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ABSTRACT
Breast cancer remains the most diagnosed cancer in American women with a projected 44,000
women that will succumb to advanced metastatic disease in the next calendar year. Advanced
and recurrent breast cancers frequently exhibit clinical resistance to therapeutic interventions
including many that exhibit resistance against multiple drugs or therapies and results in
chemoresistance. Chemoresistance, a common cause of therapeutic failure, can be classified as
either innate or acquired, both of which result in dramatically different results following
therapeutic intervention. Work in our laboratory has emphasized evaluating acquired
chemoresistance against the microtubule-stabilizing drug, paclitaxel, and has demonstrated the
ability to generate cells more resistant than cells treated with solvent controls. These paclitaxel
resistant cells provide a critical model system for evaluating mechanisms of acquired
chemoresistance. Findings from preliminary investigations of these chemoresistant cells indicate
both novel growth patterns and dose-dependent reactions to paclitaxel. These changes in cellular
behavior warrant further investigation as they imply a previously unreported mechanism of
chemoresistance.

To study acquired chemoresistance, it is necessary to have a model system. In the first
part of my research (Chapter 2), I show that MDA-MB-231 cells respond to paclitaxel in a dose-
dependent manner, and | create a long-term acquired paclitaxel resistant cell line. I then
characterized this cell line and demonstrated that although they are resistant to paclitaxel their

basic phenotypic traits remain unaltered. However, there are significant changes to these cells on



a genotypic level which could be the beginning of investigation into the mechanisms of acquired
chemoresistance.

In the second part of my research (Chapter 3), | demonstrate that reducing expression of
KIF14 within a triple-negative breast cancer (TNBC) cell line causes a reduction in cellular
growth including proliferation potential and colony formation abilities. | also determine that
when treated with paclitaxel, the TNBC cells are more responsive to paclitaxel treatment. When
KIF14 expression is also reduced within resistant cells, they express a reduction in growth
capabilities and are more responsive to paclitaxel treatment. This information thus provides a
deeper understanding of KIF14’s role in the mechanism of chemoresistance.

Appearing in the third part of my research (Chapter 4), I find that epigallocatechin-3
gallate (ECGC) can suppress the growth of paclitaxel-resistant hormone responsive breast cancer
cells in a dose-dependent manner. | also found that EGCG has the capacity to decrease the
viability of paclitaxel resistant TNBC cells when treated with both EGCG and paclitaxel thus
demonstrating the potential for this compound. This information thus supports further
investigation into the molecular mechanisms of EGCG activity in paclitaxel-resistant cells and

the potential as EGCG as a combinatorial treatment with paclitaxel.
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CHAPTER 1

AN INTRODUCTION TO BREAST CANCER AND THE FIGHT AGAINST
CHEMORESISTANCE
Epidemiology of Breast Cancer

Cancer is a disease that will affect every person. When normal cells no longer respond to
their regulatory controls, they become cancerous. The most commonly diagnosed cancer in
women is breast cancer with about 30% of all new cases diagnosed as breast cancer (Siegel et al.,
2021). It is estimated that this year alone approximately 44,000 women will perish from breast
cancer, a trend that is steadily increasing in numbers with a global rise of 20% since 2008
(DeSantis et al., 2014; Jemal et al., 2008; Siegel et al., 2021; Siegel et al., 2017).

Breast cancer is a heterogenous disease in which breast tissue changes and divides
uncontrollably (Society, 2019) and is divided into three main groups. The first group is hormone
receptor positive in which the cancer is identified for being positive for either or both estrogen
receptors (ER) or progesterone receptors (PR). The second group known as HER2-enriched as it
is classified by being positive for the human epithelial receptor 2 (HER2). Finally, the third
group is negative for PR and ER while simultaneously lacking an amplification of HER2
receptors and is known as triple-negative breast cancer (TNBC) (Perou et al., 2000; Sgrlie et al.,

2001).



Hormone positive breast cancer can be further divided into two groups luminal A or
luminal B. Luminal A subtype is positive for ER and/or PR and is negative for HER2, while
luminal B subtype is positive for all three hormone receptors.

With the use of gene expression analysis, TNBC can be classified with six different
subtypes each with unique ontologies. These six subtypes include: a basal-like 1 and 2, a
mesenchymal, a mesenchymal stem-like, a luminal androgen receptor, and an

immunomodulatory subtype (Lehmann et al., 2011) (Figure 1.1).

Figure 1.1

Molecular Subtypes of Breast Cancer
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Note. Molecular subtypes of breast cancer based on gene expression analysis.



On average 78% of all female breast cancer is hormone receptor responsive with only 4%
being HER2-enriched and 10% of cases being triple-negative (Anderson et al., 2002; Cleator et
al., 2007; Konecny et al., 2003; Kumar & Aggarwal, 2016; Surveillance, November 2020).
TNBC is a highly proliferative subtype with a higher incidence of metastasis and results in poor
overall survival (Mir et al., 2020). Identification of the hormone receptors located within the
breast cancer is necessary as different treatment options are dependent upon the presence or
absence of these key receptors.

Model Systems

With a plethora of different breast cancer subtypes, work in our laboratory has focused on
studying the MDA-MB-231 cell line and the MCF7 cell line as these are well characterized
breast cancer cell lines that will allow for comparison of molecular changes. MCF7 cells are a
luminal A subtype, positive for both ER and PR, that was initially isolated in 1970 from a patient
with a malignant adenocarcinoma and is commonly used to study early stage breast cancer (Kao
et al., 2009; Welsh, 2013). This cell line has low metastatic potential as a non-invasive, non-
aggressive breast cancer (Gest et al., 2013; Shirazi et al., 2011). Usage of this cell line allows for
a reliable model to study changes in response to chemotherapy in hormone responsive cancers
(Koutsilieris et al., 1999).

MDA-MB-231 cells are a TNBC line, ER-, PR-, and HER2-, that was initially harvested
in 1973 from a patient with invasive ductal carcinoma and is a common cell line to study late
stage TNBC (Cailleau et al., 1978; Welsh, 2013). This cell line is significantly more invasive and
therefore a more aggressive cell line. Both cell lines are cultured the same in a low glucose
Dulbecco’s modified Eagle’s medium with cosmic calf serum, glutamine, and insulin. The cells

need a medium renewal twice a week with weekly passages. Both cell lines are aneuploid and



are typically responsive to chemotherapy. With the use of both a hormone receptor positive
(MCF7) and a TNBC (MDA-MB-231) cell line critical investigation of breast cancer can be
defined on a broad spectrum.

Treatment

Along with the different subtypes of breast cancer, physicians have multiple treatment
options depending on the patient’s need. Treatments for breast cancer can be divided into two
groups: local treatments or systemic treatments. Local treatments are isolated treatment options
that can terminate cancer cells; however, their effect on neighboring cells is minimal. Local
treatments include radiotherapy or surgery.

Radiotherapy is radiation therapy that uses high energy radiation to minimize tumors and
terminate cancer cells (DePolo, 2021). Surgery for breast cancer includes the removal of breast
tissue in hopes of eradicating the cancer cells from the patient. There are different surgical
options depending on the stage of the cancer and even the patient’s peace of mind. The two main
types of surgical options include: lumpectomy, in which only the tumor is removed, or a
mastectomy, where all of the breast tissue is removed.

Systemic treatments can be used in conjunction with local treatments or used on their
own. Systemic treatments make use of pharmaceuticals to eliminate the cancer cells. However,
one of the drawbacks of systemic treatments are that they are not localized only to the cancer
cells and can have a damaging effect on neighboring or distant cells that are not cancerous.
Common systemic treatments include: hormone therapy, immunotherapy, and chemotherapy.

Immunotherapy encourages the patient’s immune system to eliminate the cancer cells;
however, since cancer cells begin as normal cells it can be difficult for the immune system to

identify them as cancerous (Simonian et al., 2021). There are two main types of immunotherapy;



active immunotherapies, which train the patients’ immune system to respond on its own, or
passive immunotherapies, in which patients are provided with immune system components to
fight the cancer cells (Emens, 2021). Immunotherapies have been found most beneficial to
patients expressing with HER2-enriched breast cancer cells (Plevritis et al., 2018; Wolff et al.,
2019).

