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CHAPTER I 

INTRODUCTION 

Perspectives on Cancer 

Cancer has been one of the most studied diseases in history. American men have a 1 

in 2 chance and American women have a 1 in 3 chance of developing some form of cancer 

within their lifetime [1]. Cancer is not considered a single disease. Each cancer is unique to 

the individual and the affected tissues. Cancer can be caused by inherited genetic mutations, 

but it is not the only factor nor is it the major factor [1]. Exposure to environmental 

chemicals, diet, and lifestyle play important roles in the development of cancer [1]. The term 

cancer can be used as a general classification of diseases that are characterized by 

uncontrolled cell growth or failure to undergo apoptosis, or programmed cell death [1]. 

Scientists have found correlations between specific mutations and cancer, as well as tissue 

specific mutations in cancer. There has yet to be one single factor, however, that has been 

implicated in all forms of cancer. 

Researchers have been challenged to find a cure for this disease. Those in the 

scientific community are beginning to understand the biological and biochemical 

complexities of uncontrolled growth and cancer. Uncontrolled cell growth is an umbrella 

term referring to a phenomenon that may be caused by multitude of different factors. In order 

to elucidate the factors involved in uncontrolled growth more must be understood at the 

cellular and molecular level. Only then can the question of curing cancer be addressed. 

Some essential clues into the mechanisms of cancer have been provided by new technologies 



exploring the molecular biology and biochemistry of cancer, but the key component(s) 

remains a mystery [2]. While many researchers are focusing on unlocking the key to cancer 

by studying the cellular and molecular dynamics of the disease, a second equally important 

goal is to continue to work on the treatment of cancer for those who are currently afflicted 

with this debilitation. 

Finding a treatment for cancer is much like finding a cure. Scientists are assembling 

a "map" of cancer that allows us to look for characteristic markers and mutations; however, a 

direct route to the cure is incomplete. Presently, the map serves only as a rough guide, not as 

a precise scientific instrument. The approach to cancer treatment varies in methodology and 

effectiveness, much like that of the disease itself. Traditional treatments such as surgery and 

radiation therapy are still very common and effective options in cancer treatment [3]. In 

addition, new technology has brought along new information about the biochemical 

interactions of cancer and various treatment strategies. These interactions may be 

manipulated by the use of chemotherapeutic agents, antibody binding specificity, and gene 

therapy techniques [3]. Often, cancer patients are now given multiple combinations of 

therapies in order to attack the disease more efficiently. 

With the rapid advancement of cell and molecular biology and an increased 

understanding of cancer at the molecular level, it is likely that if a common factor found in all 

cancers exists, it will soon be discovered. However, it is probable that this discovery will be 

a combination of biochemical interactions occurring at the gene level. It seems that the key 

may be found but the door may still be locked. People will most likely continue to develop 

cancer due to environmental carcinogens, dietary intake, or other reasons. However, we will 



understand the basis for the disease and what needs to be targeted for treatment will be 

understood. Like many other diseases such as muscular dystrophy, treatment may not be 

feasible at the gene level. Therefore, it is imperative that better treatments be developed in 

combating cancer. 

Breast Cancer 

Breast cancer presents a major health risk to women today. In the United States alone 

there are approximately 175,000 new cases of invasive carcinoma diagnosed along with 

40,000 new cases of carcinoma in situ [4]. Invasive carcinoma refers to cancers that have 

broken through the tissue of origin and invaded surrounding connective tissues. The 

seriousness of these carcinomas is determined by the degree of spread of the cancer. Local 

spreading in the breast is considered less serious than metastatic spread to distant organs. 

Carcinoma in situ'is localized cancer enclosed in a capsule or within the basement membrane 

of the epithelium that can often be treated and cured. With the 215,000 new cases reported 

each year, there are also approximately 43,500 deaths associated with the disease [4]. For 

women, these numbers represent a 1 in 8 chance of developing breast cancer in a lifetime. 

Included in these numbers are about 1,300 new cases and 400 deaths annually among men 

[4]. 

The histology of the breast reveals two primary tissue types that are organized to form 

the mammary gland (tissue). The glandular portion is composed of epithelial tissue divided 

into separate lobes, containing secretory lobules. Ducts leaving the lobules form a single 

lactiferous duct in each lobe. Near the nipple, the lactiferous duct forms a lactiferous sinus. 



There are approximately 15-20 lactiferous sinuses opening into each nipple. Fibroblasts, the 

second major cell type, surround the lobules compose dense connective tissue. This 

connective tissue or stroma forms partitions extending between the lobes and lobules [5]. 

The majority of cancer in the breast has localized origins in the ductal epithelium and 

is termed ductal carcinoma in situ (DCIS) [6]. Lobular carcinoma in situ occasionally occurs 

in the epithelium lining the lobules [6]. (Carcinomas,)cancers of epithelial origin, comprise 

approximately 90 % of all cancers. In comparison, sarcomas or cancers of connective tissue 

comprise 10 % of total cancers [7]. This fact may be attributed to the relative differences in 

function and differentiation of epithelium and connective tissues. Epithelial cells comprise 

the linings of all exposed surfaces of the body including the skin, digestive tract, glandular 

tissues (i.e., mammary glands), and endocrine organs. These tissues are generally involved 

in specialized functions such as absorption and secretion [5]. Connective tissues are often 

terminally differentiated for a specific function (e.g., muscle or nervous tissue) or for 

structure and support (e.g., bone) [5] 

There are several factors implicated in increased risk for development of breast 

cancer. These factors include, but are not limited to, dietary fat intake, age at menarche, 

number of parities, age at menopause, and exposure to environmental carcinogens [4]. The 

stage of lobular development has also been implicated in breast cancer risk [8]. Women with 

lobule type n, predominant in nulliparous women, show an increased susceptibility for 

developing cancer. In contrast, women with lobule type in or IV have decreased risks for 

cancer occurrence. This seems to be attributed to the changes in endocrine control and 

regulation during pregnancy [8]. 



Molecular Basis of Breast Cancer 

This section briefly outlines some of the well-known molecular mechanisms 

associated with breast cancer development and progression. The inactivation of mmor 

suppressor genes and the reactivation of oncogenes are two of the hallmarks of the disease 

and have been a primary focus in research. Mammary gland function depends greatiy on 

hormonal regulation; therefore, estrogen plays a very important role in the molecular process 

of breast cancer development and progression. 

The mmor suppressor family of genes is involved in the regulation and maintenance 

of normal cellular function. Undoubtedly, the most smdied of these genes is p53 p53 is an 

upstream signaling protein for apoptosis as weU as for controlling the cell cycle in the 

presence of DNA damage [9]. Mutations in p53 are well documented in human cancers 

(please see Levine, 1997). These mutations occur in more than 50 % of all cancers [9]. For 

this reason, p53 has been called the guardian of the genome [10]. It is now estimated that 60 

% of breast cancers contain a mutated p53 gene [11]. Persons with Li-Fraumeni syndrome 

have a germline mutation of p53, and their family pedigrees are riddled with cancer [12]. 

Another tumor suppressor gene found mutated in a variety of cancers is retinoblastoma 

pRb . It was first discovered in retinoblastoma, a rare tumor of the eye found in children 

where it was found to play a role the regulation of cell cycle progression. Other inherited 

mutations in persons with a familial history of breast cancer are BRCAl and BRCA2. These 

genes are now the focus of a debate concerning early genetic testing and the ethical 

interpretation of the results [13]. 



^ Oncogene reactivation provides the cell with mutated or increased levels of mitogenic 

proteins. These proteins are normally associated with rapid growth tissues and in 

development [2]. Upon differentiation, these genes become inactive. When reactivated these 

oncogenes confer on the cell the ability to undergo mitosis, usually at a much faster rate and 

in many instances, independentjof growthiactor or hormonal control [2]. Increased levels of 

oncogenes have been demonstrated in broad spectrum of cancers as well as in breast cancer. 

