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Paclitaxel and Colchicine Induced Gene Expression as 
it Relates to Bcl-2, Bax, and JNKlSAPK 

ABSTRACT 

The microtubule-damaging drugs paclitaxel and colchicine influence the cell cycle to 

arrest growth and induce apoptosis. The oncogenes TALl and LMOl are also thought to playa 

role in this process through their aberrant regulation of gene expression. It is the purpose of this 

study to elucidate the relationship of the TALl and LMO 1 transcription factors to the genes they 

control, as well as, their effect on cell growth and proliferation. In previous work, TALl and 

LMOl were introduced into NIH 3T3 mouse fibroblast cells through the use ofa retroviral vector 

(Olesen, 2000). Four different populations were established: a control, TALl-expressing cells, 

LMOl-expressing cells, and cells expressing both TALI and LMOI proteins. Protein extracts 

from these populations will be assayed for expression differences due to TAL I ILMO I activity. 

Possible targets for TALlILMOI include the apoptosis-mediating genes Bcl-2 and Bax, which 

are the focus of this research. Through the examination of protein expression levels, a clearer 

understanding of the complex events leading to apoptosis will result. 

INTRODUCTION 

The aim of this research was to examine the mechanisms by which the presence of the 

TALl and LMOl genes affect protein expression when cells are treated with the drugs colchicine 

and paclitaxel. The TALl and LMOl genes normally code for transcription factors, which are 

proteins that induce gene expression. TALlILMOI bind to DNA and this binding facilitates the 

transcription of downstream genes. These genes are also involved in the differentiation of many 

cells throughout the body, including blood and neural cells (Olesen, 2000). Mutations in TALl 

___ \ and LMO 1 have been shown to lead to a form of cancer known as T-cell acute lymphoblastic 



leukemia (T-ALL). In this disease, a chromosomal mutation or translocation activates the TALI 

and LMO I genes. This type of mutation leads to uncontrolled cell growth, but the mechanism 

behind this is not well understood. Furthermore, co expression of the TALI and LMOI genes has 

been shown to protect cells from apoptosis, preventing death from occurring (Olesen, 2000). 

Thus, more information is needed to fully explore the role that TALI and LM01 play in the 

expression of the cellular regulatory proteins Bcl-2, Bax, p53, and JNK/SAPK. 

These regulatory genes playa key role in the regulation of the cell cycle and the 

progression of a cell into apoptosis, which is cell death based on a programmed set of events. 

These actions are controlled by a genetically coded program that leads to the cell's death under 

certain conditions. The events that lead to this death consist of a complex and highly controlled 

series of steps. These include the disabling of cell repair, disassembly of the nucleus and 

_ cytoskeleton, and tagging of the cell for removal (Willingham, 1999). These actions are required 

for homeostasis, but in some instances they become dysregulated and lead to diseases such as 

cancer and autoimmunity. The sequence of changes leading to death is well characterized. First, 

cells lose their adhesion to their surroundings. They then begin to shrink and undergo "blebbing" 

in which the cells take on an irregular rounded shape. This is followed by a blistering of the cell 

membrane that eventually leads to lysis (Willingham, 1999). These abnormalities can be caused 

by a number of different stresses, but the focus here is on the drugs paclitaxel and colchicine and 

their effects on the cell cycle and on the proteins that control this important cellular process. 

The cell cycle is a highly controlled process that consists of several stages, each of which 

is regulated by a checkpoint. The stages ofthe cell cycle are G 1, S, G2, and mitosis. During the 

growth phases of Gland G2, cells synthesize proteins and other materials that are needed for 

important, life sustaining processes. In S phase, the DNA is replicated and in mitosis this copied 



genetic material is split into two new daughter cells. Checkpoints occur at both the G liS and 

G21M transitions and these points are where cell cycle arrest generally occurs. The drugs 

paclitaxe1 and colchicine act at the G21M transition to cause growth arrest and eventually lead to 

apoptosis (Fadeel, 1999). This checkpoint marks the beginning of mitosis, which is directed by 

microtubules. Microtubules, which are composed of alternating alpha and beta tubulin protein 

subunits, are cytoskeletal elements that control the migration of chromosomes during cell 

division. Upon binding, paclitaxel promotes the polymerization of micro tubules, inhibits 

microtubule disassembly, arrests cell division, and causes DNA fragmentation which leads to 

apoptosis (Wang, 1999). Paclitaxe1 activates the c-Jun N-terminal kinase/stress activated protein 

kinase (JNK/SAPK) pathways through microtubular interactions. These pathways respond to 

stress-related stimuli such as UV radiation, ischemia, and inflammatory cytokines which cause 