Hormone therapy is a systemic treatment specifically for breast cancer patients that have
hormone receptors on their cells (hormone receptor responsive cancers). Typically, there are two
main mechanisms for hormone therapy targeting. The first is to lower the amount of hormones
within the body (Jennifer Armstrong, 2020). The second option is to block the existing hormones
mechanism of action (Jennifer Armstrong, 2020). Hormone therapy is typically selected to treat
breast cancers that are ER+ and PR+, like the MCF7 cell line.

With TNBC lacking ER, PR, and HER2 amplification, there currently is not a standard
treatment option when a patient presents with this type of cancer, and their systemic options are
limited to chemotherapy (Kumar & Aggarwal, 2016; Luque-Bolivar et al., 2020). Chemotherapy
is the use of pharmaceuticals that may be given intravenously or by mouth. Chemotherapy
weakens and destroys cancer cells at both the location of the original tumor and cancer cells that
could have metastasized. However, since chemotherapy can target metastasized cells there is the
possibility that it will have off target effects. Chemotherapy is the best option when cells are ER-
, PR-, and HER-, like the MDA-MB-231 cell line.

One of the most common classes of chemotherapeutics utilized in metastatic breast
cancer therapy is the taxanes. The taxanes were initially discovered as part of a National Cancer
Institute program to find new natural therapeutics for cancer. In 1963, the bark of the Pacific

Yew tree, Taxus breviflia, was harvested and tested for its antitumor properties. It was not until



1971, that paclitaxel was identified as the active ingredient with cytotoxic effects against tumors
(Rowinsky & Donehower, 1995; Wani et al., 1971). In 1992, the Food and Drug Administration
(FDA) approved paclitaxel to treat ovarian cancer and then in 1994 approved paclitaxel for
breast cancer treatment (Gueritte, 2001; McGrogan et al., 2008; McGuire et al., 1989; Sarosy et
al., 1992). The taxanes are approved therapeutically in breast cancer when the cancer presents
with lymph node involvement and further metastasis (Crown et al., 2004; Hassan et al., 2010;
Jordan & Wilson, 2004; Sparano et al., 2008). Paclitaxel treatment has also been used to treat
lung, pancreatic, gastric, and cervical cancer (Massey et al., 2019; Sakamoto et al., 2009; Tuma,
2003; Wang et al., 2016). Treatment with taxanes has been shown to increase survival rates in
patients although not necessarily cause complete tumor regression (Gradishar et al., 2009;
Tabuchi et al., 2009). Paclitaxel, in particular among the taxanes, is one of the most common
chemotherapeutic pharmaceuticals utilized against advanced metastatic TNBC; however, it has
significant draw backs since it is easily tempered by resistance (Alves et al., 2018; Goldblatt et
al., 2009; Stage et al., 2018).
Mechanisms of Chemoresistance

Cancer that forms, grows, and spreads quickly is known as aggressive. Aggressive cancer
is typically difficult to treat with these characteristics. Despite the aggressive behavior of TNBC,
there is a good initial response of patients to chemotherapy, as this treatment is not localized and
could reach cells that may have invaded other tissues in the body (metastasized). Unfortunately,
patients that have residual disease result with a worse prognosis (Carey et al., 2007). Residual
disease occurs when some of the cancer cells evaded treatment. This evasion of treatment could
occur for many reasons: the cells could have metastasized or they could exhibit resistance to

therapeutic intervention.



Resistance to chemotherapy signifies that the cancer cells, or a subpopulation therein
(pre-existing), can still grow in the presence of the pharmaceutical thus rendering the treatment
ineffective. When a patient first undergoes chemotherapy, there is the possibility that their cancer
cells contain mutations allowing them to be resistant to the therapeutic. When this occurs, it is
classified as innate resistance, as the resistant cells existed prior to the full regimen of
chemotherapy (Groenendijk & Bernards, 2014). After a full round of chemotherapy, if the
patient experiences a recurrence of the cancer, there is the possibility that the cells will be
resistant to chemotherapy as they have now gained mutations to be unresponsive to the
chemotherapeutic agent. This classification is known as acquired chemoresistance as the resistant
phenotype appears after being exposed to the therapeutic (Lugmani, 2005). Both innate and
acquired chemoresistance comes with dramatically different results following therapeutic
intervention (Catherine E Steding, 2016).

Several mechanisms have been proposed on chemoresistance including ATP-dependent
efflux transporters, signaling pathways like PI3K/AKT/mTor and RAS/MAPK/ERK,
microRNAs, and cancer stem cells (Fruci et al., 2016; Giltnane & Balko, 2014; Page et al., 2000;
Pavlopoulou et al., 2016; Wang et al., 2015). In addition to these proposed mechanisms of
chemoresistance, there are also mechanisms specific to acquired resistance based on the
chemotherapy selected. For example, mechanisms unique to the taxanes are alterations in
microtubules and key microtubule-associated proteins (Kavallaris, 2010).

Microtubules and Associated Proteins

To be able to combat chemoresistance, it is necessary to know how the pharmaceutical

works and their targets for potential gain of resistance. The taxanes, including paclitaxel, affect

cancer cells by blocking them in G2/M phase of the cell cycle and they do this by interacting



with the microtubules within the cells (Horwitz et al., 1986). Microtubules are long, filamentous,
tubular protein polymers that are an important part of the cytoskeleton (Goodson & Jonasson,
2018). They are involved in cellular proliferation, shape, and movement, making them ideal
targets for chemotherapy (Etienne-Manneville, 2013). Microtubules are long protofilaments
consisting of alternating a- and - subunits that are in a constant state of dynamic instability
(Desai & Mitchison, 1997). This constant state of change is regulated by microtubule-associated
proteins (MAPS).

MAPs regulate microtubules by binding to multiple different locations on the
microtubules (Shi & Sun, 2017). If any changes in the MAPS occurred, it can cause a
deregulation of microtubules that can lead to resistance to chemotherapeutic agents like
paclitaxel (Shi & Sun, 2017). For example, there are MAPs that function in the polymerization
and stabilization of the microtubule, including MAP2, EB1, and EB3 (Bauer et al., 2010;
Gouveia et al., 2010; Luo et al., 2014). There are also MAPs that function in destabilization of
the microtubule, including SIK2 and MCAK (Ahmed et al., 2010; Ganguly et al., 2011). Motor
proteins within the cell can also function as MAPs, including KIF14, which functions in
destabilizing the microtubules (Arora et al., 2014; Corson & Gallie, 2006). With a wide variety
of MAPs, changes in any of them could result in the deregulation of microtubules that can lead to
chemoresistance (Rodrigues-Ferreira et al., 2020; Shi & Sun, 2017).

Paclitaxel works by stabilizing cellular microtubules and blocking chromosome
segregation. Paclitaxel binds specifically to the B-subunit within the microtubule where
interactions with adjacent B-tubulin occur (Horwitz et al., 1986; Manfredi & Horwitz, 1984;
Manfredi et al., 1982; Orr et al., 2003; Snyder et al., 2001). The stabilization ability of paclitaxel

comes from this location of binding. When paclitaxel binds to this location, it strengthens the



lateral contacts between protofilaments by creating a conformational change within the structure
(Jordan & Wilson, 2004; Nogales, 2001). Under normal circumstances, when the microtubule
would need to be stabilized the microtubule-associated protein, tau, would bind to this location to
stabilize the microtubule. However, when paclitaxel is present within the cell it competes with
tau for this location resulting in tau being displaced. EB3 is another protein that is affected by the
addition of paclitaxel. Studies have shown that when paclitaxel is added to a cell in vitro, EB3 is
found to no longer be binding to the microtubule (Rovini et al., 2010; Shemesh & Spira, 2010)
while in vivo studies have shown no change in levels of EB3 when paclitaxel is added (Benbow
et al., 2016; Benbow et al., 2017). This could also affect the localization of another MAP,
KIF2C, because the binding of EB3 to the microtubule promotes KIF2C binding, therefore, if
EB3 is no longer binding then it is possible that KIF2C is also no longer binding.
Paclitaxel Resistance