They include the ras family, c-myc, erbZ-neu, blc-2, and the mcfiamily [14]. The ras 

oncogene is part of the mitogen associated protein (MAP) kinase cascade that promotes 

mitosis [14]. C-myc plays a role as a transcriptional promoter in the progression of the cell 

cycle from Gi to S phase, and the |srbB2 Igene is similar to the epidermal growth factor (EGF) 

receptor causing an increase affinity for EGF, a known mitogen [14]. .Bcl-2 is a key protein 

in bypassing cellular apoptosis. Bcl-2 has antiapoptotic actions preventing the cell from 

exiting the cell cycle in the event of DNA damage or chromosomal instability [14]. 

Growth and differentiation of the mammary gland is dependent on steroid hormonal 

control: Estrogen is the primary steroid involved in this pathway. In females, high levels of 

estrogen (17p-estradiol) secretion begin at puberty and continue until menopause. The 

changes in the physiological levels of the steroid are responsible for the female menstrual 

cycle. The maioritv of breast cancers (60 %) are estrogen receptor positive (ER+) [8]. This 

status correlates with an increased expression of normal estrogen receptors or a mutation of 

the estrogen receptor itself [15]. Either situation results in an increased sensitivity to 

estrogens [16]. This increased sensitivity to estrogen is an important factor in research on the 

current treatment options of breast cancer. 



Telomerase reactivation is the critical factor in cellular immortalization (for review 

see [17]). The reactivation of telomerase allows for the stabihzation of telomeres above the 

critical length [18]. After each subsequent replication, telomere length is shortened by 

approximately 200-500 bp due to the end replication problem in Hnear genomes [19]. The 

telomeres function as a protective mechanism (cap) at the ends of chromosomes, providing a 

protective barrier to the genomic DNA. As the telomeres shorten beyond a critical point, the 

cell undergoes senescence, or death by old age [19, 20]. Telomerase, a ribonucleoprotein, 

uses an RNA template to add nucleotides to the free 3' end of the telomere following DNA 

replication [21]. The reactivation of telomerase allows cells to proliferate indefinitely, a 

process termed immortalization. Cellular immortalization can be seen and induced in cell 

culture models and it is speculated that immortalization occurs the same way in vivo [22]. It 

is believed that immortalization must occur in vivo to sustain mmor growth. This is 

evidenced by the fact that approximately_95 % of all advanced stage breast tumors, display-

telomerase activity [23]. This enzyme has recently been the focus of intense research in 

aging and cancer. Telomerase activity and telomere length stabilization provides insight into 

cellular aging and the capacity to undergo unlimited replication [24]. It is still unclear 

whether immortalization occurs early or late in the progression of cancer, but the unlimited 

proliferative potential gives the cell a selective advantage over mortal cells. 

As seen from the examples above, the molecular basis for breast cancer cannot be 

linked to a single mutation or event. The events leading to metastasis and angiogenesis also 

confer an advantage to the tumor and promote invasion to other areas of the body [2]. The 

activation of oncogenes, the inactivation of tumor suppressor genes, tioitnonal sensitivity. 



and telomerase reactivation all play roles in the progression of cancer [18, 25]. The 

protective mechanisms of the body would likely be overcome the presence of only one of 

these occurrences. It can be postulated that a series of steps occurs in the progression of 

cancer, starting with the activation of an oncogene such as c-myc or Ha-ras. This alone 

cannot cause increased cellular proliferation, but in conjunction with increased 

transcriptional activation from estrogen, levels of the oncoprotein are increased [6]. The 

disruption of a tumor suppressor gene allows the cell to grow without DNA damage 

regulation or cell cycle control. The reactivation of telomerase confers unlimited 

proliferative potential. These changes may take place over an extended period of time and 

not necessarily in this order. But the fact remains clear that various changes from the normal 

homeostatic state of the cell must occur in order to the progress the development of cancer. 

An understanding of this relationship is essential in order to treat cancer effectively. 

Current Treatment Methods for Breast Cancer 

There are currently several different methods used by practitioners to treat breast 

cancer effectively. In addition to (mastectomy, partial mastectomy, and radiation therapy, 

new treatments are gaining a great deal of notoriety. These include antiestrogen treatment 

with tamoxifen, as well as new combinations of chemotherapeutical agents,that have proved 

to be more effective [26]. Other novel treatments are currently being tested in gene therapy, 

inmiunotherapy,'anti-angiogenesis factors, vaccines, and telomerase inhibitors [27]. Along 

with developing novel treatments, combination therapy involving several treatment regimens 

or adjuvant therapies, is being used to more effectively treat cancer. This treatment strategy 



targets two or more molecular mechanisms. The long-term effectiveness of these novel 

treatments has yet to be determined. Until the efficacy of the novel methods is better 

understood, clinicians must continue to utilize established treatments such as chemotherapy. 

The following sections give brief summaries of current treatment methods. Within the 

summary, a description of the mechanism of action, the target of the action and the desired 

result are discussed. 

Endocrine Therapy 

Endocrine therapy and chemotherapy continue to be widely used methods in 

treatment. The study of endocrine therapy to treat and manage breast cancer is ongoing. 

New compounds including antiestrogens, antiprogestins, and aromatase inhibitors are being 

introduced [27]. Until recently endocrine therapy generally involved a competitor for the 

estrogen rej:eptor such as tamoxifen. Tamoxifen is a competitive inhibitor of the estrogen 

receptor (ER), preventing estrogen from binding to the receptor [28], Tamoxifen has proven 

to be extremely effective in the treatment of estrogen-dependent breast cancers as well as 

serving as a preventative treatment in women with a familial history of breast cancer. 

However, tamoxifen has also been shown to increase the risk of endometrial cancer in 

women [28]. Since the mammary gland is hormone dependent, the prospects for the 

continued research with tamoxifen as well as with novel endocrine therapies are encouraging. 

However, not all breast cancers involve estrogen disregulation, and not all ER+ cancers 

respond to treatment with current antiestrogens. 



Chemotherapy 

Chemotherapy is a relatively new method of treating cancer. The modem era of 

chemotherapy began in the mid 1940's with the use of nitrogen mustard to treat Hodgkin's 

disease [29]. The treatment strategy involves using chemicals that act upon cellular 

mechanisms to prevent growth. There are several classifications of chemotherapeutic agents, 

also called antitumor agents, based upon general mechanisms of action. These chemicals 

were first identified from a variety of sources including plants and bacteria [30]. There are 

several chemotherapy agents that have been found to be effective in a wide variety of breast 

cancers. One of the traditional chemotherapeutic agents used for treating breast cancer is 

Mjoxorubicin) Doxorubicin is a member of a large family of chemotherapeutical agents called 

anthracyclines. This class of compound is very common in clinical use, but many patients 

are resistant to the effects [30]. Doxorubicin interferes with topoisomerase n, by preventing 

the DNA from uncoiling. Recentiy, two new families of chemotherapeutic agents, called 

taxanes and vinca alkaloids were approved for clinical use. Both interact with the 

cytoskeletal elements, a-tubulin and P-tubulin [26]. The latter two proteins form 

heterodimers that compose the cytoskeletal component, microtubules. The taxanes and vinca 

alkaloids are promising candidates for adjuvant chemotherapy since many other antitumor 

agents target DNA. Thus, multiple cellular mechanisms are targeted [3]. The vinca 

alkaloids, vinblastine and cisplatin, bind to free tubulin and prevent the formation of 

microtubules. In contrast,! the taxanes, paclitaxel and docetaxel, polymerize microtubules 

and prevent their breakdown. Thus mitosis is disrupted by different mechanisms from both 

the vinca alkaloids and taxanes. 

10 



Although improvements have been made in cancer treatment, the research is far from 

complete. New discoveries in cell biology have allowed researchers to better understand the 

pharmokinetics as well as the cellular mechanisms of drug resistance. There are still many 

questions that await answers. 

