenic in mature T-ALL cells (51). 

 In T-ALL, four transcription factors are most frequently overexpressed, Tal-1, 

Lmo-1, Lmo-2, and HOX11; however, the most frequently observed alteration involves 

Tal-1 (17). In T-ALL a translocation of Sil-Tal-1 is frequently observed causing aberrant 

expression of Tal-1 by placing it under the control of the Sil promoter (51).  

Overexpression of these four transcription factors is frequently observed even in the 

absence of detectable cytogenetic abnormalities involving the chomosomal regions 

containing these genes. Normally, Tal-1 is crucial in embryonic erythopoiesis and is 

expressed in endothelial cells postnatally (5, 6). It has also been found to help in the 

regulation of cell fate or differentiation and assist in hematopoietic stem cell self-renewal 

and engraftment (5, 27). Tal-1 expression is crucial for the initial stages of yolk sac 

hematopoiesis, erythopoiesis, blood vessel formation, and erythoid and megakaryocytic 

differentiation (32, 33, 34, 35).  

Tal-1 is a transcription factor that contains both a helix-loop-helix motif and a 

basic DNA binding domain (9). The helix-loop-helix structural motif is characterized by 

two alpha helices that are connected by a loop where the larger helix has an amino acid 

residue that may assist in DNA binding. The second helix is smaller and can fold back on 
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itself and allow for dimerization with other basic helix-loop-helix transcription factors 

including two E2A gene products, E47 and E12 (28, 29, 70).  

During hematopoiesis, Tal-1 is expressed in erythoid cells, megakaryocytic cells, 

and hematopoietic stem cells (HSCs). Tal-1 is capable of activating or repressing 

transcription in hematopoietic stem cells (HSCs). This is due to Tal-1 being part of a 

nuclear complex that contains both transcriptional activators and/or repressors. In 

primitive hematopoietic progenitor cells, Tal-1 is bound to regulatory regions of genes 

expressed in the HSCs. It is though the regulation of these genes that HSCs can 

differentiate into hematopoietic progenitor cells (10). However, once HSCs have 

progressed to hematopoietic progenitor cells, the cells are no longer in the embryonic 

state and Tal-1 expression is typically inactivated (9). In adults, expression of Tal-1 is 

limited to hematopoietic precursors such as erythocytic, megakaryocytic, mastocytic 

cells, and a few endothelial cells. However, Tal-1 expression is never found in cells of T 

lineage (17).  

Interestingly, ectopic expression of Tal-1 has been found in acute lymphocytic 

leukemia (ALL) (1). The manner in which Tal-1 assists in the formation of 

leukemogenesis is still not understood entirely. It has been determined that in 5% of T-

ALL patients, Tal-1 is activated by a chomosomal translocation and in 25% of T-ALL 

cases, Tal-1 is activated by a 90-kilobase deletion (18). The chomosomal translocations 

or deletions observed in T-ALL patients do not alter the Tal-1 coding sequence but 

instead place the gene directly after a strong promoter resulting in the induced expression 

of Tal-1 in T-cells. The ectopic expression of Tal-1 in patients with acute lymphoblastic 

leukemia (ALL) has been found to decrease the susceptibility of aberrant cells to 
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chemotherapeutic drugs and cell death (9). However, when ectopic Tal-1 expression is 

found in conjunction with Lmo-1 or Lmo-2 expression, early onset leukemia with a high 

degree of penetrance is frequently observed. Therefore, this suggests that interactions 

between these oncoproteins aids in the formation of T-cell malignancies (19, 20).   

 Two of the LMO genes are commonly ectopically expressed in T-ALL. The LMO 

proteins are called the LIM-only proteins because the majority of their composition is 

two tandem LIM domains. The Lmo-1 (RBTN1/TTG1) and Lmo-2 (RBTN2) proteins 

were identified at chromosomal translocations in T-ALL. The third LMO protein is Lmo-

3, and it was identified by sequence similarity. The three LMO proteins have a critical 

function in lineage specification as well as differentiation within several cellular systems 

(77). Both Lmo-1 and Lmo-2 act as oncogenes in lymphocytes. Lmo-1 encodes a 

transcription factor presumably involved in regulating cell differentiation and central 

nervous system development (43). Lmo-1 was originally discovered because it was 

activated in cases of T-cell leukemia by distinct chomosomal translocations including 

t(11;14)(p15;q11) (12). Lmo-2 is crucial for normal blood cell formation and is important 

in cellular determination and differentiation. The LMO proteins lack a DNA binding 

domain. Therefore, they associate with other DNA binding proteins in order to regulate 

transcription (77). Furthermore, Tal-1 has been found to directly interact with Lmo-1 and 

this combination inhibits apoptosis and decreases susceptibility of cells to 

chemotherapeutic treatment (13, 30).  

 As cells grow and divide they progress though the cell cycle which consists of a 

series of events that lead to cellular division within eukaryotic cells. The cell cycle has 

four phases (G1, S, G2, and M) which the cell progresses though to accomplish the events 
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leading up to cellular division. The three phases (G1, S, and G2) as a group are known as 

interphase.  

 
Figure 1.  A diagram of the cell cycle, including a series of events that lead to the cellular 

division of eukaryotic cells. (72)    

 

Each phase of interphase consists of a specific set of events allowing the cell to 

progress to the next phase of the cell cycle. However, there are two additional phases of 

the cell cycle (G0 phase and M phase) that are not included in interphase. As the cell 

progresses though G1 phase, several enzymes are synthesized that are required for DNA 

synthesis in S phase. In S phase, the DNA within a cell is duplicated. Thus, all of the 

chomosomes within the cell are duplicated in S phase. The cell then progresses though 

the G2 phase in which several proteins are synthesized that are required for somatic cell 

mitosis. Cells undergo both cytoplasmic and nuclear division during M phase. Thus, there 
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are two new daughter cells created. A cell can also enter what is known as the G0 phase 

from the G1 phase of the cell cycle. The G0 phase is when the cells become quiescent, 

some for indefinite periods of time (62). 

 Two groups of proteins, cyclin dependent kinases (CDKs) and cyclins, regulate 

the cell cycle. Cyclins pair with specific CDKs to form heterodimers. The CDKs are the 

catalytic subunit and the cyclins are the regulatory subunits within the heterodimer. 

CDKs are always expressed within the cell while the cyclins are formed and degraded in 

a cyclic manner. Cyclins are synthesized at specific stages within the cell cycle and are 

degraded as the cycle comes to an end. Specific CDK-cyclin complexes are formed for 

each phase of the cell cycle. The CDK- cyclin heterodimers formed for each of the phases 

initiate the processes completed in that specific phase and are essential for the cell to 

progress to the next phase of the cell cycle. The inhibition of CDK-cyclin heterodimer 

formation can lead to cell cycle arrest and eventually apoptosis (62).  

 Apoptosis is generally defined as programmed cell death, but more specifically, is 

a process essential to proper cell development and for the elimination of compromised 

cells (3). Apoptosis helps regulate embryogenesis, metamorphosis, endocrine dependent 

tissue atrophy and normal tissue turnover (7). Several of the defining characteristics of 

apoptosis include cell shinkage, chomatin migration, membrane blebbing, nuclear 

condensation and segmentation, and finally division into apoptotic bodies. The process of 

apoptosis differs from necrotic cell death where instead of lysing, apoptotic cells shink, 

which also eliminates inflammation. Apoptosis is the deletion of single cells, whereas 

necrosis involves groups of cells. Additionally, the onset of apoptosis is tightly regulated 
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by physical homeostasis, as opposed to necrosis which is caused by nonphysiological 

trauma (3).  

 Apoptosis is a complex process controlled by several signaling pathways that 

mediate responses to extracellular growth, survival and death signals via receptors on the 

cell surface. Additionally, numerous intracellular changes can cause the initiation of 

apoptosis in a cell including DNA damage, increased levels of oxidants, and 

accumulation of proteins that fail to fold properly into their tertiary structure (8).   

There are several proteins that are activated or deactivated within a cell that help 

determine if apoptosis will occur. More specifically, there are two sets of proteins that 

play a major role in determining the fate of a cell. The first group is the Bcl-2 family of 

proteins which include both pro- and anti-apoptotic members. Some of the pro-apoptotic 

members include Bax, Bak, and, Bid, and some of the anti-apoptotic members include 

Bcl-2 and Bcl-xL, and Bcl-w (22). This family has been determined to regulate apoptosis 

by their actions at the outer mitochondrial membrane (OMM) (24, 36). 

The Bcl-2 family members contain at least one of the four homologous regions 

called Bcl homology (BH) domains (BH1-BH4). These BH domains mediate homo- and 

heterotypic dimer formation by the Bcl-2 family members (59). The pro-apoptotic Bcl-2 

proteins are maintained in a latent state under normal cellular conditions, and when an 

apoptotic signal is sent, the pro-apoptotic proteins are activated though post-translational
 

modification or transcriptional activation. The BH3 only proteins undergo post-

translational modification of their conformation inducing the activation of these proteins. 

When an apoptotic signal is sent within the cell transcription factors activate transcription 

and translation of the pro-apoptotic Bcl-2 genes. This increases the amount of pro-
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apoptotic Bcl-2 proteins present within the cell causing the induction of apoptosis (78). 

The pro-apoptotic Bcl-2 proteins act as antagonists against the pro-apoptotic proteins. 

The anti-apoptotic proteins bind selectively to the pro-apoptotic proteins; preventing 

them from initiating apoptosis (44). The ratio of pro-apoptotic and anti-apoptotic proteins 

determines which signal will be sent within the cell. For example, if the number of pro-

apoptotic proteins is greater than the number of anti-apoptotic proteins, apoptosis is 

induced within the cell (22).  

 The anti-apoptotic protein Bcl-2 contains a transmembrane domain that helps 

position it in the OMM, the membrane of the endoplasmic reticulum and the nuclear 

envelope (36, 37, 38). Bcl-2 is thought to inhibit the pro-apoptotic proteins Bax, Bak, 

Bid, and several other pro-apoptotic proteins by binding to them and sequestering these 

factors. Bcl-xL is located on the outer membrane mitochondria as well as in the cytosol of 

the cell (39, 40). Binding of Bcl-xL to pro-apoptotic proteins such as Bak, Bad and Bax is 

thought to occur in the cytosol in order to activate Bcl-xL prior to movement to 

mitochondria (24, 40). Bcl-w has a weak association with the mitochondrial membrane in 

an inactive state. Upon activation by binding of a pro-apoptotic Bcl-2 protein, Bcl-w 

forms a stronger association with the mitochondrial membrane and enhances its survival 

function (48). In several types of cancer, high level expression of a few of the anti-

apoptotic members is frequently observed. Two of the most frequently observed over-

expressed Bcl-2 family members include Bcl-2 and Bcl-xL (24).  

The Bcl-2 protein, with a molecular weight between 24 and 26 kDa, is encoded by 

the same gene that is involved in the translocation of chomosomes 14 and 18 (56).  This 

abnormality is frequently observed in human follicular lymphoma (56), as the Bcl-2 
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protein is brought into position with the immunoglobin heavy-chain gene, thus becoming 

overexpressed. Bcl-2 overexpression actually inhibits apoptosis, allowing for 

uncontrolled cellular growth, when stimulated by a multitude of factors (57) such as 

glucocorticoids, tumor necrosis factor (TNF)-α, and the anti-Fas antibody.  Anti-

apoptotic Bcl-2 proteins actually inhibit the release of cytochome c into the cytosol, 

which activates caspase-9 and caspase-3, facilitating the induction of apoptosis (58).  The 

Bcl-2 protein is a cytosolic protein that possesses a lipid anchoring domain allowing it to 

target the nucleus, endoplasmic reticulum, or mitochondria (56). The Bcl-2 protein 

contains conserved BH1, BH2, and BH3 domains. The pro-apoptotic Bcl-2 family 

members bind to the BH3 domain of the Bcl-2 protein in order to induce apoptosis (59). 

The Bcl-2 protein has also been found to be involved in cell cycle arrest of cells in the G0 

phase of the cell cycle when the cells are in suboptimal conditions. The cells arrested in 

G0 by Bcl-2 due to suboptimal conditions maintained vitality even when deprived of 

growth factors. However, cells that undergo Bcl-2 induced cell cycle arrest in G0 are not 

as likely to progress to S phase once the cells are placed in optimal conditions. Cells that 

express Bcl-2 and are in optimal conditions were able to maintain a normal growth rate 

(63). 

 The anti-apoptotic Bcl-2 family member, Bcl-xL, shares the greatest degree of 

sequence similarity with the Bcl-2 gene. X-ray crystallography and NMR spectroscopy 

have shown that Bcl-2 and Bcl-xL structures contain a hydrophobic surface pocket 

consisting of conserved BH1, BH2, and BH3 domains. Pro-apoptotic Bcl-2 family 

members, Bax, Bak, and Bad, bind at the surface pocket of Bcl-2 and Bcl-xL via their 

BH3 domain to assist in the promotion of apoptosis. Several of the pro-apoptotic Bcl-2 
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members have a diverse range of binding affinities to both Bcl-2 and Bcl-xL. However, 

the BH3 domain of the pro-apoptotic Bcl-2 protein Bad has the greatest binding affinity 

to the Bcl-xL surface pocket (59). Both Bcl-2 and Bcl-xL are found in the mitochondrial 

outer membrane, nuclear envelope, and endoplasmic reticulum. However, Bcl-xL has also 

been found in the cytosol.  Bcl-2 and Bcl-xL are thought to function in the same apoptotic 

pathway. Thus, they both cause resistance to several chemotherapeutic agents. One of the 

primary differences between Bcl-2 and Bcl-xL is the regulation of expression levels when 

treated with different chemotherapeutic reagents. Thus, the level of Bcl-2 and Bcl-xL 

expression within the cell is dependent on the chemotherapeutic agent that is used. In a 

mouse breast cancer cell line Bcl-xL was able to prevent apoptosis when the cells were 

treated with the chemotherapeutic agent etoposide; whereas, Bcl-2 was not able to inhibit 

apoptosis when cells were treated with the same drug (61).     

The pro-apoptotic members of the Bcl-2 family are known to induce apoptosis in 

several different ways. The first step towards inducing apoptosis is to bind to and 

sequester the anti-apoptotic Bcl-2 family proteins via their BH3 domain. This allows the 

cell to send an overall anti-apoptotic signal (59). The method in which each of the pro-

apoptotic Bcl-2 members induces apoptosis is protein specific. For example, pro-

apoptotic Bax and Bak are crucial to mitochondrial dysfunction and apoptosis in response 

to a death signal. Bak is located at the mitochondrial membrane, whereas, Bax is located 

in the cytosol and undergoes a conformational change causing it to translocate to the 

mitochondrial membrane and become active. Once Bax associates with the mitochondrial 

membrane, it undergoes further structural changes that allow it to facilitate pore 
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formation within the mitochondrial membrane permitting the release of cytochome c and 

other apoptosis inducing factors including caspases (44).  

Pro-apoptotic Bid is known to interact with both anti-apoptotic proteins (such as 

Bcl-2) and pro-apoptotic proteins, such as Bax and Bak. Bid is activated by a protease 

(caspase-8), when it then translocates to the mitochondrion where it stimulates 

cytochome c release by activating Bak which forms pores in outer mitochondrial 

membrane facilitating cytochome c release (79).Bid can also be activated during caspase-

independent excitotoxic apoptosis causing translocation of full length Bid from the 

cytosol to the mitochondria (80). Bid also induces the activation of additional pro-

apoptotic Bcl-2 members (41). A portion of Bid localizes to the nucleus as well. It is 

likely that Bid is phosphorylated within the nucleus (64). When DNA damage occurs 

within a cell, Bid is activated and cell cycle arrest is induced in S phase allowing the cell 

time to repair the DNA damage. If the DNA damage is not reversed, the cell will remain 

in cell cycle arrest until a pro-apoptotic signal is induced. Several of the Bcl-2 pro-

apoptotic proteins are known to induce the release of cytochome c from the mitochondria 

into the cytosol. This leads to the activation of the second group of apoptotic proteins 

known as caspases (25).   

 The pro-apoptotic protein Bid only shares a BH3 domain with the other Bcl-2 

proteins. Thus, Bid is called a BH3 only protein. BH3 only proteins are activated as a 

result of intracellular damage and are found at specific locations within the cell where 

they can detect and communicate the particular type of damage that has occurred. The 

portion of Bid that localizes to the nucleus may serve as a detector of DNA damage. It is 

thought that the phosphorylation of Bid when DNA damage occurs causes it to relocate to 
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the portions of the cell in which DNA damage has not yet occurred to reach its 

physiological targets including cell cycle regulatory proteins as well as proteins not 

involved in the cell cycle (64). Thus, Bid functions in the DNA damage pathway by 

moving from the cytoplasm to the nucleus when DNA damage occurs. Even though Bid 

is a pro-apoptotic protein, when DNA damage occurs that is repairable, Bid sends an 

inhibitory signal to the apoptotic machinery and arrests the cell in the cell cycle, 

although, the exact manner in which Bid induces cell cycle arrest is currently unknown. 

Bid either affects cell cycle progression directly by interacting with a cell cycle 

regulatory protein, or it indirectly influences cell cycle progression by interacting with a 

protein not involved in the cell cycle. Mouse fibroblasts expressing a Bid mutant were 

found to have an inability to arrest the cell in the cell cycle when DNA damage had 

occurred. Therefore, the cells with the Bid mutant had a larger amount of apoptosis occur 

due to their inability to repair the DNA damage (64). Thus, the Bid protein functions in 

several ways to either induce apoptosis or assists in cell cycle arrest either directly or 

indirectly so that the DNA damage can be repaired. 

The second group of proteins activated during apoptosis includes several caspase 

enzymes. Caspases act as proteases and are essential for apoptosis, inflammation, as well 

as being needed by the immune system to assist in the maturation of cytokines (11, 41). 

As proteases, these enzymes cleave select target proteins within cells (11). There have 

been 11 caspases identified in humans to date and they are divided into three groups 

based on their function and structure. One group of caspases is called the initiator 

caspases (caspases-2, -8, -9, and -10) and when activated, they cleave and subsequently 

activate the second group of caspases called effector caspases (caspase-3, -6, and -7) (41). 
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The third group of caspases is collectively known as interleukin-1β-converting enzyme 

like proteases (ICE-like protease) caspases (caspase-1, -4, -5, -11). The ICE-like protease 

caspases have a crucial role in cytokine maturation and inflammation. However, they are 

thought to have no role in cell cleavage during cell death (81).   

