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Introduction 

In order to develop new and more effective cancer therapies, the molecular 

pathways and alterations of genes and their protein products must be characterized and 

understood. This is especially true for T-cell acute lymphoblastic leukemia (T-ALL), a 

fast and aggressive cancer, characterized by an excessive amount of abnormal T-

lymphoblasts in the bone marrow or blood (1). This form of cancer is reported to 

account for approximately 15-25% of all leukemia diagnoses (1). Because T-ALL is a 

cancer of the blood, it has the potential to invade other organs and can be fatal in a few 

months if untreated after diagnosis (1). While treatments are relatively positive (90% 

remission rate within a few weeks), these treatments are extremely toxic to patients and 

resistance tends to arise after initial positive results to common drugs. Because of this, 

more potent, less toxic treatment options need to be discovered. 

T-ALL is thought to result from a variety of mutations, or combination of 

mutations, that prevent the cell from regulating cell cycle or apoptosis (2). It has been 

found that neurogenic locus notch homolog protein 1 (NOTCH1), T-cell leukemia 

homeobox 1 (TLX1), T-cell leukemia homeobox 3 (TLX3), T-cell acute lymphocytic 

leukemia protein 1 (TAL1), homeobox A (HOXA) cluster, and lymphoblastic leukemia-

derived sequence 1 (LYL) genes can be misexpressed due to translocation events, thus 

leading to the development of this malignancy (1-3). The most commonly mutated 

genes in T-ALL are TLX3 (33%), TLX1 (30%), and TAL1 (40%) (1). 
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The most prevalent mutation is a chromosomal reciprocal translocation, 

t(1;14)(p32;q11), resulting in overexpression of TAL1 (2). Because of the commonalty of 

this mutation, it is important to understand the role TAL1 has in the progression of T-

ALL (2). The TAL1 gene normally codes for a helix-loop-helix transcription factor that 

targets other transcription factors including, GATA binding protein 1 (GATA1), GATA 

binding protein 2 (GATA2), LIM domain binding protein 1 (LDB1), transcription factor 3 

(E2A), ethylene overproducing 3 (ETO3), runt-related transcription factor 1 (RUNX1), 

and LIM domain only 2 (LMO2) (3-8) all of which are involved in hematopoiesis, but also 

can drive oncogenesis. Furthermore, it has been suggested that TAL1 controls 

transcription of nuclear factor-kappa beta 1 (NF-B1), lipoprotein lipase (LPL), Tribbles 

2 (TRIB2), and B-cell lymphoma 2 (Bcl-2), all of which have demonstrated oncogenic 

activity (9-16). TAL1 transcription is normally involved in erythropoiesis, specifically in 

the differentiation stages. In immature erythrocytes, TAL1 associates with GATA1, 

GATA2, LMO2 and LDB1 to regulate erythroid specific genes, but it is turned off as cells 

mature (17). However, the TAL1 gene can be ectopically transcribed leading to 

interactions with additional transcription factors such as GATA binding protein 3 

(GATA3), monooxygenase 1 (MO1), Myc proto-oncogene protein (MYC), MYB proto-

oncogene protein (MYB), and NF-B1 (4-8).  

Another common characteristic of T-ALL is resistance to chemotherapeutic 

drugs. Using chemotherapeutic drugs will effectively kill most malignant cells in early 

rounds of treatment, but over time, a population of malignant cells resistant to the 

treatment can increase in number, ultimately leading to reoccurrence as initial 

treatments are not completely effective in removing cancerous cells. One of the most 
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commonly prescribed anti-cancer chemotherapy drugs against T-ALL is etoposide (18). 

Etoposide inhibits topoisomerase II from re-ligating DNA strands during S phase of the 

cell cycle which results in double strand breaks in the DNA (18). This DNA damage 

causes cells to accumulate and arrest in G2, leading to the initiation of apoptosis (18). 

Apoptosis is a controlled molecular process that removes abnormal or 

unnecessary cells by inducing death (19). This pathway is characterized by the 

fragmentation of DNA, nuclear blebbing, disruption of mitochondrial and cell 

membranes, and the activation of enzymes that degrade proteins (proteases), also 

known as caspases (19). Once caspases become active, the cell is committed to death 

and the process is irreversible (20). 

There are three pathways for apoptosis, the extrinsic (receptor-mediated) 

pathway, the intrinsic (mitochondrial-mediated) pathway, and the perforin pathway. After 

unique events occur, such as caspase 8 activation for extrinsic and caspase 9 activation 

for intrinsic, all pathways of apoptosis converge to a conserved point known as the 

execution pathway (20) (Figure 1). The execution pathway begins with the proteolytic 

cleavage of pro-caspase-3, thus activating caspase-3 causing DNA fragmentation, 

Figure 1. 
Apoptosis Overview. 
Unique features of each apoptotic pathway along with the conserved execution pathway. 
https://www.creative-diagnostics.com/apoptosis-execution-pathway.htm 

 

https://www.creative-diagnostics.com/apoptosis-execution-pathway.htm
https://www.creative-diagnostics.com/apoptosis-execution-pathway.htm
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degradation of nuclear lamina and cytoskeletal proteins, and intracellular components 

being phagocytosed by neighboring cells (19,20). 

In the extrinsic pathway, cell-surface 

trimeric death signaling ligands bind to 

death receptors on the surface of the 

responding cell (19) (Figure 2). This 

activates the death receptors which then 

bind Fas-associated death domain (FADD) 

and TNF receptor-associated death 

domain (TRADD) proteins into a complex. 

The FADD/TRADD complex subsequently 

recruits pro-caspase-8 (inactive form) 

forming what is known as the death 

inducing signaling complex (DISC). DISC 

then cleaves pro-caspase-8 into cleaved 

caspase-8 (active form), which proteolytically cleaves pro-caspase-3 (effector caspase) 

causing it to enter its active state (19,20). Once caspase-3 is active, it activates a 

cascade of other caspases (-6, -7) that directly target numerous other proteins, 

including nuclear lamina and cytoskeletal proteins for degradation, ultimately resulting in 

cell death.  

Figure 2. Extrinsic pathway overview. More 
extensive review of the extrinsic apoptotic 
pathway (19). 
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The intrinsic pathway (mitochondrial-mediated) begins with an internal cue, such 

as unrepairable DNA, which alters interactions between the Bcl-2 family of proteins (Bcl-

2, Bcl-X, Bax, Bak, Bid, Bim, Bik) (19,20) (Figure 3). The Bcl-2 family of proteins control 

permeability of the mitochondrial membrane (20). In the case of damaged DNA, as seen 

in Figure 3, Bcl-2-binding 

component 3 (PUMA) is released 

from the nucleus which then binds 

Bcl-2, thus increasing the activity 

of Bcl-2 associated X protein 

(BAX). BAX disrupts the 

mitochondrial membrane by 

disassociating Bcl-2, creating 

oligomeric holes and pores that 

cause cytochrome C to be 

released into the cytoplasm. 