Taxol (paclitaxel) 

Taxol is the Bristol-Myers Squibb registered trade name for the chemical paclitaxel. 

Taxol was first extracted from Taxus brevifolia, commonly known as the Pacific yew tree of 

the Pacific Northwest region of the United States. The extract was discovered to have anti

tumor properties. In 1971, the structure of Taxol (Fig. 1.1) was determined [31]. Little 

interest was shown to Taxol until the early 1980's when it was determined that Taxol 

promoted the polymerization of microtubules and prevented their degradation into free 

tubulin [32]. This finding was different from many of the other previously discovered 

microtubule inhibitors that act to prevent the formation of microtubules. Since only minimal 

quantities of Taxol can be isolated from natural sources (apart from the ecological 

importance of Taxus brevifolia as the natural habitat to the endangered spotted owl) the 

initial clinical prospects for wide spread use were dim. Once its antitumor activity was 

identified, novel methods of synthesis were developed for mass production of this compound 

[33]. 

11 



Taxol has also been the subject of intense debate over govemmental regulation of 

scientific knowledge and partnership with private industry. In 1991, Bristol-Myers Squibb 

was given the exclusive rights to the chemical compound for cancer treatment [34]. The drug 

was expedited through the Food and Drug Administration testing and approved for use on 

ovarian cancer in 1992 [35]. In 1994. Taxol was approved for treatment of metastatic breast 

cancer [36]. Taxol has now been approved for treatment in lung cancer, head and neck 

cancer, malignant melanoma, and AIDS-related Kaposi's sarcoma [37]. Initially, Taxol was 

used as salvage chemotherapy (treatment for those who are unresponsive to other 

chemotherapy agents) or adjuvant chemotherapy, but it is now often used as the primary drug 

for treatment. 

Mode of Action 

Taxol binds to the p-subunit of the ap tubulin dimer in the microtubule. The actual 

transport mechanism of Taxol into the cell is still unknown. However, Taxol is a highly 

lipophilic molecule that most likely enters the cell through simple diffusion across the plasma 

membrane [38]. Recent studies on intestinal epithelium have supported this hypothesis [39]. 

The results of these studies can likely be extrapolated to other epithelial tissues in the body, 

including ductal and lobular epithelium of the marmnary glands. It has been shown that 

Taxol binds to p-tubulin in a 1:1 stochiometric ratio causing the equilibrium between free 

tubulin and polymerized tubulin to favor the latter [40]. This is evidenced by the ability of 

12 



bound Taxol to prevent hydrolysis of GTP to GDP, which is required for the release of 

tubulin dimers from the microtubule [41]. 

The cellular effects of Taxol are dosage-dependent. High concentrations of Taxol 

(l}xM) cause large increases in cellular microtubule mass and results in the formation of 

multiple asters. Low^concentrations of Taxol (10 nM) also increase the stability of 

microtubules in the cell causing a disruption in the mitotic spindle, stopping mitosis at the 

metaphase/anaphase transition [42]. Both effects are detrimental to cellular replication. Low 

dosages may prevent mitosis from occurring at all or the multiple asters may result in 

desegregation (chromosomal nondisjunction) of chromosomes, causing genomic instability 

or multinucleation in daughter cells. High dosages prevent the completion of mitosis, 

causing a blockage and effectively stopping daughter cell formation [42]. 

Taxol has also been shown to have a variety of other cellular effects. However, these 

effects have only been observed in concentrations outside the normally administered dosage 

or in controlled cell culture environments and are not thought to occur in vivo [43]. 

Interestingly, one important indirect effect of Taxol is the decreased production of estrogen 

in steroidogenic cells due to the disruption of microtubule dynamics [44]. This may be one 

factor for Taxol's high level of effectiveness on hormone-dependent mmors such as those 

found in the ovary and the breast. 

Effects of Taxol on Apoptosis 

Studies suggest that the effects of TaxoLon microtubules initiate a series of apoptotic 

signals [45]. Presentiy, the initiating event(s) for this apoptotic cascade are still unclear. 

13 



Because of the complexity and multiple factors that are involved in these pathways the 

apoptotic mechanisms are still under investigation. One of the main components of the 

apoptotic pathway is the oncogene, bcl-2; [43,45]. This protein demonstrates antiapoptotic 

functions. Increased expression allows the cell to escape apoptosis [46]. Bcl-2 has been 

shown to be regulated by p53 )in the presence of DNA damage [46]. Currentiy, it is unclear 

whether bcl-2 is regulated directly by p53 upon Taxol exposure and micrombule 

stabilization. Studies have shown that bcl-2 is regulated through p21/Cipl, and cells with 

mutant and null p53 are sensitive. However, wild type cells show increased sensitivity 

because of the direct interaction between p53 and p21 [47]. 

Cellular exposure to Taxol has been shown to hvperphosphorylate bcl-2, causing the 

protein to lose its ability to bind to bax a pro-apoptotic protein [45]. However, it is unknown 

whether this phosphorylation is the direct result of Taxol exposure or through other signaling 

mechanisms triggered by microtubule disruption [45]. Other arguments suggest that the 

resultant phosphorylation of bcl-2 is dependent on the upstream kinase^ raf-ly[48]. 

Apoptosis remains incompletely known in cell biology and the signaling pathway upon 

exposure to Taxol is no different. The pathway leading to bcl-2 activation has yet to be 

elucidated. It is recognized that bcl-2 somehow plays a key role in the ability of the cell to 

perform this function. 

14 



Experimental Design 

The preceding pages outiined how Taxol is effective against a variety of human 

tumors. There is a plethora of Taxol studies to better understand its cellular and molecular 

mechanisms for combating cancer. One area lacking studies involves Taxol's interactions 

with different cell types. In conjunction with studies involving tumor cells, several studies 

have been performed on the effects of Taxol exposure on normal cells. Correlations can be 

extrapolated from this data, but a complete understanding of |how Taxol is affecting specific 

types of cells is difficult. By looking at normal epithelial and normal stromal (fibroblast), 

and tumor cells of the breast, one can begin to better understand exactly how Taxol is 

interacting with different types of cells. Along with the normal and mmor cells, inmiortal 

cells with known mutations or inactivated tumor suppressor genes can provide a starting 

point for investigating its cellular actions. 

Controlled in vitro tests must be performed to establish a baseline for experiments 

with in vitro co-culture models or in vivo models. The question addressed in this study is 

whether cell lineage specific differences exist in cells from the same tissue exposed to Taxol. 

Several points were investigated to gain a better understanding of the global effect of Taxol 

action in breast tissue. Is the cellular response to Taxol dosage-dependent, time-dependent or 

boihl is this response similar in all cell types or does it vary between cell types or the state 

of mortality? After exposure to Taxol, are the cells able to recover and continue replicating. 

15 



Since telomerase is required for immortalization, does exposure to Taxol have an effect on 

the activity or expression of this enzyme' 

A human mammary cell model was chosen for investigating these questions for three 

major reasons. First, we have available normal epithelial, stromal and induced immortalized 

cells from the same patient along with related breast tumor cell lines. Second, breast cancer 

has worldwide health implications for women. As mentioned previously, one in eight 

women will develop breast cancer in their lifetime with a death rate of about 45,000 annually 

[4]. Finally, this model was chosen because of the proven effectiveness of Taxol in breast 

cancer treatment. 

These questions were only a few of many that could have been addressed. These 

questions were investigated to provide insight into the relationship betweenjcell-lineage 

responses to Taxol and to provide a basis for future cell-lineage models. This study has 

potential immediate implications in the clinical administrations of Taxol as well as parallel 

studies involving Taxol analogs. The ultimate goal of the study is to better understand the 

cellular and molecular responses of normal cells to Taxol treatment! in order to observe if the 

desired cells to be t a r r e d (i.e., cancer cells) are the most sensitive to treatment. In addition 

we will gain a better understanding into the mechanisms of cancer. This will hopefully allow 

for exploitation of fragile (sensitive) sites to develop better treatments for the disease. 