Caspases are initially made in an inactive form consisting of a small subunit, a 

large subunit, and a third subunit known as the prodomain. The inactive form must be 

cleaved such that the small and large subunits can be joined into a dimer to become 

active, and the two dimers converge in a tetramer configuration having proteolytic 

function. Cleavage of the inactive proteins can occur by autoproteolysis (cleavage by like 

caspases) as is the case with initiator caspases or though the action of initiators cleaving 

effectors (41). 

Upon induction of apoptosis, cytochome c is released from mitochondria, 

mediating the activation of the adaptor molecule known as apoptosis-protease activating 

factor 1 (Apaf-1). The released cytochome c binds to Apaf-1 and to pro-caspase-9 to 

form a complex called an apoptosome. Every apoptosome that is formed can recruit 

seven dimers of pro-caspase-9. This places them in close proximity with one another and 

allows autoproteololysis and subsequent activation of caspase-9. This caspase can cleave 

and activate caspase-3 and other caspases that mediate the processes of apoptosis (47). 

The release of cytochome c is induced by several of the pro-apoptotic Bcl-2 family 

members. Thus, several Bcl-2 pro-apoptotic proteins function as intermediate molecules 

to the activation of various caspases. Therefore, if the number of pro-apoptotic Bcl-2 

members is larger than the number of anti-apoptotic proteins there will be no signal for 

cytochome c release and the caspases will remain in their inactive form (25). 



 14 

There are two apoptotic pathways in which caspases can function - mitochondrial 

based and receptor based. Caspase-8 is a receptor-mediated initiator caspase. Therefore, 

binding of a ligand to a death receptor causes the activation of caspase-8 by cleaving it. 

Activation of caspase-8 allows it to cleave and activate several effector caspases 

including caspase-3, -6, and -7 (46). Specific receptors activated in order to initiate the 

process of receptor-mediated apoptosis include TNF and Fas-L (23). When a ligand binds 

to either of these receptors, a pro-apoptotic signal is sent and adaptor proteins such as 

Fas-associated death domain (FADD) which contain a death effector domain (DED), 

TNF-  receptor-associated
 
death domain (TRADD) cleave caspase-8 which also contains 

a death effector domain (DED), causing its activation. It is through the DED-DED 

interaction that FADD activates caspase-8, and the death domain- death domain 

interactions that TRADD activates caspase-8 (23). Caspase-8 will then cleave and 

activate the previously mentioned effector caspases. In particular, caspase-3 has been 

found to assist in the regulation of mitochondrial events in the apoptotic pathway, 

including Bax translocation and cytochome c release. Caspase-3 is known to act outside 

of the mitochondria by cleaving Bid and activates several additional caspases including 

caspase-6, -7 and -9 (31, 46).  

Caspase-3 is known as an executioner of apoptosis (46). The effector caspases, 

once cleaved to their active form, degrade other targets within the cell, such as PARP, 

pRb, and several anti-apoptotic Bcl-2 family members (Bcl-2, Bcl-xL and Bid). The 

cleavage of target proteins by effector caspases results in apoptosis (50). This caspase 

cascade is regulated by caspase inhibitors such as cFLIP (FLICE/caspase-8–inhibitory 

proteins), IAPs (inhibitor of apoptosis proteins) and p35 (direct inhibitor of activated 
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caspases) (49).  It is through the action of both the Bcl-2 family of proteins and caspase 

activity that cell fate is determined.  

The cells that will be used for this study are Jurkat cells. This suspension cell line 

was derived from the peripheral blood of a 14-year-old boy with acute lymphoblastic 

leukemia (ALL) at first relapse in 1976 (16). Jurkat cells have been used to establish the 

mechanism of differential susceptibility to radiation and anti-cancer drug treatment and in 

the elucidation of T-cell signaling (14, 15). This cell line is often referred to as “JM” 

since the Jurkat and JM cell lines were obtained from the same patient and are sister 

clones (16). Jurkats are also known to ectopically express Tal-1 but not Lmo-1, since the 

Lmo-1 gene has been determined to be turned off in the majority of T-cell lines (17, 21).  

Etoposide is a chemotherapy drug commonly used to treat several types of cancer 

(52). Etoposide is a partially synthetic derivative of the podophyllotoxins (non-alkaloid 

toxins).  This treatment inhibits DNA topoisomerase II, which thereby prevents DNA 

synthesis and induces apoptosis within a given cell (53).  Etoposide is an anti-tumor 

agent that enhances dsDNA and ssDNA cleavage and inhibits DNA synthesis. It inhibits 

the cell cycle in S-phase and induces apoptosis in normal and tumor cell lines, but can be 

modulated by intracellular levels of cAMP and other factors (54). It is used as a form of 

chemotherapy for malignancies such as lung cancer, lymphoma, and leukemia (55).  

The purpose of the study was to determine the effects of ectopically expressed 

Tal-1 in cases of T-ALL. Tal-1 is an ectopically expressed transcription factor in T-cell 

acute lymphoblastic leukemia. Therefore, the determination of the genes that are 

activated and/or suppressed by the expression of Tal-1 will allow a better understanding 

of how this transcription factor influences cell survival. Furthermore, the study of the 



 16 

thee chosen anti-apoptotic and pro-apoptotic Bcl-2 family members (Bcl-2, Bcl-xL, and 

Bid) will assist in determining if it is though the activation of anti-apoptotic genes and 

suppression of pro-apoptotic genes that Tal-1 influences T-ALL. Thus, if the amount of 

anti-apoptotic gene expression is heightened or decreased, this would help explain why 

T-ALL patients experience multi-drug resistance. Knowledge of what genes are activated 

or inhibited by Tal-1 could aid in identifying a target for the creation of a new 

chemotherapeutic agent. 

The purpose of this study was to determine whether endogenous expression of 

Tal-1 alters Bcl-2, Bcl-xL, and Bid expression levels in Jurkat cells. T-cells do not 

endogenously express Tal-1. Therefore, Jurkat cells mimic an ectopic expression of Tal-1 

in T-cells. This study was also completed to determine whether endogenously expression 

of Tal-1 alters Bcl-2, Bcl-xL, and Bid expression levels when Jurkat cells are exposed to 

an apoptosis inducing drugs such as etoposide. Finally, whether ectopic expression of 

Tal-1 induces an overall pro-survival response strong enough to inhibit apoptosis and cell 

death when Jurkat cells are exposed to apoptosis inducing drugs such as etoposide was 

determined. 

Initially, two separate populations of cells were established and analyzed with 

real-time RT-PCR to determine if they ectopically expressed Tal-1 or if Tal-1 was 

lacking in the cell population. To determine if ectopically expressed Tal-1 alters the 

levels of each anti-apoptotic and pro-apoptotic Bcl-2 family member that was selected 

(Bcl-2, Bcl-xL, and Bid) with and without etoposide treatment real-time RT-PCR was 

utilized. To determine the overall effect of ectopic Tal-1 expression on apoptosis when 

cells were treated with etoposide for 12 or 24 h cell counts were completed with the use 
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of a hemacytometer. Cell counts were completed on four samples from both populations 

of Jurkat cells at 12 and 24 h.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

MATERIALS AND METHODS 

 

 

 

Cell Culture  

 To develop a model that resembles that of T-ALL, Jurkat cells known to express 

Tal-1 were obtained from American Type Culture Collection (ATCC), Manassas, VA.  A 

second group of Jurkat cells lacking Tal-1 expression likely caused by mutations obtained 

over a sustained period of time in cell culture was also used for this research project. 

These two groups of Jurkat cells, Jurkat cells with Tal-1 expression (Jurkat + Tal-1) and 

Jurkat cells without Tal-1 expression (Jurkat no Tal-1), were maintained in RPMI 

medium supplemented with 10% bovine growth serum (BGS) and grown at 37ºC/ 5% 

CO2 in a humidified incubator. The cells were seeded at 6 x 10
5
 cells into T-25 flasks and 

the medium waschanged every two to thee days by centrifugation of the cells and 

resuspension in new medium. At 75% confluence, cells were split 1:2 into two new T-25 

flasks (10 ml/flask). 

 

Tal-1 Expression Assessment  

To assure Tal-1 is being expressed appropriately in both cell populations, Real 

Time Reverse Transcriptase Polymerase Chain Reaction (Real Time RT- PCR) was 
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utilized. First, RNA was extracted from both Jurkat cell populations (Jurkat no Tal-

1(J+P) and Jurkat + Tal-1 (J+T1)) with the use of TRIZOL reagent. Cells were counted 

with the use of a hemacytometer to assure 10 x 10
6
 cells were added to a 50 ml 

centrifugation tube. The cell suspension was then centrifuged at 500 rcf for 5 min at 30ºC 

and the supernatant aspirated. Next, 1 ml of TRIZOL reagent was added to the cell pellet 

which was allowed to incubate for 5 min at 30ºC to homogenize (break apart the cells 

into their basic subunits including DNA, RNA and protein) the samples completely. Once 

all of the nucleoprotein complexes had been dissociated, 0.2 ml of chloroform was added 

to the samples, they were incubated for 2-3 min, and they were centrifuged at 13,400 rcf 

for 15 min at 2 to 8ºC. After the completion of centrifugation, the suspension was 

separated into thee separate phases. The TRIZOL reagent separates the cell suspension 

into a lower aqueous phase which contains DNA, a middle phase which contains 

proteins, and an upper aqueous phase which contains RNA. The upper aqueous phase 

was collected and placed in a 1.5 ml centrifuge tube. To prevent any DNA or protein 

contamination of the samples the previous TRIZOL reagent steps were repeated on the 

upper phase containing RNA. Next, RNA precipitation was completed by adding 0.5 ml 

of isopropyl alcohol to each of the RNA samples with subsequent centrifugation at 

13,400 rcf for 10 min at 2 to 8ºC. Once the centrifugation was complete the supernatant 

was decanted and the RNA sample was allowed to air dry.  

The RNA samples were resuspended in 20 µl of nuclease free water so that the 

concentration of RNA for each sample could be determined with the use of a 

spectrophotometer. Initially, the spectrophotometer was blanked with 1000 µl of nuclease 

free water. Next, the concentration of each RNA sample was determined independently 
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by placing 5 µl of each sample in a cuvette followed by the addition of 995 µl of nuclease 

free water to the cuvette. The RNA suspension was read at 260 nm .  to determine the 

concentration in µg/ml which was converted to µg/µl. To complete Real Time RT-PCR 

the appropriate amount of each RNA sample equivalent to 1 ug RNA was combined with 

the components of the Access RT-PCR System (Table 1) that targeted and amplified the 

mRNA of Tal-1. Thee control PCR tubes (No RT control, no template control, and 

positive control completed with a purchased sample of Jurkat RNA  were included. The 

positive control was completed to assure the Tal-1 primers were designed properly. 

The Tal-1 product was analyzed with the use of Real Time RT-PCR and both a 

fluorescence and a melt curve analysis graph were derived. The analysis of the product 

amplified confirmed the presence or absence of Tal-1 RNA expression. The melting 

temperatures obtained from the melt curve graph were compared to the melting 

temperatures of the nucleotide sequences of the Tal-1 gene utilizing the Oligonucleotide 

Properties Calculator (OligoCalc) 

(http://www.basic.northwestern.edu/biotools/oligocalc.html) to assure the correct product 

was amplified.  

 

Bcl-2 Family Pro-apoptotic and Anti-apoptotic RNA Expression Assessment 

The objective of this experiment was to determine the effect of endogenous 

expression of Tal-1 on the RNA expression of pro-apoptotic and anti-apoptotic Bcl-2 

family members. Initially, cells from both populations were seeded into T-25 flasks at 6 x 

10
6
 cells/flask. The flasks were allowed to reach 75% confluence. The cells were then 

resuspended in new media and seeded into T-25 flasks at 6 x 10
6
 cells/flask. The cells 
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were incubated for 24 h at 37ºC/ 5% CO2 in a humidified incubator. Next, the RNA was 

isolated from both populations with the use of TRIZOL reagent according to the protocol 

previously described. The RNA samples were resuspended in 20 µl of nuclease free 

water so that the concentration of RNA for each sample could be determined with the use 

of a spectrophotometer. Next, the amount of each RNA sample needed to have 1 µg of 

RNA was determined based on the concentration of the sample. Once again, to complete 

real-time RT-PCR the appropriate amount of each RNA sample was combined with the 

components of a RT-PCR kit, Access RT-PCR System, SYBR Green I, and primers 

(Invitrogen) designed to target and amplify the mRNA of Bcl-2, Bcl-xL, or Bid (74, 75, 

76). To assure equal amounts of RNA were being added for both populations of Jurkat 

cells for all conditions, Real Time RT-PCR was also completed with the use of the 

housekeeping gene GAPDH primers (13).  All primer sequences used are show below in 

Table 1. The NCBI GenBank accession numbers were utilized to obtain the nucleotide 

sequence for each gene. Primer sets were designed for each gene from the nucleotide 

sequences obtained. Real-time RT-PCR was completed with the use of the primer 

sequences listed above to amplify a product of known size. Real Time RT-PCR was 

completed with the use of a Smart Cycler II (Cepheid, Sunnyvale, CA). 

Table 1. Primer sets used for real-time RT-PCR.  

          Gene GenBank 

No. 

                             Sequence Product  

Tal-1 Forward NM_003189 5’- GCCGGATGCCTTCCCTATGTT -3’ 288 bp 

Tal-1 Reverse  5’- CCCTCCTCCTCCTGGTCATT  -3’  

    

Bcl-2 Forward NM_000633 5’-  TTCTTTGAGTTCGGTGGGGTC  -3’ 304 bp 

Bcl-2 Reverse  5’-  TGCATATTTGTTTGGGGCAGG  -3’  

    

Bcl-xL Forward Z23115 5’-  GGATGGCCACTTACCTGA  -3’ 130 bp 

Bcl-xL Reverse  5’-  CGGTTGAAGCGTTCCTG  -3’  
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Bid Forward AF250233 5’- CCTTGCTCCGTGATGTCTTTC -3’ 100 bp 

Bid Reverse  5’- TCCGTTCAGTCCATCCCATTT -3’  

    

GAPDH Forward NM_002046 5’-  GCCAAAAGGGTCATCATCTC  -3’ 226 bp 

GAPDH Reverse  5’-  GGCCATCCACAGTCTTCT  -3’  

 

Each gene of interest was analyzed with a separate Real Time RT-PCR reaction 

set. Real Time RT-PCR analysis was completed in triplicate for each sample to assure 

accurate data were obtained. Each independent analysis of the product amplified allowed 

for the determination of the level of RNA present by determining the cycle threshold, Ct 

(cycle at which the RNA began to be amplified) and by creating both a fluorescence and 

a melt curve analysis graph. The data spreadsheet was obtained from the Real Time RT-

PCR fluorescence analysis graph, and the numerical data was placed into Excel to show a 

better picture of the difference in fluorescence in the two groups of Jurkat cells.  Once 

again, the melting temperatures obtained from the melt curve graphs were compared to 

the melting temperatures of the nucleotide sequences of the Bcl-2, Bcl-xL, or Bid genes 

utilizing the Oligonucleotide Properties Calculator (Oligo Calc) 

(http://www.basic.northwestern.edu/biotools/oligocalc.html) to assure the correct product 

was amplified.  

 

Etoposide Induced Bcl-2 Family Pro-apoptotic and Anti-apoptotic RNA Expression 

Assessment  

The two cell populations were treated with a commonly used chemotherapeutic 

agent (etoposide). The cells were seeded into T-25 flasks at 6 x 10
6
 cells/flask. The flasks 

were allowed to reach 75% confluence and were resuspended in new medium and seeded 

into T-25 flasks at 10 x 10
6
 cells/flask. The cells were incubated for 6 h under normal 



 23 

culture conditions and subsequently treated with 0.1 ug/ul of etoposide. The flasks were 

again incubated under normal culture conditions for 12 or 24 h. Expression of the same 

pro-apoptotic and anti-apoptotic genes described above were assessed with the use of 

real-time RT-PCR. 

 

Bcl-2 Family Pro-apoptotic and Anti-apoptotic Protein Activity Assessment 

The objective of this experiment was to determine the effect of ectopic expression of Tal-

1 on pro-apoptotic and anti-apoptotic Bcl-2 proteins. Initially, cytoplasmic and nuclear 

protein extractions were completed on both Jurkat cell populations with the use of a NE-

PER® Nuclear and Cytoplasmic Extraction Reagent Kit. The appropriate amount of 

Halt™ Protease Inhibitor was added to each component of the extraction kit prior to use. 

Initially, approximately 2 x 10
6
 cells were added to a 15 ml centrifuge tube and 

centrifuged at 1000 rpm for 5 min. The cells were then resuspended in 500 µl of fresh 

media and transferred to a 1.5 ml microcentrifuge tube. The cell suspension was then 

centrifuged at 5,000 rpm for 5 min at 4ºC. The supernatant was decanted and the cells 

resuspended in 200 µl of CER I from the extraction kit. The cell suspension was vortexed 

on the highest setting for 15 seconds and incubated on ice for 11 min. Following the 

incubation, 11 µl of CER II reagent was added to the cell suspension and vortexed for 5 

seconds. The cell suspension was then incubated for 1 min on ice followed by 

centrifugation at 15,000 rpm for 5 min. The supernatant containing the cytoplasmic 

proteins was then transferred to a new pre-chilled 1.5 ml microcentrifuge tube. The pellet 

was then resuspended in 100 µl of ice cold NER and vortexed for 15 seconds and 

incubated in ice. The suspension was vortesed for 15 seconds every 10 min over duration 
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of 40 min. Next, the suspension was centrifuged at 15,000 rpm for 10 min at 4ºC. Finally, 

the supernatant containing the nuclear proteins was transferred to a new pre-chilled 

microcentrifuge tube.  

 Secondly, whole cell protein extractions were completed on both cell populations 

with the use of RIPA Buffer. First, the appropriate amounts of cells were centrifuged at 

2,500 rpm for 5 min and the supernatant was aspirated off. The cells were then washed 

twice by resuspending the cells in cold PBS to remove any residual media and then 

centrifuged at 2,500 rpm for 5 min. After the first wash, the PBS was aspirated off and 

the cells resuspended in 5 ml PBS for the second wash. The cells were then centrifuged at 

2,500 rpm for 5 min and the supernatant aspirated off. During the second wash the 

appropriate amount of Halt™ Protease Inhibitor Cocktail was added to the RIPA Buffer. 