Cytochrome C will then bind to, and activate, apoptotic protease-activating factor 1 

(Apaf-1) and pro-caspase-9. This interaction forms a complex known as the 

apoptosome, which is a combination of Apaf-1, caspase-9, Bcl-2, and BIK/BID/BAD 

(20). This complex cleaves pro-caspase-9, which then cleaves pro-caspase-3 initiating 

the execution pathway. Furthermore, when BAX disrupts the mitochondrial membrane, 

it also releases second mitochondrial-derived activator of caspase and direct IAP 

Figure 3. Intrinsic pathway overview. More extensive review of 
the intrinsic apoptotic pathway (19). 
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binding protein with low pl (SMAC/DIABLO) proteins which interact with initiator of 

apoptosis proteins (IAP) (Figure 4). IAPs are known to inhibit the apoptotic pathway by 

directly binding to pro-caspase-3,-7,-9 preventing them 

from being cleaved into their active form. When 

SMAC/DIABLO proteins bind IAP family proteins, this 

allows the apoptosome to bind pro-caspase-9, thus 

resulting in the cleavage and activation of caspase-3,-7 

and the completion of the execution pathway mentioned 

above. 

One potential protein of interest that may play a 

role in T-ALL chemotherapeutic resistance, because of its 

role in apoptosis, is XIAP. XIAP is a member of the IAP 

family that is known to bind caspase-3,-7,-9 (21, 22). 

Overexpressed IAPs may play a role in malignant progression because caspases are 

unable to be cleaved into their active state and the cell is prevented from entering 

apoptosis (23). One study showed that XIAP is involved in radiation resistance in 

multiple cancers including, non-small cell lung carcinoma, squamous lung carcinoma, 

and ovary adenocarcinoma (24). This study showed XIAP to be a target for increasing 

sensitivity to treatment, as increasing XIAP expression desensitized cells to radiation 

therapies (24). Furthermore, according to the Human Protein Atlas (HPA), XIAP is a 

known prognostic indicator of breast cancer and is also known to have medium to high 

expression in renal, thyroid, cervical, breast, and fourteen other forms of cancer (25). 

Figure 4. IAPs role in the intrinsic pathway (19). 
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Also, HPA shows that XIAP is undetectable in the bone marrow and blood in a healthy 

state but is not represented in a cancerous state (25). 

Since ectopic expression of TAL1 has been shown to drive misexpression of 

other genes/proteins, T-ALL resistance to chemotherapeutic treatment could possibly 

be due to the activity of XIAP. Because TAL1 is known to interact with the transcription 

factor GATA3 (26) and XIAP is a target of GATA3 (27), TAL1 may form a complex with 

GATA3 therefore increasing expression of XIAP. Because of this, the overabundance of 

XIAP would prevent the activation of caspase -3,-7, ultimately increasing resistance to 

apoptosis.  

Because T-ALL has this resistance characteristic, new treatment methods need 

to be identified. One potential option that has shown significant results in clinical studies 

is the introduction of RNA-interference technologies (RNAi). RNAi can actively prevent 

mRNA from being translated into protein products, thus allowing researchers to study 

involvement of genes/proteins in disease models, such as cancer, auto-immune 

disease, neurodegenerative disorders, and any disease that results from protein over 

expression (19). In cancer specifically, this will allow the removal of oncogenic 

transcripts and their protein products, especially non-druggable gene targets (28). 

Short-interfering RNA molecules (siRNA) are double-stranded RNA (dsRNA) molecules 

approximately 20-30 nucleotides in length, are combined with a delivery system 

including polymers, lipids, or peptides to form a supramolecular complex (28). These 

supramolecular complexes provide a vehicle for delivery of dsRNA into a cell (29). Once 

inside, the dsRNA molecules are unwound by the RISC-Loading Complex (RLC) into 

two strands, one being the guide strand, and the other being a passenger strand (28). 
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The RNA-Induced Silencing Complex (RISC) is then formed which recruits the guide 

strand to form a complex with the highly conserved protein Argonaute-2. The guide 

strand will then lead the RISC complex to the target mRNA, where Argonaute-2 cleaves 

the transcript into small oligonucleotides. This process prevents the mRNA from being 

translated into protein, thus silencing expression (28). RNAi methodology has been 

shown to be effective at silencing several members of the IAP family of proteins (30,31). 

One study showed that the silencing of Livin, a weak inhibitor of caspase -3,-7,-9, in 

HeLa cells increased the effectiveness of etoposide-induced cell death (30). Another 

study showed that introduction of siRNA against c-IAP1 and c-IAP2 resulted in 

increased cell death of Jurkat cells in combination with tumor necrosis factor-related 

apoptosis-inducing ligand (TRAIL) and AG-40 treatments (31). Furthermore, silencing of 

Survivin with RNAi technology was found to increase apoptosis in renal clear cell 

cancer, bladder cancer, cervical cancer, gastric carcinoma, and esophageal carcinoma 

(32-36). However, no studies have attempted siRNA silencing of XIAP in Jurkat cells. 

Thus, this research was undertaken with the goal to identify and characterize 

proteins that potentially play a key role in the prevention of effective chemotherapy 

treatments. Ectopic expression of TAL1 could be promoting the expression of multiple 

proteins and affecting specific pathways that prevent apoptosis. If TAL1 is targeting and 

upregulating apoptotic inhibitors, apoptosis would be prevented upon death inducing 

stimuli. Thus, we aimed to characterize the relative expression levels of XIAP and TAL1 

in control and etoposide-treated Jurkat cells by western blot, flow cytometry, and 

immunofluorescence. In addition, siRNA–mediated silencing of TAL1 and XIAP in the 

presence/absence of etoposide was completed and assessed by western blot, 
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immunofluorescence, and flow cytometry. Because the Jurkat cell line is derived from a 

patient diagnosed with T-ALL, and is also known to misexpress TAL1, it makes an 

appropriate model for this research (37). In the end, a better understanding of the 

complex apoptotic signaling pathway involved in T-ALL resistance to drug treatment 

may be realized and clarified.  

 

Materials and Methods 

 

Cell Culture and Etoposide Treatment 

Cells were cultured in T-25 flasks or 6-well plates for experimental treatment 

containing 10 mL (T-25 flask) or 2.5 mL (6-well plate) of RPMI 1640 

(ThermoFisher/Gibco Life Sciences) medium supplemented with 10% bovine growth 

serum (BGS Hyclone). All cultures were maintained in a 37o C incubator at 5% CO2 

level. Cells were treated with etoposide (Enzo Life Sciences) at concentrations of 0 µM 

(control), 1 µM, and 5 µM for a 24 hr period. 