Paclitaxel is effective in eliminating a majority of tumor cells; however, it is easily
tempered by drug resistance and the mechanisms leading to resistance remains unclear (Bauer et
al., 2010; Panayotopoulou et al., 2017). Many mechanisms have been researched to elucidate the
mechanisms by which tumor cells can become resistant to paclitaxel. One proposed mechanism
is through mutations in the binding with B-tubulin resulting in less stability of the microtubules
(Ayers et al., 2004; Hari et al., 2006; Sledge et al., 2003). Some studies have reported different
isoforms of B-tubulin being upregulated within a resistant population (Paradiso et al., 2005;
Stengel et al., 2010; Tommasi et al., 2007). Another proposed mechanism is through the
expression of the tubulin binding protein tau with expression indicating susceptibility to
paclitaxel treatment (Rouzier et al., 2005; Smoter et al., 2011; Tanaka et al., 2009). Investigation

into the expression of BRAC1, ER, and HER2 have also been investigated as possible
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mechanisms for paclitaxel resistance (Estévez & Gradishar, 2004; Formenti et al., 1999;
Formenti et al., 2003; Hess et al., 2006; Thuerigen et al., 2006). Resistance to paclitaxel has also
been related to the increased expression of multidrug transporters, like p-glycoprotein 1 (Jeong et
al., 2016). This research will focus on elucidating the mechanism of acquired paclitaxel
resistance in relation to a microtubule-associated protein.
Combinatorial Therapeutics

There are many approaches to combat the development of resistance to chemotherapy
and one of those avenues is with the use of a combination of treatment options. There are many
different combinational therapies that can be administered as treatment options including:
neoadjuvant therapy, in which a systemic therapy is delivered prior to local treatments, and
adjuvant therapy in which systemic therapy is delivered post local treatments. TNBC is
significantly heterogenous, with single-cell genomic analysis demonstrating that multiple
different TNBC subtypes can be localized within one population, thus making effective
treatment difficult (Lehmann, 2011). Therefore, using a novel and combinational approach could
be more effective.

Combination therapy is starting to be used to increase efficacy of treatments for cancer.
One of the common combinational therapy treatments with paclitaxel is combining it with
immunotherapy. As early as 2006, paclitaxel was approved by the FDA to be combined with a
recombinant monoclonal antibody for treatment of lung cancer (Cohen et al., 2007). Another
combinational therapy is the combination of paclitaxel with inhibitors of signaling pathways or
growth factors. Recently, paclitaxel was approved as a combinatorial with an inhibitor of an
epidermal growth factor receptor (Kazandjian et al., 2016). One emerging treatment option is the

use of epigallocatechin-3-gallate (EGCG). EGCG is the active ingredient in green tea and
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previous work has demonstrated promising effects of a combination treatment of EGCG with
paclitaxel (Ahmad et al., 2000; Mineva et al., 2013; Roy et al., 2005; Schrdder et al., 2019).
Dissertation Focus

My research for this dissertation focuses on chemoresistance and a possible mechanism
to chemoresistance to paclitaxel. To study chemoresistance in breast cancer, it is necessary to
have an acquired chemoresistant breast cancer cell line. The status quo, as it pertains to
chemoresistance, is to treat cells a few times before experimentation and deem them resistant;
however, acquired resistance takes longer to achieve (Kenicer et al., 2014; Liu et al., 2014;
Némcova-Firstova et al., 2016; Sprouse & Herbert, 2014). By generating chemotherapeutic
resistant breast cancer cell lines via incrementally increasing doses of a chemotherapeutic
reagent, | have created a model system that can be utilized to define previously unidentified
mechanisms of resistance. The extended treatments utilized in our laboratory are unique as they
have been maintained in paclitaxel for an extended period. This better recapitulates the initial
therapeutic suppressions that would be observed in a clinical setting. This technique also ensures
that the cells retain a strong level of chemoresistance throughout the culture process.

The first part of my research focuses on the creation of a TNBC cell line that has
acquired resistance to paclitaxel (Aim 1) and any phenotypic changes these cells could possess
compared to their sensitive counterparts (Figure 1.2). Genomic changes within this TNBC
resistant cell line were evaluated using next-generation sequencing and preliminary analysis
highlight a novel MAP to investigate the mechanism of acquired paclitaxel chemoresistance.

The second portion of my research delves into a MAP that could be a novel mechanism
to acquired chemoresistance within a resistant cell line (Aim 2). Identification of the increased

expression of a MAP, KIF14, led me to the hypothesis that the TNBC resistant cells upregulated



12

a destabilization MAP to counteract the stability of paclitaxel. Chapter 3 delves into the possible

functions of KIF14 within TNBC as well as the resistant TNBC cell line.

Figure 1.2

Outline of Research

Aim 1 Aim 3
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Note. Outline of research conducted within this dissertation.

Finally, I will investigate a potential adjuvant therapy to paclitaxel within both a TNBC
and hormone responsive breast cancer cell line with the use of EGCG, the active ingredient in
green tea (Aim 3) (Figure 1.2). There is a possibility that the co-treatment of paclitaxel and
EGCG could result in the resistant cells being re-sensitized to paclitaxel.

The expected outcomes of this research will lead to a better understanding of the
mechanism in which the acquisition of chemoresistance occurs. By having this understanding of
acquired chemoresistance there is a potential to open new areas of translational research and

clinical investigation.
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CHAPTER 2

CHARACTERIZATION OF AN ACQUIRED CHEMORESISTANT BREAST CANCER
CELL LINE
Abstract

Breast cancer remains the most diagnosed cancer in American women with a projected 44,000
women that will succumb to advanced, metastatic disease in the next calendar year. Advanced
and recurrent breast cancers frequently exhibit clinical resistance to therapeutic interventions,
including many that exhibit resistance against multiple drugs or therapies, resulting in
chemoresistance being a cause for therapeutic failure. Chemoresistance can be classified as
either innate or acquired, both of which result in dramatically different results following
therapeutic intervention. Work in our laboratory has emphasized evaluating acquired
chemoresistance against the microtubule-stabilizing drug, paclitaxel, and has demonstrated the
ability to generate cells more resistant than cells treated with solvent controls. These paclitaxel
resistant cells provide a critical model system for evaluating mechanisms of acquired
chemoresistance. Findings from preliminary investigations of these chemoresistant cells indicate
both novel growth patterns and dose-dependent reactions to paclitaxel. These changes in cellular
behavior warrant further investigation as they imply a previously unreported mechanism of
chemoresistance. Here, | show that MDA-MB-231 cells respond to paclitaxel in a dose-

dependent manner and | create a long-term acquired paclitaxel resistant cell line. | then
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characterized this cell line and demonstrated that although they are resistant to paclitaxel their
basic phenotypic traits remain unaltered. However, there are significant changes to these cells on
a genotypic level which could be the beginning of investigation into the mechanisms of acquired
chemoresistance.

Introduction

Breast cancer is one of the most essential cancers to study, as advanced, metastatic
disease is expected to claim approximately 44,000 American women this year alone (Siegel et
al., 2021). The nature of breast cancer as a heterogeneous disease with a complicated and diverse
tumor microenvironment makes it challenging to achieve significant, long-term efficacy in
treatment. Although effective therapies exist, the combination of disease recurrence and the
generation of resistance against multiple chemotherapeutic drugs make the development of new
therapeutics essential. A key preliminary step in the generation of effective therapies is the
development of a clear understanding of basic cancer cell behavior and mechanisms of cellular
change in relation to chemoresistance.