Following the second wash, the cell pellet was resuspended in the appropriate amount of 

the RIPA Buffer/ protease inhibitors solution and transferred to a 1.5 ml microcentrifuge 

tube. The cell suspensions were then placed on a rocking platform at 4ºC and allowed to 

shake for 15 min. The cell suspensions were then centrifuged at 14,000 rpm for 15 min to 

pellet the cellular debris. Finally, the supernatant was transferred to a new 1.5 ml 

microcentrifuge tube.  

 Once the proteins have been extracted, the protein concentrations were 

determined by the Bio-Rad Protein Assay with the use of a RC DC Protein Assay 

Reagents Package. Initially, five dilutions of the protein standard were created (1 µl BSA 

+799 µl dH2O, 2 µl BSA + 798 µl dH2O, 3 µl BSA + 797 µl dH2O, 4 µl BSA + 796 µl 

dH2O, and 5 µl BSA + 795 µl dH2O). Two of each dilution were created The protein 

extracts were also diluted (1 µl protein extract + 799 µl dH2O) for the BioRad protein 
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assay. Once again two of each of the dilutions were created. Next, 200 µl of BioRad dye 

reagent was added to each dilution immediately before analysis. Once the BioRad dye 

was added to the dilution the solution was immediately vortexed briefly and placed in a 

disposable cuvette. The cuvette was then placed in the spectrophotometer and the 

absorbance read at 595 nm. This was completed for each sample. The two values for each 

protein standards and each protein sample were averaged to give a more precise 

absorbance value. The average absorbance values and the known concentration (1.44 

µg/µl) for the protein standards were used to create a standard curve with the use of 

Microsoft Excel. An equation was derived from the standard curve. This equation was 

used to determine the concentration of each of the protein samples.  

 After the completion of the Bio-Rad Protein Assay, Western blot analysis was 

conducted on the cytoplasmic protein extract, nuclear protein extract, and whole cell 

protein extract for both cell groups. Initially, the concentration of each protein sample 

determined by the standard curve equation was used to determine the amount of protein 

extract needed to contain 50 ug of protein for each sample independently. Equal amounts 

of protein extracts (50ug) were separated on NuPAGE® Bis-Tris 4-12% polyacrylamide 

gels with the use of Polyacrylamide Gel Electrophoresis (PAGE). The appropriate 

amount of each sample was added to separate 1.5 ml microcentrifuge tubes. The total 

volume in each tube was brought to 24 ul by the addition of the appropriate amount of 

lysis buffer. Next, 4 ul of NuPAGE® LDS Sample Buffer (4X) was added to each sample 

and the samples were centrifuged briefly. The samples were then heated at 90ºC for 5 

min. While the samples were heating 1 L of 1X NuPAGE running buffer was made from 

the 20X NuPAGE® MES-SDS. The NuPAGE® Bis-Tris 4-12% polyacrylamide gels 
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were placed in the PAGE apparatus and the combs removed. The 1X NuPAGE running 

buffer was added to the inner chamber of the apparatus until the gels were submerged in 

running buffer. Then the outer cooling chamber of the apparatus was filled with 1X 

NuPAGE running buffer. After heating the samples, each sample was added to a separate 

lane on one of the NuPAGE® Bis-Tris 4-12% polyacrylamide gel. SeeBlue® Plus2 Pre-

Stained Standard was added to lane five on each gel. ). Once all the samples were added 

to the polyacrylamide gels the apparatus was assembled. The PAGE apparatus was 

attached to an electrical electrophoresis unit and allowed to progress for 35 min at 200 V.  

 After the proteins were separated on the polyacrylamide gel, they were transferred 

to a nitrocellulose membrane with the use of a semi-dry transfer. Initially, three transfer 

buffers were made. The buffers that were made include one cathode buffer and two anode 

buffers (anode buffer 1 and anode buffer 2). Next, six sheets of blotting paper and one 

piece of nitrocellulose paper were cut to the size of the gel for each polyacrylamide gel 

proteins were separated on. To complete the semi-wet transfer, initially, three sheets of 

blotting paper were soaked in cathode buffer, one sheet of blotting paper soaked in anode 

II buffer, two sheets of blotting paper soaked in anode I buffer and the nitrocellulose 

membrane was soaked in Milli-Q water. The gel cassette was then separated by inserting 

a gel knife into the gap between two gel cassette plates and separating all three bonded 

sides of the cassette. The cassette was then disassembled allowing the gel to adhere to 

one side of the cassette. The other side of the gel cassette was disposed of. To remove the 

portion of the gel that contained the wells a gel knife was used. The apparatus was set up 

as follows from cathode (-) to anode (+): three sheets of filter paper soaked in cathode 

buffer, polyacrylamide gel, nitrocellulose membrane soaked in milli-Q water, one sheet 
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of filter paper soaked in anode buffer I, and two sheets of filter paper soaked in anode 

buffer II. Each of the previously listed items was placed on the apparatus independently 

and air bubbles were removed by rolling over the surface with a glass pipette. Once the 

apparatus was set up, the apparatus was assembled and run at 90 mA for 1 h. 

 After the completion of the semi-dry transfer, the apparatus was disassembled and 

the membrane(s) removed. The membranes were placed in Odyssey blocking buffer and 

rocked for 1 h at 4ºC. . In order to assess protein expression, membranes were incubated 

with either anti-β-actin rabbit antibody diluted 1:1000 or anti-Tal-1 monoclonal rabbit 

antibody diluted 1:200 and one of the following primary antibodies at a dilution of 1:500 

for 16 h on a rocker at 4ºC (anti-Bcl-2 monoclonal rabbit antibody, anti- Bcl-xL 

monoclonal rabbit antibody, or anti- Bid monoclonal rabbit antibody). The membranes 

were washed four times with phosphate buffered saline solution (PBS) +0.1% Tween-20, 

two times with PBS and then incubated for 1 h with goat anti-rabbit-Alexa Fluor 688 

conjugated antibody diluted 1:25,000. An image of the membranes was then acquired 

using the LI-COR Odyssey system. Resulting bands were then assessed for expression of 

the previously listed proteins by identifying the molecular weight and size of the bands 

present.   

 

Etoposide Induced Bcl-2 Family Pro-apoptotic and Anti-apoptotic Protein Activity 

Assessment  

The two cell populations were treated with a commonly used chemotherapeutic 

agent (etoposide). The cells were seeded into T-25 flasks at 6 x 10
6
 cells/flask. The flasks 

were allowed to reach 75% confluence. Then the cells were resuspended in new media 
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and seeded into T-25 flasks at 10 x 10
6
 cells/flask. The cells were incubated for 6 h under 

normal culture conditions. The flasks were then treated with 100 ug/mL of etoposide. The 

flasks were incubated under normal culture conditions for 12 or 24 h. Expression of the 

same pro-apoptotic and anti-apoptotic proteins described above were assessed with the 

use of Western blot analysis. 

 

Detection of Apoptosis  

 Next, both cell populations were treated with etoposide. The cells were seeded 

into T-25 flasks at 6 x 10
6
 cells/flask. The flasks were allowed to reach 75% confluence 

before being  resuspended in new medium with or without 0.1 µg/ul etoposide. The flasks 

were incubated under normal culture conditions for 12 or 24 h. Cell counts (trypan blue 

exclusion) were completed on both control and treatment groups with the use of a 

hemacytometer. The cell count data was analyzed with the use of the ANOVA statistical 

analysis program. Cell counts were graphed to show overall cell viability.  

Secondly, the induction of apoptosis was assessed with the use of an Annexin V-

FITC kit and flow cytometry/FACS analysis. Cells were plated at 1 x10
6
 cells in a T-25 

flask and cultured under normal conditions overnight. The following morning, treated 

cell (0.1 µg/µl etoposide) populations were established and incubated with drugs as 

mentioned above. At the end of the incubation period, 1 x10
6
 cells were collected from 

all populations and centrifuged at 1000 rpm for 5 min. Once the cell pellet was obtained, 

the old media was aspirated off and the cells were resuspended in 2 ml of PBS to wash 

the cells. The cells were centrifuged, PBS aspirated off, and resuspended in 2 ml of PBS 

to wash the cells a second time. After the completion of a second wash, the cells were 
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centrifuged, the PBS aspirated off, and the pellet resuspended in 1 ml of 1X binding 

buffer. A small amount of the cell suspension (~1 x10
5
 cells) was removed and placed in 

a 5ml culture tube and 5 µl of Annexin V-FITC and 5 µl of propidium iodide (PI) was 

added to the suspension. The suspension was gently vortexed and incubated for 15 min at 

room temperature in the dark. Finally, 400 µl of 1X binding buffer was added to the 

suspension and all samples were analyzed by flow cytometry/FACS analysis. In order to 

obtain controls for the flow cytometry, unstained Jurkat cells, Annexin V-FITC stained 

Jurkat cells, PI stained Jurkat cells, and Annexin V-FITC and PI satined Jurkat cells were 

used to serve as a negative control. Secondly, to serve as a positive control for apoptosis 

1 x10
6
 cells will be treated with 2 ml of 70% ethanol for 1 min. with subsequent 

centrifugation at 1000 rpm for 5 min. The cells were then resuspended in 1 ml of 1X 

binding buffer. The following stains were completed on the ethanol treated cells: 

unstained Jurkat cells, Annexin V-FITC stained Jurkat cells, PI stained Jurkat cells, and 

Annexin V-FITC and PI satined Jurkat cells. The amount of apoptosis will be assessed by 

subtracting the percent of cells undergoing apoptosis in the untreated group from the 

percent of cells undergoing apoptosis in the treated samples. 

 

 

 

 

 

 



 

 

 

 

RESULTS  

 

 

 

 The concentration of two RNA samples for Jurkat no Tal-1 without etoposide 

treatment (J+P Control), Jurkat + Tal-1 without etoposide treatment (J+T1 Control), 

Jurkat no Tal-1 with etoposide treatment for 12 h (J+P Etop. 12h), Jurkat + Tal-1 with 

etoposide treatment for 12 h (J+T1 Etop. 12h), Jurkat no Tal-1 with etoposide treatment 

for 24 h (J+P Etop. 24h), Jurkat + Tal-1 with etoposide treatment for 24 h (J+T1 Etop. 

24h) were successfully obtained with the use of a spectrophotometer. The A260 value and 

concentration value in µg/ml were obtained with the use of a spectrophotometer. The 

concentration obtained by the spectrophotometer (µg/ml) was converted to µg/µl by 

dividing the concentration (µg/ml) by the total volume (1000 µl) and multiplying by the 

dilution factor (200). The amount of each sample needed to attain 1 µg of sample was 

determined from the concentration of RNA in each sample. 

Table 2. The A260 values and concentration of each sample obtained by 

spectrophotometer analysis and amount of sample needed to acquire 1 µg of RNA for use 

in real-time RT-PCR. 

       RNA 
     Sample 

  A260 
Reading 

Concentration    
      µg/ml 

Concentration  
       µg/µl 

   1 µg of   
   sample 
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J+P Control 1 0.03 1.12 0.22            4.47 µl 

J+P Control 2 0.04 1.65 0.33            3.03 µl 

J+T1 Control 1 0.09 3.78 0.76            1.32 µl 

J+T1 Control 2 0.08 3.12 0.62            1.60 µl 

J+P  Etop. 12h (1) 0.24 9.72 1.94            0.51 µl 

J+P  Etop. 12h (2) 0.12 4.84 0.97            1.03 µl 

J+T1 Etop. 12h (1) 0.12 4.81 0.96            1.04 µl 

J+T1 Etop. 12h (2) 0.07 2.88 0.58            1.74 µl 

J+P  Etop. 24h (1) 0.03 1.37 0.27            3.65 µl 

J+P  Etop. 24h (2) 0.03 1.38 0.27            3.68 µl 

J+T1 Etop. 24h (1) 0.07 2.62 0.53            1.88 µl 

J+T1 Etop. 24h (2) 0.07 2.72 0.54            1.84 µl 

 

The amount of each sample calculated to equal 1 µg of RNA was used in combination 

with the primers designed for Tal-1 RNA for the completion of Real Time RT-PCR to 

detect the presence or absence of Tal-1 RNA expression. 

 The two controls (No RT control and no template control) were completed for 

J+P and J+T1. Control lanes exhibited no fluorescence (data not shown). Thus, the 

fluorescence observed on the real-time RT-PCR fluorescence curve for sites A3 and A4 

is due to the amplification of Tal-1 RNA. Fluorescence was observed at cycle 25 for site 

A3 and cycle 15 for site A4 (Figure 2). Thus, Tal-1 is expressed in group J+T1 and is not 

expressed in group J+P. The melt curve analysis obtained from this Real Time RT-PCR 

run showed a peak at 85.43ºC for site A3 and a peak at 87.06ºC for site A4 (data not 

shown). The desired amplicon (288 Bp) was placed in OligoCalc and the correct melting 

temperature is 86ºC. Thus, the melting temperature of the product that was amplified by 

Real Time RT-PCR varies only slightly when compared to the calculated melting 

temperature. This allows the assumption that Tal-1 expression is being detected in the 

J+T1 cell group.  
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Figure 2. Real-time RT-PCR fluorescence curve of Tal-1 expression in J+P control RNA 

samples and J+T1 control RNA samples. Intercalating dye (SYBR Green) channel was 

used to obtain data. The RNA extract from J+P control samples were run in sites A1 and 

A2, and the RNA extract from J+T1 control samples were run in sites A3 and A4. Tal-1 

RNA amplification was detected in both J+T1 sites and not detected in both J+P sites.  

 

 Once two cell groups were established [Jurkat without Tal-1 (Jurkat no Tal-1) and 

Jurkat with Tal-1 (Jurkat + Tal-1)], the effect of endogenous expression of Tal-1 on the 

RNA expression of pro-apoptotic and anti-apoptotic Bcl-2 family members was assessed 

with the use of real-time RT-PCR. The effect of ectopic expression of Tal-1 on the RNA 

expression of the same genes was assessed after treatment with etoposide for 12 or 24 h 

in both cell groups.  

To assure the same amount of RNA was utilized for each sample real-time RT-

PCR to test for levels of GAPDH was completed. A real-time RT-PCR fluorescence 

curve analysis graph, melt curve analysis graph, and average cycle threshold values 

(point at which RNA amplification began) for both groups of cells at all control and 

treatment time points were successfully obtained. 

          Etoposide         Average Cycle 
  Cell Group   Treatment  (Hours)  Threshold (Ct) Values 
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Jurkat no Tal-1        Control  0 h 12.05 
   
Jurkat + Tal-1        Control  0 h 12.21 
   
Jurkat no Tal-1       Treated 12 h 12.61 
   
Jurkat + Tal-1       Treated 12 h 12.52 
   
Jurkat no Tal-1       Treated 24 h 12.24 
   
Jurkat + Tal-1       Treated 24 h 12.08 

 

Table 3. Real-time RT-PCR analysis average cycle threshold values for GAPDH 

amplification for both cell groups (Jurkat no Tal-1 and Jurkat +Tal-1) without etoposide 

treatment and with etoposide treatment for 12 and 24 h. The amount of each sample 

needed to have 1 µg of RNA (calculated in Table 1) was used in combination with the 

GAPDH primers to complete Real Time RT-PCR analysis of GAPDH. The cycle 

threshold values are the cycle at which RNA amplification began for each sample.  

 

The housekeeping gene GAPDH is used as a control since it is expressed at equal 

levels in every eukaryotic cell. Therefore, since the average cycle threshold values 

obtained for each sample from both populations of Jurkat cells were roughly the same 

demonstrating significance, the real-time RT-PCR analysis of the cycle at which 

amplification of GAPDH RNA began confirmed that the concentration of RNA present 

for each sample was approximately equivalent to 1 µg (Table 3). Thus, the average cycle 

threshold values obtained for GAPDH RNA amplification suggest that the concentrations 

of RNA obtained by spectrophotometer analysis are correct. 
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Figure 3. Real-time RT-PCR fluorescence curve analysis graph of GAPDH RNA 

expression in both populations of Jurkat cells [Jurkat + P (J+P) and Jurkat +Tal-1 (J+T1)] 

with and without etoposide treatment for 12 h and 24 h,, respectively. Intercalating dye 

channel was used to obtain data due to the use of SYBR Green to detect product 

amplification. The sample sites are as follows: site A1 contains the J+P Control, site A3 

contains the J+T1 Control, site A5 contains the J+P etoposide treatment for 12 h,, site A7 

contains the J+T1 etoposide treatment for 12 h, site A10 contains the J+P etoposide 

treatment for 24 h, and site A12 contains the J+T1 etoposide treatment for 24 h.    

 

 The level of fluorescence was approximately the same for sites A1 though A12 

(Figure 3) (data not shown for A2, A4, A6, A8, A9, and A12). Thus, the Real Time RT-

PCR fluorescence curve analysis graph of GAPDH expression illustrated that the levels 

of GAPDH RNA amplification for all samples for both populations of Jurkat cells were 

very similar. The deviation in the level of fluorescence from one sample to the next is 

likely due to a difference in the reaction setup due to the use of a master mix. ???. Sites 

A13 though A16 had no visible fluorescence. The lack of fluorescence in the negative 

control sites confirmed that the fluorescence in all sample sites (A1-A12) was not due to 

amplification of primer dimers. All of the no reverse transcriptase (RT) control sites 

(A14-A16) lacked significant fluorescence. The remainder of the no RT controls were 

completed in a different real-time RT-PCR run (data not shown). The lack of 
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fluorescence in all no RT control sites showed that the amplification observed in all 

sample sites (A1-A12) was present due to amplification of RNA present in the samples. 

Thus, there was no DNA contamination in any of the RNA samples obtained from both 

populations of Jurkat cells without etoposide treatment or with etoposide treatment for 

either 12 h or 24 h.  