16 
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Figure 1. Chemical structure of Taxol. Asterick C^ 
indicates functional group required for biological activity. 
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CHAPTER n 

MATERL\LS AND METHODS 

Cell Culture 

The cells were maintained in T-75 (75cm^) or T-25 (25cm^) tissue culture grade 

flasks. All cells were kept at 37° C supplemented with 5 % CO2. Medium was refreshed 

every 2-3 d for all cell lines. Cells were subcultured by treatment with Trypsin-EDTA when 

the level of confluence reached approximately 70-80 %. This ensured that cells were in log 

growth phase and had not terminally exited the cell cycle (Go). Determinations of viable 

population counts or for subculture plating densities were performed using a Coulter Particle 

Characterization Unit (Coulter Counter, Beckman-Coulter). 

Human Mammary Cells 

The cells used for this project were obtained from patients undergoing breast cancer 

surgery. Tissues adjacent to areas of surgical resection were harvested and enzymatically 

dispersed into primary cell cultures (for complete review of cell line history, please see Shay, 

et al, 1993, 1995). 

Nomenclature. The nomenclature for the human marmnary epithelial cells (HME) 

consists of a number indicating the patient of origin, for example HME 31. Subclones of 

these populations are indicated with the clone number following the patient number such as 

HME 50-5. Retrovirally infected cells that were induced to immortalize are indicated by the 

cell type followed by the introduced gene of interest. All infections were performed using 
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the Human Papillomavirus type 16 (HPV 16) under the transcriptional regulation of the 

Moloney murine leukemia virus (MMLV) promoter sequences [12]. The E6 and E7 proteins 

of this virus are shown to bind to p53 and pRb respectively, causing inactivation [49]. 

Mortal cells have limited replicative potential in culture and reach senescence at 

around population doubling level (PDL) 50. Transduction of the cells with HPV 16E6 or 

HPV 16E6/E7 immortalizes the cells in culture causing an unlimited rephcative potential. 

Spontaneously inmiortalized cells are denoted with "e" and also have unlimited rephcative 

potential in culture. 

Human Mammary Epithelial (HME) Cells. Initial tests were done using HME 31 

HPV 16E6/E7, HME 32 HPV 16E6/E7, and HME 50-5 HPV 16E6/E7 to determine the 

initial effectiveness of Taxol on HME cells. The majority of tests performed for this study 

were performed using the HME 50-5 lineage, which includes HME 50-5, HME 50-5e, HME 

50-5 16E6, and HME 50-5 16E6/E7. These cells were obtained from a patient with Li-

Fraumeni Syndrome (LFS). LFS patients have a germline mutation of p53, and present with 

multiple primary tumors beginning very early (late teens) in their lives [12]. The study then 

focused on the effects of Taxol in the HME 50 cells because the comprehensive set of 

available cells (i.e., mortal, spontaneously immortal, induced immortal). All HME cells were 

cultured with serum free medium, MCBD-170 (Life Technologies) supplemented with 0.4 % 

bovine pituitary extract (BPE), 5 fig/ml of insulin, 10 ng/ml of epidermal growth factor 

(EGF), 0.5 |ig/ml of hydrocortisone, 5 )ig/ml of transferrin, and 25 |ig/ml of gentamicin 

sulfate[12]. 
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Human Mammary Stromal (HMS) Cells. HMS cells used for this study originated 

from the same tissue sample as the HME cells. Populations were selected out of the original 

tissue sample after enzymatic dispersion. This was performed by using a 10 % fetal bovine 

serum (FBS) supplemented medium. This environment promotes growth of stromal cells 

while inhibiting the growth of mammary epithelial cells. 

Nomenclature. The nomenclature for the HMS cells is the same as that of the HME 

cell described previously. The mortal HMS cells used in this study reached senescence at 

approximately PDL 55 and immortal HMS cells have unlimited replicative potential in 

culture. The HMS cells used for this study were HMS 50 and HMS 50 16E6/E7. HMS 50 

16E6 transfected cells were not used because the inactivation of pRb as well as p53 must 

occur for immortalization to take place in fibroblasts [50]. Thus there were no immortal 

cell lines available with just HPV 16E6. HMS cells were cultured in X+S+G medium, which 

consists of 4 parts Dulbecco's modified Eagle medium (DMEM) and 1 part medium 199 

supplemented with 10 % cosmic calf serum (CCS) (Hyclone) and 25 |ig/ml of gentamicin 

sulfate. 

Tumor Cells. The nomenclature of tumor cells is the originating institution followed 

by a number, indicating the patient. The tumor cells used for this study were TTU-1 (Texas 

Tech University -1) and SCC 1419 (Simmons Cancer Center 1419), both cells lines being 

derived from invasive mammary ductal carcinoma. SCC 1419 is ER+/PR-. The stams of 

TTU-1 was not known the time of this study. Both cell lines show strong telomerase activity 

and require serum for maintenance in vitro. They also have undergone transformation as 

evidenced by aneupolidy and foci formation in culture. Cells were maintained in Dulbecco's 

20 



modified Eagle medium (DMEM) supplemented with 10 % fetal bovine serum (FBS) and 25 

|Xg/ml of gentamicin sulfate under 37 °C and 5 % CO2 conditions. 

Taxol Treatment 

Taxol (paclitaxel, Sigma) was dissolved in DMSO as per the manufacturer's 

instructions and stored in medical grade saline solution at -20 °C in working concentrations 

of 10" , 10' , and 10' M. Cells to be treated with Taxol were subcultured in Falcon 6-well or 

24-well tissue culture plates at predetermined densities to compensate for differing rates of 

mitosis between the cell types. The cells were allowed to recover and re-establish normal 

growth patterns under normal conditions (normal media, no Taxol) for 48 h. After 48 h, 

normal medium was replaced with medium containing Taxol. Taxol was administered at 

varying concentrations ranging from 1x10'^ to 1x10"̂  M. The initial concentrations were 

chosen based on prior studies showing the effectiveness of Taxol in cell culture models [40, 

47, 51, 52]. The majority of the experiments involving Taxol were performed at 2.54 x 10'̂  

M and 2.21 x 10"̂  M. These concentrations were chosen for two reasons. First, the greatest 

observed difference in cellular viability was seen between initial test groups treated with 

1 X lO'^M Taxol and 2 x 10"̂  M Taxol. Mean levels of Taxol in patient plasma after 

specified times was calculated to be 2.54 x 10'̂  M and 2.21 x 10'̂  M, depending on the initial 

dosage give to the patient following a 24 h infusion schedule [53]. The formula used to 

determine these plasma levels was: 

For experiments involving Taxol exposure for more than 48 h, cultures were 

refreshed with medium containing Taxol 48 h. For experiments involving cell recovery after 
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Taxol treatment, the treated media was removed and refreshed with normal media for the 

indicated length of the recovery period. 

Cell Counting 

Treatment groups were counted using a Coulter Counter (model Zl). Two methods 

were used in collecting cells for counting. The first procedure involved aspirating the media, 

rinsing with a buffered saline solution for 1 min to lift residual serum that could inactivate 

the trypsin. After aspirating the buffered rinse, cells were treated for 2 min in Trypsin-

EDTA. The trypsin was then aspirated and cells were incubated at 37 °C for 5 min. After 

incubation, cells were aliquoted (1:200) in IX phosphate buffered saline (PBS) and counted. 

Due to the loss of a high percentage of HMS cells, or in the case of the HME cells, the 

inability to adequately remove all cells from the plate, a second procedure was developed. 

The media was aspirated and immediately followed by treatment with Trypsin-EDTA for 5 

min at 37 °C. The total volume of trypsin solution was collected and counted. 