Transit-TKO siRNA Gene Silencing 

Twenty-four hr prior to transfection, cells were seeded to obtain approximately 

1.0-2.0 x 106 total cells in a 6-well plate (80% confluency at time of transfection). All 

transfections were completed in duplicate. Two wells were treated with 0 µM etoposide 

(control), two wells were treated with 1 µM etoposide and two wells were treated with 5 

µM etoposide. In a microfuge tube, the following reagents and volumes were added in 

order: 250 µL RPMI 1640 without antibiotic/antimycotic or BGS supplementation, 16 µL 

Transit-TKO transfection reagent, and 50 nmol of XIAP or TAL1 siRNA molecules. The 
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tube was then gently resuspended by pipetting. Transfection complexes were allowed to 

form by incubation at room temperature for 30 min. After 30 min, the entire content of 

the microfuge tube was added to the appropriate well. The 6-well plate was gently 

rocked and then incubated at 37o C for 24 hr. 

Protein extraction, immunofluorescence, and flow cytometry were all completed 

in parallel from the same transfected culture. After 24 hr, 0.5 mL of culture was placed 

aside for immunofluorescence, 0.5 mL for flow cytometry, and the remaining volume 

was used for protein extraction. Alongside of the transfected 6-well plate, another plate 

was used as a non-silenced control that was treated with etoposide (as described 

above) but did not receive siRNA molecules. 

 

Protein Extraction  

First, approximately 5 x 106 cells were centrifuged at 1000 rpm for 5 min to 

remove the culture media from cells. The cells were then resuspended in 3 mL of 1X 

PBS and again centrifuged for 5 min at 1000 rpm. This PBS rinse was completed 2X. 

Next, 250 or 500 µL (6-well plate or T-25 flask, respectively) of RIPA buffer (Thermo 

Scientific), containing 1% protease inhibitors, was added to cells and resuspended. 

Cells were immediately forced through a 21-gauge needle and the flow-through was 

collected in a microcentrifuge tube. Samples were gently rocked on ice for 30 min, and 

then centrifuged at 16,000 rpm for 15 min. The supernatant was aliquoted into 

microfuge tubes and stored at -20° until further analysis. 
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Protein Determination  

A series of standard BSA protein samples were created using a Bio-Rad 

Bradford assay. All samples were analyzed in duplicate. BSA standards were setup to 

create a standard curve for concentration determination of the previously prepared 

protein extracts. Samples were created by adding 1-5 µL of standard or sample, H2O to 

a total volume of 800 µL, and 200 µL Bio-Rad developing agent. Samples were briefly 

vortexed and read at 595 nm. A standard curve was created in Microsoft Excel using 

the absorbances from known concentrations of the BSA standards. Using the slope 

equation generated from this curve, the concentrations of each unknown protein sample 

was determined. Finally, 2X Laemmli buffer containing 10% ß-mercaptoethanol was 

added (250 µL for 6-well plate; 500 µL for T-25 flask) to all samples. The samples were 

boiled for 5 min and stored at -20o C until western blot analysis was completed. 

 

Western Blot Analysis 

Individual SDS-PAGE gels (10% running; 5% stacking) were hand-cast and 

placed into a Bio-Rad mini-protean tetra assembly. Li-COR odyssey protein standard 

ladder (0.5 µL) was loaded into the first lane of each gel and 40 µg of the appropriate 

whole cell lysates were loaded into the remaining wells. Electrophoresis was run for 1.5 

hr at 100V. Once complete, proteins were transferred to nitrocellulose membrane (GE 

Life Sciences) via semi-dry transfer (OWL Scientific). Transfer was run for 1 hr at 90 

mA/blot. After 1 hr, the nitrocellulose membrane was immediately placed in a light-proof 

plastic box containing 1X PBS for 3 min. After 3 min, the PBS was removed and 
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replaced with 3 mL of Odyssey blocking buffer (Li-COR) and the blot was rocked 

overnight at 4o C. After blocking, individual blots were incubated for 1 hr at 4o C on a 

rocking platform using the following primary antibodies; rabbit anti-XIAP (1:1000; Cell 

Signal Technology) rabbit anti-ß-actin (1:3000; Cell Signaling Technology), mouse anti-

TAL1 (1:200; Origene) or rabbit-GAPDH (1:3000; Cell Signaling Technology) diluted in 

Odyssey blocking buffer containing 0.2% Tween-20. After 1 hr, blots were rinsed 3X for 

5 min with 1X PBS/0.01% Tween-20 and then 2X with 1X PBS for 5 min. Subsequently, 

an IRDye 680 goat anti-rabbit IgG (1:25,000; Cell Signal Technology) or IRDye 680 goat 

anti-mouse IgG (1:25,000; Cell Signal Technology) secondary antibody was applied to 

each blot for 1 hr at room temperature while rocking. After 1 hr, the blots were rinsed 3X 

in 1X PBS/0.01% Tween-20 for 5 min and then 2X in 1X PBS for 5 min. Each blot was 

then imaged with a Li-COR Odyssey CLx imager and analyzed using Li-COR 

ImageStudio Software.  

 

Densitometry and Normalization 

 Using Li-COR ImageStudio software, densitometry was performed to assess 

relative protein expression. Using the analysis tool on the software, rectangles were 

drawn around both the loading control (ß-actin or GAPDH) and the proteins of interest 

(XIAP or TAL1). Densitometry values of all bands were recorded in Microsoft Excel and 

ratios were obtained by dividing the densitometry of each protein of interest by the 

loading control to obtain a normalized value of relative protein expression. 
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Immunofluorescence 

Approximately 5 x 105 cells were centrifuged at 1000 rpm for 5 min to remove 

culture media. Cells were rinsed 2X in 1 mL of 1X PBS, resuspended, and centrifuged 

at 1000 rpm for 5 min after each rinse. Cells were then resuspended in 150 µL of 4% 

paraformaldehyde and incubated at room temperature for 30 min. After the 30 min 

incubation, 100 µL of cell suspension was placed onto a glass slide and allowed to air-

dry. Slides were then placed in coplin jars containing 1X PBS for 2 min and then tapped 

dry to remove excess PBS. Next, 200 µL of 1X PBS/0.5% Triton-X 100 was pipetted 

directly onto the cells and covered with a plastic coverslip and incubated for 20 min. 