 
 

Figure 4. Real-time RT-PCR melt curve analysis graph of the GAPDH amplicon for both 

populations of Jurkat cells [Jurkat no Tal-1 (J+P) and Jurkat +Tal-1 (J+T1)] with and 

without etoposide treatment for 12 and 24 h, respectively. The sample sites are the same 

as in Fig. 2. The peak of each DNA template, produced from the original RNA template 

though the process of Real Time RT-PCR, reveals the actual Tm for the amplicon of each 

individual site. The Tm was used to confirm that the correct amplicon was produced from 

the real-time RT-PCR reaction. Peaks were observed between 84ºC and 86ºC for all of 

the sample sites.   

 

 The melt curve analysis graph for all of the sample sites showed a distinct peak 

between 84ºC and 85ºC (Figure 4). The amplified product nucleotide sequence was 

analyzed by OligoCalc, and a predicted Tm of 84ºC was obtained for the product 

amplified by the GAPDH primers. Thus, the Tm values obtained by the melt curve 

analysis graph were close enough to the Tm obtained by OligoCalc to assume the product 

amplified by real-time RT-PCR was the desired amplicon. The Tm values observed on the 
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melt curve analysis graph that vary from the location of the peaks on the graph are likely 

due to alternate product amplification. However, there is no peak at the locations of these 

different Tm values. Thus, this amplification of these unknown DNA sequences is 

insignificant in the determination of the Tm of the amplicons obtained by real-time RT-

PCR. After the assessment of GAPDH, the level of RNA expression of the anti-apoptotic 

Bcl-2 gene was analyzed. The Ct values for both groups of cells [Jurkat No Tal-1 (J+P) 

and Jurkat + Tal-1 (J+T1)] at all control and treatment time points were successfully 

obtained. 

         Etoposide        Average Cycle 
Cell Group  Treatment  (Hours)   Threshold (Ct) Value 
   

Jurkat no Tal-1      Control  0 h 15.61 
   
Jurkat + Tal-1      Control  0 h 15.65 
   
Jurkat no Tal-1     Treated 12 h 30.28 
   
Jurkat + Tal-1     Treated 12 h 16.70 
   
Jurkat no Tal-1     Treated 24 h 26.98 
   
Jurkat + Tal-1     Treated 24 h 26.27 

  

Table 4. Real-time RT-PCR analysis average Ct values for Bcl-2 amplification for both 

cell groups (Jurkat + P and Jurkat +Tal-1) with and without etoposide treatment for 12  

and 24 h, respectively. The amount of each sample needed to have 1 µg of RNA (Table 

1) was used in combination with the Bcl-2 primers to complete real-time RT-PCR 

analysis of Bcl-2 RNA expression.  

 

 The amounts of Bcl-2 RNA present in the Jurkat + P control samples and Jurkat + 

Tal-1 control samples are approximately the same (Table 4). Thus, the amount of Bcl-2 

RNA present within the Jurkat cell line is not altered by the endogenous expression of 

Tal-1. The Ct values for Bcl-2 are considerably different after 12 h of etoposide treatment 
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(Table 4). Thus, the amount of Bcl-2 RNA present after 12 h of etoposide treatment is 

considerably greater in the group of Jurkat cells that express Tal-1. Therefore, the amount 

of Bcl-2 RNA expression present within the Jurkat cells after treatment with the 

chemotherapeutic agent etoposide for 12 h is lowered considerably in the Jurkat no Tal-1 

population and not altered in the Jurkat + Tal-1 population due to the endogenous 

expression of Tal-1. The Ct value Jurkat no Tal- population of cells after etoposide 

treatment for 12 h was nearly double that of the Jurkat + Tal-1 population of cells. 

However, the Ct values obtained for both populations of Jurkat cells after 24 h of 

etoposide treatment are very similar indicating that Bcl-2 RNA levels within both groups 

of cells after etoposide treatment for 24 h is equivalent. The only difference in amount of 

Bcl-2 RNA expression between the two populations of Jurkat cells was observed after 

etoposide treatment for a period of 12 h.  

 The average Ct values obtained for the Jurkat + Tal-1 group of cells with and 

without treatment with etoposide for 12 h are very similar (Table 4). This indicates that 

the level of Bcl-2 RNA present within this group of cells is only slightly different after 

etoposide treatment for 12 h. However, the average Ct value obtained for the Jurkat + 

Tal-1 group of cells is substantially higher after treatment with etoposide for 24 h. The 

average Ct value obtained differed by 10 cycles from the 12 h treatment to the 24 h 

treatment. Thus, the amount of Bcl-2 RNA present within the Jurkat + Tal-1 group of 

cells is maintained at a relatively similar level until the cells undergo treatment with 

etoposide for 24 h. Etoposide treatment for a period of 24 h substantially decreased the 

amount of Bcl-2 RNA present in the Jurkat + Tal-1 population of cells. The average Ct 

values for the Jurkat group of cells without Tal-1 expression (Jurkat + P) differ 
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considerably at each time point assessed.  The level of Bcl-2 RNA present in the Jurkat + 

P population of cells decreases considerably after treatment with etoposide for 12 h. 

There was also a significant increase in the amount of Bcl-2 RNA present in the Jurkat + 

P population of cells after etoposide treatment for 24 h. However, even though there was 

an increase in the amount of Bcl-2 RNA present between 12 and 24 h etoposide 

treatments, the amount of Bcl-2 expression after treatment with etoposide for 24 h was 

still lower than the amount of Bcl-2 RNA present when the cells are not treated with 

etoposide.   

 The data obtained from fluorescence curve graph spreadsheets from two 

independent real-time RT-PCR runs completed with the use of the Bcl-2 primers were 

compiled to successfully obtain a line graph of the fluorescence observed for both 

populations of Jurkat cells (Figure 5). The fluorescence observed for each population of 

Jurkat cells is the amplification of the Bcl-2 RNA amplicon. 
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Figure 5. Real-time RT-PCR fluorescence curve graph data analysis of Bcl-2 expression 

in both populations of Jurkat cells. Fluorescence observed over the duration of 40 cycles 

by real-time RT-PCR for Bcl-2 RNA within each sample. Fluorescence observed for each 

sample is the amplification of the Bcl-2 RNA. 

 

The amount of fluorescence observed for both Jurkat + Tal-1 samples was slightly 

higher through cycle 20 than the level of fluorescence observed for the Jurkat no Tal-1 

samples throughout cycle 1 through 20. The substantial amount of amplification observed 

for the Jurkat + Tal-1 sample two after cycle 20 was likely due to contamination. 

However, the point at which the fluorescence began to increase only slightly differed 

between the two groups of cells. The average Ct value is the value that allows one to 

determine the relative levels of target RNA within and among samples. Therefore, the 

difference in the level of fluorescence in the two populations of cells (Jurkat no Tal-1 and 

Jurkat + Tal-1) is likely due to the reaction setup (i.e., pipetting variation, etc.). Thus, the 

overall fluorescence amplification observed in Jurkat + Tal-1 sample 1 was 

approximately 83% higher than that of all the other samples (Figure 5). This allows one 
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to determine whether the reaction in this PCR tube was optimized. However, it is also 

likely that this sample was contaminated. The amount of Bcl-2 RNA present within the 

sample did not differ from that of the other samples throughout cycles 1 through 20. Once 

again the no template control and the no RT controls for both Jurkat no Tal-1 and Jurkat 

+ Tal-1 showed no fluorescence. This allows one to determine that the fluorescence 

observed for both populations of Jurkat cells is due to the presence of Bcl-2 RNA. 

The data obtained from fluorescence curve graph spreadsheets from two 

independent real-time RT-PCR runs completed with the use of the Bcl-2 primers were 

compiled to successfully obtain a line graph of the fluorescence observed for both 

populations of Jurkat cells after etoposide treatment for 12 h (Figure 6). The fluorescence 

observed for each population of Jurkat cells is the amplification of the Bcl-2 RNA 

amplicon. 
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Figure 6. Real-time RT-PCR fluorescence curve graph data analysis of Bcl-2 expression 

in both populations of Jurkat cells after etoposide treatment for 12 h. This graph shows 

the amount of fluorescence observed over 40 cycles of real-time RT-PCR for 

amplification of Bcl-2 RNA. The population of Jurkat without Tal-1 expression (Jurkat 

no Tal-1) and the population of Jurkat cells with Tal-1 expression (Jurkat +Tal-1) 

differed significantly in the amount of fluorescence observed. 

 

 The real-time RT-PCR fluorescence curve analysis graph data spreadsheet of two 

separate real-time RT-PCR runs were compiled to obtain this line graph of the 

fluorescence observed from Bcl-2 product amplification. The level of fluorescence for 

Jurkat + Tal-1 sample one was approximately 27% and Jurkat + Tal-1 sample two was 

approximately 92% higher than that of the Jurkat no Tal-1 samples. The average cycle 

threshold values showed that the level of Bcl-2 RNA present in the Jurkat + Tal-1 group 

of cells was considerably higher than the level of Bcl-2 RNA present in the Jurkat no Tal-

1 group. Thus, one would expect to see an overall higher level of fluorescence for both 

Jurkat + Tal-1 samples. The amount of Bcl-2 RNA present in a sample will determine the 

level of fluorescence observed in the real-time RT-PCR fluorescence analysis graph. 
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Thus, since there was a larger amount of Bcl-2 RNA present in the Jurkat + Tal-1 group 

after treatment with etoposide for 12 h, the amount of fluorescence observed for Jurkat + 

Tal-1 sample two after 40 cycles was 46.25. The graph had to be scaled down so that the 

level of fluorescence for the remaining thee samples could be observed. The level of 

fluorescence observed for Jurkat + Tal-1 sample 1 was 4.5. The level of fluorescence for 

the Jurkat no Tal-1 group after treatment with etoposide for 12 h was 1.65 for sample one 

and 3.32 for sample two. Thus, the amount of overall fluorescence observed for the 

Jurkat + Tal-1 group of cells after treatment with etoposide for 12 h ranged from 27% to 

92% higher than that of the Jurkat no Tal-1 group of cells after treatment with etoposide 

for 12 h.  

The difference in amounts of fluorescence observed in Jurkat + Tal-1 sample 1 

and sample 2 is likely due to sample setup. The Ct values for both Jurkat + Tal-1 samples 

were very similar; therefore, the amount of fluorescence should have been similar for 

both samples if the reaction conditions were identical. The amount of fluorescence 

observed for both Jurkat + Tal-1 samples should have been around 46 since the sample 2 

reaction was likely optimized. Thus, the variance in fluorescence levels between Jurkat + 

Tal-1 samples was due to a difference in reaction setup variation. The level of 

fluorescence observed for both Jurkat no Tal-1 samples was very similar. The cycle 

threshold values for this group of cells differed among runs. Therefore, the amount of 

Bcl-2 RNA present in the two samples differed slightly, accounting for the 27% and 92% 

difference in amount of fluorescence observed. Overall, this graph shows that the level of 

amplification of the Bcl-2 product was approximately 27% to 92% higher in the Jurkat + 
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Tal-1 group of cells. This correlates with the average cycle threshold values obtained for 

both populations of Jurkat cells (Table 4).  

The data obtained from fluorescence curve graph spreadsheets from two 

independent real-time RT-PCR runs completed with the use of the Bcl-2 primers were 

compiled to successfully obtain a line graph of the fluorescence observed for both 

populations of Jurkat cells after etoposide treatment for 24 h (Figure 7). The fluorescence 

observed for each population of Jurkat cells is the amplification of the Bcl-2 RNA 

amplicon. 
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Figure 7. Real-time RT-PCR fluorescence curve graph data analysis of Bcl-2 expression 

in both populations of Jurkat cells after etoposide treatment for 24 h. The overall level of 

fluorescence is higher in the Jurkat + Tal-1 group of cells. However, the point at which 

amplification/fluorescence begins for both groups of cells is at similar cycles. The overall 

amplification spike which is observed for both Jurkat + Tal-1 samples is not until 

approximately cycle 25. 

 

 The real-time RT-PCR fluorescence curve analysis graph data spreadsheet of two 

separate real-time RT-PCR runs were compiled to obtain this line graph of the 
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fluorescence observed from Bcl-2 product amplification in both groups of cells after 

etoposide treatment for 24 h. The y-axis had to be scaled down to observe the level of 

fluorescence in both Jurkat no Tal-1 samples. The fluorescence observed for the Jurkat no 

Tal-1 group of cells after treatment with etoposide for 24 h was 0.63 for sample 1 and 

2.71 for sample 2. The amount of fluorescence observed for the Jurkat + Tal-1 group of 

cells after treatment with etoposide for 24 h was 29.0 for sample 1 and 47.06 for sample 

2. The amount of fluorescence for both Jurkat + Tal-1 samples was between 91% and 

94% higher than that of both Jurkat no Tal-1 samples. The average Ct values showed that 

both populations of Jurkat cells contained the same amount of Bcl-2 RNA (Table 4). 

Therefore, the difference in fluorescence is once again likely due to a difference in 

reaction setup, a typical but manageable fallibility in real-time assays. The amount of 

fluorescence observed in all samples from both populations of Jurkat cells was very 

similar until cycle 25. Once the real-time RT-PCR fluorescence analysis graph reached 

cycle 25, the reactions for both Jurkat + Tal-1 samples was optimized for amplification of 

the Bcl-2 amplicon. Thus, the amount of fluorescence observed prior to cycle 25 shows 

an accurate depiction of the amount of Bcl-2 product amplification. The amplification 

observed after cycle 25 should be considered as amplification that did not correctly depict 

the amount of Bcl-2 RNA present within the samples. 

The real-time RT-PCR melt curve analysis graph for Bcl-2 expression of both 

populations of Jurkat cells without etoposide treatment or with etoposide treatment for 12 

or 24 h showed a distinct peak between 85ºC and 87ºC for all samples (data not shown). 

The amplified product nucleotide sequence was placed in the OligoCalc, and a predicted 

Tm of 86ºC was obtained for the product amplified by the Bcl-2 primers. Once again there 
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were Tm values observed on the melt curve analysis graph that varied from that of the 

calculated Tm for the amplicon. However, there were no peaks observed for any of the Tm 

values that varied from the actual Tm of the amplicon. The product that showed 

significant fluorescence amplification on the real-time RT-PCR fluorescence analysis 

graph was the desired amplicon. Furthermore, the peaks observed between 85ºC and 87ºC 

on the melt curve analysis graph confirmed that the correct product was amplified with a 

Tm of approximately 86ºC. 

The next anti-apoptotic Bcl-2 family member to be analyzed was Bcl-xL. A real-

time RT-PCR fluorescence curve analysis graph, melt curve analysis graph, and cycle 

threshold values (point at which RNA amplification began) for both groups of cells at all 

control and treatment time points were successfully obtained. 

          Etoposide         Average Cycle 
Cell Group    Treatment  (Hours)   Threshold (Ct) Values 
   
Jurkat no Tal-1       Control  0 h 19.06 
   
Jurkat + Tal-1       Control  0 h 22.60 
   
Jurkat no Tal-1      Treated 12 h 16.70 
   
Jurkat + Tal-1      Treated 12 h 19.71 
   
Jurkat no Tal-1      Treated 24 h 13.57 
   
Jurkat + Tal-1      Treated 24 h 14.79 
 

Table 5. Real-time RT-PCR analysis Ct values and average cycle threshold value for Bcl-

xL amplification for both cell groups (Jurkat + P and Jurkat +Tal-1) with and without 

etoposide treatment for 12 h and 24 h, respectively. The amount of each sample needed to 

have 1 µl of RNA (calculated in Table 1.) was used in combination with the Bcl-xL 

primers to complete real-time RT-PCR analysis of Bcl-xL RNA expression.  

 

  The amounts of Bcl-xL RNA present in the Jurkat no Tal-1 control samples and 

Jurkat + Tal-1 control samples differ slightly (Table 5). The average cycle threshold 
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value for the Jurkat no Tal-1 control group of cells was lower than that of the Jurkat + 

Tal-1 control group of cells. Thus, the amount of Bcl-xL RNA present in the Jurkat no 

Tal-1 control group of cells was larger than the amount of Bcl-xL RNA present in the 

Jurkat + Tal-1 control group of cells. Once again, the average cycle threshold value for 

both populations of cells after etoposide treatment for 12 h only differed by 3 cycles. The 

average cycle threshold value for the Jurkat no Tal-1 group of cells after etoposide 

treatment for 12 h was 3.01 lower than that of the Jurkat + Tal-1 group of cells after 

etoposide treatment for 12 h. The Jurkat no Tal-1 population of cells after 12 h of 

etoposide treatment began amplification of Bcl-xL RNA 3 cycles earlier than the Jurkat + 

Tal-1 group of cells, demonstrating that the Jurkat no Tal-1 had a larger amount of Bcl-xL 

RNA than the Jurkat + Tal-1 population of cells after 12 h of etoposide treatment. The 

average cycle threshold values for both groups of cells that had undergone etoposide 

treatment for 24 h only differed by 1.22 cycles. The average Ct value difference of 1.22 

cycles was minimal, demonstrating that both populations of Jurkat cells had relatively 

similar amounts of Bcl-xL RNA (Table 5). 

 The average Ct value for the Jurkat no Tal-1 group of cells decreased by nearly 

the same amount with each 12 h etoposide treatment increment. Thus, the average Ct 

value for the Jurkat no Tal-1 control decreased by 1.35 cycles when the cells were treated 

with etoposide for 12 h and the 12 h treatment average cycle threshold value decreased 

by 3.18 cycles when the cells were treated with etoposide for 24 h. The 1.35 cycle 

difference in the Jurkat no Tal-1 control group and the Jurkat no Tal-1 etoposide 

treatment for 12 h group demonstrated that the Jurkat no Tal-1 control group had a 

slightly smaller amount of Bcl-xL RNA than the Jurkat no Tal-1 group of cells that were 
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treated with etoposide for 12 h. There was also a moderately larger amount of Bcl-xL 

RNA in the Jurkat no Tal-1 group of cells treated with etoposide for 24 h than the Jurkat 

no Tal-1 group of cells that were treated with etoposide for 12 h. The average Ct value 

decreased by 4.49 cycles from the Jurkat no Tal-1 control group to the Jurkat no Tal-1 

etoposide treatment for 24 h group. Overall, the Jurkat no Tal-1 population of cells had a 

substantial increase in the amount of Bcl-xL RNA present the longer the cells were 

exposed to etoposide.  

 The average Ct value for the Jurkat + Tal-1 group of cells decreased by 2.90 

cycles from the control sample to the sample treated with etoposide for 12 h (Table 5). 