_ phosphorylation of the protein. JNK/SAPK influences apoptosis by promoting paclitaxel

induced DNA fragmentation and caspase-3 activation. The duration of JNK/SAPK activity is the 

determining factor for cell proliferation or death. Short-lived induction leads to cell propagation, 

while sustained activation causes death. Paclitaxel causes a prolonged expression of JNK/SAPK 

that has been directly linked to cell death (Wang, 1998). On the other hand, colchicine binds to 

the tubulin monomers, rendering them unable to polymerize into microtubules. The growth 

arresting properties of these drugs make them valuable treatments for cancer. Colchicine and 

paclitaxel are used to alleviate ovarian, breast, and lung cancer, as well as leukemia and gout 

-

(Gibbs, 2000). 

The p53 gene produces a 53 kDa nuclear protein which functions as a transcription 

factor. The p53 protein plays a role in the regulation of the transition from Gl to S phase of the 

cell cycle (Gupta, 2001). It does this by interacting with either DNA repair proteins or with 
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proteins that modulate apoptosis, such as Bax. p53 is dormant under normal conditions, but 

becomes active upon DNA damage. When active, p53 stalls cell growth at the G liS transition to 

prevent replication of DNA mutations. Ifthe damage gets repaired, p53 allows the cell cycle to 

continue (Gupta, 2001). Otherwise, the cell cycle becomes permanently arrested which leads to 

apoptosis. 

The Bcl-2 family of proteins play an important role in the regulation of apoptosis. Some 

proteins within this family, including the protein for which the family is named, inhibit 

apoptosis. Bcl-2 and the other anti-apoptotic proteins (Bcl-XL' Bcl-w, AI) dimerize with pro

apoptotic members, such as Bax and others (Bad, Bid, Bak), to control the sensitivity or response 

of a cell to apoptosis (Gross, 1999). When placed under stress, the fate of a cell depends on the 

ratio of pro- to anti-apoptotic proteins present. Since Bax and Bcl-2 antagonize each other's 

function, the presence of more Bax leads to the death pathway, while a cell with more Bcl-2 will 

attempt to save itself. Under normal conditions, Bcl-2 acts like a lid that regulates the flow of 

materials through the mitochondrial pores. However, Bax will bind to the Bcl-2 and pull it away 

from the pores. This makes the pores "leaky" and particles/molecules can flow more freely 

between this organelle and the cytoplasm (Gross, 1999). The most important molecule to 

become more mobile is cytochrome c. This substance, which is normally held within the 

mitochondrial membrane, uncontrollably leaks into the cytoplasm when Bcl-2 is sequestered. 

Cytochrome c is a component of the electron transport chain that is responsible for energy 

production within the cell. Once released from the mitochondria, it activates caspase proteins by 

complexing with them (Srivastava, 1998). Caspases are intracellular proteases (enzymes that 

degrade proteins) that cleave many important cellular molecules, leading to apoptosis. They are 

present in all cells as latent enzymes and recruitment to receptors leads to their activation (Slee, 



2001). Once active, caspases can proteolyze additional enzymes leading to an apoptotic cascade. 

The caspases involved in apoptosis are referred to as either initiators or effectors. Caspases -2, -

8, and -9 begin the cascade and are therefore initiators. Effector caspases (-3, -6, and -7) 

propagate the cascade and they must be activated by other enzymes (Slee, 2001). As an 

example, caspase-9 disrupts the nuclear-cytoplasmic barrier, allowing caspase-3 to pass through 

the nuclear pores where it disassembles nuclear proteins (Faleiro, 2000). 

By determining protein expression levels and analyzing possible protein-protein 

interactions, it is possible to get a better idea of how TALI and LM01 direct the cellular events 

in cells expressing these proteins. This will help clarify the mechanism by which misexpression 

of TALI and LM01 alters cellular growth characteristics leading to apoptosis. 

METHODS 

Cell lines 

The mouse fibroblast cell line NIH 3T3 was used to establish four populations of cells. 