Next, coverslips were removed and slides were placed in coplin jars containing 1X PBS 

for 5 min, then removed and tapped dry to remove excess PBS. Then, 200 µL of 

blocking buffer (1X PBS/5% BGS/0.5% BSA) was placed directly onto the cells and 

covered with the plastic coverslip for 30 min at room temperature. Coverslips were 

removed and slides were rinsed in a coplin jar containing 1X PBS for 5 min and then 

immediately incubated in primary antibody. Rabbit anti-XIAP (1:200; Cell Signal 

Technology) was prepared in 1X PBS and 200 µL was pipetted directly onto cells. A 

plastic coverslip was applied, and the slide was incubated for 1 hr at room temperature. 

Coverslips were removed and slides were then rinsed in a coplin jar containing 1X 

PBS/0.01% Triton-X 100 3X for 5 min. Next, anti-rabbit Alexa Fluor 488 secondary 

antibody (1:200; Cell Signal Technology) was prepared in 1X PBS and 200 µL was 

added directly to the slides. Slides were covered with the plastic coverslip and 

incubated for 1 hr at room temperature. Coverslips were removed and slides were 
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rinsed in a coplin jar containing 1X PBS 3X for 5 min. Finally, 100 µL of Prolong anti-

fade with DAPI (Cell Signaling Technology) was added directly to each slide and a glass 

coverslip was applied. The slides were allowed to cure for 24 hr at room temperature 

and the edges were sealed with clear nail polish and stored at 4o C until imaging by 

confocal microscopy. Slides were viewed and imaged using a Zeiss LSM 5 PASCAL 

Axioscope confocal system using LSM PASCAL 5 software. 

 

Flow Cytometry 

 Approximately 5 x 105 cells were centrifuged at 1000 rpm for 5 min to remove 

culture media. Cells were then rinsed twice by resuspending in 1 mL of ice cold 1X PBS 

and centrifuging at 1000 rpm for 5 min to remove PBS. Next, cells were resuspended in 

1 mL of cold 4% paraformaldehyde, vortexed briefly and incubated at room temperature 

for 30 min. Cells were centrifuged at 1000 rpm for 5 min at 4o C and rinsed 3X as prior 

PBS rinses. Cells were then resuspended in 1 mL of 1X PBS/0.1% Triton-X 100 

permeabilization buffer and incubated at room temperature for 20 min. After incubation, 

cells were centrifuged at 1000 rpm for 5 min and rinsed 3X in 1X PBS. Cells were then 

placed in 1 mL of blocking buffer (1X PBS/0.5% BSA/2% BGS), vortexed briefly and 

incubated for 30 min on ice. Cells were centrifuged for 5 min at 1000 rpm and then 

resuspended in 125 µL primary antibody (1:200 rabbit anti-XIAP or 1:200 mouse anti-

TAL1; Cell Signaling Technology) diluted in FACS buffer (1X PBS/0.5% BSA/0.05% 

sodium azide). Samples were incubated on ice for 30 min. After 30 min, cells were 

centrifuged for 5 min at 1000 rpm and rinsed 3X in 1 mL of FACS buffer by 

centrifugation at 1000 rpm for 5 min. Cells were then incubated in 125 µL of FACS 
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buffer containing anti-rabbit Alexa Fluor 488 (1:200; XIAP) or anti-mouse Alexa Fluor 

488 (1:200; TAL1) secondary antibody (Cell Signaling Technology) and incubated for 30 

min on ice in the dark. After 30 min, cells were centrifuged for 5 min at 1000 rpm and 

rinsed 3X in 1 mL of FACS buffer by centrifugation at 1000 rpm for 5 min in the dark. 

After the third rinse, cells were resuspended in 500 µL of 1X PBS and analyzed using a 

Miltenyi Biotech MACSQuant Analyzer 10 flow cytometer. 

 

Results 

Determination of XIAP and TAL1 Expression by Western Blot 

In order to assess chemotherapeutic resistance relationships, TAL1 and XIAP 

relative expression levels were evaluated by western blot across various etoposide 

treatments in both non-silenced and silenced Jurkat cells. Relative expression levels of 

each proteins were obtained by normalizing TAL1 and XIAP proteins levels to GAPDH, 

using densitometry analysis. First, western blot analysis of TAL1 expression was 

completed (Figure 5). In non-silenced cells (Figure 5A and 5C), TAL1 expression 

increased from 0.543 to 0.717 (+32%) when comparing 0 µM and 1 µM etoposide 

treatments. Conversely, TAL1 expression decreased from 0.717 to 0.694 (-3.3%) when 

comparing 1 µM and 5 µM treatments. When comparing 0 µM and 5 µM treatments, 

TAL 1 expression increased from 0.543 to 0.694 (+27.8%) Overall, in response to low 

levels of etoposide (1 µM), cells exhibited increased TAL1 expression, but when 

exposed to high levels of etoposide (5 µM), cells exhibited a slight decrease in 

expression. Furthermore, western blots were completed to assess TAL1 silencing in 

control and treated cells (Figure 5B and 5D). In silenced cells, TAL1 expression 
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decreased from 0.526 to 0.428 (-22.8%) when comparing 0 µM and 1 µM treatments, 

but expression increased from 0.428 to 0.519 (+21.3%) when comparing 1 µM to 5 µM 

treatments. Additionally, there was a decrease in TAL1 expression from 0.526 to 0.519 

(-1.33%) when comparing 0 µM and 5 µM treatments. When nonsilenced cells were 

compared to TAL1-silenced cells, there was a decrease in TAL1 expression from 0.543 

to 0.526 (-3.2%) at 0 µM, a decrease from 0.717 to 0.519 (-38.2%) at 1 µM, and a 

decrease from 0.694 to 0.519 (-33.7%) at 5 µM. In response to TAL1 siRNA 

introduction, TAL1 relative expression decreased in the 1 µM sample and 5 µM sample 

when compared to nonsilenced controls, with a very slight decrease in the untreated 

sample. 

  
 

   

 

 

 

 

 

 

 

0 µM 1 µM 5 µM 

TAL1 - 

GAPDH - 

0 µM 1 µM 5 µM 

Nonsilenced TAL1 Silenced 

Figure 5. TAL1 expression increased in response to etoposide treatment and decreased with 
TAL1 siRNA introduction. (A) Western blot analysis of nonsilenced Jurkat lysates treated with 
varying etoposide concentrations showing TAL1 and GAPDH expression. (B) Western blot analysis of 
Jurkat lysates after TAL1 knockdown via siRNA and treated with varying etoposide concentrations. 
(C) Graphical analysis of normalized TAL1 densitometry values of nonsilenced Jurkat lysates. (D) 
Graphical analysis of normalized TAL1 densitometry values of TAL1 silenced Jurkat lysates. The data 
in (A) depicts TAL1 relative expression increased with etoposide treatment and remained at elevated 
levels at the 5 µM concentration. Analysis of (C) and (D) confirm successful knockdown of TAL1 as 
shown by decreased expression across all treatment concentrations. 