The average Ct value for the Jurkat + Tal-1 group of cells treated with etoposide for 24 h 

was on average 4.92 cycles lower than the average Ct value for the Jurkat + Tal-1 group 

of cells treated with etoposide for 12 h. Thus, the amount of Bcl-xL RNA present in the 

Jurkat + Tal-1 control group of cells was slightly less than the amount of Bcl-xL RNA 

present in the Jurkat + Tal-1 group of cells that were treated with etoposide for 12 h. 

However, the amount of Bcl-xL RNA present in the Jurkat + Tal-1 group of cells treated 

with etoposide for 24 h was considerably larger than the amount of Bcl-xL RNA present in 

the Jurkat + Tal-1 group of cells treated with etoposide for 12 h. Both populations of 

Jurkat cells had an increase in the amount of Bcl-xL RNA present the longer they were 

exposed to etoposide.  
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Figure 8.  Real-time RT-PCR fluorescence curve analysis graph of Bcl-xL RNA 

expression in both populations of Jurkat cells (Jurkat no Tal-1 and Jurkat +Tal-1) with 

and without etoposide treatment for 12 and 24 h, respectively. The sample sites are as 

follows: sites A1 and A2 contain the J+P Control, sites A3 and A4 contain the J+T1 

Control, sites A5 and A6 contain the  J+P etoposide treatment for 12 h, sites A7 and A8 

contain the J+T1 etoposide treatment for 12 h, sites A9 and A10 contain the J+P 

etoposide treatment for 24 h, sites A11 and A12 contain the J+T1 etoposide treatment for 

24 h, site A13 contains the negative control, site A14 contains the J+P no reverse 

transcriptase (RT) control, site A15 contains the J+T1 no RT control, site A16 contains 

the J+P etoposide treatment for 12 h no RT control.  

 

 The real-time RT-PCR fluorescence analysis graph shows the difference in 

fluorescence between both populations of cells at all control and treatment time points 

(Figure 8). There was no observable fluorescence for the negative control or for all the no 

reverse transcriptase (no RT) controls for each sample shown on this graph. The 

remainder of the no RT controls were run on another Real Time RT-PCR fluorescence 

curve analysis graph and no fluorescence was observed (data not shown). The data from 

this fluorescence curve analysis graph is difficult to interpret due to the large number of 

samples that were run at one time. Therefore, the real-time RT-PCR fluorescence analysis 

graph data spreadsheet for Bcl-xL expression was collected from two independent runs. 

The numerical data from both spreadsheets for Bcl-xL RNA amplification was compiled 
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to give a better view of the difference in the amount of fluorescence for both populations 

of cells at all control and treatment time points (Figure 9, 10 and 11). This numerical data 

was utilized to develop a line graph of the two populations of cells for Bcl-xL RNA 

amplification at each control and treatment time point.  
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Figure 9. Real-time RT-PCR fluorescence curve graph numerical spreadsheet data 

analysis of Bcl-xL expression in both populations of Jurkat cells. RNA amplicon. The 

population of Jurkat without Tal-1 expression (Jurkat no Tal-1) and the population of 

Jurkat cells with Tal-1 expression (Jurkat +Tal-1) were very similar in the amount of 

fluorescence observed.  

 

 The real-time RT-PCR fluorescence curve analysis graph dada spreadsheet of two 

separate real-time RT-PCR runs were compiled to attain this graph of the fluorescence 

observed from Bcl-xL product amplification (Figure 9). The amount of fluorescence 

observed for both groups of Jurkat cells is similar for all samples except Jurkat + Tal-1 

sample two. Thus, the amount of Bcl-xL RNA amplification was similar for both 

populations of Jurkat cells. The amount of fluorescence observed for both Jurkat no Tal-1 

control samples (no etoposide treatment) is approximately 74% higher than that of the 
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Jurkat + Tal-1 control sample two. However, the Jurkat + Tal-1 control sample one 

fluorescence level is approximately 11% higher than that of both Jurkat no Tal-1 control 

samples. The maximum amount of fluorescence observed at 40 cycles for the Jurkat no 

Tal-1 sample one was approximately 202 and the Jurkat no Tal-1 sample two was 

approximately 217 (Figure 9). The similarity in the amount of fluorescence observed for 

the two Jurkat no Tal-1 samples was likely due to both samples containing a very similar 

amount of Bcl-xL RNA and the reaction being optimized.  

The maximum amount of fluorescence observed at 40 cycles for the Jurkat + Tal-

1 control sample one was only approximately 53 and the Jurkat + Tal-1 control sample 

two was 235, nearly five times higher. Perhaps this is due to reaction efficiency affected 

by carryover antagonists from the RNA extraction. The removal of the RNA within the 

top aqueous phase could have accidentally also picked up DNA, protein, or RNase 

contamination.  The Ct values for this group of cells differed considerably from run to 

run. These differences were resolved by completing thee separate real-time RT-PCR runs 

and averaging the Ct values obtained among replicates (Table 5).  

The amount of Bcl-xL RNA in the Jurkat + Tal-1 control sample one was likely 

larger than the amount of Bcl-xL RNA present in the Jurkat + Tal-1 control sample two. 

The average Ct values for the two populations of Jurkat cells allow the determination 

that, even though the amount of fluorescence observed in Jurkat + Tal-1 control sample 

two was from 7% to 14% higher than that of both of the Jurkat no Tal-1 control samples, 

the Jurkat no Tal-1 group of cells still had a higher level of Bcl-xL RNA present within 

the cells according to the average Ct values obtained (Table 5). 



 51 

The data obtained from fluorescence curve graph spreadsheets from two 

independent real-time RT-PCR runs completed with the use of the Bcl-xL primers were 

compiled to successfully obtain a graph of the fluorescence observed for both populations 

of Jurkat cells after etoposide treatment for 12 h (Figure 10). The fluorescence observed 

for each population of Jurkat cells is the amplification of the Bcl-xL RNA amplicon. 
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Figure 10. Real-time RT-PCR fluorescence curve graph numerical spreadsheet data 

analysis of Bcl-xL expression in both populations of Jurkat cells after treatment with 

etoposide for 12 h. The overall amount of fluorescence observed for the two populations 

differed considerably. Furthermore, the fluorescence observed prior to cycle 28 also 

differs greatly between the two populations of Jurkat cells.   

 

 The amount of overall fluorescence observed differed substantially for each 

sample run for both groups of Jurkat cells after etoposide treatment for 12 h. The amount 

of fluorescence observed for the Jurkat no Tal-1 sample one was approximately 25 and 

but for sample two was 50 (Figure 10). Thus, there was a 100% difference in the total 

fluorescence observed for both Jurkat no Tal-1 samples that had been treated with 

etoposide for 12 h. The amount of total fluorescence observed for the Jurkat no Tal-1 
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etoposide treatment for 12 h sample one was approximately 88 and the Jurkat no Tal-1 

etoposide treatment for 12 h sample two was 15. Thus, the total fluorescence observed for 

the two Jurkat no Tal-1 etoposide treatment for 12 h samples differed by 73. There was 

also a difference of 25 relative fluorescence units in overall fluorescence observed for 

both Jurkat + Tal-1 samples treated with etoposide for 12 h. The amount of total 

fluorescence for the Jurkat + Tal-1 etoposide treatment for 12 h sample one was 26 and 

the Jurkat + Tal-1 etoposide treatment for 12 h sample two was 50 (Figure 10). The 

difference in total fluorescence observed between the two Jurkat + Tal-1 etoposide 

treatment for 12 h samples was 24. The difference in total fluorescence for the Jurkat no 

Tal-1 population of cells after etoposide treatment for 12 h sample one was 38 relative 

fluorescence units higher than that observed for the Jurkat + Tal-1 population of cells 

after etoposide treatment for 12 h sample two.   

 The total fluorescence observed for the Jurkat no Tal-1 etoposide treatment for 12 

h sample one was considerably higher than that of both Jurkat + Tal-1 etoposide 

treatment for 12 h samples. The total fluorescence for the Jurkat no Tal-1 etoposide 

treatment for 12 h was 28% higher than the Jurkat + Tal-1 etoposide treatment for 12 h 

sample one and 57% higher for the Jurkat + Tal-1 etoposide treatment for 12 h sample 

two. However, both of the Jurkat + Tal-1 etoposide treatment for 12 h samples had a 

larger amount of total fluorescence than that of the Jurkat no Tal-1 etoposide treatment 

for 12 h sample two. The average Ct values for the two populations of cells after 

etoposide treatment for 12 h show that the Jurkat no Tal-1 population of cells had a larger 

amount of Bcl-xL RNA present (Table 5). Therefore, the amount of total fluorescence 

observed for the Jurkat no Tal-1 etoposide treatment for 12 h sample one would correlate 
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with the lower average Ct value obtained for the Jurkat no Tal-1 group of cells when 

compared to the Jurkat + Tal-1 population of cells. 

 The amount of fluorescence observed prior to cycle 28 was 66% to 97% higher 

for the Jurkat no Tal-1 populations cells treated with etoposide for 12 h compared to the 

Jurkat + Tal-1 population of cells after treatment with etoposide for 12 h. The amount of 

fluorescence observed for the Jurkat no Tal-1 etoposide treatment for 12 h sample one 

was approximately four and for the Jurkat no Tal-1 sample two was nine. The amount of 

fluorescence observed for the Jurkat + Tal-1 etoposide treatment for 12 h sample one was 

two and the Jurkat + Tal-1 etoposide treatment for 12 h sample two was approximately 

1.5. Thus, the amount of fluorescence observed at cycle 28 was 1-fold to 2-fold higher for 

both Jurkat no Tal-1 etoposide treatment for 12 h samples. These data correlate with the 

average Ct values for both populations of cells after treatment with etoposide for 12 h 

(Table 5). The amount of Bcl-xL RNA present in both Jurkat no Tal-1 etoposide treatment 

for 12 h samples was larger than the amount of Bcl-xL RNA present in both Jurkat + Tal-

1 etoposide treatment for 12 h samples. The larger amount of fluorescence observed in 

the Jurkat no Tal-1 etoposide treatment for 12 h samples prior to cycle 28 shows that the 

Bcl-xL product is being amplified 1-fold to 2-fold in these two samples. The 50% to 75% 

lower amount of fluorescence observed for the Jurkat + Tal-1 etoposide treatment for 12 

h samples at cycle 28 shows that there is a correspondingly lower amount of Bcl-xL RNA 

present within the samples to amplify. Thus, the two Jurkat no Tal-1 samples show a 

higher amount of Bcl-xL RNA product amplification than that of the two Jurkat + Tal-1 

etoposide treatment for 12 h samples.  
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 Two separate real-time RT-PCR runs were completed with the use of the Bcl-xL 

primers and the data obtained from both fluorescence curve graph spreadsheets was 

compiled to effectively produce a graph of the fluorescence observed for both groups of 

Jurkat cells after treatment with etoposide for 24 h (Figure 11). The fluorescence 

observed for each population of Jurkat cells treated with etoposide for 24 h is the 

amplication of the Bcl-xL RNA amplicon.  
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Figure 11. Real-time RT-PCR fluorescence curve graph data analysis of Bcl-xL 

expression in both populations of Jurkat cells after treatment with etoposide for 24 h 

derived from the numerical spreadsheet data of two independent real-time RT-PCR runs. 

The amount of fluorescence observed for both Jurkat no Tal-1 etoposide treatment for 24 

h samples supersedes the amount of fluorescence observed for both Jurkat + Tal-1 

etoposide treatment for 24 h samples.  

 

 The amount of fluorescence observed thoughout the 40 cycles for both Jurkat no 

Tal-1 etoposide treatment for 24 h samples is considerably higher than that of the two 

Jurkat + Tal-1 etoposide treatment for 24 h samples. The amount of total fluorescence 
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observed for the Jurkat no Tal-1 etoposide treatment for 24 h sample one is 

approximately 14 and the Jurkat no Tal-1 etoposide treatment for 24 h sample two is 

approximately 15. Thus, the amount of overall fluorescence observed for both Jurkat no 

Tal-1 etoposide treatment for 24 h samples is very similar (Figure 11). The amount of 

total fluorescence observed for the Jurkat + Tal-1 etoposide treatment for 24 h sample 

one was approximately 6.5 and the Jurkat + Tal-1 etoposide treatment for 24 h sample 

two was five. The amount of overall fluorescence observed for both Jurkat + Tal-1 

etoposide treatment for 24 h samples is comparable. The Jurkat no Tal-1 etoposide 

treatment for 24 h samples only differ in total fluorescence by approximately one, and the 

Jurkat + Tal-1 etoposide treatment for 24 h samples only differ in overall fluorescence by 

approximately 1.5. However, the amount of total fluorescence observed for the Jurkat no 

Tal-1 etoposide treatment for 24 h samples is over double the amount of overall 

fluorescence observed for the Jurkat + Tal-1 etoposide treatment for 24 h samples.  

The 1-fold difference in total fluorescence between the two populations of Jurkat 

cells after etoposide treatment for 24 h does not correlate with the average Ct values 

obtained, which show that the two populations of Jurkat cells have a similar amount of 

Bcl-xL RNA. The difference in total fluorescence for the two groups would suggest that 

the Jurkat no Tal-1 etoposide treated for 24 h samples have twice the amount of Bcl-xL 

RNA than that of the Jurkat + Tal-1 etoposide treated for 24 h samples. However, the 

amount of fluorescence observed at earlier cycles within the Real Time RT-PCR run is 

similar for both groups of Jurkat cells (Figure 11). Thus, the amount of Bcl-xL RNA 

present within all samples from both populations of Jurkat cells is large enough to begin 

amplification of the Bcl-xL amplicon at early cycles, producing similar amounts of 
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fluorescence. The amount of Bcl-xL RNA present within the Jurkat no Tal-1 population of 

cells after etoposide treatment for 24 h is slightly higher than the amount of Bcl-xL RNA 

present within the Jurkat + Tal-1 population of cells after etoposide treatment for 24 h. A 

slightly higher amount of Bcl-xL RNA would allow the Bcl-xL RNA product to be 

amplified earlier within the run. Thus, the larger amount of fluorescence present for the 

Jurkat no Tal-1 sample is likely due to the presence of a 1-fold to 2-fold higher amount of 

Bcl-xL RNA.  

The real-time RT-PCR melt curve analysis graph of the Bcl-xL amplicon for both 

populations of Jurkat cells without etoposide treatment of with etoposide treatment for 12 

or 24 h showed a slight peak between 79 ºC and 84ºC for all samples (data not shown). 

Therefore, the Tm of the amplified product for each sample was between 79 ºC and 84ºC. 

The amplified product nucleotide sequence was placed in the OligoCalc, and a predicted 

Tm of 83ºC was obtained for the product amplified by the Bcl-xL primers. The Tm 

obtained by placing the nucleotide sequence of the product in OligoCalc is commonly 

slightly different than the Tm obtained by real-time RT-PCR melt curve analysis. All of 

the Tm values observed on the melt curve analysis graph that varied from the correct Tm 

for the amplicon did not have any observable peaks. Therefore, this amplification of 

unknown DNA sequences is insignificant in the determination of the Tm of the amplicons 

obtained for Bcl-xL. The observable peaks at the appropriate Tm values for the Bcl-xL 

product allow the determination that the product which was amplified to produce 

significant fluorescence on the Real Time RT-PCR fluorescence analysis graph was that 

of the desired amplicon. Furthermore, the peaks observed between 79 ºC and 84ºC on the 
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melt curve analysis graph allow the confirmation that the correct product was amplified 

with a Tm of approximately 83 ºC.  

The next pro-apoptotic Bcl-2 family member that was analyzed was Bid.  A real-

time RT-PCR fluorescence curve analysis graph, melt curve analysis graph, and average 

cycle threshold values (point at which RNA amplification began) for both groups of cells 

at all control and treatment time points were successfully obtained. 

      Etoposide         Average Cycle 
Cell Group  Treatment  (Hours)  Threshold (Ct) Values 
   

Jurkat no Tal-1      Control  0 h 18.01 
   
Jurkat + Tal-1      Control  0 h 16.26 
   
Jurkat no Tal-1     Treated 12 h 15.95 
   
Jurkat + Tal-1     Treated 12 h 20.91 
   
Jurkat no Tal-1     Treated 24 h 17.63 
   
Jurkat + Tal-1     Treated 24 h 16.62 

 

Table 6. Real-time RT-PCR analysis average Ct value for Bid amplification for both cell 

groups (Jurkat + P and Jurkat +Tal-1) with and without etoposide treatment for 12 h and 

24 h, respectively. The amount of each sample needed to have 1 µl of RNA (calculated in 

Table 1) was used in combination with the Bid primers to complete Real Time RT-PCR 

analysis of Bid RNA expression.  

 

 The amounts of Bid RNA present in the Jurkat no Tal-1 control samples and 

Jurkat + Tal-1 control samples differ slightly (Table 6). The average Ct values for the 

Jurkat + Tal-1 control group of cells is 1.745 cycles lower than that of the Jurkat no Tal-1 

group of cells. Thus, the Jurkat + Tal-1 control group of cells has a correspondingly 

slightly larger amount of Bid RNA present. However, the Ct values for both groups of 

cells after etoposide treatment for 12 h differ considerably. The Ct value for the Jurkat no 

Tal-1 group of cells is 4.96 cycles lower than that of the Jurkat + Tal-1 group of cells. 
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Thus, the amounts of Bid RNA present in the Jurkat no Tal-1 population of cells after 

treatment with etoposide for 12 h is substantially higher than that of the Jurkat + Tal-1 

population of cells after treatment with etoposide for 12 h. This is a marked difference 

since the amount of Bid RNA present in the Jurkat + Tal-1 group of cells is higher under 

control conditions. The amount of Bid RNA present in the Jurkat + Tal-1 decreased 

substantially when the cells were treated with etoposide for 12 h. The average Ct values 

for the Jurkat no Tal-1 group of cells decreased by 2.055 cycles when treated with 

etoposide for 12 h (Table 6).  Thus, the amounts of Bid RNA present in the Jurkat no Tal-

1 group of cells increased slightly.   