Clinically, advanced and recurrent breast cancers frequently exhibit resistance to
therapeutic interventions which often results in the failure of chemotherapy (Shi & Sun, 2017).
Resistance to a chemotherapeutic drug signifies that the cancer cells, or a subpopulation therein
(pre-existing), can still grow in the presence of the drug rendering the treatment ineffective.
Chemoresistance can be classified one of two ways; the resistant cells existed prior to treatment,
also known as innate resistance (Groenendijk & Bernards, 2014), or the cells gained the resistant
phenotype after being exposed to the treatment, also known as acquired (Lugmani, 2005). Each
of these resistant classifications come with dramatically different results following therapeutic

intervention (Catherine E Steding, 2016).
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While an understanding of innate resistance is important, it does not address the long-
term consequences of therapeutic intervention that is characteristic of patient treatment. Acquired
resistance by its nature can be considered an adaptive response over time. In patients, these
adaptations can occur after few or many treatments and frequently results in recurrent, advanced
disease with limited therapeutic options. As such, work in our laboratory has emphasized
evaluating long-term treatments that better recapitulate acquired chemoresistance.

One of the most common classes of chemotherapeutics utilized in breast cancer therapy is
the taxanes, a class of drugs that impact the dynamics of microtubules by stabilizing them within
the cell (Goldblatt et al., 2009). Microtubules are long, filamentous, tubular protein polymers that
are an important part of the cytoskeleton (Goodson & Jonasson, 2018). They are involved in
cellular proliferation, shape, and movement (Etienne-Manneville, 2013). The taxanes are
approved therapeutically in breast cancer when the cancer presents with lymph node involvement
and further metastasis (Crown et al., 2004; Hassan et al., 2010; Jordan & Wilson, 2004; Sparano
et al., 2008).

Treatment with taxanes has been shown to increase survival rates in patients although not
necessarily cause complete tumor regression (Gradishar et al., 2009; Tabuchi et al., 2009).
Paclitaxel, in particular among the taxanes, is one of the most common chemotherapeutic drugs
utilized against breast cancer, however it has significant draw backs since it is easily tempered by
drug resistance (Alves et al., 2018; Goldblatt et al., 2009; Stage et al., 2018).

Our laboratory has emphasized exploration of chemoresistance in relation to paclitaxel.
Working with an acquired chemoresistant cell line is the long-established approach for studying
the mechanisms of chemoresistance. Generation of a chemotherapeutic resistant breast cancer

cell line via incrementally increasing doses of a chemotherapeutic reagent can be utilized to
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define previously unidentified mechanisms of resistance (McDermott et al., 2014). Using a well
characterized triple-negative breast cancer (TNBC) cell line, MDA-MB-231, we can evaluate
molecular changes to a far greater degree. A TNBC cell line is vital for the study of
chemoresistance as TNBC cells are characterized for being negative for key hormone responsive
receptors: estrogen (ER), progesterone (PR), and human epithelial receptor 2 (HER2). By
lacking these receptors, TNBC does not respond to hormonal treatment therapy and the best
treatment option for TNBC is the use of chemotherapeutic agents, like paclitaxel (Luque-Bolivar
et al., 2020).

Although chemoresistance to paclitaxel has been evaluated in the past, most of the model
systems have utilized cells that have been maintained in paclitaxel for only brief periods of time
and cells are considered to have acquired resistance if the cells survive after short-term assays
(Dumontet et al., 1996; Guo et al., 2004; Han et al., 2018; Jeong et al., 2016; Lian et al., 2019;
Liuetal., 2017; Sha et al., 2016; Sprouse & Herbert, 2014). However, the short-term treatments
of these cells could be more indicative of innate resistance. It is estimated that creating an
acquired chemoresistant cell line could take from three to eighteen months (McDermott et al.,
2014). The extended treatments utilized in our laboratory are unique as they have been
maintained in paclitaxel for multiple years; this better recapitulates the initial therapeutic
suppressions that would be observed in clinic after several rounds of chemotherapy. This
technique also ensures that the cells retain a strong level of chemoresistance throughout the
culturing process.

Here, | show that MDA-MB-231 cells respond to paclitaxel in a dose-dependent manner
and use this to create a long-term acquired paclitaxel resistant TNBC cell line. These cells

generated using extended paclitaxel treatments have been designated as, MDA-MB-231Resistant |
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then characterized this cell line and demonstrate that although they are resistant to paclitaxel
their basic phenotypic traits remain unaltered. However, there are significant changes to these
cells on a genotypic level which could be the beginning of investigation into the mechanisms of
acquired chemoresistance.

Materials and Methods

Culture Conditions
The triple-negative breast cancer cell line (TNBC), MDA-MB-231, was maintained using

traditional means (Steding et al., 2011). Cells were cultured in Nunc tissue culture flasks and
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% Cosmic
Calf Serum (CCS) (Gibco and Fisher Scientific). Cells were maintained at 37°C and 5% CO: at
sub-confluent levels and passaged once cells reached a confluency between 75% - 95% via
treatment with 0.25% Trypsin EDTA (Gibco). Images of the cells were captured at 50X

magnification.

Table 2.1

Treatment Groups.

Initiation
Name of T10 T20 T30 T40 T50 T60
Resistance
MDA-MB- 0.1%
23lsensitive DMSO

MDA-MB- 5 pg/mL 10 pg/mL 20 pg/mL 40 pg/mL 80 pg/mL 90 pg/mL 1.6 ng/mL
23] Resistant Paclitaxel  Paclitaxel Paclitaxel Paclitaxel Paclitaxel Paclitaxel Paclitaxel

Note. Table expressing treatment conditions of the cell line. MDA-MB-231 cells were passaged

into two groups and treated with either Dimethyl Sulfoxide (DMSO), or paclitaxel. Once



18

treatments were initiated, treated cells were maintained as isolated cell lines designated as:
MDA-MB-2315"itve gnd MDA-MB-231Resisen Cells were maintained with a concentration of
0.01% DMSO or 1.6 ng/mL of paclitaxel, respectively, weekly over the period of several years

to maintain a resistant population.

Generation of Acquired Chemoresistant Cell Lines
MDA-MB-231 cell’s dose response for paclitaxel was evaluated via a Methylene Blue

Proliferation Assay. Briefly, cells were plated at a density of 1x10° (short-term) or 1x10*
cells/well (long-term) then treated with 0.0005 ng/mL, 0.005 ng/mL, 0.05 ng/mL, 0.5 ng/mL, 5
ng/mL, 50 ng/mL, 500 ng/mL, or 5,000 ng/mL of paclitaxel diluted in Dimethyl Sulfoxide
(DMSO), or 0.1% DMSO for control (Ctrl) and incubated at 37°C and 5% CO> for 48 hours
(short-term) or 7 days (long-term). Plates were then fixed with 100% methanol. Adherent cells
were stained with 0.5% Methylene Blue and allowed to air dry. Treatment with 0.5 M
hydrochloric acid (HCL) was used to redistribute stain into solution and absorbance was
evaluated at 630nm using a spectrophotometer (BioTek). MDA-MB-231 cells were passaged
into two groups and treated with either Dimethyl Sulfoxide (DMSO), MDA-MB-2315¢"itve or 5
pg/mL paclitaxel, MDA-MB-231Resst \yeekly over a period of several years. Every 10
treatments, the concentration of paclitaxel was increased until treatment 60 in which the MDA-
MB-231Resistant ce||s were maintained at a concentration of 1.6 ng/mL paclitaxel weekly
indefinitely (Table 2.1).
Cell Invasion Assay

Cells were seeded in a 6-well plate with DMEM to be serum starved overnight at 37°C
and 5% CO.. They were then placed within a Transwell™ Multiple Well Plate with Permeable

Polycarbonate Membrane Inserts (Corning) with the use of a .25% Trypsin. Cells were incubated
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at 37°C and 5% CO> for 48-hours at which point the DMEM was removed from the transwell.
The transwell was then placed in 0.5% solution of Methylene Blue for 30 minutes with gentle
agitation. The transwells were rinsed with Milli-Q water and allowed to dry overnight at room
temperature. The transwells were placed in a 0.5 M HCL solution on a shaker for 30 minutes

then the solution was placed in triplicate 96- wells and absorbance was read at 630nm using a

spectrophotometer (BioTeK) (Kramer et al., 2013).