Retroviral gene transfer was used to introduce different combinations of the TALl and LMOl 

genes into the cells (Olesen, 2000). In the first population (P+P), empty vectors containing no 

genes were introduced into the cells, serving as the negative control. The second population 

(P+L1) was exposed to the vector carrying only the LMOl gene, while the third population 

(P/.2+P) was exposed to the vector carrying the TALl gene. The fourth and final population 

(P/.2+L1) was exposed to both the TAL1- and LM01-containing vectors. Cells were grown on 

100mm plates under standard conditions at 37° C and 5% CO2 using Dulbecco's Modified Eagle 

Medium supplemented with 10% fetal bovine serum. 



Drug treatment 

The drugs paclitaxel and colchicine were used with a concentration of 100 ng/ml and 2 ul 

was added to each culture. Two cultures from each population (P+P, P+LI, P/.2, P/.2+LI) were 

treated with paclitaxel. One was allowed to grow for an additional 24 hr after treatment, while 

the other was allowed 48 hr of growth in the presence of the drug. The same procedure was 

followed for treatment with colchicine. At the end of the incubation period, the media was 

removed from the plate, the cells were washed with phosphate buffered saline and then collected 

for protein extraction. Cells were collected by scraping them off the plates, placing them in 

centrifuge tubes, and spinning them down to separate the cellular components. 

Protein extraction 

The following procedure was used to extract proteins from the cytoplasm, mitochondria, 

and nuclei of the cultured cells. Cells were scraped from their plates and then homogenized with 

a glass homogenizer to break: open the cell membranes. Homogenization was carried out in 

2 ml of cell lysis buffer, which contained 10 ullM DTT, 12.5 ul aprotinin, 2.5 ulleupeptin, and 

10 ul PMSF. This initial lysis step allowed for the different protein fractions to be subsequently 

separated by centrifugation. This process separates molecules based on differences in their size 

and density. First, the suspension was centrifuged at 4000 rpm at 4° C for 10 min to pellet the 

nuclei of the cells. The supernatant was removed and centrifuged again at 10000 rpm at 4° C for 

10 min to further separate cellular fractions. The supernatant from this additional centrifugation 

step contained the cytoplasmic contents (proteins) of the cells, while the pellet contained the 

mitochondrial membrane fraction. The mitochondrial pellet was resuspended in 250 ul of cell 

lysis buffer. The nuclear pellet from the first centrifugation was then resuspended with 120 ul of 

'-', buffer B (1 ullM DTT, 12.5 ul aprotinin, 1.25 ulleupeptin, 2 ul PMSF). This suspension was 



incubated at 4° C for 30 min and then centrifuged at top speed in a microfuge at 4° C for 10 min. 

The supernatant from this centrifugation contained the nuclear protein extract. 

Protein determination 

The following procedure was used to quantify the overall concentration of protein in each 

of the extracted samples. First, a standard curve was created using 1-5 ul samples ofBSA. The 

volume was brought up to 800 ul with distilled water and 200 ul of Biorad developing reagent 

was added to each sample. A spectrophotometer was used to determine the absorbance of the 

samples at 595 nm. These absorbance values were used to construct a standard curve, knowing 

that the BSA had a stock concentration of 1.47 ug/ul. The absorbance of each protein sample 

was calculated and these readings were then compared to the standard curve ofBSA absorbance 

values to determine the protein concentrations present in the extracts. 

Western Blot 

Aliquots of celllysates containing 15 ug of total protein were resolved by SDS

polyacrylamide gel electrophoresis (SDS-PAGE). This involved passing an electrical current 

through the gel so proteins would be separated based on differences in their molecular weights. 

In this work, a 10% polyacrylamide gel was used to resolve proteins and gels were run for 

approximately 2 hr. Once electrophoresis was complete, the proteins were transferred from the 

gel to a nytran membrane to allow for further manipulations. In this procedure, an electric 

current set to 90 mAlcm2 gel size transferred the separated proteins through the gel and onto the 

membrane in the same pattern as they appeared on the gel. Sites on the membrane which did not 

bind protein from the gel were then blocked such that non-specific binding of protein would be 

greatly reduced. This was done by incubating the membrane in a 5% nonfat dry milk/goat 
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serum/TBST solution overnight at 4° C with shaking. To detect the appropriate protein on the 

membrane, 2 ml of a primary antibody diluted in TBST (ranging from 1 :500 to 1 :2000) was 

incubated with the membrane for 1 hr at room temperature with gentle shaking. This primary 

antibody is directed against one of the blotted proteins (p53, Bcl-2, Bax, or JNKJSAPK) and 

binds specifically to that protein. An anti-actin antibody was also added at a dilution of 1 : 1 000 

to ensure equal loading of all the protein samples on the gel. This step was followed by washing 