Live/Dead Assay 

After treatment with Taxol, cell viability was observed using the LIVE/DEAD 

Viability/Cytotoxicity Kit for animal cells (Molecular Probes). The mechanism of action is 

based on fluorescence emissions from two stains. Viable cells are distinguished by 

intracellular esterase activity. This esterase activity converts nonfluorescent calcein AM to 

the highly fluorescent calcein. These cells exhibit a green fluorescence at an excitation 

wavelength of 495 nm and an emission wavelength of 515 nm. Non-viable cells generally 
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have damaged cell membranes that allow for an ethidium homodimer-1 (EthD-1) to enter the 

cell and intercalate into the DNA. Upon binding to the nucleic acids, the EthD-1 emits an 

intense red fluorescent signal at approximately 635 nm when excited at a wavelength of 495 

nm. 

All assays were performed as per the manufacturer's directions. In this study we 

observed that many of the non-viable cells lost adherence properties to the plate and were 

aspirated before staining and, therefore, were not visualized in the assay. However, 

statistical analysis showed that the ratio of live cells to dead cells (calcein emission/EthD-1 

emission) was similar to that of cell counts for the same treatment groups. 

Cells were visualized with an Olympus BH-2 inverted fluorescence microscope. 

Photographs were taken with an Olympus 35mm camera and Kodak Ektachrome 800 or 

Kodak Elite 400 film. Fluorescence readings for statistical purposes were taken using the 

Bio-Tek Huorescence Microplate Reader interpreted with the accompanying KC4 software 

package. 

Telomerase Activity 

Telomerase activity of cells before and after treatment with Taxol were determined 

using the TRAPeze kit (Telomeric Repeat Amplification Protocol) from Intergen. After 48 h 

exposure to Taxol at the following doses; 0 M (CTRL), 2.21 x 10 "̂  M (Low), and 2.54 x 10" 

M (High), all cells were collected and lysed according to the manufacturer's protocol. For 

this study, the end-labeling protocol was used. Samples were run on 12 % polyacrlymide gel 

electrophoresis (PAGE) at 4(X) V for approximately 1.5 h. Gels were fixed for 45 min and 
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exposed on Fuji X-ray film at 4 °C for 4 h to overnight. X-ray film was then developed and 

fixed using Kodak Dektol and Fixer reagents. 

Statistical Analysis 

The analysis and interpretation of the data from both cell counts and from the 

microplate fluorescence readings was done using a one way analysis of variance (one way 

ANOVA) included in the SPSS statistical software package. Results were analyzed for 

differences between treatment groups and then for differences between the different cell 

lineages. Statistical significance between tested groups was determined at P<0.05. To 

perform multiple comparison tests, Tukey and Duncan's post hoc tests were also performed 

if ANOVA showed significant differences. 
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CHAPTER m 

RESULTS 

Cell Growth Patterns 

Cell growth pattems were established for all cell types under normal culture 

conditions by collecting cells in log growth phase and determining population doublings 

using the following formula: [log (Cells counted/cells plated)]/V2. Doubling times were 

compared between groups to determine plating concentrations for subsequent experiments 

involving Taxol treatment. 

Cell Viability Following Taxol Treatment 

HME Cells 

Cell viability was determined after Taxol exposure using three treatment groups 

CTRL (No Taxol), Low (2.21x10"^ M Taxol) and High (2.54x10"^ M Taxol). There were 

large discrepancies between experimental replications in early tests, but corrections were 

made by changing the counting procedure. Thus more accurate counts were obtained in 

subsequent experiments. Cell counts showed significant differences (P< 0.05) between the 

three treatment groups in the ANOVA for all of the HME 50 series. Similar statistical results 

were obtained from fluorescence ratios using the LIVE/DEAD assay measured by the 

microplate reader. Representative graphs of cell counts and plate reader results are shown in 

Figures 3.1 and 3.2, respectively. 
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The one-way ANOVA was performed to confirm that significant differences existed 

between the groups as suggested by the empirical observations observed through 

fluorescence microscopy. Significant differences in cell counts between treatment groups 

were seen in all HME cells regardless of type. In addition to the microscopically observed 

differences in the number of viable cells, differences in cellular morphology between the 

treatment groups were also observed. The most striking was evident between the control 

group and the high dose treatment group. Figure 3.3 is a representative photomicrograph of 

the HME cells after exposure to Taxol for 48 h. Recall that the large difference between the 

live (green) cells and dead (red) cells is due to the loss of cell adhesion by non-viable cells, 

and their subsequent aspiration along with the medium. 

HMS Cells 

Cell viability was determined for HMS cells after 48 h treatment with Taxol using the 

same concentrations previously described for the HME cells. Viable cells were counted and 

results were analyzed for both HMS 50 and HMS 50 16E6E7 cell types. Surprisingly, no 

significant difference between the three treatment groups was demonstrated. Fluorescence 

emission data taken from the LIVE/DEAD assay also showed no significant difference 

between cell types. Fewer replicates of the HMS cells were performed due to the problems 

of cells becoming over-confluent and detaching from the plate before either counts or 

Live/Dead assays could be performed. The fact that the cells became over-confluent 

(personal observations) confirms the data that was obtained reflects the true response of these 

cells to Taxol. Figures 3.4 and 3.5 show graphical representations of the HMS 50 cell counts 

and fluorescence emissions statistical analysis. 
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Microscopic examination showed no noticeable difference between treatment groups 

in either HMS 50 or HMS 50 16E6/E7 cells. Interestingly, cellular morphology appeared to 

be normal from the LIVE/DEAD assay. This is in stark contrast to the nuclear morphology 

observed in immunohistochemical staining of Taxol treated HME cells [54]. Figure 3.6 is a 

representative photomicrograph of the HMS 50 cells after exposure to Taxol for 48 h. 

Tumor Cells 

The tumor cell lines tested, TTU-1 and SCC 1419 showed varying degrees of 

sensitivity to Taxol. The differences may be due to differences in growth rates between the 

cell lines. TTU-1, which grew faster under normal culture conditions was much more 

sensitive to Taxol treatment versus SCC 1419. These results are consistent with Taxol's 

effects on microtubules, which are important strucmres in mitosis. For both cell lines, cell 

counts and fluorescence readings paralleled each other, as was the case for both HME and 

HMS cells. Figures 3.7 and 3.8 are graphical representations of TTU-1 and SCC 1419 

sensitivity to Taxol, respectively. 

Fluorescence microscopy results for both TTU-1 and SCC 1419 related the cell 

counts and data from the fluorescence microplate reader. Death pattems were similar to those 

observed in the HME cells following treatment. Interestingly, there appeared to be foci 

formation of viable cells developing in the TTU-1 cells following exposure to Taxol. Figure 

3.9 is a representative photomicrograph of TTU-1 cells following exposure to Taxol for 48 h. 
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Time Dependence on Cell Viability 

After determining the sensitivity of the different cell types to Taxol treatment for 

48 h, the next step \\ as to determine if cellular sensiti\ ity was time dependent. Since the 

HME cells were significantiy effected after 48 h, a time course experiment was conducted to 

determine if shorter exposure times had any effects. Cells were counted and assayed at 0, 3, 

6, 24, and 48 h. For the HME cells, Taxol effects begin to take place between 24 and 48 h, 

which is consistent with the time it takes the cells to complete the cell cycle. 

HMS cells did not show significant differences between treatment groups from 0 to 

48 h exposure to Taxol. Therefore, an extended exposure time of 96 h was performed. Cell 

counts revealed no significant differences among treatment groups after the extended 

exposure to Taxol. This finding confirms the previous test results with HMS cells showing 

very little sensitivity to Taxol exposure. 