Cytotoxicity Assay
Following transfection, cells were assessed for cytotoxicity using CYyQUANT™ LDH

(lactate dehydrogenase) Cytotoxicity Assay following manufacturer’s protocol (Invitrogen).
Briefly, cells were seeded in a 96-well plate and incubated overnight at 37°C and 5% CO.. They
were then treated with 10 ng/mL of paclitaxel or 0.1% DMSO for compound LDH release, or
Milli-Q water, for spontaneous LDH release and incubated overnight at 37°C and 5% CO..
Wells serving as the maximum LDH release received 10x Lysis Buffer and the plate was
incubated at 37°C and 5% CO3 for 45 minutes. Each sample was transferred to a 96-well plate in
duplicate wells, Reaction Mixture was added, and the plate was incubated at room temperature
for 30 minutes in the dark. Stop Solution was added to each well and the absorbance was
measured at 492 nm and 680 nm using a spectrophotometer. LDH activity was determined by
subtracting the 680 nm absorbance value from the 492 nm absorbance value before calculation of
percent cytotoxicity. Percent cytotoxicity was calculated with the following equation:

Percent Cytotoxicity

_ Compound treated LDH activity — Spontaneous LDH activity % 100
B Maximum LDH activity — spontaneous LDH activity

Compound treated LDH activity was either those treated with DMSO as the control or paclitaxel.

Paclitaxel treated cells were then normalized to the control.
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Colony Formation Assay
Cells were seeded at 200 cells/mL in triplicate within 6-well plates and incubated at 37°C

and 5% CO- for 14 days. Plates were then fixed with 70% Ethanol and stained with 5% Geimsa
for 1 hour at room temperature. Plates were rinsed with RO water and allowed to air dry, at

which point stained colonies were counted.

Apoptosis Assay
The eBioscience™ Annexin V Apoptosis Detection Kit FITC (Invitrogen) was used per

manufacturer’s instructions to assess apoptosis following treatment with paclitaxel. Cells were
treated with 10 ng/mL of paclitaxel or 0.1% DMSO. 48-hours following treatment cells were
harvested, rinsed, and stained with Annexin V and Propidium lodide. Flow cytometry was
conducted on BD Accuri™ C6 Plus (BD) and data analysis was conducted using FlowJo

software (Tree Star, Inc).

Proliferation Assay
Proliferation potential following treatment with paclitaxel was evaluated via a Methylene

Blue Proliferation Assay. Cells were plated at a density of 1x10° (short-term) or 1x10* cells/well
(long-term) then treated with 0.0005 ng/mL, 0.005 ng/mL, 0.05 ng/mL, 0.5 ng/mL, 5 ng/mL, 50
ng/mL, 500 ng/mL, or 5,000 ng/mL of paclitaxel diluted in DMSO, or 0.1% DMSO for control
(Ctrl) and incubated at 37°C and 5% CO- for 48 hours (short-term) or 5 days (long-term). Plates
were then fixed with 100% methanol. Adherent cells were stained with 0.5% Methylene Blue
and allowed to air dry. Treatment with 0.5 M HCL was used to redistribute stain into solution
and absorbance was evaluated at 630 nm using a spectrophotometer (BioTek) (Oliver et al.,

1989).

Trypan Blue Exclusion Assay
Relative population doubling and cellular viability was determined using a Trypan Blue

Exclusion Assay. Cells were plated at a density of 5x10* cells/well (short-term) or 2.5x10*
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cells/well (long-term) and treated with 10ng/mL paclitaxel diluted in DMSO, or 0.1% DMSO.
Cells were then incubated at 37°C and 5% COz for 48 hours (short-term) or 5 days (long-term).
Cells were harvested using 0.25% Trypsin EDTA and the resulting cell population was evaluated
using an automated cell counter (BIO-rad). Relative population doubling was calculated by the
following equation and then normalized to control cells.

Number of Live Cells
Number of Plated Cells

Viability of cells was calculated by the following equation and was normalized to the control
cells.

Number of Live Cells

0
Total Number of Cells *»100%

RNA-Sequencing - _
MDA-MB-231%mitve and MDA-MB-231Resstnt ce||s were pelleted, and flash frozen in

liquid nitrogen. RNA was extracted using the RNAeasy Mini Kit Plus (Qiagen). RNA levels
were quantified using a NanoDrop spectrophotometer (ThermoFisher) and RNA quality was
assessed using the TapeStation (Agilent Technologies). Next generation sequencing using the
Illumina HiSeg4000 sequencing system was performed at the Indiana University Center for
Medical Genomics Core Facility (Breese & Liu, 2013; Dobin et al., 2013; Liao et al., 2014,

Robinson et al., 2010).

Real-Time Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
Cells were harvested and RNA was isolated using the PureLink RNA Mini Kit

(Invitrogen) and the quantity of RNA was assessed using the NanoDrop™ One
Spectrophotometer system (Thermo Scientific). TagMan gene expression assays were used to
quantify the mRNA expression of MAP2 (Hs00258900_m1). Quantification of gene expression

was performed in triplicate in a 50uL volume in 96- well plates on Applied Biosystems®
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QuantStudio® 3 Real-Time PCR System using a TagMan RNA-to-C; 1-step kit (Applied
Biosystems). MDA-MB-231Resstant groyps were normalized to the control to determine percent
change in expression levels (Guan & Yang, 2008; Pfaffl, 2001; Tsai & Wiltbank, 1996).
Statistics. Data was expressed as the means * the standard deviation. IBM SPSS Statistics
Version 27 was used for statistical analysis. For two-group comparisons, normally distributed
data with homogeneity of variance, an independent t-test was conducted. Data comparison
between multiple groups was performed using one-way analysis of variance (ANOVA) (Brown,
2005; Kim, 2017). A Levene’s test of homogeneity was used, if Levene’s statistic was not
significant, then homogeneity of variance was assumed, and a Tukey’s post hoc test was
conducted to determine individual group statistics (Abdi & Williams, 2010; Glass, 1966). If
Levene’s statistic was significant, then homogeneity of variance was not assumed, and a Welch’s
test of homogeneity was conducted with a Games-Howell post hoc test. p-values of less than
0.05 were considered significant (Sauder & DeMars, 2019).

Results

MDA-MB-231 Cells Respond to Paclitaxel in a Dose-dependent Manner with a Significant
Decrease in Proliferation in a Long-term Setting
A methylene blue proliferation assay was performed with paclitaxel at concentrations of

0.0005 ng/mL, 0.005 ng/mL, 0.05 ng/mL, 0.5 ng/mL, 5 ng/mL, 50 ng/mL, 500 ng/mL, and 5,000
ng/mL to determine the optimal concentration to begin the process of acquired chemoresistance
(Figure 2.1). The triple-negative breast cancer (TNBC) cell line, MDA-MB-231, was treated
with paclitaxel for 48-hours to determine the short-term effect of paclitaxel on the cell’s
proliferation potential (Figure 2.1A). There was a minute decrease in proliferation between the
concentrations of 0.0005 ng/mL (M = 0.44, SD = 0.14) and 0.05 ng/mL (M =0.41, SD =0.12) of

paclitaxel, however at a concentration of 0.5 ng/mL (M = 0.37, SD = 0.12), there was a greater
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decrease in proliferation (16.32 + 26.77%, p = .41) compared to the control (M =0.44, SD =
0.08) though this was not a significant decrease as demonstrated by an independent t-test, t(4) =
0.89, p = .41. This trend continued with a decrease in proliferation (30.36 £ 16.11%, p = .82) at a
concentration of 5 ng/mL (M = 0.31, SD = 0.07) compared to the control, however, this was not
significant, t(4) = 2.2, p = .82. The decrease in proliferation compared to the control steadied at
concentrations of paclitaxel between 5 ng/mL and 500 ng/mL (M = 0.14, SD = 0.02), however at
a concentration of 5,000 ng/mL (M = 0.17, SD = 0.03) there was a steep decrease in proliferation
(60.84 + 6.08%, p =.13) compared to the control. Even with these decreases in proliferation with
the short-term treatment of paclitaxel an independent t-test demonstrated that there was no
significant decrease in proliferation between treatments, t(4) = 5.64, p = 0.13 (Tables 2.S1 — 8).
To evaluate the long-term effects of paclitaxel, a 7-day assay was conducted with the
same concentrations of paclitaxel (Figure 2.1B). Unlike in the short-term there was a greater
decrease in proliferation (44.24 + 22.89%, p = .52) at a concentration of 0.0005 ng/mL (M =
0.44, SD =0.18) compared to control (M =0.79, SD =0.11), however, similar to the short-term
it was not a significant decrease, t(4) = 2.88, p = .52. This trend continued until a concentration
of 0.5ng/mL of paclitaxel (M =0.18, SD =0.02), in which there was a significant decrease in
proliferation (77.14 £ 2.51%, p = .04) compared to the control, t(4) = 9.66, p = .04. There was
also a significant decrease in proliferation (79.87 £ 1.83%, p = .03) at concentrations of 5 ng/mL
(M =0.16, SD = 0.01) compared to the control, t(4) = 10.08, p = .03. This trend continued with a
significant decrease in proliferation (81.29 + 2.30%, p = .33) at a concentration of 50 ng/mL (M
=0.15, SD =0.02) compared to the control and continued at 500 ng/mL of paclitaxel (M = 0.14,
SD =0.02), t(4) = 10.21, p = .04. The greatest decrease in proliferation (83.95 £ 1.58%, p = .03)