(6 times for 5 min each) with a 5% nonfat dry milk/TBST solution to remove any non-specific 

antibody binding. To detect the bound primary antibodies, 5 ml of a 1 :50000 dilution of a 

secondary antibody (goat anti-rabbit IgG conjugated with horseradish peroxidase) was incubated 

with the blot for 1 hr at room temperature. This was followed by a second wash series (6 times, 

5 min each) with 5% nonfat dry milk/TBST solution. To visualize the proteins on the 

membrane, the blot was developed by enhanced chemiluminescence. This process involves 

incubating the blot in a solution that contains a luminol substrate that will be enzymatically 

converted by horseradish peroxidase to a compound that emits light. The locations of antibody 

staining (where the protein of interest is located on the blot) will then emit light that can be 

detected by a short exposure to x-ray film (30 sec -5 min). The film was then developed and the 

resultant protein banding patterns were analyzed (Figs. 1-6). The same blot was used for 

mUltiple antibody stainings by incubating it overnight in TBST and then soaking it in Restore™ 

Western Blot Stripping Buffer for 1 0 min. This process removed all the antibodies from the 

previous reaction while leaving the proteins that were bound to the membrane intact. Following 

the stripping buffer, the blots were washed in TBST (twice for 3 min each). The blots were then 

incubated with a different primary antibody and the remainder of the procedure was repeated as 

described above. 
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RESULTS 

Before cells were treated with drugs, Westerns were run on untreated cells to establish 

the expression pattern of p53 and Bcl-2 proteins (Fig. I). Both proteins were present in the cells, 

but with some noticeable differences. p53 expression was lower in the LMOl-expressing 

cytoplasmic and nuclear extracts and higher in both the TALI- and TALI/LMOI-expressing 

nuclear extracts. The arrow in the top part of Fig. I denotes the band location ofp53. Bcl-2 was 

evenly expressed, except for the TALI- and TALIILMOI-expressing nuclear extracts where 

protein levels were lower. This may indicate slight differences in protein expression among the 

different populations of untreated cells. The arrow in the lower part of Fig. I denotes the band 

location of Bcl-2. 

2 3 4 5 6 7 8 

+- p53 

2345678 

+- Bcl-2 

Fig. 1. Confirmation of p53 and BcI-2. 
Cytoplasmic and nuclear extracts showing the 
presence ofp53 (53 kDa) and Bcl-2 (25 kDa) in 
untreated cells. Lanes 1-4, cytoplasmic extract 
P+P, P+L1, P/.2, P/.2+Ll. Lanes 5-8, nuclear 
extract P+P, P+L1, P/.2, P/.2+Ll. Arrows point 
to the positions of the indicated proteins. 

The first experimental treatment involved the application of the drugs paclitaxel and 

colchicine to cells in order to assess alterations in the expression of Bax. Expression of Bax in 

the paclitaxel treated cells (Fig. 2) was even among the 24 hr samples but variable (lanes 3, 5, 

and 7) in the 48 hr. Since 24 hr Bax expression was equal across all lanes, the difference seen at 

48 hr may reflect the fact that paclitaxel takes longer to induce an apoptotic response. 



Additionally, the 48 hr treatment resulted in a decrease in Bax expression as compared to the 24 

hr levels. This indicates that prolonged exposure to paclitaxel caused Bax expression to 

diminish. Equal loading of protein across all lanes was assessed by actin expression and in Fig. 

2, there are slight variations between lanes at 48 hr. This may reflect that not all lanes were 

loaded equally and may explain the variable staining seen in these samples. 

2 3 4 

2 3 4 

-- -
-- ~ 

5 6 7 8 

5 6 7 8 

--- .' ....... 

24 hr 
~Bax 

~ actin 
~48hr 

Bax 

Fig. 2. Bax expression in 24 and 48 hr paclitaxel 
treatment. Cytoplasmic and membrane extracts 
showing the presence ofBax (45 kDa) in paclitaxel 
treated cells after 24 and 48 hrs of exposure to the drug. 
Lanesl-4, cytoplasmic extract P+P, P+Ll, P/.2, 
P/.2+Ll. Lanes 5-8, membrane extract of same 
populations, P+P, P+Ll, P/.2, P/.2+Ll. Arrows 
point to the positions of the indicated proteins. 