TAL1 - 

GAPDH - 

A B 

C D 
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Furthermore, XIAP expression was analyzed via western blot (Figure 6). In the 

nonsilenced group (Figure 6A and 6C), XIAP expression increased from 0.089 to 0.122 

(+37.1%) when comparing 0 µM and 1 µM treatments. XIAP expression decreased from 

0.122 to 0.098 (-19.7%) when comparing 1 µM and 5 µM treatments. Overall, there was 

an increase of 0.089 to 0.098 (+10.1) when comparing 0 µM and 5 µM treatments. Next, 

XIAP siRNA molecules were introduced into cells and XIAP expression was assessed 

and compared to nonsilenced cells. In the silenced group (Figure 6B and 6D), XIAP 

expression decreased from 0.048 to 0.038 (-20.8%) when comparing 0 µM and 1 µM 

treatments, XIAP expression increased from 0.038 to 0.06 (+57.9%) when comparing 1 

µM and 5 µM treatments, and XIAP increased from 0.048 to 0.06 (+25%) when 

comparing 0 µM to 5 µM treatments. When comparing nonsilenced to silenced 

normalized densitometry values, there was a decrease of 0.089 to 0.048 (-46.1%) 

between 0 µM treatments, a decrease of 0.122 to 0.038 (-68.9%) between 1 µM 

treatments, and a decrease of 0.098 to 0.06 (-38.8%) between 5 µM treatments (Figure 

6C and 6D). Overall, in response to XIAP siRNA introduction, XIAP expression 

decreased across all etoposide concentrations. 
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To determine if TAL1 affects XIAP expression in control and etoposide-treated 

Jurkat cells, siRNA molecules were introduced against TAL1 and XIAP expression was 

analyzed (Figure 7). This analysis was completed by comparing XIAP expression in 

nonsilenced cells (Figure 7A and 7C) to TAL1-silenced cells (Figure 7B and 7D). At 0 

µM, there was a decrease in XIAP relative expression of 1.42 to 0.376 (-73.52%) from 

nonsilenced to silenced cells. Furthermore, XIAP expression decreased from 1.04 to 

0.477 (-54.13%) at 1 µM treatment and decreased from 0.499 to 0.096 (-80.76%) at 5 

µM treatment. In response to TAL1 silencing, expression of XIAP decreased across all 

etoposide treatments. 

0 µM 1 µM 5 µM 

XIAP - 

ß-Actin - 

0 µM 1 µM 5 µM 

Nonsilenced XIAP Silenced 

XIAP - 

ß-Actin - 

A B 

C D 

Figure 6. XIAP expression increased in response to etoposide treatment and decreased with 
XIAP siRNA introduction. (A) Western blot analysis of nonsilenced Jurkat lysates treated with 
varying etoposide concentrations showing XIAP and ß-actin expression. (B) Western blot analysis of 
Jurkat lysates after XIAP knockdown via siRNA and treated with varying etoposide concentrations. 
(C) Graphical analysis of normalized XIAP densitometry values of nonsilenced Jurkat lysates. (D) 
Graphical analysis of normalized XIAP densitometry values of XIAP silenced Jurkat lysates. The data 
in (A) depict XIAP relative expression increased with etoposide treatment and returned to baseline 
levels at the higher concentration. Analysis of (C) and (D) confirm successful knockdown of XIAP as 
shown by decreased expression across all treatment concentrations. 
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Cell Viability via Immunofluorescence  

Immunofluorescence was completed to visualize the cellular response to 

etoposide treatment in either nonsilenced or XIAP-silenced cells. Analysis was 

completed by visualizing green fluorescence, representing the expression of XIAP, or 

blue fluorescence, representing DAPI counterstaining of DNA in the nuclei of individual 

cells. Cell viability was determined by the presence/absence of disformed nuclei or 

nuclear blebbing (multiple centralized circles with blue fluorescence), as healthy cells 

exhibit a uniform circular nucleus. In nonsilenced control cells, nuclei exhibited uniform 

blue fluorescence with green fluorescence located just outside the nucleus representing 

cytoplasmic XIAP expression (Figure 8A). All cells show healthy status as indicated by 

0 µM 1 µM 5 µM 

XIAP - 

ß-Actin - 

0 µM 1 µM 5 µM 

Nonsilenced TAL1 Silenced 

XIAP - 

ß-Actin - 

A B 

C D 

Figure 7. In response to TAL1 silencing, XIAP expression decreased.  
(A) Western blot analysis of nonsilenced Jurkat lysates treated with varying etoposide concentrations 
showing XIAP and ß-actin expression. (B) Western blot analysis of Jurkat lysates after TAL1 
knockdown via siRNA and treated with varying etoposide concentrations. (C) Graphical analysis of 
XIAP normalized densitometry values of nonsilenced Jurkat lysates. (D) Graphical analysis of 
normalized XIAP densitometry values of TAL1 silenced Jurkat lysates. Comparison of (A) to (B) and 
(C) to (D) indicate that in response to TAL1 knockdown, XIAP expression decreased.  
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a uniform and circular nucleus. In nonsilenced cells treated with 1 µM etoposide, nuclei 

began to show disruption of nuclear organization represented by nuclear blebbing 

(Figure 8B). XIAP was still localized in the cytoplasm, but upon counting multiple fields, 

approximately 33% of cells showed nuclear blebbing and 66% showed normal or 

uniform nuclear structure. In nonsilenced cells treated with 5 µM etoposide, 64% of cells 

showed nuclear blebbing and 36% of cells exhibited normal structure (Figure 8C). 