occurred at a concentration of 5,000 ng/mL (M = 0.13, SD = 0.01) compared to the control, t(4)
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=10.62, p = .03 (Tables 2.59 — 16). With this steady decrease in proliferation in the long-term,
the concentration of 0.005 ng/mL of paclitaxel (M =0.35, SD =0.11) was selected to begin
continuous treatment with as there was about a 50% decrease in proliferation (55.05 + 14.44%, p

= .49), cells were then designated MDA-MB-231Resistant

Figure 2.1
MDA-MB-231 Cells Respond to Paclitaxel in a Dose-dependent Manner with a Significant
Decrease in Proliferation in a Long-term Setting
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Note. Proliferation potential following treatment with paclitaxel at concentrations 0.0005ng/mL,

0.005 ng/mL, 0.05 ng/mL, 0.5 ng/mL, 5 ng/mL, 50 ng/mL, 500 ng/mL, or 5,000 ng/mL of
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paclitaxel diluted in DMSO, or 0.1% DMSO for control (Ctrl) were evaluated via a Methylene
Blue Proliferation Assay. (A) 48-hour short-term, (B) 7-day long-term. N = 3. (C) 48-hour

short-term assay conducted at various treatments. N = 2.

Cells were treated with this concentration of paclitaxel every six days until the 10"
treatment in which the concentration was increased and continuously increased every 10
treatments. At the 60" treatment, the cells were increased to and maintained at a concentration of
1.6 ng/mL of paclitaxel. Periodically, at different treatments, preliminary investigation of
acquired resistance was explored using a short-term Methylene Blue Proliferation Assay to
monitor resistance levels (Figure 2.1C). At each concentration, there was a slight increase in
proliferation potential of the resistant cells compared to the control until treatment 60; at this
time, the increase trend steadied, so treatment was maintained at the concentration of 1.6 ng/mL

of paclitaxel weekly for further experimentation.

MDA-MB-231Resistant Ce||s Express Distinct Morphological Features Including an Increase
in Cellular Size _ _
Under normal culturing conditions of the MDA-MB-2315¢"%1Ve gnd MDA-MB-231Resistant

cells it was observed that the MDA-MB-231Re&s4 ce||s demonstrated an increase in cellular
size. Normally, MDA-MB-231 cells are smaller and circular in shape as seen in the MDA-MB-
2315ensitive cels, however the MDA-MB-231Resistant ce||s have developed a larger morphological

size (Figure 2.2).
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Figure 2.2
MDA-MB-231Resistant Cel|s Express Distinct Morphological Features Including an Increase in

Cellular Size

% 50X 50X
MDA-MB-23 ISensitive MDA-MB-23 lResistam

Note. Evaluation of Phenotypic Changes in Resistant Cells. MDA-MB-231 breast cancer cells
were cultured under normal conditions and photographed at 50X magnification. Distinct

morphological features, including increases in size, were observed for the resistant cells.

MDA-MB-231Resistant Ce||s Express an Increase in Metastatic Ability as Demonstrated by
an Increase in Cell Invasion and Colony Formation Potential
To investigate the metastatic ability of the MDA-MB-231Ress@ ce||s, a cell invasion and

colony formation assay were conducted (Figure 2.3). MDA-MB-231Resistant cel|s (M = 0.44, SD =
0.136) demonstrated an increase in cell invasion potential (11.94 £+ 3.10%, p = .14) compared to
the MDA-MB-2315"1Ve cel|s (M = 0.14, SD = 0.01) (Figure 2.3A), however, this was not a
significant increase, t(4) = 2.20, p = .14 (Table S17). The MDA-MB-231Resis ce||s (M = 66.22,
SD =23.91) also expressed an increase in colony formation ability (71.56 + 36.11%, p = .12)
compared to the control (M = 113.61, SD = 56) (Figure 2.3B), however, as with the cell invasion

it was not a significant increase, t(4) = 1.35, p = .12 (Table 2.518).
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Figure 2.3
MDA-MB-231Resistant Ce|s Express an Increase in Metastatic Ability as Demonstrated by an

Increase in Cell Invasion and Colony Formation Potential
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Note. (A) Cells were serum starved for 24 hours. Cell invasion assay was plated using a
Transwell™ Multiple Well Plate. Methylene blue and HCL was used to stain and de-stain
transwells then absorbance was read at 630nm. N = 3. (B) Colony formation assay was plated
and incubated for 14 days. Plates were fixed with ethanol and stained with geimsa. N = 3.
Data are presented as means + standard deviation, N = 3 independent experiments. Differences

between groups were compared using an independent t-test.

MDA-MB-231Resistant Cel|s Express a Decrease in Cellular Death as Demonstrated by a
Decrease in Cellular Cytotoxicity and Apoptosis
A lactate dehydrogenase (LDH) activity assay was conducted to investigate the

cytotoxicity of paclitaxel on the MDA-MB-231Resistnt gg||s (Figure 2.4A). The MDA-MB-
2315enstive ol |s treated with paclitaxel (M = 21.17, SD = 5.84) demonstrated an increase in
cytotoxicity (59.10 + 43.92%, p = .29) compared to the MDA-MB-2315¢™e control cells (M =
13.31, SD = 3.73), while the MDA-MB-231Resistant cg||s (M = 8.85, SD = 6.88) expressed a slight

decrease in cytotoxicity (26.53 + 41.92%, p = .71) compared to the MDA-MB-2315¢"1e control
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cells. A one-way analysis of the variance (ANOVA) with a Tukey’s Post-Hoc test demonstrated
that when the MDA-MB-231Ress ce||s are treated with paclitaxel (M = 7.65, SD = 2.32) they
have a significant decrease in cytotoxicity to paclitaxel (101.60 + 17.43%, p = .04) compared the
MDA-MB-2315¢sitve ce||s treated with paclitaxel, F(3, 8) = 4.46, p < .05, n2p = .63 (Table

2.519).

Figure 2.4

MDA-MB-231Resisant Cel|s Express a Decrease in Cellular Death as Demonstrated by a

Decrease in Cellular Cytotoxicity and Apoptosis
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Note. (A) Cytotoxicity assay was conducted with a CyQUANT™ LDH Cytotoxicity Assay
following manufacturer’s protocol. Cells were treated with DMSO (control) or paclitaxel (px).
Absorbance was measured at 492 nm and 680 nm. LDH activity was determined prior to
calculation of percent cytotoxicity. N = 3. (B) The eBioscience™ Annexin V Apoptosis
Detection Kit FITC was used per manufacturer’s instructions to assess apoptosis following
treatment with paclitaxel (px). Flow cytometry was conducted, and data analysis was conducted

using FlowJo software. N = 3.
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Data are presented as means + standard deviation. Differences between groups were
compared using a one-way ANOVA with Tukey’s post hoc test. * p <.05 vs MDA-MB-

23]5ensitive hy treated.