CeUular Recovery after Exposure to Taxol 

The next series of experiments determined the amount of time different cell types 

require to recover after Taxol exposure. Since Taxol affects normal epithehal cells as well as 

mmor cells similarly, are the rates of recovery also similar? Knowledge of cellular recovery 

time is very important clinically. If the normal epithelial cells regain normal growth curves 

in a short period of time (i.e., faster than tumor cells), the cUnical efficacy of the dmg is 

much better than if the tumor cells recover from treatment very rapidh' and the normal cells 

have slow recovery curves. Since the Taxol did not significantiy affect the HMS cells, the 
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question becomes whether Taxol induces a permanent cell cycle exit to Go, preventing them 

from undergoing mitosis or is this a reversible effect? 

HME Cells 

The HME cells never fully recovered after treatment with Taxol. After 48 h, sUght 

increases were seen in cell counts from some of the replicates. These observations were not 

observed globally. It appeared to be dependent on the individual replicate. Subsequent cell 

counts at 7 d showed a decrease in cell counts for all cell types and repUcates when compared 

to the controls taken immediately after the removal of the Taxol containing medium. The 

counts taken after 14 d were similar to those taken at 7 d, with no significant increases in cell 

death. The control groups for all cell types continued to show increased cell counts, 

eliminating contact inhibition as a possible reason for the decline in cell number. The results 

also showed that the initial exposure concentration of Taxol was not a factor in these 

experiments. Figure 3.10 is a representative recovery curve for all HME cell types exposed 

to the high dose of Taxol for 48 h. 

HMS Cells 

Determining the recovery curves for the HMS cells was difficult because exposure to 

Taxol had little effect on this cell type. However, these experiments were important in 

determining if Taxol had any effects on HMS cells that were not detectable due to the 

counting methods used in the initial tests. All cells showed increased growth after exposure 

to Taxol for each given interval. After 14 d, each repUcate had grown to complete 
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confluence, regardless of HMS cell type or the dose received. At 14 d the cells were so over-

confluent that they detached as a single sheet from the bottom of the well. Thus, due to this 

technical difficulty, no data is reported for 14 d. Figure 3.11 shows a representative recovery 

curve for both HMS 50 and HMS 50 16E6/E7 after treatment with the low concentration of 

Taxol for 48 h. 

Tumor Cells 

The mmor cells showed remarkably different recovery curves from those of the HME 

cells. It was expected that since the cells exhibited similar death curves with Taxol, the 

recovery curves would also be similar. However, the tumor cells recovered completely after 

treatment with Taxol. There were no recognizable differences between TTU-1 and SCC 

1419 unlike those observed in cell counts due to different growth pattems. Both sets of cells 

reached confluence after 7 d. Thus, like the HMS cells, counts at 14 d were difficult to 

obtain so no data is reported for this interval. Figure 3.12 is a representative graph of the 

recovery curves for both TTU-1 and SCC 1419 after treatment with the high concentration of 

Taxol for 48 h. 

Effects of Telomerase Activity by Taxol Exposure 

As mentioned previously, telomerase activity is essential to cellular immortalization. 

For this study, the relationship between Taxol exposure and the effects on telomerase activity 

were determined. This relationship may prove valuable for understanding the cellular 

recovery mechanisms after Taxol exposure. If Taxol exposure increases telomerase activity 
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in normal cells as well as in tumor cells, then normal cells will now be able to immortalize 

and possibly cause future cancerous lesions. On the other hand, if telomerase activity is 

decreased after exposure to Taxol, then tumor cells may not have unlimited replicative ability 

and may eventually undergo senescence upon telomere shortening. 

The telomerase activity in these results is difficult to quantify due to the differences in 

cell numbers when the cells were collected and assayed. Cells were exposed to Taxol for 48 

h as described in previous experiments and then collected. Each replicate had a different 

number of cells in the well, depending on the cell type and the dosage of Taxol. However, it 

can be noted that the obtained cell counts should be approximately the same as those 

obtained in the initial experiments (see Appendix A). 

HME Cells 

The HME cells showed varying degrees of telomerase activity following exposure to 

Taxol. This finding is interesting since previous experiments showed similar activities 

between different cell types. The order of sensitivity was (from least to most sensitive) 

HME 50-5e, HME 50-5 HPV 16E6/E7, and HME 50-5 HPV 16E6. HME 50-5 showed 

strong telomerase activity in all treatment groups. This indicates that spontaneous 

immortalization has occurred or cross contamination took place at some point during this 

study. The differences seen between the low treatment group and high treatment group are 

likely due to the differences in cell counts between treatment groups. Overall, it seems that 

exposure to Taxol causes a decrease in telomerase activity in these HME cells. Figure 3.13 

demonstrates the TRAP results for the HME cells, with the decrease in telomerase activity 

most evident in the HME 50-5 HPV 16E6/E7 series. 
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HMS Cells 

The HMS cells showed results in direct contrast to those for the HME cells for 

telomerase activity. It was observed once again that the low dose of Taxol had a greater 

effect on increasing telomerase activity in the HMS 50-5 HPV16E6/E7 cells. The HMS 50 

mortal cells showed no telomerase activity in the control group, and by analysis of the 

results, exposure to Taxol showed slight increases in telomerase activity, but more testing 

needs to be performed in order to confirm the reproducibility of these results. Results for the 

HMS cells are most likely not due to differences in cell number because of the resistance to 

Taxol and the sufficient number of cells counted. Figure 3.14 is a TRAP assay for the HMS 

series. 

Tumor Cells 

The tumor cells, TTU-1 and SCC 1419 displayed results similar to those of the HME 

cells. A decrease in telomerase activity was observed after exposure to Taxol. Since both 

cell types showed similar pattems of inhibited cell growth, these results are not surprising. 

However, since the tumor cells regained normal growth following Taxol exposure, these 

results raise more questions, such as whether the low dose of Taxol seemed to have the 

greatest effect on telomerase activity for the HME cells or the HMS cells.. SCC 1419 

demonstrated large decreases in telomerase activity between the control and both treatment 

groups. Figure 3.14 is a TRAP assay for both TTU-1 and SCC 1419. 
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Figure 3.1 Representative graph of HME 50-5 16E6 
cell counts for three treatment groups following 48 h 
exposure to Taxol. 
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Figure 3.2 Representative graph of HME 50-5 16E6 
fluorescence emission ratios for three treatment 
groups following 48 h exposure to Taxol. 
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Figure 3.3 Photomicrograph of HME 50-5 HPV 
16E6 cells following 48 h exposure to Taxol. A) 
CTRL; B) 2.21x10"^ M; C) 2.54x10"^ M. All 
photographs were taken at 30x magnification 
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Figure 3.4 Representative graph of HME 50-5 16E6 cell 
counts for three treatment groups following 48 h 
exposure to Taxol. 
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Figure 3.5 Representative graph of HME 50-5 16E6 
fluorescence emission ratios for three treatment groups 
following 48 h exposure to Taxol. 
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Figure 3.6 Photomicrograph of HMS 50 cells 
following 48 h exposure to Taxol. A) CTRL; B) 
2.21x10-^ M; C) 2.54x10"^ M. All photographs 
were taken at 30x maenification 
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Figure 3.7 Representative graph of SCC 1419 cell 
counts for three treatment groups following 48 h 
exposure to Taxol. 
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Figure 3.8 Representative graph of TTU-1 cell counts 
for three treatment groups following 48 h exposure to 
Taxol. 