In the 24 hr colchicine treatment, Bax expression was lower in the LMO 1- and 

TALIILMOI-expressing cytoplasmic extracts, indicating that LMOI might be influencing Bax 

expression at 24 hr (Fig. 3). Once again, Bax was less intense in the 48 hr samples than in the 24 

hr while being nearly absent in the TALIILM01-expressing membrane extract. By 48 hr after 

colchicine treatment, Bax levels were declining so it could not form dimers with Bcl-2. The 

arrows represent a 21 kDa band (Bax) and a 42 kDa band (actin). For the most part, all lanes 

seem to be equally loaded except lanes 2 and 8, as denoted by actin expression. 



2 3 4 5 6 7 8 

----.. -- ... -

2 3 4 5 6 7 8 

- -"",-"" - -..... -

+- actin 

+- 24 hr 
Bax 
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Fig. 3. Bax expression in 24 and 48 hr colchicine 
treatment. Cytoplasmic and membrane extracts 
showing the presence ofBax in colchicine treated 
cells after 24 and 48 hrs of exposure to the drug. 
Arrows point to the positions of the indicated proteins. 

The second experimental treatment involved the application of paclitaxel and colchicine 

to cells in order to assess alterations in the expression of Bcl-2. Fig. 4 shows a greater 

_ expression ofBc1-2 in the 48 hr cytoplasmic extracts than in the membrane extracts. This means 

Bc1-2 could be dissociating from the mitochondrial membrane and accumulating in the 

cytoplasm upon prolonged exposure to paclitaxel. Bc1-2 was constant among the 24 hr treatment 

in both the cytoplasmic and membrane extracts, thus pac1itaxel does not seem to influence Bc1-2 

expression at this time point. The arrows denote a 25 kDa band (Bcl-2) and a 42 kDa band 

(actin). Equal expression of actin means that all lanes were loaded properly and expression 

differences are real. 

2 3 4 5 

_ ••• ••• ,1 

2 3 4 5 

6 7 8 

-~-

6 7 8 

+- actin 
24 hr 

+- Bcl-2 

Fig. 4. Bcl-2 expression in 24 and 48 hr paclitaxel 
treatment. Cytoplasmic and membrane extracts 
showing the presence ofBcl-2 in paclitaxel treated 
cells after 24 and 48 hrs of exposure to the drug. 
Arrows point to the positions of the indicated proteins. 
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Treatment with colchicine (Fig. 5) did not affect expression of Bcl-2 except for the 48 hr 

cytoplasmic extract ofP+Ll which was very low. Even actin expression was low in this lane 

which might reflect unequal loading of protein or a blotting problem. Bcl-2 expression in the 24 

hr treatment was equal among the samples. Overall, Bcl-2levels decreased from 24 hr to 48 hr, 

indicating that it was becoming less abundant in both the cytoplasm and mitochondrial 

membrane. The arrows denote a 25 kDa band (Bcl-2) and a 42 kDa band (actin). 

2 3 4 5 6 7 8 
24 hr 

.. .., .. ~-... • - +- Bcl-2 

2 3 4 5 6 7 8 

-

Fig. 5. Bcl-2 expression in 24 and 48 hr 
colchicine treatment. Cytoplasmic and 
membrane extracts showing the presence 
ofBcl-2 in colchicine treated cells after 24 
and 48 hrs of exposure to the drug. Arrows 
point to the positions of the indicated proteins. 

+- actin 
+- 48hr 

Bcl-2 

The final experiment involved the application of paclitaxel and colchine to cells in order 

to assess alterations in the expression of JNKlSAPK. The expression of JNKlSAPK (Fig. 6) in 

the paclitaxel treatment was greater in the 48 hr samples than in the 24 hr samples. The 

colchicine treatment showed irregular expression levels of JNKlSAPK, with the protein being 

almost nonexistent in the 48 hr samples and in lanes 1 and 4 of the 24 hr samples. The arrows 

denote a band at 46 kDa which might represent JNKlSAPK. The lanes with no bands might 

reflect unequal loading of protein or a blotting problem. It can not be conclusively determined 



from this blot that this band is actually JNKlSAPK because actin (42 kDa) was also probed. 