To investigate MDA-MB-231Resisat ce||s ability to withstand paclitaxel induced
apoptosis, an apoptosis assay was used (Figure 2.4B). MDA-MB-2315"t" ce||s treated with
paclitaxel (M = 8.28, SD = 3.98) demonstrated an increase in apoptosis (33.65 + 64.23%, p =
.75) compared to the MDA-MB-2315™Ve control cells (M = 6.19, SD = 1.83), while the MDA-
MB-231Resistant ca||s (M = 5.78, SD = 1.06) and the MDA-MB-231Ressnt ce||s treated with
paclitaxel (M = 6.32, SD = 2.35) did not show a change in apoptosis compared to the MDA-MB-
2315enmsitive control cells. MDA-MB-231Resistn ce||s treated with paclitaxel did show a slight
increase (8.57 + 17.09%, p = .99) in apoptosis compared the MDA-MB-231Ress@ ce||s, though
this change was insignificant. A one-way ANOVA demonstrated that there was no significant
difference in apoptosis between groups, F(3, 8) = 3.72, p > .05, 2p = .18 (Table 2.S520).

MDA-MB-231Resistant Cells Express an Increase in Growth Potential as Demonstrated with
Proliferation and Relative Population Doublings _
To explore the phenotype of cellular growth within the MDA-MB-231Resistant ce||g,

proliferation and relative population doubling assays were conducted (Figure 2.5). A Methylene
Blue Proliferation assay was performed to investigate changes in proliferation potential within
the MDA-MB-231Resisnt ce||s. Cells were treated with paclitaxel for 48-hours to determine the
short-term effect of paclitaxel on the cell’s proliferation potential (Figure 2.5A). There was a
slight decrease in proliferation (9.44 + 15.96%, p = .73) when the MDA-MB-2315"s1"e ce|s are
treated with paclitaxel (M = 0.93, SD = 0.16) compared to the MDA-MB-2315"1"e control cells

(M =1.03, SD = 0.10), whereas the MDA-MB-231Resstat cel|s (M = 1.11, SD = 0.09) show a
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minute increase in proliferation (8.15 + 8.31%, p = .81) compared to the MDA-MB-231Sensitive
control cells. When the MDA-MB-231Resistn ce||s are treated with paclitaxel (M = 1.06, SD =
0.09) they demonstrate an increase in proliferation (13.20 £ 15.96%, p = .50) compared to the
MDA-MB-231%¢sitve control cells treated with paclitaxel. A one-way ANOVA demonstrated that
there was no significant difference in proliferation between groups, F(3, 8) = 1.37, p > .05, n2p =
.34 (Table 2.521).

To evaluate the long-term effects of paclitaxel on the MDA-MB-231Resistant ce||
population a 5-day assay was conducted (Figure 2.5B). Unlike in the short-term, MDA-MB-
2315ensitive ce||s treated with paclitaxel (M = 0.32, SD = 0.07) demonstrated a significant decrease
in proliferation (59.71 + 8.71%, p < .001) compared to the MDA-MB-2315¢™itve control cells (M
=0.80, SD = 0.13). The MDA-MB-231Resistat cel|s (M = 0.91, SD = 0.09) did not demonstrate a
significant change in proliferation compared to the MDA-MB-2315¢"itVve control cells (12.83 +
11.27%, p = .58). A one-way ANOVA with a Tukey’s Post-Hoc test demonstrated that there was
a significant decrease in the proliferation potential (51.63 = 11.27%, p = .003) of MDA-MB-
231Resistant ce||s treated with paclitaxel (M = 0.39, SD = 0.08) compared to the MDA-MB-
2315enmsitive control cells and a significant decrease (64.47 + 10.31%, p < .001) compared to the
MDA-MB-231Resistent cel|s (3, 8) = 27.54, p < .001, 52p = .91 (Table 2.522).

A trypan blue exclusion assay was conducted to investigate the MDA-MB-231Resistant
cells ability to increase in population size. A short-term 48-hour assay was conducted to explore
the MDA-MB-231Resisa ce||s ability to grow in a small amount of time (Figure 2.5C). MDA-
MB-2315ensitve cel s treated with paclitaxel (M = 4.78, SD = 3.79) demonstrated a decrease in
population doubling (29.50 + 38.02%, p = .93) compared to the MDA-MB-2315¢™!Vve control

cells (M = 6.14, SD = 2.16). The MDA-MB-231Ress@ ce|s (M = 4.53, SD = 2.79) also
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demonstrated a decrease in population doubling (46.54 + 35.35%, p = .87) compared to the
MDA-MB-231%¢sitve control cells. Interestingly though, the MDA-MB-231Resistant cel|s treated
with paclitaxel (M = 4.44, SD = 1.71) demonstrated an increase in population doubling (24.45 £
57.63%, p = 1.0) compared to the MDA-MB-231Ressn ce||s, however an ANOVA demonstrated
that there was no significant difference between the different treatment groups, F (3, 8) =.25, p >
.05, n2p = .087 (Table 2.523).

A long-term 5-day trypan blue assay was conducted to investigate the relative population
doubling of the MDA-MB-231Ress@t ce|s (Figure 2.5D). MDA-MB-2315¢MitVe ce||s treated with
paclitaxel (M = 5.10, SD = 2.53) demonstrated a significant decrease in relative population
doublings (84.31 + 13.63%, p < .001) compared to the MDA-MB-2315¢™itve ce||s (M = 32.49,
SD =4.43) as well as a significant decrease (126.35 £ 7.79%, p < .001) compared to the MDA-
MB-231Resistant ce|ls (M = 46.15, SD = 5.76), as expected. Interestingly, the MDA-MB-231Resistant
cells demonstrated a significant increase in relative population doubling (42.04 + 17.71%, p =
.014) compared to the MDA-MB-2315¢itve ggl|s, The MDA-MB-231Resistant ce||s treated with
paclitaxel (M = 9.52, SD = 2.54) also showed a significant decrease in relative population
doublings (70.69 + 7.81%, p < .001) compared to the MDA-MB-2315¢™tVve ce||s and to the
MDA-MB-231Resistent col|s (112.74 + 7.81%, p < .001). A one-way ANOVA with a Tukey’s
Post-Hoc test demonstrated that there was significant differences between the relative population

doublings of the treatment groups, F(3, 8) = 68.79, p <.001, #2p = .96 (Table 2.524).
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MDA-MB-231Resisant Ce|s Express an Increase in Growth Potential as Demonstrated with

Proliferation and Relative Population Doublings
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Note: Proliferation potential following treatment with paclitaxel (px) was evaluated via a

Methylene Blue Proliferation Assay. (A) Short-term assay, cells were incubated for 48 hours

following treatment with paclitaxel. (B) Long-term assay, cells were incubated for 5 days

following treatment with paclitaxel. N = 3. Relative population doubling was determined using a

Trypan Blue Exclusion Assay following treatment with paclitaxel (Px). (C) Short-term assay,

cells were incubated for 48 hours following treatment with paclitaxel. (D) Long-term assay, cells

were incubated for 5 days following treatment with paclitaxel. N = 3.

Data are presented as means + standard deviation, N = 3 independent experiments. Differences

between groups were compared using a one-way ANOVA with Tukey’s post hoc test. ** p <
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0.01 vs MDA-MB-2315"1Ve control, *** p < 0.001 vs MDA-MB-2315¢™1tVe control, ## p <

0.001 vs MDA-MB-231Resistant cqnrgl,

MDA-MB-231Resistant Ce||s Express a Change in Health as Demonstrated by Viability
To explore the health of the MDA-MB-231R&s@t nopylation, a trypan blue exclusion

assay was conducted (Figure 2.6). A short-term 48-hour assay was conducted to explore the
viability of the MDA-MB-231Res@ ce|s alone and in the presence of paclitaxel (Figure 2.6A).
MDA-MB-2315ensitve ce||s treated with paclitaxel (M = 82.44, SD = 18.97) demonstrated a slight
decrease in viability (15.66 + 14.31%, p = .44) compared to the MDA-MB-2315¢™itve control
cells (M = 97.75, SD = 1.64). The MDA-MB-231Resisant ca||s (M = 85.83, SD = 18.97) and the
MDA-MB-231Resistant ce||s treated with paclitaxel (M = 67.19, SD = 33.97) also expressed a
slight decrease in viability (12.19 + 19.40%, p = .73 and 31.26 + 34.75%, p = .54, respectively)
compared to the MDA-MB-2315¢"tVe control cells. However, a one-way ANOVA demonstrated
that there was no significant difference between treatment groups in short-term viability, F(3,
3.38) = 1.69, p > .05, #2p = .29 (Table 2.525).