Figure 3.9 Photomicrograph of TTU-1 cells 
following 48 h exposure to Taxol. A) CTRL; B) 
2.21x10'^ M; C) 2.54x10"^ M. All photographs 
were taken at 3 Ox magnification. 
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Fig 3.10 Recovery curves for HME cell counts following 
exposure to 2.54 x 10"̂  M for 48 h. 
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Fig. 3.11 Recovery curves for HMS 50 and HMS 50 HPV 16 
E6/E7 cell counts following exposure to 2.21 x 10'̂  M Taxol 
for 48 h. 
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Fig 3.12 Recovery curves for TTU-1 and SCC 1419 cell 
counts following exposure to 2.54 x 10'̂  M for 48 h. 
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Figure 3.13 TRAP assay for HME cells. Cells were collected after 48 h 
exposure to Taxol and assayed. Dosages are indicated by (Low) 2.21x10"^ 
M; (High) 2.54 x 10"̂  M. Please note that the (-) CTRL shows telomerase 
activity but subsequent assays showed the same results when with no 
activity present in the (-) CTRL. 
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Figure 3.14 TRAP assay for HMS and Tumor cells. Cells were collected 
after 48 h exposure to Taxol and assayed. Dosages are indicated by (Low) 
2.21x10"'' M; (High) 2.54 x 10'̂  M. Please note that the (-) CTRL shows 
telomerase activity but subsequent assays showed the same results when 
with no activity present in the (-) CTRL. 
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CHAPTER TV 

DISCUSSION 

Understanding the cellular and molecular differences between cell lineages can help 

to explain these results. When comparing the sensitivity of a particular cell type following 

Taxol treatment, it is interesting that the HME and tumor cells were greatly affected, whereas 

the HMS cells appeared to be resistant to treatment. This may be explained by a variety of 

mechanisms. One explanation for the resistance in the HMS cells is the expression of the 

multidrug resistance gene (pl/U-mdr , P170-mdr acts as a molecular pump to remove 

lipophilic compounds like Taxol out of the cell [55]. It has been shown that over-expression 

of this gene causes drug resistance in many cell lines [56]. Another gene implicated in drug 

resistance to Taxol is the'c-erb2 ^ene, which has similarities to the epidermal growth factor 

receptor (EGFR) [56]. Resistance by the HMS cells is likely due to the increased expression 

of one or both of these genes. This also suggests that the HME and tumor cells are not 

expressing these genes, and therefore, are sensitive to Taxol treatment. Further studies at the 

molecular level must be performed to confirm these observations. Cellular apoptosis 

mechanisms must also be considered when looking at cellular sensitivity. Levels of bcl-2 

expression are also likely to play a role in determining these molecular differences between 

the cell types. Our results suggest that active bcl-2 in HME and tumor cells is maintained at 

basal levels or decreased upon exposure to Taxol. Studies have shown that bcl-2 is 

phosphorylated in the presence of Taxol [57]. However the exact mechanism of action is 

unclear. If Taxol is affecting bcl-2 at the gene level, this supports the resistance of the HMS 
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cells. In this proposed model, the HMS cells produce increased levels of bcl-2 to prevent 

apoptosis. The action of Taxol is likely to be combination of both factors as well as other 

factors yet to be determined. 

Analysis of cellular recovery provides intriguing results and shows definite Uneage 

differences among the three different cell types. The inability of the HME cells to recover 

after Taxol exposure presents many new questions. There are several mechanisms that might 

be permanently affected. Since Taxoi causes microtubule bundling, the cell may be 

permanently blocked at the metaphase/anaphase transition of mitosis. The changes in 

cellular morphology in the HME cells after Taxol exposure might be due to this 

phenomenon. AdditionMty, Taxol may cause the cell to terminally exit the cell cycle, 

preventing future replication. The morphology of the nuclei observed from 

immunohistochemistry is indicative of necrosis [54]. However, this needs to be confirmed. 

Since the HMS cells showed very little sensitivity to Taxol, full recovery following exposure 

was not surprising. These results confirm that the cells are resistant to the effects of Taxol, 

and the ability to replicate has not been lost. The tumor cells, TTU-1 and SCC 1419, 

showed high levels of sensitivity to Taxol along with the ability to recover after exposure. 

This suggests one of two different things. First, the molecular mechanisms targeted in tumor 

cells versus the normal epithelial cells may be different. Secondly, since these cells have the 

ability to fully recover after Taxol exposure, an ability to overcome apoptosis or recognize 

the cytoskeletal matrix in order to complete mitosis is accomplished. 

Only a handful of studies have looked at the relationship between telomerase activity 

and Taxol. Results from those studies showed no difference in telomerase activity following 
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exposure to Taxol [58-61]. Results from this study showed different effects on telomerase 

depending on the cell type. HME and ttimoi c^lls showed decreased telomerase expression 

following Taxol exposure, whereas HMS cells showed increased telomerase activity 

following Taxol exposure. The level of bcl-2 expression has been implicated in telomerase 

activity. High levels of bcl-2 have been shown to increase telomerase activity [62]. If HMS 

cells expressed high levels of bcl-2 as proposed previously, telomerase activity would 

increase. In the Taxol sensitive HME and tumor cells, low levels or inactive bcl-2 would 

cause telomerase activity to remain constant or decrease. The results from the preliminary 

TRAP assays follow this trend. Additional TRAP assays with better experimental controls 

(i.e., equal cell counts for all groups) as well as western analysis for bcl-2 protein levels must 

be done to confirm these results. 
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CHAPTER V 

CONCLUSION 

This study has revealed interesting information about the effectiveness of Taxol on 

different cell lineages from the same tissue. Our results suggest that exposure to Taxol 

directly or indirectly induces a variety of signaling mechanisms that either confer resistance 

or sensifivity. These exact mechanisms are beyond the scope of this study, but testing of 

these pathways is currently underway. By elucidating these molecular mechanisms, we will 

gain a new understanding of cell-specific responses. 

Several of the results in this study are very intriguing. The molecular mechanisms of 

Taxol resistance in HMS cells needs to be examined more closely, as well as the ability of 

the tumor cells to fully recover from Taxol treatment after only 7 d. By understanding these 

mechanisms, new strategies for treatment may be developed that target specific cellular 

mechanisms. Characterizing the pathways responsible for these phenomena will provide 

clinicians with important information on how to treat each different case based upon the 

available information. 

The results of this study provided the basis for future experiments with in vitro 

mammary cell co-culture models using these same cells as well as with in vivo models. 

Using these two models will allow researchers to understand the mechanisms of Taxol action 

on specific cell types, but also to better simulate cellular interactions that are occurring in the 

human mammary gland. Results from the co-culture model and in vivo model will confirm 

or challenge the results of this study. In either case, the results will be useful for comparing 
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the two models with the end goal being an explicit understanding of how Taxol affects the 

manomary gland. Such knowledge might have widespread clinical implications for other 

cancers including ovarian and lung cancer. 

One of the downfalls of chemotherapy has been the inabiUtv to targeLspecificcell 

types. Tumor cells are not the only cells effected during treatment. Chemotherapy causes 

widespread cell death of mitotic cells, with the goal of eliminafing the tumor cells. 

Chemotherapy effecfiveness is based on the notion that tumor cells proliferate at a greater 

rate and, therefore, are affected to a greater degree. More effective treatments will target 

specific cellular markers to eliminate the nonspecificity of current treatment methods. 

Synthesis of known antitumor agent analogs has traditionally focused on developing the 

easiest, most cost effective route as the means to the end product. With new technologies in 

molecular biology and biochemistry, synthesis of analogs will shift from cost effectiveness to 

specificity. These cell specific antitumor agents will be more effective in the treatment of 

cancer as well as presenting fewer side effects to the patient. To achieve this goal, future 

studies similar to this one must be performed to identify cell specific markers for target or 

manipulation. 

This study has answered many of the initial questions posed concerning cellular 

sensitivity to Taxol. These results not only provided answers to the questions posed in this 

study, but also opened the door to future studies in this area by suggesting additional 

questions. By answering these new questions as well as future questions based on these 

findings, a new strategy in the treatment of cancer could be developed through the 

exploitation of cell lineage specific differences. 
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APPENDIX 

RAW DATA 

Table 1.1 Cell Counts for HME cells following 48 h exposure to Taxol. 