 The average Ct values for both groups of cells after treatment with etoposide for 

24 h are very similar, differing by only 1.01 cycles. This small variation shows that the 

amount of Bid RNA present in both groups of cells is essentially the same after etoposide 

treatment for 24 h. However, the average Ct values for the Jurkat + Tal-1 group of cells 

after treatment with etoposide for 12 h and 24 h are considerably different. The average 

cycle threshold value for the Jurkat + Tal-1 group of cells is 4.29 cycles lower after 

treatment with etoposide for 24 h (Table 6). Thus, the amount of Bid RNA present in the 

Jurkat + Tal-1 group of cells is correspondingly higher after treatment with etoposide for 

24 h. The amount of Bid RNA present in this group of cells after treatment with etoposide 

for 24 h is almost identical to the amount of Bid RNA present in this group of cells under 

control conditions. The average Ct value for the Jurkat no Tal-1 group of cells after 

treatment with etoposide for 12 h and 24 h differ slightly. The average Ct value for the 

Jurkat no Tal-1 group of cells when treated with etoposide for 24 h is 1.68 cycles lower 

than after treatment with etoposide for 12 h. Thus, the amount of Bid RNA present in the 
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Jurkat no Tal-1 group of cells is lower after treatment with etoposide for 24 h. Once again 

the amount of Bid RNA present in this group of cells after treatment with etoposide for 

24 h is almost identical to the amount of Bid RNA present in this group of cells under 

control conditions. This allows the determination that the levels of Bid RNA present in 

the Jurkat no Tal-1 group of cells is increased due to the presence of etoposide for 12 h 

and after treatment with etoposide for 24 h the amount of Bid RNA present decreases to 

the level of Bid RNA observed under normal culture conditions. 

 

Figure 12. Real-time RT-PCR fluorescence curve analysis graph of Bid RNA expression 

in both populations of Jurkat cells (Jurkat no Tal-1 and Jurkat +Tal-1) with and without 

etoposide treatment for 12 h and 24 h, respectively. The sample sites are as follows: sites 

A1 and A2 contain the Jurkat no Tal-1 Control, sites A3 and A4 contain the Jurkat + Tal-

1 Control, sites A5 and A6 contains the Jurkat no Tal-1 etoposide treatment 12 h, sites A7 

and A8 contain the Jurkat + Tal-1 etoposide treatment 12 h, sites A9 and A10 contain the 

Jurkat no Tal-1 etoposide treatment for 24 h, sites A11 and A12 contains the Jurkat + 

Tal-1 etoposide treatment for 24 h, and site contains the A13 negative control.  

 

 The real-time RT-PCR fluorescence analysis graph depicts the difference in 

fluorescence between both groups of Jurkat cells at all control and treatment time points 

(Figure 12). There was no observable fluorescence for the negative control (site A13) and 

the no reverse transcriptase (no RT) controls for both populations of cells without 

etoposide treatment and with etoposide treatment for 12 h and 24 h (data not shown). The 
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real-time RT-PCR fluorescence analysis graph numerical data spreadsheets for Bid 

expression from two runs were compiled to better illustrate the difference in fluorescence 

for both populations of cells at all control and treatment time points. These data were 

used to develop a line graph of the two populations of cells for Bid RNA amplification at 

each control and treatment time point (Figure 13, 14 and 15).  
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Figure 13. Real-time RT-PCR fluorescence curve graph numerical spreadsheet data 

analysis of Bid expression in both populations of Jurkat cells. The amount of fluorescence 

observed for the population of Jurkat without Tal-1 expression (Jurkat no Tal-1) and the 

population of Jurkat cells with Tal-1 expression (Jurkat +Tal-1)) was very similar.   

 

 The amount of fluorescence observed for both groups of Jurkat cells sample one 

was approximately 100 relative fluorescence units. Thus, the amount of Bid RNA 

amplification was correspondingly similar for sample one of both populations of Jurkat 

cells. The amount of total fluorescence observed for the Jurkat no Tal-1 group of cells 

differed considerably between the two samples at cycle 40. The amount of total 

fluorescence observed for the Jurkat no Tal-1 no etoposide treatment sample one was 
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approximately 103 and the Jurkat no Tal-1 no etoposide treatment sample two was 45. 

The amount of total fluorescence observed for the two Jurkat no Tal-1 no etoposide 

treatment samples differed by 58 relative fluorescence units (RFU). The amount of 

overall fluorescence observed for the Jurkat + Tal-1 samples also differed considerably. 

The amount of total fluorescence observed for the Jurkat + Tal-1 no etoposide treatment 

sample one was approximately 108 and the Jurkat + Tal-1 no etoposide treatment sample 

two was only eight fluorescence units. The amount of total fluorescence observed for the 

two Jurkat + Tal-1 samples differed by 100 units. However, the amount of fluorescence 

observed for the Jurkat no Tal-1 no etoposide treatment sample one and the Jurkat + Tal-

1 no etoposide treatment sample one was quite similar, only differing by five 

fluorescence units. Thus, the amount of Bid amplification in the two previously 

mentioned samples was very similar. The Jurkat no Tal-1 no etoposide treatment sample 

one and the Jurkat + Tal-1 no etoposide treatment sample one had a similar amount of 

Bid RNA present and the reactions were likely optimized. The amount of Bid 

amplification observed in these two samples correlates with the average Ct values 

obtained for both populations of Jurkat cells without etoposide treatment (Table 6).  

 The total fluorescence observed for Jurkat no Tal-1 no etoposide treatment sample 

two was 37.39 fluorescence units higher than that of the Jurkat + Tal-1 no etoposide 

treatment sample two. The amount of overall fluorescence observed for these two 

samples differed by 37 fluorescence units. However, they differed considerably in overall 

fluorescence observed, but the amount of total fluorescence observed for both samples at 

cycle 15 only differed by 0.5. The amount of fluorescence observed at cycle 15 for the 

Jurkat no Tal-1 no etoposide treatment sample two was approximately 1.5 and the Jurkat 
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+ Tal-1 no etoposide treatment sample two was approximately two fluorescence units. 

Thus, the similarity between the two samples in the amount of fluorescence observed at 

cycle 15 shows that both samples had a similar amount of Bid RNA present. The 

difference in total fluorescence observed for the Jurkat no Tal-1 no etoposide treatment 

sample two and the Jurkat + Tal-1 no etoposide treatment sample two is likely due to a 

difference in reaction setup/sample-to-sample pipetting variations, and/or different RT-

PCR reaction efficiencies owing to carryover antagonists such as RNases in the RNA 

extracts. Therefore, the amount of Bid RNA present within the two samples did not differ 

considerably -only the amount of Bid RNA amplification differed between the two 

samples.  

The data obtained from fluorescence curve graph spreadsheets from two 

independent RT-PCR runs completed with the use of the Bid primers were compiled to 

successfully obtain a line graph of the fluorescence observed for both populations of 

Jurkat cells after etoposide treatment for 12 h (Figure 14). The fluorescence observed for 

each population of Jurkat cells is the amplification of the Bid RNA amplicon. 
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Figure 14. Real-time RT-PCR fluorescence curve graph numerical spreadsheet data 

analysis of Bid expression in both populations of Jurkat cells after treatment with 

etoposide for 12 h.  

 

 The RT-PCR fluorescence curve analysis graph data spreadsheet of two separate 

Real Time RT-PCR runs were compiled to obtain this line graph of the fluorescence 

observed from Bid product amplification. The amount of fluorescence observed for each 

of the two groups of Jurkat cells after treatment with etoposide for 12 h differs 

substantially. The amount of overall fluorescence observed for the two Jurkat no Tal-1 

etoposide treatment for 12 h samples is very similar. The amount of total fluorescence 

observed for the Jurkat no Tal-1 etoposide treatment for 12 h sample one was 

approximately 7.2 and the Jurkat no Tal-1 etoposide treatment for 12 h sample 2 was 

approximately seven fluorescence units. The difference in the amount of fluorescence 

between the two Jurkat no Tal-1 etoposide treatment for 12 h samples was only 0.2. The 

amount of total fluorescence observed for each of the two Jurkat + Tal-1 etoposide 
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treatment for 12 h samples is slightly different. The amount of total fluorescence 

observed for the Jurkat + Tal-1 etoposide treatment for 12 h sample one was 

approximately five and the Jurkat + Tal-1 etoposide treatment for 12 h sample two was 

approximately 2.5 relative fluorescence units. The difference in total fluorescence 

between the two Jurkat + Tal-1 etoposide treatment for 12 h samples was approximately 

2.5 fluorescence units. Thus, the amount of overall fluorescence observed for the Jurkat + 

Tal-1 etoposide treatment for 12 h sample one is double the amount of overall 

fluorescence observed for the Jurkat + Tal-1 etoposide treatment for 12 h sample two.  

 The amount of overall fluorescence observed for both Jurkat no Tal-1 etoposide 

treatment for 12 h samples is 2.11 to 4.58 fluorescence units greater than that of the two 

Jurkat + Tal-1 etoposide treatment for 12 h samples. The difference in the overall amount 

of fluorescence observed for both Jurkat no Tal-1 etoposide treatment for 12 h samples 

and the Jurkat + Tal-1 etoposide treatment for 12 h sample one was approximately two 

fluorescence units. However, the difference in overall fluorescence observed observed for 

both Jurkat no Tal-1 etoposide treatment for 12 h samples and the Jurkat + Tal-1 

etoposide treatment for 12 h sample two was approximately 4.5. The amount of overall 

fluorescence observed for both Jurkat no Tal-1 etoposide treatment for 12 h samples is 

from 2.11 to 4.58 fluorescence units higher than that of the two Jurkat + Tal-1 etoposide 

treatment for 12 h samples. Thus, the amount of Bid RNA amplification observed in the 

two Jurkat no Tal-1 etoposide treatment for 12 h samples is considerably larger, 

producing more of the Bid amplicon. The amount of Bid RNA present in the two Jurkat + 

Tal-1 etoposide treatment for 12 h samples was substantially lower than that of the two 

Jurkat no Tal-1 etoposide treatment for 12 h samples. These data correlate with the 
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average Ct values obtained for both populations of Jurkat cells after treatment with 

etoposide for 12 h. The average Ct value for the Jurkat no Tal-1 etoposide treatment for 

12 h samples and the Jurkat + Tal-1 etoposide treatment for 12 h samples shows that 

there is a 32% to 66% higher amount of Bid RNA present within the Jurkat no Tal-1 

etoposide treatment for 12 h samples. Thus, the amount of Bid fluorescence observed on 

the line graph is an accurate illustration of the amount of Bid RNA amplification within 

both groups of cells after etoposide treatment for 12 h. 

 The data obtained from fluorescence curve graph spreadsheets from two 

independent RT-PCR runs completed with the use of the Bid primers were compiled to 

successfully obtain a line graph of the fluorescence observed for both populations of 

Jurkat cells after etoposide treatment for 24 h (Figure 14). The fluorescence observed for 

each population of Jurkat cells is the amplification of the Bid RNA amplicon. 

 

 



 66 

Bid  Expression after 24 hr Etoposide Treatment

0

0.5

1

1.5

2

2.5

3

3.5

1 4 7 10 13 16 19 22 25 28 31 34 37 40

# Cycles

F
lu

o
re

s
c

e
n

c
e

Jurkat No

Tal-1

Sample 1

Jurkat No

Tal-1

Sample 2

Jurkat +

Tal-1

Sample 1

Jurkat +

Tal-1

Sample 2

 

Figure 15. Real-time RT-PCR fluorescence curve graph spreadsheet data analysis of Bid 

expression in both populations of Jurkat cells after treatment with etoposide for 24 h. The 

amount of overall fluorescence observed for both populations of Jurkat cells after 

treatment with etoposide for 12 h is very similar.  

 

 The real-time RT-PCR fluorescence curve analysis graph data spreadsheet of two 

separate runs were compiled to obtain this line graph of the fluorescence observed from 

amplification of the Bid amplicon. The amount of total fluorescence observed for both 

groups of Jurkat cells after treatment with etoposide for 24 h only differs slightly. The 

amount of overall fluorescence observed for both Jurkat + Tal-1 etoposide treatment for 

24 h samples is slightly higher than the amount of total fluorescence observed for both 

Jurkat no Tal-1 etoposide treatment for 24 h samples. The amount of fluorescence 

observed thoughout the different cycles for both populations of Jurkat cells after 

etoposide treatment for 24 h is similar after 40 cycles. However, the amount of 

fluorescence observed for the Jurkat no Tal-1 etoposide treatment for 24 h samples is 

from 37% to 50% higher than that of the Jurkat + Tal-1 etoposide treatment for 24 h 
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samples at some cycles of the Real Time RT-PCR run. Thus, the amount of overall 

fluorescence observed is 25% higher in the Jurkat + Tal-1 etoposide treatment for 24 h 

samples, yet the amount of fluorescence observed at several cycles is higher in the Jurkat 

no Tal-1 etoposide treatment for 24 h samples. The overall fluorescence observed for 

both samples from both populations of Jurkat cells was below 3.5 RFU. Thus, there was a 

low amount of fluorescence observed for each sample. The low RFU values obtained for 

each sample from both populations of Jurkat cells demonstrates a low level of Bid RNA 

expression. However, this shows that both populations of Jurkat cells after etoposide 

treatment for 24 h have a similar amount of Bid RNA present even though there were 

observable differences in the amount of relative fluorescence units at select cycles.  

The amount of fluorescence observed at each cycle of the RT-PCR run correlates 

with the average Ct values obtained for the two populations of Jurkat cells after treatment 

with etoposide for 24 h (Table 6). The amount of total fluorescence observed for the two 

populations of Jurkat cells shows that the Jurkat + Tal-1 etoposide treatment for 24 h 

samples have a slightly larger amount of Bid RNA since the total fluorescence observed 

for each sample was lower than 3.5 RFU. The average Ct value for the Jurkat + Tal-1 

group of cells after etoposide treatment for 24 h depicts a 20% to 29% higher amount of 

RNA present to amplify correlating with the 25% higher fluorescence observed in the 

Jurkat + Tal-1 population of cells. Thus, the amount of Bid RNA amplification was 

slightly higher in the Jurkat + Tal-1 etoposide treatment for 24 h samples. The amount of 

Bid RNA present in the Jurkat no Tal-1 group of cells after etoposide treatment for 24 h 

is similar to that of the Jurkat + Tal-1 group of cells after etoposide treatment for 24 h; 
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however, the total amplification of Bid amplicon was slightly lower in the Jurkat no Tal-1 

group of cells after etoposide treatment for 24 h.  

 The amount of fluorescence observed for each population of Jurkat cells after 

treatment with etoposide for 24 h samples is similar. The amount of total fluorescence 

observed for the Jurkat + Tal-1 etoposide treatment for 24 h sample one was 

approximately 3.3 fluorescence units and the Jurkat + Tal-1 etoposide treatment for 24 h 

sample was approximately 3.2 units. The amount of total fluorescence observed for the 

Jurkat + Tal-1 etoposide treatment for 24 h samples only differed by 0.1 unit on average. 

The amount of total fluorescence observed for the Jurkat no Tal-1 etoposide treatment for 

24 h sample one was approximately 2.7 fluorescence units and the Jurkat no Tal-1 

etoposide treatment for 24 h sample two was approximately 2.4 units. The amount of 

overall fluorescence observed for the Jurkat no Tal-1 etoposide treatment for 24 h 

samples only differed by 0.3 units. Thus, the amount of fluorescence observed for each 

population of cells after treatment with etoposide for 24 h differs only minimally between 

samples.  

 The real-time RT-PCR melt curve analysis graph of the Bid amplicon for both 

populations of Jurkat cells with and without etoposide treatment for 12 or 24 h showed a 

slight peak between 74 ºC and 80ºC for all samples (data not shown). Thus, the Tm of the 

amplicon for each sample was between 74 ºC and 80ºC. Once again, the amplified 

product nucleotide sequence was placed in the OligoCalc, and a predicted Tm of 77ºC 

was obtained for the product amplified by the Bid primers. The Tm obtained by placing 

the nucleotide sequence of the product in OligoCalc is commonly slightly different than 

the Tm obtained by Real Time RT-PCR melt curve analysis. The difference between the 
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Tm obtained by Real Time RT-PCR melt curve analysis and the Tm obtained by placing 

the nucleotide sequence of the product in OligoCalc is due to the reaction conditions for 

the Real Time RT-PCR analysis. OligoCalc derives a Tm value for standard real-time 

PCR conditions only. Tm values observed on the RT-PCR melt curve analysis graph 

varied from that of the correct Tm for the Bid product. All of the Tm values observed on 

the melt curve analysis graph that varied from the correct Tm for the amplicon did not 

have any observable peaks. Thus, the Tm values observed on the melt curve analysis 

graph that vary from the location of the peaks on the graph are likely due to amplification 

of products other than the desired amplicon. Therefore, the amplification of the unknown 

DNA sequences is not significant in determining the Tm of the amplicons obtained by 

real-time RT-PCR for Bid. The observable peaks at the appropriate Tm values for the Bid 

amplicon that the product amplified was that of the desired amplicon. The peaks observed 

between 74 ºC and 80ºC on the melt curve analysis graph allow the confirmation that the 

correct product was amplified with a Tm of approximately 77 ºC.  

 After the completion of all the real-time RT-PCR runs, I completed a Western 

blot to assess the level of Bcl-2 protein expression within both populations of Jurkat cells 

with and without etoposide treatment for 12 and 24 h.  
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Figure 16: Western blot analysis of Actin and Bcl-2 protein expression levels in both 

populations of Jurkat cells with and without etoposide treatment for 12 and 24 h, 

respectively. Lanes 1-3 consist of whole cell lysate from the Jurkat no Tal-1 population 

of cells, and lanes 4-6 consist of whole cell lysate from the Jurkat + Tal-1 population of 

cells. The treatments are as follows: lane 1 and 4 no etoposide treatment, lane 2 and 5 12 

h etoposide treatment, and lane 3 and 6 24 h etoposide treatment. The membrane was 

antibody stained with both actin and Bcl-2.  

 

The Western blot analysis was completed and stained with both Actin and Bcl-2 

antibodies to assure the same amount of each sample was added for both populations of 

Jurkat cells with and without etoposide treatment for 12 and 24 h. A distinct band is 

observable at between 38 kDa and 49 kDa within each sample lane, corresponding with 

the molecular weight of actin (42 kDa). The bands observed for actin expression are 

nearly equal for both populations with and without etoposide treatment for 12 and 24 h. 

This demonstrates the accuracy of the concentration of sample added and the success of 

the primary and secondary antibody stain.  