Overall, XIAP expression (green) was dispersed within the blue fluorescence 

(DAPI/DNA) in apoptotic cells. In the untreated, XIAP-silenced cells, results were similar 

to the nonsilenced 0 µM group (Figure 8D). Cells exhibited uniform blue fluorescence 

indicating normal nuclear structure with cytoplasmic XIAP localization. In 1 µM treated, 

XIAP-silenced cells, there was increased nuclear blebbing, where 53% of cells showed 

apoptotic activity and XIAP localization was seen within the disrupted nuclei (Figure 

8E).  In XIAP-silenced cells treated with 5 µM etoposide, there was extensive nuclear 

blebbing (Figure 8F) and XIAP expression was diffuse throughout the cells. In 

summary, there was no difference in apoptotic activity when comparing nonsilenced to 

XIAP-silenced cells treated with 0 µM etoposide (<1% apoptotic). There was an 

increase from 33% to 55% in apoptotic cells when comparing nonsilenced to XIAP-

silenced cells treated with 1 µM etoposide and an increase from 64% to almost 

complete apoptosis when comparing 5 µM treatments across nonsilenced to XIAP-

silenced cells. Overall, apoptotic activity increased when XIAP was silenced and cells 

were treated with etoposide. 
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Flow Cytometry Analysis of TAL1 and XIAP Relationship 

To further analyze the potential relationship between TAL1 and XIAP flow cytometry 

was completed (Figure 9). Flow histograms indicate intensity of expression by 

measuring the quantity of cells (events/y-axis) that exhibit a specific level of 

Figure 8. XIAP inhibition increased sensitivity to etoposide.  
Immunofluorescence depicting XIAP expression/localization in nonsilenced and XIAP-silenced Jurkat 
cells. Cells were treated with 0 µM, 1 µM, and 5 µM etoposide and imaged via confocal microscopy. 
The upper panels show nonsilenced controls while the lower three panels show cells after XIAP 
knockdown via siRNA introduction. Blue fluorescence is indicative of DAPI-stained nuclei, with green 
fluorescence indicating Alexa Fluor 488 staining of XIAP. Apoptotic activity was assessed by the 
presence/absence of nuclear blebbing, as indicated by disrupted morphology and fragmented nuclei. 
(A) Nonsilenced control cells showed no apoptotic activity and cytosolic localization of XIAP. (B) 
Nonsilenced, 1 µM etoposide-treated cells showed an increased level of nuclear blebbing with the 
majority showing cytoplasmic localization of XIAP. (C) Nonsilenced, 5 µM etoposide-treated cells 
showed extensive nuclear blebbing with dispersed XIAP localization. (D) XIAP silenced, control-
treated cells showed no apoptotic activity and cytosolic localization of XIAP. (E) XIAP silenced, 1 µM 
etoposide-treated cells showed a further increase in apoptotic activity in comparison to (B) and 
cytosolic localization of XIAP. (F) XIAP silenced, 5 µM etoposide-treated cells showed extensive 
nuclear blebbing, more so than (C), with dispersed localization of XIAP. Comparison of the data in (B) 
to (E) and (C) to (F) suggests XIAP knockdown increased sensitive to etoposide treatment without 
damaging untreated cells shown in (A) and (D). 
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fluorescence (FITC absorbance/x-axis) measured in absorbance units (AU). 

Fluorescence is indicative of the level of protein expression. The presence of several 

peaks in a graph indicates multiple populations of varying fluorescence possibly due to 

varying levels of protein expression. To begin, TAL1 expression was quantified in both 

nonsilenced and TAL1-silenced cells. In nonsilenced control cells, most fluorescence 

events were centered at 101 AU (Figure 9A). When TAL1-silenced control cells were 

assessed, there was a shift in fluorescence to the left, which suggested lower levels of 

TAL1 expression (Figure 9D). In the 1 µM treated, nonsilenced cells, most of the events 

were centered around 101 AU with a small second peak to the left which indicates 

decreased TAL1 expression in some cells (Figure 9B). The silenced counterpart 

receiving the same treatment showed a similar fluorescence pattern and shift as seen in 

Figure 9B and 9D. In the 5 µM treated, nonsilenced cells, there was a large shift in 

fluorescence and an approximate 50-50 split into two populations (Figure 9C). One cell 

population was centered on 101 AU, while the other shifted to a lower fluorescence level 

similar to that depicted in Figure 9B. In the corresponding treated and silenced cells, 

there was an even further shift of cellular fluorescence into the left peak that denotes 

reduced TAL1 expression (Figure 9F). Overall, in response to siRNA introduction, TAL1 

expression decreased across all treatment groups. 
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FACS analysis was also completed to assess the potential relationship between the 

presence/absence of TAL1 and XIAP expression in control and etoposide-treated cells 

(Figure 10). Analysis was completed by comparing nonsilenced cells to TAL1-silenced 

cells and quantifying XIAP expression. In nonsilenced, control-treated cells, XIAP 
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Figure 9. Silencing TAL1 expression as confirmed via flow cytometry analysis.  
Flow cytometry comparing TAL1 expression in nonsilenced and TAL1-silenced Jurkat cells treated 
with 0 µM, 1 µM, and 5 µM etoposide. The upper panels show nonsilenced control cells, while the 
lower panels show TAL1 expression in silenced cells. TAL1 expression is indicated by the level of 
absorbance (X-axis) and the quantity of cells expressing that level of fluorescence (Y-axis). Distinct 
populations are indicated by peaks at different locations on the graph, with left shifts indicating lower 
expression and right shifts indicating increased expression. (A) Baseline TAL1 expression in untreated 
nonsilenced cells. (B) In nonsilenced, 1 µM etoposide-treated cells, a slight portion of the population 
shifted to the right showing increased TAL1 expression, with a large left shift into decreased 
expression. (C) In nonsilenced, 5 µM etoposide-treated cells, the increased TAL1 expression 
population is not present, but the decreased TAL1 expression population increased in number. (D) 
TAL1 knockdown shows an initial shift into a decreased TAL1 expression population without 
treatment. (E) In TAL1 silenced, 1 µM etoposide-treated cells, there was a left shift of cells exhibiting 
lower TAL1 expression. (F) In TAL1 silenced, 5 µM etoposide-treated cells, there was a larger left shift 
as compared to (E). Comparison of (A) to (D), (B) to (E), and (C) to (F), indicated that in response to 
TAL1 knockdown, TAL1 expression decreased across all treatment concentrations, which suggests 
successful silencing. 
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expression was uniform, as indicated by fluorescence events centered around 101 AU 

(Figure 10A). When TAL1 siRNA was introduced into control-treated cells, there was a 

slight left shift of the curve which indicated most cells were expressing reduced levels of 

XIAP when TAL1 was silenced (Figure 10D). When nonsilenced cells were treated with 

1 µM etoposide, there were three distinct populations in the nonsilenced group, one 

centered around 101 AU, one shifted slightly to the right and one shifted slightly to the 

left (Figure 10B). XIAP expression was increased in the small population of the right-

shifted cells, expressed at normal levels for the majority, and decreased in the left-

shifted population. When comparing nonsilenced cells to the TAL1-silenced cells treated 

with 1 µM etoposide, there seemed to be little difference between the populations, but 

the overall left-shifted population slightly increased in number, while the 101 AU 

population and right-shifted population slightly decreased in number (Figure 10E). 