Because of the size similarities and variable staining, further analyses must be done to assess 

expression of JNKlSAPK upon drug treatment. 

123 4 5 6 7 

2345678 

8 
pac1itaxel 

+ JNKlSAPK 

colchicine 
+ JNKlSAPK 

Fig. 6. JNKlSAPK (46 kDa) expression in cytoplasmic 
extracts. Lanes 1-4: P+P, P+Ll, P/.2, P/.2+Ll, 
24 hr treatment; Lanes 5-8: P+P, P+Ll,P/.2, P/.2+Ll, 
48 hr treatment. Arrows point to the positions 
of the indicated proteins. 



,,-.... DISCUSSION 
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The transcription factors TALI and LMOI are nonnally involved in hematopoietic cell 

differentiation and growth. TAL I dimerizes with members of a group of proteins known as E

proteins, and this complex regulates transcription by binding to DNA. LMOI is a nuclear 

protein that mediates protein-protein interactions and regulates transcription but does not have 

DNA binding activity. Many types ofleukemia are characterized by specific chromosomal 

translocations which produce oncogenic transcription factors. In T-cell acute lymphoblastic 

leukemia (T-ALL), chromosomal abnonnalities are frequently found at both the TALI and 

LMOI gene loci. Cells expressing either TALI or LMOI alone do not fonn tumors, while cells 

expressing both proteins rapidly develop leukemia. This suggests that TALI and LMOI act 

together in the development ofT-ALL. The molecular mechanisms by which these factors 

regulate transcription are mostly unknown. In this work, we attempted to examine the 

mechanisms by which the presence of the TALI and LMOI genes affect expression of other key 

regulatory proteins when cells are treated with the drugs colchicine and paclitaxel. 

Through Western analysis, one can assess protein expression levels by the intensity of the 

bands on X-ray film. Darker bands signify higher levels of protein. We started by assessing the 

endogenous levels of Bcl-2 and p53 in untreated cells (Fig. 1). Both proteins were found to be 

expressed in all populations of cells, thus indicating their role in the nonnal progression of the 

cell cycle. We then wanted to detennine what would happen to protein expression levels when 

cells were treated with the drugs paclitaxel and colchicine. These drugs have been used in a 

clinical setting to render malignant cells unable to complete mitosis by interfering with the 

function of micro tubules. The activity of microtubules is essential for the survival of the cell, 

and any alterations to them can lead to death. Apoptosis is controlled by the interaction of 



---- numerous proteins. Dimerization of Bcl-2 with Bax is a crucial event in the regulation of cell 

death. Bax antagonizes Bcl-2, thereby negating the ability of Bcl-2 to prolong cell survival. Cell 

viability is maintained either by activating apoptosis-suppressing proteins or by inhibiting 

apoptosis-inducing proteins. Bcl-2 overexpression has been shown to inhibit paclitaxel-induced 

apoptosis and significantly improve the survival of cells (Srivastava, 1998). In the present work, 

Bax and Bcl-2 expression was high in the paclitaxel treated cells (Figs. 2 and 4, 24 hr) which 

indicates that these cells were fighting for survival. A comparison of the intensity of the bands 

shows that Bcl-2 is two to three times greater in the paclitaxel treated cells. Expression ofBax in 

the 48 hr paclitaxel treatment (Fig. 2) is uneven, but this appears to be due to unequal amounts of 

total protein in each lane of the gel. However, this does not rule out the possibility that TAL 1 or 

LM01 could be influencing expression. Within 24 hr of drug treatment, Bax expression had 

-

-

peaked, and the protein was probably dimerizing with Bcl-2 thus pulling it away from the 

mitochondrial membrane. This would cause the accumulation ofBcl-2 to shift into the 

cytoplasm as is illustrated by the 48 hr cytoplasmic extract increase ofBcl-2 in Fig. 4. Fig. 3 

shows that Bax is expressed at high levels upon treatment with colchicine, and these levels begin 

to decline within 48 hr. Overall, treatment with colchicine and paclitaxel caused a similar 

expression pattern ofBax (a peak at 24 hr that declines by 48 hr). This means the drugs have a 

comparable effect on the cell which leads to the expression ofBax and the initiation of apoptosis. 