The Bcl-2 protein has a molecular weight between 24 and 26 kDa. Therefore, a 

band should be observable between the molecular weight marker lanes 17 and 28 kDa. 
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However, there is no observable band in the 24 to 26 kDa range. Thus, the level of Bcl-2 

expression was not large enough to be detected by Western blot analysis. The replicate 

Western blot analysis to confirm the lack of Bcl-2 expression which was large enough to 

be detected by Western blot analysis also had no visible band at approximately 24 to 26 

kDa. Thus, the second Western blot analysis of Bcl-2 protein expression confirmed the 

lack of sufficient Bcl-2 protein expression to be detected by this method. The real-time 

RT-PCR analysis of Bcl-2 RNA expression also confirmed that there was a low level of 

Bcl-2 RNA expression (Figure 5, 6, and 7). Thus, the low level of Bcl-2 RNA expression 

present within the two populations of Jurkat cells demonstrates that the level of Bcl-2 

protein expression was at a level undetectable by Western blot analysis.  

The Western blot analysis of Bcl-xL and Bid also had no visible lines between the 

molecular weight marker lines at 17 and 29 kDa (data not shown). The Western blots 

completed for both Bcl-xL and Bid were also antibody stained with actin to assure the 

appropriate amount of each sample was added and the Western was successfully ran. 

There was a distinct band visible for actin between the molecular weight marker lines at 

38 and 49 kDa on all Western blots completed (data not shown). Replicate Western blots 

were completed for both Bcl-xL and Bid which confirmed the lack of sufficient Bcl-xL and 

Bid protein expression to detect by Western blot analysis (data not shown). This 

correlates with the low level of fluorescence observed on the real-time RT-PCR 

fluorescence curve graphs of Bcl-xL and Bid RNA expression for both populations of 

Jurkat cells with and without etoposide treatment for 12 or 24 h (data not shown).  

 After the completion of all the Western blots, I completed a cell viability 

assessment on the two populations of Jurkat cells with and without etoposide treatment 



 72 

for 12 or 24 h. The amount of cell death observed for both groups of Jurkat cells after 

treatment with etoposide for 12 or 24 h was compared to that of the control samples (no 

etoposide treatment). These data were utilized to complete a bar graph with standard 

deviation bars of the percent apoptosis for both populations of Jurkat cells after 12 h and 

24 h of etoposide treatment (Figure 16).  

 

Figure 17. Percent of cell death induced by etoposide treatment for 12 h and 24 h for 

both populations of Jurkat cells to determine cell viability. Hemocytometer counts were 

completed for both populations of Jurkat cells for the control (no etoposide treatment) 

and after etoposide treatment for 12 h and 24 h. The number of cells present after 

etoposide treatment for 12 h was compared to the amount of cells present in the control 

flasks after a 12 h incubation to obtain a percentage of cell death that was induced at this 

time point for both populations of Jurkat cells determining the cell viability. The number 

of cells present after etoposide treatment for 24 h was compared to the amount of cells 

present in the control flasks after a 24 h incubation to attain a percentage of cell death 

that was induced by etoposide treatment at this time point for both populations of Jurkat 

cells. The standard deviation bars were derived from the lowest percentage of cell death 

and the highest percentage of cell death that was observed for each group of Jurkat cells 

after treatment with etoposide for both 12 h and 24 h.  

 

The standard deviation bars for the percentage of cellular death for the two 

populations of cells at 12 h and 24 h do not contain any percent cell death values for both 
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populations that is close enough to cause them to overlap. Thus, the difference in the 

percentage of cell death that is observed for Jurkat no Tal-1 group of cells after etoposide 

treatment for 12 h was 15.94% higher than the Jurkat + Tal-1 population of cells and 24 h 

was 20.34% higher than that of the Jurkat + Tal-1 population of cells. The average 

percentage of cell death after treatment with etoposide for 12 h for the Jurkat + Tal-1 

population of cells was only 11.70%. Whereas, the average percentage of cell death after 

treatment with etoposide for 12 h for the Jurkat no Tal-1 population of cells was 27.64%. 

The highest percentage of cell death after treatment with etoposide for 12 h for the Jurkat 

+ Tal-1 population of cells was 15.55% and the lowest was 4.59%. The lowest percent 

age of cell death after treatment with etoposide for 12 h for the Jurkat no Tal-1 population 

of cells was 23.68% and the highest was 30.06%. The difference in the highest percent 

age of cell death for the Jurkat + Tal-1 population of cells after treatment with etoposide 

for 12 h and the lowest percentage of cell death for the Jurkat no Tal-1 population of cells 

after treatment with etoposide for 12 h was 8.13%. Thus, there was a substantial 

difference in the percentage of cell death between the two populations of Jurkat cells after 

treatment with etoposide for 12 h.  

The highest percent age of cell death after treatment with etoposide for 24 h for 

the Jurkat + Tal-1 population of cells was 49.44% and the lowest was 42.52%. The 

lowest percent age of cell death after treatment with etoposide for 24 h for the Jurkat no 

Tal-1 population of cells was 61.82% and the highest was 70.00%. The difference in the 

highest percent age of cell death for the Jurkat + Tal-1 population of cells after treatment 

with etoposide for 24 h and the lowest amount of cell death for the Jurkat no Tal-1 

population of cells after treatment with etoposide for 24 h was 20.56%. The difference in 
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percent age of cell death for both populations of Jurkat cells after treatment with 

etoposide for 24 h was even larger than the difference observed after treatment with 

etoposide for 12 h. Thus, there was a statistically significant, 20.34%, difference in 

percent age of cell death between the two populations of Jurkat cells after treatment with 

etoposide for 24 h.  

The ANOVA statistical analysis program was utilized to determine if there was a 

statistically significant difference in percent cell death between the two populations after 

12 and 24 h etoposide treatments. The cut off point for the p value to demonstrate 

statistical significance was p ≤ 0.05. The ANOVA statistical analysis generated a p value 

of 0.001519 for the 12 h etoposide treatment percentage cell death data, and a p value of 

0.00022 for the 24 h etoposide treatment percentage cell death data. Thus, there was a 

significant increase in cell death observed for the Jurkat no Tal-1 population of cells after 

both 12 and 24 h etoposide treatments. 

 Flow cytometry analysis of apoptosis was completed for both populations of 

Jurkat cells with and without etoposide treatment. However, there were several problems 

that arose within the flow cytometry data which could not be explained. The initial 

problem that arose was the positive control for apoptosis (ethanol treated) treated with 

both FITC and PI for both populations of Jurkat cells clustered in quadrant three of the 

dot plot graph (data not shown). The positive control for apoptosis should have clustered 

in quadrant two demonstrating a high level of apoptosis. Thus, the positive control looked 

like the negative control when the flow cytometry analysis of apoptosis was completed. 

The negative control (no etoposide treatment) stained with both FITC and PI for both 

populations of Jurkat cells clustered in quadrant two of the dot plot. The negative control 
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should have shown a cluster in quadrant three of the dot plot (data not shown). Therefore, 

the negative control looked like the positive control when the flow cytometry analysis of 

apoptosis was completed. To confirm that the data obtained was not due to incorrect 

labeling of the flow cytometry tubes the FITC and PI stain was completed a second time 

for the positive and negative control for both populations of Jurkat cells. The flow 

cytometry analysis of the second set of controls displayed the same results (data not 

shown).  

 The remainder of the samples were analyzed by flow cytometry even though the 

control samples were reversed. A gate was created for the Jurkat + Tal-1 population of 

cells. The gate surrounded the population of cells in the center of the screen as to assure 

the main population of cells was analyzed (data not shown). The two populations of cells 

are both from the Jurkat cell line. Therefore the size and granularity should be quite 

similar, only varying slightly. The size and granularity of the cells determine their 

location on the flow cytometry analysis screen. Thus, the gate used for the Jurkat + Tal-1 

population of cells should surround the majority of the cells from the Jurkat no Tal-1 

population of cells. The Jurkat no Tal-1 population of cells clustered to the left side of the 

analysis screen instead of the center of the screen like the Jurkat + Tal-1 population of 

cells (data not shown). Thus, the same gate could not be used for both populations of 

Jurkat cells to assess the amount of apoptosis. The different locations of both populations 

of Jurkat cells on the flow cytometry analysis screen and the altered control results 

inhibited accurate flow cytometry analysis of apoptosis levels. 

 



 

 

 

DISCUSSION  

 

 

 

 Normal adult T-cells lack the expression of the Tal-1 gene. While Jurkat cells, a 

line derived from acute lymphoblastic leukemia (ALL), endogenously expresses Tal-1 

(17, 21). Expression of Tal-1 was confirmed in the two populations of Jurkat cells for this 

study. Tal-1 is endogenously expressed in an ATCC population of Jurkat cells, while the 

population of Jurkat cells maintained in-house showed no Tal-1 expression. The lack of 

Tal-1 expression in the latter population of Jurkat cells is likely due to mutations obtained 

by excessive treatment with antibiotics and antimycotics. It is also possible that the 

mutation that caused this population of Jurkat cells to lack Tal-1 expression was due to 

natural mutations occurring over a period of time within cell culture. It is currently 

unknown what other mutations are present in the population of Jurkat cells that lack Tal-1 

expression.    

The initial real-time RT-PCR experiment conducted as a control (GAPDH) to 

confirm that proper concentrations of RNA were utilized in each experiment was 

successful. The GAPDH gene is a housekeeping gene expressed constitutively within all 

cells (70). Thus, the amount of GAPDH RNA present in both populations of Jurkat cells 

with and without etoposide treatment for 12 or 24 h should have been at a constant level 
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within all samples. The cycle threshold values and average cycle threshold values 

obtained by real-time RT-PCR with the use of GAPDH primers were very similar for 

both populations of Jurkat cells with and without etoposide treatment for 12 or 24 h, 

respectively. All average Ct values obtained for both populations of Jurkat cells were 

approximately 13. The average Ct values obtained for GAPDH expression confirmed 

identical amounts of RNA were utilized for both populations of Jurkat cells.  

 The presence or absence of Tal-1 expression in the two populations of Jurkat cells 

was crucial to the remainder of the experiments conducted. Tal-1 is endogenously 

expressed in the Jurkat cell line (9). Therefore, two independent populations of Jurkat 

cells had to be established to identify the affects of Tal-1 expression in the Jurkat cell 

line. The real-time RT-PCR analysis to detect Tal-1 expression in both of the Jurkat cell 

populations with the use of the Tal-1 primers was successful. The fluorescence curve 

analysis did not show any fluorescence for the Jurkat no Tal-1 population, yet 

fluorescence was observed for the Jurkat + Tal-1 population. The lack of fluorescence 

indicates that there was no Tal-1 RNA present in either of the two samples to amplify. 

There was considerable amplification of the Tal-1 RNA present for the two Jurkat + Tal-

1 samples. The presence of Tal-1 fluorescence allowed the confirmation that the ATCC 

population of Jurkat cells endogenously expresses Tal-1 while the Ball State population 

of Jurkat cells lacks endogenous Tal-1 expression.  

 Cells which have ectopic expression of Tal-1 have been shown to have multidrug 

resistance to chemotherapeutic agents such as etoposide, daunorubicin, doxorubicin, 

cytosine arabinoside, methotrexate, and vicristine, allowing the cells to continue growing 

even when treated with chemotherapeutic agents (9, 82). Furthermore, the ectopic 
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expression of Tal-1 in combination with the overexpression of Lmo-1 and Lmo-2 

enhances the number of T-cell malignancies present in transgenic mice (82). Individuals 

that have T-ALL with ectopic expression of Tal-1 are thought to upregulate some anti-

apoptotic genes such as BCL2A1, causing the cells to become resistant to chemotherapy 

(68, 83). One of the key groups of proteins involved in apoptosis is the Bcl-2 family of 

proteins. The anti-apoptotic Bcl-2 members have the ability to inhibit apoptosis by 

binding to and inhibiting the pro-apoptotic Bcl-2 family members (36). Therefore, an 

upregulation of the level of expression for the anti-apoptotic Bcl-2 family members was 

anticipated in the Jurkat cells expressing Tal-1. However, the results displayed a minimal 

difference in Bcl-2 RNA expression between the two populations of Jurkat cells with and 

without etoposide treatment for 12 and 24 h. Secondly, there was not sufficient Bcl-2 

protein present within either population of Jurkat cells with and without etoposide 

treatment for 12 and 24 h to detect by Western blot analysis. Thus, the endogenous 

expression of Tal-1 in Jurkat cells slightly alters the level of Bcl-2 RNA present within 

the cell. However, the difference in the level of Bcl-2 protein expression between the two 

populations of Jurkat cells was minute enough to prohibit detection by Western blot 

analysis.  

 Mouse tumors ectopically expressing Tal-1 were found to grow at a faster rate 

than tumors that did not express Tal-1, and in mice tumors ectopically expressing Tal-1 

the anti-apoptotic Bcl-2 protein was found to be overexpressed (67). However, the Jurkat 

cell line is a human T-cell line and does not form tumors. Therefore, the two populations 

of Jurkat cells under normal cell culture conditions should show similar levels of Bcl-2 
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expression because the Bcl-2 family members remain at a steady level in an inactive state 

under normal culture conditions (44).  

 Ectopic expression of Tal-1 in T-cells enhances leukogenesis and inhibits 

apoptosis (65). The ability of Tal-1 to assist in the inhibition of apoptosis in T-ALL 

would suggest that it alters the level of anti-apoptotic and pro-apoptotic proteins within 

the cell. Since the Bcl-2 gene encodes an anti-apoptotic protein (36), a difference in the 

level of Bcl-2 RNA present between the two populations of Jurkat cells when treated with 

etoposide would be anticipated. The anticipated difference in Bcl-2 RNA expression is 

due to the difference in endogenous expression of Tal-1, other transcription factors 

activated by Tal-1, or an overall anti-apoptotic signal sent within the cell induced by 

additional factors. The average Ct value for the Jurkat no Tal-1 was nearly double the 

average Ct value of the Jurkat + Tal-1 population of cells after treatment with etoposide 

for 12 h. This difference suggests that when apoptosis is stimulated by etoposide, Tal-1 

either directly or indirectly increases the level of Bcl-2 RNA present within the cell, 

assisting with the induction of apoptosis. It is the ratio of anti-apoptotic Bcl-2 family of 

proteins and pro-apoptotic Bcl-2 family of proteins that determines if a pro-apoptotic 

signal or an anti-apoptotic signal is sent within the cell (22). Therefore, the endogenous 

expression of Tal-1 in Jurkat cells increases the level of Bcl-2 RNA expression within the 

cells after etoposide treatment for 12 h, altering the ratio of anti-apototic Bcl-2 family 

members and pro-apoptotic Bcl-2 family members. However, the difference in Bcl-2 

expression between the two populations of Jurkat cells after 12 h etoposide treatment was 

not sufficient to detect by Western blot analysis.  
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Even though one group of Jurkat cells has Tal-1 expression and the other lacks 

Tal-1 expression the average cycle threshold values obtained for both populations of 

Jurkat cells after treatment with etoposide for 24 h were quite similar. Thus, the two 

populations of Jurkat cells did not possess an altered amount of the anti-apoptotic Bcl-2 

RNA. This observation suggests that the anti-apoptotic effects of Tal-1 expression are not 

sufficient to inhibit apoptosis by increasing the amount of Bcl-2 expression within the 

cells after treatment with etoposide for 24 h. The overall effect of Tal-1 endogenous 

expression on cell resistance to etoposide treatment was limited to 12 h of treatment. 

However, etoposide treatment for 24 h decreased the amount of Bcl-2 RNA present in 

both populations of Jurkat cells. Therefore, etoposide treatment over a sustained period of 

time causes Jurkat cells to decrease the amount of Bcl-2 RNA present within the cells. 

However, the difference in Bcl-2 protein expression was not sufficient to detect by 

Western blot analysis. This suggests that endogenous Tal-1 expression in Jurkat cells 

does not elicit a large enough effect on the cells to sustain an increased level of Bcl-2 

when treated with etoposide for 24 h.  

 The decrease in Bcl-2 RNA expression correlates with the lack of 

detectable protein expression; therefore, the significantly low level of Bcl-2 protein likely 

decreased the amount of Bcl-2 protein present in the outer mitochondrial membrane 

(OMM). ). The anti-apoptotic Bcl-2 protein inhibits the activity of the pro-apoptotic 

proteins Bax and Bak (39, 40); therefore, a lower amount of Bcl-2 protein present in the 

OMM lowers the amount of Bax and Bak proteins that the Bcl-2 protien can bind to and 

inhibit (82). The use of dexamethasone to treat twelve children with ALL decreased the 

amount of Bcl-2 present. The decrease in Bcl-2 resulted in differential activation of the 
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pro-apoptotic proteins Bax and Bak (83). Thus, the decrease in Bcl-2 expression within 

the cell likely allowed the cell to send a pro-apoptotic signal so that the cell could begin 

to undergo apoptosis. However, the amount of Bcl-2 expression within both populations 

of Jurkat cells was only one of the many Bcl-2 family members that are expressed within 

the cells.  

 The expression of the Tal-1 gene when working in synergy with additional 

oncogenes, such as Lmo-1 and Lmo-2, has been determined to silence genes needed for 

tumor suppression and apoptosis.  It has also been found under certain conditions Tal-1 

expression causes an increased level of Bcl-xL expression (66). Therefore, the Jurkat + 

Tal-1 population of cells should express a higher level of Bcl-xL RNA. However, the 

amount of Bcl-xL expression for the Jurkat + Tal-1 population of cells did not surpass the 

level of Bcl-xL expression in the Jurkat no Tal-1 population of cells after treatment with 

etoposide for 12 or 24 h. This is likely due the mechanism in which etoposide induces 

apoptosis. Etoposide induces apoptosis by inhibiting DNA topoisomerase II (53). Thus, 

this manner of inducing apoptosis is likely not providing the conditions needed for Tal-1 

to increase the level of Bcl-xL expression.  