When 5 µM treated, nonsilenced cells were analyzed, there was a distinct alteration in 

the populations (Figure 10C). Nearly half of the cells indicated lower fluorescence or 

XIAP expression from normal levels. In comparison to the TAL1 silenced group, there 

was a pronounced shift to the left which indicated the majority of cells were now 

expressing lower levels of XIAP (Figure 10F). In response to TAL1 silencing, XIAP 

expression decreased, to some degree, in all etoposide-treated groups. 
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Figure 10. TAL1 expression correlates to XIAP expression in Jurkat cells. 
Flow cytometry comparing TAL1 expression in nonsilenced and TAL1-silenced Jurkat cells treated 
with 0 µM, 1 µM, and 5 µM etoposide. The upper panels show nonsilenced control cells, while the 
lower panels show TAL1 expression in silenced cells. TAL1 expression is indicated by the level of 
absorbance (X-axis) and the quantity of cells expressing that level of fluorescence (Y-axis). Distinct 
populations are indicated by peaks at different locations on the graph, with left shifts indicating lower 
expression and right shifts indicating increased expression. (A) Baseline XIAP expression in untreated 
nonsilenced cells. (B) In nonsilenced, 1 µM etoposide-treated cells, a slight portion of the population 
shifted to the right showing increased XIAP expression, and a small left shift into decreased 
expression. (C) In nonsilenced, 5 µM etoposide-treated cells, the increased expression population is 
not present, but the decreased XIAP expression population drastically increased in number. (D) TAL1 
knockdown showed an initial shift into a decreased XIAP expression population without treatment. (E) 
In TAL1-silenced, 1 µM etoposide-treated cells, there was a slight right shift of cells exhibiting 
increased XIAP expression and a noticeable left shift of cells exhibiting lower expression. (F) In TAL1 
silenced, 5 µM etoposide-treated cells, there is a much larger left shift as compared to (E). 
Comparison of (A) to (D), (B) to (E), and (C) to (F), indicated that in response to TAL1 knockdown, 
XIAP levels decreased across all treatment concentrations. 
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Discussion 

T-ALL is a fast and aggressive disease that accounts for 15-25% of all leukemia 

diagnoses and durable therapies are still needed (1). One major problem that arises in 

T-ALL is the acquisition of chemotherapeutic drug resistance in a short period of time. 

Because of this, the biological pathways and resistance mechanisms need to be further 

studied to help develop more effective treatments that increase the prognosis of T-ALL 

patients. This study examines two proteins that may play a major role in a resistance 

mechanism, suggesting potential targets for future treatments. 

In this study, we focused on the ability of Jurkat cells to resist the commonly 

prescribed chemotherapeutic drug etoposide. Etoposide induces apoptosis by inhibiting 

topoisomerase II from re-ligating DNA strands during synthesis causing DNA breaks 

and errors in correcting these breaks resulting in cell death (18). However, some cells 

can continue through the cell cycle even in the presence of etoposide, which is thought 

to be a result of a variety of gene mutations (1). Previous studies have shown TAL1, a 

transcription factor that is ectopically expressed in T-ALL, to be one of the most 

commonly mutated genes in T-ALL (1). It is thought that TAL1 can interact with other 

aberrantly expressed transcription factors such as transcription factor 12 (TCF12), 

transcription factor 3 (TCF3), RUNX1, GATA3, and LMO2 (38). It has also been 

suggested that TAL1 could be a super enhancer in T-ALL, driving the core 

transcriptional circuitry and directly activating a variety of oncogenes, such as the 

GATA3, MO1, MYB, and MYC. (39). Targeting TAL1 directly and ultimately affecting 

potential downstream targets could prove to be a promising therapeutic option for 

treating T-ALL. 
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Along with TAL1, it has previously been shown that XIAP is involved in a 

resistance to radiation exposure, giving precedence that XIAP may be involved in other 

apoptotic resistance mechanisms (24). In this study, we propose that XIAP may play a 

role in the resistance to chemotherapeutic drug treatment seen in T-ALL. XIAP is known 

to directly bind pro-caspases-3,-7,-9, and we have shown through western blot that 

XIAP increased in expression upon etoposide treatment (Figure 5). This could 

potentially reduce the ability of a cell to enter apoptosis by decreasing the activation of 

caspase-3,-7,-9 because of increased levels of XIAP. Additionally, when XIAP 

expression was silenced and cells were treated with etoposide, there was increased 

apoptotic activity, as shown by altered nuclear morphology (Figure 8). Similarly, 

Cillession et al. showed that direct inhibition of XIAP restored sensitivity to etoposide 

resistance in B-cell lymphoma cell lines (40). Overall, targeting XIAP directly for 

inhibition could be a potential direction for effective treatment options, as we have 

shown increased apoptosis in response to chemotherapeutic drug treatment with XIAP 

knockdown, without sacrificing healthy cells in vitro (data not shown).  

These results further support previous studies which suggest XIAP as a potential 

target in re-sensitizing cells to chemotherapeutic drug treatment. Direct silencing of 

XIAP via RNAi technology in pancreatic, non-small cell lung cancer, osteosarcoma and 

breast cancer has shown to decrease resistance to various treatments and enhance 

chemotherapeutic drug effects both in vitro and in vivo (40-43). Furthermore, when 

XIAP was ectopically overexpressed in prostate cancer, resistance to metastatic 

characteristics increased, leading to disruption in cellular attachment and cell matrix 

interactions (44). Similarly, our results showed an initial increase in XIAP expression in 
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response to etoposide treatment, suggesting it may play a role in a resistance 

mechanism. Interestingly, it has also been shown that direct inhibition of XIAP with 

1396-12 (XIAP small molecule inhibitor) restored sensitivity to chemotherapeutic drug 

treatment in B-cell lymphoma, acute myeloid leukemia, and chronic lymphocytic 

leukemia in vitro (45-48). 1396-12 inhibits XIAP activity by directly binding to 

procaspase-3,-7 (49). 

Aside from focusing on XIAP directly, targeting transcription factors can also 

provide therapeutic options. Increased XIAP expression may be the result of an 

upstream gene mutation. One intriguing mutation in T-ALL is the TAL1 mutation 

mentioned prior resulting in the expression of TAL1, which is normally absent. TAL1 has 

been previously shown to interact with another transcription factor GATA3, which 

targets XIAP for transcription (27). This mirrors our results that showed when TAL1 

expression decreased, XIAP expression also decreased (Figure 7 and 10). 

Surprisingly, there was a significant decrease in XIAP expression in response to TAL1 

silencing, which suggests that TAL1 may be driving expression of XIAP. If TAL1 

participates in transcriptional control of XIAP, either alone or in combination with 

additional transcription factors such as GATA3 (27), it can be suggested that TAL1 

could be a potential target for therapeutic inhibition. 