Disruption of the equilibrium between tubulin monomers/dimers caused by the drugs 

may be one of the stresses capable of activating the JNKJSAPK pathway. This pathway has been 

shown to be time-dependent, with prolonged activation (such as that by paclitaxel) leading to 

apoptosis (Wang, 1999). The response demonstrated by JNKJSAPK expression (Fig. 6) in the 

paclitaxel treatment substantiates that extended exposure leads to an upregulation of the protein 
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in some ofthe cell populations. This suggests that TAL I and! or LMO I have no effect on 

activation/deactivation of JNK/SAPK. Actin (42 kDa), which has a similar molecular weight to 

JNK/SAPK (46 kDa), was also probed to ensure equal loading of protein in the gels. This means 

that the bands in Fig. 6 could be either actin or JNK/SAPK. The lanes with no bands could also 

be the result of unequal loading of protein or a blotting problem. Further analysis is needed to 

clarify this situation. 

The TALI and LMOI genes affect protein expression in a number of ways. LMOI seems 

to inhibit p53 expression (Fig. 1), which could lead to less control of the GIIS transition of the 

cell cycle. This could allow for the replication of a transformed cell and ultimately it could lead 

to cancer. On the other hand, TALI and TALI/LMOI seem to have no effect on the expression 

ofp53. TALI also appears to reduce Bax expression in the 48 hr paclitaxel treatment (Fig. 2), 

but this may be due to unequal loading of protein as shown by the actin bands. It is also possible 

that the effect is real and TAL 1 is sequestering or influencing Bax in such a way that Bax cannot 

promote apoptosis. In a similar fashion, LMOI reduced expression ofBax in the 24 hr 

colchicine treatment (Fig. 3), so the mitochondrial membranes of these cells might remain intact 

and apoptosis is down-regulated. TALI and LMOI seem to have no effect on Bcl-2 expression 

after paclitaxel treatment (Fig. 4). However, paclitaxel does cause Bcl-2 expression to become 

greater in the cytoplasmic extracts at 48 hr. Bcl-2 might be dissociating from the membrane 

between 24 and 48 hr, indicating that these cells have "leaky" mitochondrial membranes and 

apoptosis is fully functioning at this time. Furthermore, expression of Bcl-2 after 48 hr 

colchicine treatment (Fig. 5) might be inhibited by LMOI, but actin expression is also lower. 

This result might reflect an underloading of the sample or a technical issue in the blotting. A 

comparison of Figs. 4 and 5 shows that paclitaxel caused Bcl-2 to dissociate from the membrane 



and accumulate in the cytoplasm while colchicine did not have this effect. Upon treatment with 

colchicine, Bcl-2 does not accumulate in the cytoplasm. The cause of this cannot be 

conclusively determined from this blot, so further analysis is required to examine the behavior of 

Bcl-2 in this situation. 

Several technical issues arose as this work was being completed. For example, the 

downward slope of some lanes (Fig. 2) is due to faster migration of those lanes as compared to 

the other lanes during the running of the gel. The results presented here can only provide a 

qualitative comparison of protein levels. A more accurate quantitative assessment could be made 

through densitometry, which is the measurement ofthe density of an unknown substance in 

terms of the density ofa known substance. This is done by using an instrument to calculate the 

optical density of a substance by measuring the intensity of the light it reflects, or in this context, 

_ by measuring the intensity of the bands of a known concentration of protein and comparing it to 

the other bands on the blots. This information would provide a more accurate assessment of the 

changes of protein expression levels within the cells that was determined through this study. 

This research could be expanded in a number of ways. Although the most well studied 

action of microtubule-interfering drugs is an arrest at the G2/M transition of the cell cycle, other 

effects may exist. Paclitaxel and colchicine could influence cellular pathways independent of 

Bax, p53, Bcl-2, or JNKJSAPK. Their effects on other pathways, such as Ras and ASKl, remain 

to be explored. Ras is an integral protein of the plasma membrane that activates signaling 

cascades leading to altered DNA synthesis and lipid metabolism. ASKl is known to activate 

JNKJSAPK during stress-induced apoptosis, but little is known about the mechanism behind it. 

Furthermore, TAL 1 and LMO 1 may act as transcription factors that regulate genes other than 

those currently being studied. We chose to evaluate the Bcl-2, p53, and Bax proteins because 



they are members of large protein families that have diverse effects on the cell cycle. However, 

there exist many other potential targets including various signaling pathway proteins and/or other 

apoptotic proteins not studied here. Thus, there are many facets of these complex mechanisms 

that wait to be investigated. 
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