 The level of fluorescence observed for both populations of Jurkat cells treated 

with etoposide for 24 h was approximately 200 relative fluorescence units lower than the 

amount of fluorescence observed for both populations of Jurkat cells without etoposide 

treatment. Thus, the level of Bcl-xL RNA was considerably lower in both populations of 

Jurkat cells after etoposide treatment for 24 h. Etoposide treatment in Jurkat cells results 

in a nearly complete reduction of Bcl-xL expression. Bcl-xL possesses NF- B-binding sites
 

in its promoter region. Therefore, it is thought that etoposide indirectly causes the 
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inactivation of NF- B, resulting in a reduced amount of Bcl-xL expression (84). Thus, the 

decrease in level of Bcl-xL expression that was observed in both populations of Jurkat 

cells with etoposide treatment for 12 and 24 h correlated with the previous research 

conducted by Nyåkern, M., et al. The average Ct values for the amount of anti-apoptotic 

Bcl-xL RNA for both populations of Jurkat cells also demonstrate that the level of Bcl-xL 

expression in the Jurkat cell line is not altered by Tal-1 expression. The ectopic 

expression of Tal-1 in mouse tumors did not alter the level of Bcl-xL expression 

appreciably (67), indicating the inability of Tal-1 to affect the expression of Bcl-xL either 

directly or indirectly. Thus, the alteration of Bcl-xL expression levels in the Jurkat cell line 

is caused by the inactivation of NF- B, which is not influenced by the expression or lack 

of expression of Tal-1 (84). Tal-1 interacts with other transcription factors in order to 

cause T-cell malignancies (39, 40). Therefore, it is likely that in the Jurkat cell line, Tal-1 

does not interact with the transcription factors responsible for the expression of Bcl-xL. 

Thus, further investigation into the effects of Tal-1 on the expression of Bcl-xL in the 

Jurkat cell line would be necessary. 

The last member of the Bcl-2 family members to be analyzed was the pro-

apoptotic Bid gene. The average Ct values and fluorescence curve graphs obtained by 

real-time RT-PCR analysis of Bid RNA showed a similar level of Bid expression for both 

populations of Jurkat cells under normal culture conditions. The pro-apoptotic Bcl-2 

family proteins remain in a dormant state under normal culture conditions and are 

activated when a pro-apoptotic signal is sent by post-translational modification or 

transcriptional activation (44). Therefore, a similar level of Bid expression was observed 
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in both populations of Jurkat cells under normal cell culture conditions because Bid 

transcription was not induced.   

The amount of Bid RNA present within a cell usually increases when the cell is 

stimulated with an apoptosis inducing reagent (44). There was a slight decrease in the 

amount of full length Bid present within Jurkat cells after treatment with etoposide, 

demonstrating the cleavage/activation of Bid (84). It is through the cleavage/ activation 

of Bid that it translocates to the mitochondria. Active Bid either directly or indirectly 

activates additional pro-apoptotic Bcl-2 family members Bax and Bak. Wild-type (wt) 

hematopoietic cells that have DNA damage have a high tendency of undergoing 

apoptosis. However, when wt hematopoietic lack Bid expression they accumulate 

mutations, resist apoptosis, and seem to have unchecked proliferation. Thus, it is thought 

that Bid plays a role in DNA repair, cell cycle check point response, and induction of 

apoptosis. The pro-apoptotic protein Bid plays a role in preserving genetic integrity and 

in the intra-S phase checkpoint downstream of DNA damage. The role of Bid in the intra-

S phase checkpoint is mediated by phosphorylation of Bid by the DNA-damage kinase 

ATM. It is through these roles that Bid assists in the induction of apoptosis when cells are 

treated with etoposide (85).  

The average Ct values and the amount of fluorescence observed on the 

fluorescence curve graph after treatment with etoposide for 12 h differed substantially for 

the two populations of Jurkat cells. The amount of Bid RNA present in the Jurkat no Tal-

1 group of cells was ~25% larger than that of the Jurkat + Tal-1 population of cells, 

although in both situations, overall expression was somewhat low. The sensitivity of the 

SYBR Green real-time RT-PCR allowed for these minor relative differences to be 
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visualized consistently. There is no literature that currently correlates the level of Bid 

expression to the presence or absence of Tal-1 expression. However, the data collected 

suggest that the expression of Tal-1 within the Jurkat + Tal-1 group of cells was the basis 

for differing amounts of Bid RNA present in both populations of Jurkat cells.  

The Tal-1 transcription factor can activate or repress transcription of other genes 

through Tal-1 nuclear complexes that possess transcriptional activators or repressors. Tal-

1 forms heterodimers with other transcription factors that can repress transcription of 

other genes (10). Thus, the data obtained suggests that the Tal-1 transcription factor could 

be either directly or indirectly suppressing the transcription of the pro-apoptotic Bid gene 

allowing the cells to maintain an anti-apoptotic signal. It is also possible that the ability of 

Tal-1 to suppress the transcription of other genes is likely enhanced when the cells are 

treated with a chemotherapeutic reagent, causing the cells to become resistant to multi-

drug treatment. 

The ectopic expression of Tal-1 in T-ALL induces upregulation of anti-apoptotic 

and the downregulation of several pro-apoptotic genes causing the cells to become 

resistant to chemotherapeutic agents. However, the effects of Tal-1 expression within a 

cell line can likely only inhibit apoptosis up to a specific point in which the affects of the 

chemotherapeutic reagent can no longer be inhibited by the Tal-1 transcription factor. 

Thus, the average Ct values and amount of fluorescence observed on the fluorescence 

curve graph for Bid expression obtained by real-time RT-PCR were similar for both 

populations of Jurkat cells after treatment with etoposide for 24 h. Etoposide is a DNA 

topoisomerase II inhibitor which induces apoptosis by inhibiting the ability of the cell to 

synthesize DNA (53). The DNA damage induced by etoposide within the two 
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populations of Jurkat cells after treatment with etoposide for 24 h caused the activation of 

several pro-apoptotic factors including Bax and Bak which induced cytochrome c release. 

The induction of cytochrome c release is followed by the activation of several caspases 

(86). Therefore, the level of Bid expression within both populations of Jurkat cells was 

likely altered by the factors involved in the etoposide induced cascade. 

Western blot analysis was completed for Bcl-2, Bcl-xL, and Bid. However, the 

level of protein present for all three Bcl-2 family members was relatively low. All of the 

Western blots were anti-body stained with a primary antibody for one of the three Bcl-2 

family members and actin. The Western blot analysis detected the presence of actin, yet 

lacked a band for the Bcl-2 family members. This demonstrates the low level of Bcl-2, 

Bcl-xL, and Bid expression present in both populations of Jurkat cells. However, the 

sensitivity of real-time RT-PCR allowed the detection of differences in the amount of 

RNA present for each of the three Bcl-2 family members.   

The data obtained for cell viability after treatment with etoposide via 

hemocytometer counts showed a significant difference in the amount of cell death that 

had occurred within the two groups of Jurkat cells after treatment with etoposide for 12 

and 24 h. Etoposide treatment of Jurkat cells induces the translocation of Bid to the 

mitochondrial membrane which causes the release of cytochome c, and event which 

stimulates the activation of caspase-9 and caspase-3 (58, 69). However, overexpression of 

Bcl-2 was found to inhibit Bid translocation, not allowing the release of cytochome c. 

Thus, the inhibition of cytochome c release does not allow caspase-9 and caspase-3 to 

become active, inhibiting apoptosis (69). The Jurkat no Tal-1 population of cells when 

treated with etoposide for 12 h expressed a 94% lower level of Bcl-2 RNA and a 12% 
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higher level of Bid RNA compared to untreated Jurkat no Tal-1 cells. Thus, there was 

27.64% cell death observed in the Jurkat no Tal-1 group of cells after treatment with 

etoposide for 12 and 66.04% cell death observed after treatment with etoposide for 24 h. 

It is likely that the 94% lower level of Bcl-2 expression and 12% higher level of Bid 

expression allowed Bid to translocate to the mitochondrial membrane and induce 

cytochome c release with subsequent activation of caspase-9 and caspase-3 (47). 

The Jurkat no Tal-1 group of cells after treatment with etoposide for 24 h also had 

a 20.34% higher amount of cell death occur than the Jurkat + Tal-1 population of cells. 

The level of Bcl-2 expression and Bid expression did not vary in these two populations of 

Jurkat cells after treatment with etoposide for 24 h. Thus, the cause of this difference in 

percent cell death after treatment with etoposide for 24 h needs to be explored further. 

The level of active caspase-3 and 8 should be assessed with the use of a caspase activity 

assay. This would allow the determination of the effects of Tal-1 on caspase induced 

apoptosis. It is likely that other Bcl-2 family members such as Bax and Bak are activated 

at different levels within the two groups of Jurkat cells. Etoposide treatment for a 

sustained period of time induces DNA damage followed by the phosphorylation of p53 

through the action of DNA-protein kinases. The activation of p53 induces an increase in 

Bax synthesis. The active Bax then translocates to the mitochondria inducing the 

mitochondrial permeability transition (MPT). The MPT releases the cytochrome c and 

resulting in cell death (86). 

The Jurkat + Tal-1 group of cells had a lower percent of apoptosis than the Jurkat 

no Tal-1 population of cells after 12 h of etoposide treatment. The second population of 

Jurkat cells that express Tal-1 had an 81% higher level of Bcl-2 expression and a 31% 
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lower level of Bid expression than the Jurkat no Tal-1 group of cells after treatment with 

etoposide for 12 h. Thus, the Jurkat + Tal-1 group of cells mimicked an overexpression of 

Bcl-2 which likely prevented Bid translocation to the mitochondrial membrane and 

inducing the release of cytochome c. The inhibition of cytochome c release would have 

kept caspase-9 and caspase-3 in their inactive form preventing activation additional 

caspases (69). Thus, it is likely that the inhibition of caspase activation did not allow as 

much cell death to occur.  

The difference in percent cell death in the two populations of Jurkat cells is likely 

due to the relative differences in Bcl-2 expression and Bid expression. The anti-apoptotic 

Bcl-2 family member Bcl-xL did not elicit an effect on the stimulation of cell death by 

treatment with etoposide. The level of Bcl-xL expression was higher in the Jurkat no Tal-1 

group of cells after treatment with etoposide for 12 and 24 h. However, the percentage of 

cell death observed in the Jurkat no Tal-1 group of cells was 15.94% higher after 12 h 

etoposide treatment and 20.34% higher after 24 h etoposide treatment than the Jurkat + 

Tal-1 group of cells. It is thought that etoposide indirectly causes the inactivation of NF-

B which results in a decreased amount of Bcl-xL expression (84). Thus, it is likely that 

Tal-1 is not able to interact with Bcl-xL directly or indirectly. The altered level of Bcl-xL 

expression is likely due factors induced by etoposide that are independent of Tal-1 

activation. Thus, the level of Bcl-xL expression did not affect the amount of cell death that 

occurred in the two populations of Jurkat cells. The two populations of Jurkat cells 

expressed similar levels of Bcl-2 and Bid after treatment with etoposide for 24 h. Thus, 

the effect of Tal-1 on cell death stimulation by etoposide treatment for 24 h in the Jurkat 

cell line needs to be further explored. The effect of Tal-1 on cell death could be tested by 
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completing caspase assays to look at the level of caspase activity in the two populations 

of Jurkat cells.  

Overall, the expression of Tal-1 in the Jurkat cell line was found to sustain as 

substantial amount of the anti-apoptotic Bcl-2 family member Bcl-2 RNA only after 12 h 

of etoposide treatment. This is shown by the similar average Ct values for Bcl-2 RNA 

amplification with and without etoposide treatment for 12 h. The Ct value is the point at 

which amplification begins. Thus, a lower Ct value demonstrates a higher level of Bcl-2 

RNA present, allowing amplification of the Bcl-2 amplicon to begin at an earlier cycle. 

The level of Bid expression was higher in the Jurkat no Tal-1 population of cells after 

etoposide treatment for 12 h than the Jurkat + Tal-1 polulation of cells after etoposide 

treatment for 12 h. However, the level of Bcl-2 and Bid expression after etoposide 

treatment for 24 h were at similar levels for both populations of Jurkat cells. This once 

again was determined by the average Ct values. This is likely due to activation of 

additional pro-apoptotic proteins such as Bax and Bak as well induction of cytochrome c 

release. This could be assessed by looking at the caspase activity within both populations 

of Jurkat cells. The level of TNF-alpha present in the medium could also be assessed to 

determine if etoposide treatment stimulates the production and release of TNF-alpha in 

both populations of Jurkat cells.  

A higher percentage of cell death was observed in the Jurkat no Tal-1 population 

of cells after etoposide treatment for 12 and 24 h compared to the Jurkat + Tal-1 

population of cells after etoposide treatment for 12 and 24 h. This was due to the 

previously described differences in Bcl-2 and Bid expression levels in the two 

populations of Jurkat cells after etoposide treatment for 12 h. The level of Bcl-xL 



 89 

expression was consistently higher for the Jurkat no Tal-1 population of cells compared 

to the Jurkat + Tal-1 population of cells, yet the amount of cell death was significantly 

higher (15.94% higher after 12 h etoposide treatment and 20.34% higher after 24 h 

etoposide treatment) in the Jurkat + Tal-1 population of cells after 12 and 24 h etoposide 

treatment compared to the Jurkat no Tal-1 population of cells after 12 and 24 h etoposide 

treatment. Thus, the level of Bcl-xL expression in the two populations of Jurkat cells did 

not seem to cause an alteration in the percent of cell death observed in the two 

populations of Jurkat cells after treatment with etoposide for 12 or 24 h. A study 

conducted by Bernard, M., et al demonstrated the inability of Tal-1 to alter the level of 

Bcl-xL expression when MKB1 cells stably transfected with Tal-1 are treated with 

etoposide (82).  

The ectopic expression of Tal-1 in endothelial cells has the ability to up-regulate 

vascular endothelial cadherin (VE-cadherin) expression at both the protein and the 

mRNA level (82). The ectopic expression of Tal-1 allows the formation of a heterodimer 

with E-47, inhibiting E-47 homodimer formation. The E-47 gene plays a role in the 

negative regulation of proliferation in T-cells. The ability of E-47 to negatively regulate 

proliferation of T-cells is mediated by the ability of E-47 homodimers to activate the 

CIP1 gene, an inhibitor of cyclin dependent kinases. Thus, the ectopic expression of Tal-

1 in T-cells inhibits E-47 activity and inhibits E-47 mediated CIP1 activation. 

Furthermore, it is thought that ectopic expression of Tal-1 in T-cells has the ability to 

suppress or activate the transcription of additional genes (89). Thus, the method in which 

Tal-1 decreased the suseptabitlty of Jurkat cells to etoposide after 24 h of treatment was 

by either suppressing the transcription of pro-apoptotic genes or by the activation of anti-
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apoptotic genes. Tal-1 forms heterodimers with the E2A transcription factor in Jurkat 

cells causing a decrease in the transcriptional activity of E2A. The E2A transcription 

factor plays a role in controlling proliferation and and/or survival of T-cells (88). Thus, it 

is possible that Tal-1 could be either directly or indirectly altering the level of the 

expression of additional key apoptotic genes within the Jurkat cell line altering the 

susceptibility of the cells to etoposide.  

The ectopic expression of Tal-1 in T-cell Acute Lymphoblastic Leukemia has 

been linked to a poor prognosis as well as a decrease in the susceptibility of aberrant cells 

to chemotherapeutic drugs and cell death (9). The ectopic expression of Tal-1 in the 

Jurkat cell line demonstrated a resistance to the apoptosis stimulating chemotherapeutic 

agent etoposide. Many chemotherapeutic drugs act upon specific targets involved in 

particular phases of the cell cycle, progression though the cell cycle, or cell cycle 

checkpoints (73). However, when Jurkat cells expressing Tal-1 were treated with 

etoposide for 12 or 24 h, the level of cell death that was induced was significantly lower 

(15.94% and 20.34%) than that of Jurkat cells that lack Tal-1 expression. Thus, the 

endogenous expression of Tal-1 in Jurkat cells decreased the ability of etoposide to 

induce cell death by forming heterodimers with E-47 causing a decrease in the 

transcription of CIP1 (89). It is also possible that Tal-1 forms a heterodimer with E2A 

causing a decrease in the regulation of proliferation and cell survival (88). Further 

investigation into additional proteins which Tal-1 forms heterodimers with should be 

explored. 

The role of Tal-1 in the formation of leukemogenesis is still not understood 

completely (18). Thus, the effect of Tal-1 on the anti-apoptotic and pro-apoptotic Bcl-2 



 91 

family members gives insight to the manner in which Tal-1 initiates leukemogenesis. The 

ability of Tal-1 to directly or indirectly alter the level of Bcl-2 and Bid expression within 

the Jurkat cell line when treated with etoposide shows a possible mechanism by which 

Tal-1 can decrease the susceptibility of Jurkat cells to etoposide. The treatment of 

cancerous cells with etoposide has been found to increase the level of Bid expression and 

decrease the level of Bcl-2 expression, allowing the induction of apoptosis. However, 

Jurkat cells that ectopically express Tal-1 demonstrated a higher level of Bcl-2 expression 

and a lower level of Bid expression. This mimicked an overexpression of Bcl-2 which 

decreased the ability of Bid to translocate to the mitochondria, hindering the induction of 

apoptosis by inhibiting the release of cytochrome c (69). The inability of Bid to 

translocate to the mitochondria inhibits Bid mediated activation of pro-apoptotic Bcl-2 

family members Bax and Bak. Furthermore, a decreased level of active Bid would allow 

the cells to accumulate mutations due to the lack of Bid mediated DNA repair regulation, 

cell cycle check point response, and induction of apoptosis (85). The ectopic expression 

of Tal-1 increases the amount of the anti-apoptotic Bcl-2 expression creating an overall 

anti-apoptotic signal within the cell. Therefore, the manor in which Tal-1 upregulates 

Bcl-2 expression should be studied further. The formation of Tal-1/E2A heterodimers 

should be analyzed to determine if they directly or indirectly alter the level of Bcl-2 

expression. The inability of E2A to assist in cell survival when it is bound to Tal-1 may 

lead to an increased level of Bcl-2 expression (88). Identification of the process by which 

Tal-1 caused the upregulation of Bcl-2 expression could identify a novel target for the 

creation of a new chemotherapeutic drug. 
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Overall, this study demonstrates the ability of Jurkat cells expressing Tal-1 to 

decrease the amount of apoptosis to a greater extent than Jurkat cells that lack Tal-1 

expression. The significant decrease in apoptosis that was observed for the group of 

Jurkat cells that ectopically express Tal-1 demonstrates the ability of Tal-1 to directly or 

indirectly interact with genes involved in apoptosis. However, the manor in which Tal-1 

alters the level of anti-apoptotic genes and pro-apoptotic genes needs to be studied 

further.  
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