Furthermore, previous research has suggested a relationship between XIAP and 

the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway proving another 

method for chemotherapeutic drug resistance because of XIAP misexpression (50). The 

AKT/PI3K pathway is directly involved in apoptosis and upon activation of PI3K, AKT is 

then phosphorylated, which inhibits BAD, and prevents the initiation of apoptosis (51).  
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Asselin et al. (2001) showed that XIAP overexpression increased AKT phosphorylation 

and XIAP inhibition resulted in the cleavage of AKT, causing apoptosis in ovarian 

cancer (52). This group suggested that XIAP regulated/stabilized AKT activity in drug-

induced apoptosis in ovarian cancer, which may carry over to etoposide-induced 

apoptosis in T-ALL. The overexpression of XIAP we saw upon 1 µM treatment (Figure 

5) could increase phosphorylation of AKT, thus inhibiting BAD and preventing 

apoptosis. The same events may be occurring at 5 µM, but because of the toxic 

environment at high concentrations, cells are unable to survive even with the increased 

AKT phosphorylation. Interestingly, when we inhibited XIAP expression, apoptosis 

increased, potentially because cells lose the ability to activate the AKT pathway, 

resulting in the return of normal apoptotic response.  

Finally, another potential link has been researched into the possible relationship 

between XIAP and TAL1. Palamarchuck et al. (2005) showed that AKT phosphorylated 

TAL1 at Thr90 and over time, phospho-TAL1 increased only when combined with active 

AKT in HEK-293 cells (52). Through immunoprecipitation, this group also showed that 

there is a physical interaction between TAL1 and AKT in NIH-3T3 cells suggesting the 

phosphorylation event. This relationship further supports our findings and suggests a 

feedback loop between TAL1, XIAP, and AKT may exist. It can be suggested that 

ectopic expression of TAL1 may be altering XIAP expression, which in turn, would 

increase the phosphorylation of AKT, ultimately leading to AKT phosphorylating TAL1. 

This would increase the drug resistance seen in T-ALL by ramping up cellular 

proliferation and decreasing the ability of cells to go through induced apoptosis.  
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Because the TAL1 mutation is not fully understood, this could be the first 

identification of a TAL1/XIAP relationship and a link between both TAL1 and XIAP in 

apoptotic resistance in T-ALL. This research shows that partial removal of XIAP is not 

detrimental to cell survivability but increases sensitivity to etoposide treatment, 

suggesting XIAP as potential therapeutic target. We have also shown that TAL1 may be 

interacting with XIAP, suggesting that targeting TAL1 could be another avenue for 

targeted treatment options. This also provides evidence that RNAi technology could be 

effective treatment option in the future for T-ALL, specifically targeting TAL1 or XIAP 

and then subsequently treating with etoposide. As shown by this research, sensitivity to 

apoptotic induction increased in response to decreased expression of XIAP. 

Furthermore, we have also discovered a link between TAL1, XIAP, and AKT, which 

needs to be investigated as a potential pathway these malignant cells utilize to become 

resistant to drug treatment. This research provides a foundation for future investigations 

into the molecular relationships between TAL1 and XIAP such that a better 

understanding of apoptotic resistance and targeted therapeutics can be realized. 

 

Limitations 

 While this research shows great promise into the highly complicated molecular 

characteristics that drive this type of cancer, absolute conclusions cannot be drawn from 

the data. The low sample size of the data and the high variability between treatment 

groups is a major cause of concern, creating the possibility that any result is caused by 

random variation instead of representing the true effect. As it stands, this research 

demonstrates a pilot data set for future experiments that students can continue to work 
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on with the hope that these base observations can be supported with repetition and 

statistical significance. 

One variability concern for this data set is the difference in knockdown efficiency 

of the siRNA molecules. While siRNA molecules are readily available and easy to use, it 

is difficult to consistently silence the same level of protein each time the protocol is 

completed. The inconsistency reflects a different quantity of cells in each population 

accepting and recognizing the siRNA, resulting in each cell responding differently to the 

introduction of these molecules. T-lymphocytes are notoriously difficult to introduce 

foreign molecules into because of their cell surface receptor profile, and this is 

especially true for the Jurkat cell line used in these experiments. Because of this, it 

proved difficult to obtain consistent siRNA knockdown efficiency across multiple 

treatment concentrations and controls because of the large variability in efficiency 

between populations, which resulted in small sample size preventing the completion of 

statistical analyses. Even if the sample size was large enough, the differences observed 

may simply be due to variable transfection efficiency between samples. Additionally, if 

experiments were done with higher replicates, statistical analysis could possibly be 

irrelevant because of the lack of control with siRNA efficiency. Because of this, future 

studies could be completed with CRISPR knockouts of XIAP and TAL1. Since CRISPR 

knockouts will completely remove the protein, as opposed to a small and variable 

decrease with siRNA, we could pinpoint the relationship suggested from this initial data 

and provide observations with statistical power and confidence that these proteins are 

playing a role in the resistance mechanism demonstrated by these cells. Also, because 

CRISPR technology would provide consistent knockouts, we could more easily compare 
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treatment groups between samples since each sample would contain an equal level of 

protein, as compared to the highly variable response to siRNA introduction across 

multiple treatment concentrations. 

Once CRISPR knockouts are established, cell viability and apoptotic activity will 

need to be further evaluated by more conclusive methods, as opposed to the 

subjectivity of cell counts and visual observations via microscopy. Staining cells with 

Annexin V and propidium iodine and then quantifying viable cells via flow cytometry 

would help support the claims that XIAP reduction results in an increased response to 

drug treatment. Further analysis would also need to include cleaved-caspase -3/-7 

(active form) presence via western blot (to visually identify if apoptosis is occurring), 

caspase-3 activity measured by an activity kit, and DNA fragmentation in the initial 

stages of apoptosis measured by TUNEL assay. This data would quantify apoptotic 

activity in response to treatment after the optimized removal of XIAP and TAL1. 

The final concern of this data set is the comparison of western blot data. Not only 

are the samples single replicates, but also most comparisons are done across multiple 

membranes. This could create differences in the data that do not represent the actual 

differences but are due to variability between protein transfers, antibody binding, and 

imaging conditions across membranes. To further optimize and control this, future 

studies would need to compare TAL1 and XIAP expression in nonsilenced, TAL1-

silenced, and XIAP-silenced extracts all on one membrane containing a universal 

loading control. This would remove the potential variability in protein expression level 

from the siRNA introduction, antibody binding, and difference in protein transfer to 
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membrane between blots through a normalization process, thus helping to confirm our 

initial observations. 

The data obtained through this work is extremely promising and it appears that 

reduced XIAP expression increases the response to etoposide treatment and TAL1 

expression may correlate with XIAP expression. However, these conclusions are unable 

to be fully validated without further evaluation and optimization of these observations by 

future researchers.  
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