Cell Type 

H M E 50-5 
Experiment 1 

2 
3 
4 
5 

H M E 50-5e 
Experiment 1 

2 
3 
4 
5 

H M E 50-5 HPV 16 E6 
Experiment 1 

2 
3 
4 
5 

HME50HPV16E6/E7 
Experiment 1 

2 
3 
4 
5 

CTRL 

99000 
114000 
114000 
167000 
176000 

99000 
65000 
87000 
178000 
183000 

170000 
109000 
221000 
206000 
160000 

165000 
207000 
126000 
180000 
193000 

Treatments 

2.21 X lO'̂ M 

41000 
57000 
43000 
140000 
142000 

106000 
100000 
111000 
82000 
139000 

106000 
100000 
111000 
123000 
167000 

97000 
74000 
106000 
161000 
200000 

2.54 X lO'̂ M 

33000 
50000 
38000 
258000 
150000 

38000 
166000 
33000 
117000 
41000 

86000 
64000 
65000 
74000 
90000 

72000 
55000 
31000 
59000 
53000 
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Table 1.2 Cell Counts for HMS and Tumor cells following 48 h exposure to Taxol. 

Treatments 

Cell Type 
HMS 50 

Experiment 1 
2 
3 
4 
5 
6 

HMS50HPV16E6/E7 
Experiment 1 

2 
3 
4 
5 
6 

TTU-1 
Experiment 1 

2 
3 
4 
5 
6 

SCC 1419 
Experiment 1 

2 
3 
4 
5 
6 

CTRL 

724750 
471460 
576350 
443950 
320220 
431410 

567560 
300610 
315350 
319590 
279010 
275250 

220310 
168590 
155930 
152710 
160340 
165790 

40740 
56530 
47620 
61700 
82950 
70900 

2.21 X lO'̂ M 

487170 
523420 
383830 
369460 
470430 
480250 

200280 
189020 
175580 
187430 
201910 
168600 

127680 
128380 
119460 
114680 
121430 
118430 

56350 
58430 
57980 
52470 
60500 
64310 

2.54 X lO'̂ M 

560450 
514000 
625100 
577610 
541680 
453230 

202360 
202890 
190210 
235760 
267660 
199590 

100170 
110990 
108750 
111340 
118900 
132080 

46650 
62000 
44330 
70180 
48030 
41260 
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Table 1.3 Table 1.4 Fluorescence emission ratios (Calcein emission/EthD homodimer 
emission) for HME cells following 48 h exposure to Taxol. 

Treatments 

Cell Type 
HME 50-5 

Experiment 1 
2 
3 
4 
5 
6 

HME 50-5e 
Experiment 1 

2 
3 
4 
5 
6 

HME 50-5 HPV 16 E6 
Experiment 1 

2 
3 
4 
5 
6 

HME50HPV16E6/E7 
Experiment 1 

2 
3 
4 
5 
6 

CTRL 

27.5 
25.4 
26.4 
26.4 
27.1 
23.8 

28.1 
34.9 
27.1 
30.0 
28.7 
32.1 

17.9 
25.3 
25.3 
22.9 
19.9 
22.4 
20.6 

20.6 
21.4 
22.8 
20.7 
21.1 
22.9 

2.21 X 10-̂ M 

17.6 
17.8 
19.0 
18.1 
18.5 
17.5 

20.4 
20.5 
18.6 
19.8 
21.3 
18.1 

14.6 
16.1 
14.1 
15.7 
13.6 
14.0 

16.7 
13.2 
14.5 
14.8 
15.4 
14.3 

2.54 X 10"̂ M 

9.2 
8.3 
8.3 
8.6 
8.1 
9.7 

7.9 
8.1 
7.4 
8.2 
7.9 
8.4 

7.6 
7.7 
7.5 
7.6 
7.1 
8.3 

8.6 
9.3 
8.6 
8.8 
9.1 
7.9 
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Table 1.4 Fluorescence emission ratios (Calcein emission/EthD homodimer emission) for 
HMS and Tumor cells following 48 h exposure to Taxol. 

Cell Type 
HMS 50 

Experiment 1 
2 
3 
4 
5 
6 

HMS 50 HPV 16 E6/E7 
Experiment 1 

2 
3 
4 
5 
6 

T T U - 1 
Experiment 1 

2 
3 
4 
5 
6 

SCC 1419 
Experiment 1 

2 
3 
4 
5 
6 

CTRL 

7.1 
6.8 
6.7 
8.3 
10.2 
9.6 

10.0 
11.1 
12.5 
10.9 
10.2 
9.7 

21.0 
26.8 
24.2 
19.7 
25.3 
21.9 

19.0 
23.4 
21.7 
22.0 
19.8 
17.6 

Treatments 

2.21 X 10"̂ M 

8.7 
6.9 
12.1 
9.4 
8.4 
9.1 

8.9 
10.6 
10.5 
9.4 
9.2 
8.1 

16.7 
15.8 
14.5 
19.1 
18.7 
14.6 

17.5 
16.1 
15.8 
17.0 
16.1 
12.0 

2.54 X lO'̂ M 

7.8 
8.5 
8.6 
9.1 
7.3 
10.6 

7.1 
12.1 
9.4 
8.9 
8.1 
11.7 

9.3 
8.8 
8.1 
8.6 
9.4 
6.3 

6.5 
7.8 
7.1 
8.3 
9.7 
8.8 
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Table A.5 Recovery curves for all cells following exposure to Taxol for 48h. No data 

indicates that cells were not recovered during that specific time point. 

Time 

Cell Type 

HME 50-5 
CTRL 
2.21 X 10"̂ M 
2.54 x 1 0 - ^ 

HME50-5e 
CTRL 
2.21 x lO'M 
2.54 X 1 0 - ^ 

HME 50-5 HPV 16 E6 
CTRL 
2.21 X 10-̂ M 
2.54 X 1 0 - ^ 

HME 50-5 HPV 16 E6/E7 
CTRL 
2.21 X lO'^M 
2.54 X 1 0 - ^ 

HMS 50 
CTRL 
2.21 X lO'^M 
2.54 X 10-^M 

HMS 50 HPV 16 E6/E7 
CTRL 
2.21 X 10"̂ M 
2.54 X 10-^M 

TTU-1 
CTRL 
2.21 X 10-̂ M 
2.54 X 1 0 - ^ 

SCC 1419 
CTRL 
2.21 X 10"̂ M 
2.54 X 1 0 - ^ 

Oh 

20842 
11908 
9038 

4042 
3161 
3194 

16901 
13383 
9586 

5443 
3089 
3247 

35103 
33361 
39790 

55228 
56572 
50457 

10386 
8737 
5755 

30725 
32229 
21747 

48 h 

21529 
11852 
9875 

7435 
3575 
3133 

34307 
12323 
8728 

12055 
3000 
4024 

47940 
48023 
48731 

63871 
62970 
59760 

27479 
18501 
17953 

60972 
57657 
49844 

7d 

12828 
8076 
5938 

11011 
3278 
2787 

31289 
8487 
5092 

16952 
2890 
2831 

58210 
55823 
59287 

72981 
68031 
67468 

31059 
26796 
25627 

18666 
41176 
48035 

14d 

22760 
7489 
5017 

15983 
3089 
2296 

32875 
4703 
4663 

18273 
2975 
2769 

No Data 
No Data 
No Data 

No Data 
No Data 
No Data 

36489 
41716 
40558 

No Data 
No Data 
No Data 

57 



PERMISSION TO COPY 

In presenting this thesis in partial fulfillment of the requirements for a master's 

degree at Texas Tech University or Texas Tech University Health Sciences Center, I 

agree that the Library and my major department shall make it freely available for 

research purposes. Permission to copy this thesis for scholarly purposes may be 

granted by the Director of the Library or my major professor. It is understood that 

any copying or publication of this thesis for financial gain shall not be allowed 

without my further written permission and that any user may be liable for copyright 

infringement. 

Agree (Permission is granted.) 

Student Signature Date 

Disagree (Permission is not granted.) 

Student Signature Date 