A 5-day trypan blue exclusion assay was performed to investigate the long-term effects
of paclitaxel in the MDA-MB-231Ress@ ce||s (Figure 2.6B). MDA-MB-2315¢"itve ce|s treated
with paclitaxel (M =52.75, SD = 8.27) demonstrated a significant decrease in viability (46.90 +
8.32%, p = .02) compared to the MDA-MB-2315"1Ve control cells (M = 99.33, SD = 0.14) and a
significant decrease (46.06 + 8.32%, p = .03) compared to the MDA-MB-231Resis@ ce||s (M =
98.5, SD = 0.00). The MDA-MB-231Resisant ca||s expressed a minute significant decrease in
viability (0.84 + 0.00%, p = .03) compared to the MDA-MB-2315¢™!ve control cells. A one-way
ANOVA with a Games-Howell Post-Hoc demonstrated that compared to the MDA-MB-

231Resistant ce||s treated with paclitaxel (M = 67.11, SD = 1.92) had a significant decrease in
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viability (32.44 + 1.94%, p = .003) compared to the MDA-MB-2315"s1tVe ce|s as well as a
decrease in viability (31.60 + 1.94%, p = .003) compared to MDA-MB-231Resst ce|s  F(3, 8) =

90.06, p <.001, #2p = .97 (Table 2.526).

Figure 2.6

MDA-MB-231Resisan Cells do not Express a Change in Health as Demonstrated by Viability
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Note: Viability was determined using a Trypan Blue Exclusion Assay following treatment with
paclitaxel (px). (A) Short-term assay, cells were incubated for 48 hours following treatment with
paclitaxel. (B) Long-term assay, cells were incubated for 5 days following treatment with
paclitaxel. N = 3.
Data are presented as means + standard deviation, n = 3 independent experiments. Differences
between groups were compared using a one-way ANOVA with Games-Howell post hoc test. * p

< 0.05 vs MDA-MB-2315e"1tve control, *** p < 0.001 vs MDA-MB-2315¢itve control, # p < 0.05

vs MDA-MB-231Resstnt control, ### p < 0.001 vs MDA-MB-231Ress conrol,
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MDA-MB-231Resistant ce||s are Fundamentally Altered on a Genomic Level
To further investigate the MDA-MB-231Resis@ ce|| population, RNA-sequencing was

performed on the MDA-MB-2315¢"1"e and MDA-MB-231Ress ce|| populations (Table 2.2).
Preliminary comparison of the MDA-MB-2315¢™Ve ce||s to the MDA-MB-231Ressat ce||g
demonstrated that there was a total of 2,169 genes significantly (p <.05) altered within the
MDA-MB-231Ressént ce|s, Of these genes, 1,159 were significantly upregulated while 1,010

were significantly downregulated.

Table 2.2

Gene changes within the MDA-MB-231Resst pgopy|ation.

p<.05
Total 2,169
Upregulated 1,159
Downregulated 1,010

Note. MDA-MB-2315¢itve and MDA-MB-231Resist cel|s were pelleted and flash frozen in
liquid nitrogen. RNA was extracted using the RNAeasy Mini Kit Plus. RNA levels were
quantified using a NanoDrop spectrophotometer and RNA quality was assessed using the
TapeStation. Next generation sequencing using the Illumina HiSeq4000 sequencing system was
performed at the Indiana University Center for Medical Genomics Core Facility, n=3. MDA-
MB-231Resistant cel|s were then compared to the MDA-MB-2315¢M1"e ce||s to identify the number
of genes with a significant difference in expression (p < .05). Listed here are the total number of

genes along with the number of genes upregulated or down regulated.
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Common Microtubule-Associated Proteins Involved in Paclitaxel Resistance

Gene

Role in
Microtubule
Dynamics

Regulation
in
Paclitaxel
Resistance

Sequencing

LogzFold
Change

P-Value FDR

Up/
Down

Citations

MAP2

Stabilization

Down

1.03

1.32x10°***  6.20x10°

Up

(Bauer et al.,
2010)

EB1

Assembly and
Stabilization

Down

0.25

0.13 2.24x107

Up

(Luo etal., 2014;
Thomas et al.,
2015)

EB3

Assembly and
Stabilization

Down

-1.18

3.39x10 18 ***  4.12x10712

Down

(Gouveia et al.,
2010; Schrader et
al., 2011; Yang et
al., 2017)

SIK2

Destabilization

Up

0.18

0.19 0.29

Up

(Ahmed et al.,
2010; Li et al.,
2015; Liu et al.,
2016; Zohrap et
al., 2018)

KIF14

Destabilization

Up

1.59

2.83x10 1 ***  4.18x10

Up

(Aroraetal.,
2014; Corson &
Gallie, 2006;
Corson et al.,
2007; Li et al.,
2017; Madhavan
etal., 2009; Qiu
etal., 2017; Wang
et al., 2016; Yang
etal., 2019;
Zhang et al.,
2017)

MCAK

Destabilization

Up

0.98

1.85x10 M4 ***  252x10°13

Up

(Ganguly et al.,
2011; Sanhaji et
al., 2011; Xie et
al., 2016)

Note. MDA-MB-2315¢itve and MDA-MB-231Resist ce||s were pelleted and flash frozen in

liquid nitrogen. RNA was extracted using the RNAeasy Mini Kit Plus. RNA levels were

quantified using a NanoDrop spectrophotometer and RNA quality was assessed using the

TapeStation. Next generation sequencing using the Illumina HiSeq4000 sequencing system was

performed at the Indiana University Center for Medical Genomics Core Facility, n=3. MDA-
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MB-231Resistant ce||s were then compared to the MDA-MB-2315¢71tVe ce||s to identify genes with
a significant difference in expression. Listed here are common microtubule-associated proteins
involved in paclitaxel resistance along with reported regulation, and sequencing results of the
MDA-MB-231Resistant e |,

*** p < .001 MDA-MB-231R#54" versus the MDA-MB-2315ensitive

With paclitaxel’s known mechanism of action to be on the microtubules, common
microtubule-associated proteins (MAPs) known to be associated with paclitaxel resistance are
listed in Table 2.3. Preliminary sequencing results of EB1 showed an upregulation in the MDA-
MB-231Resistant ce|s compared to MDA-MB-2315¢™tVe cells, however, this was not significant.
EB3 showed a significant (p < .001) downregulation within the MDA-MB-231Resstat ce||g
compared the MDA-MB-2315¢mitve ce|s, SIK2, KIF14, and MCAK, all demonstrated a
significant (p < .001) upregulation within the MDA-MB-231Resistant ce|ls compared the MDA-

MB-2315ensitive ca||g,
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Figure 2.7

MAP2 Expression is not Significantly Altered based on RT-PCR
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Note. RNA was isolated from MDA-MB-2315¢™1ve and MDA-MB-231Ress ce||s, and the
quantity was assessed. TagMan gene expression assays were used to quantify the mRNA

expression of MAP2 in triplicate. MDA-MB-231Res8t groups were normalized to control

expression levels. N = 3.

Interesting to note is MAP2 which demonstrated a significant (p <.001) upregulation
within the MDA-MB-231Res cel|s compared the MDA-MB-2315¢"1Ve ce||s which was
contradictory to published work showing that it is typically downregulated in association with
paclitaxel resistance (Bauer et al., 2010). To further investigate this gene, real-time polymerase
chain reaction (RT-PCR) was completed (Figure 2.7). MAP2 gene expression was increased (9.8
+ 0.95%, p = .71) within the MDA-MB-231Ress ce||s compared to MDA-MB-2315¢"1tve cel|s,
however, an independent t-test demonstrated that this increase was not significant, t(4) = 13.99, p

= .71 (Table 2.527).
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Discussion

Breast cancer remains one of the most essential cancers to study and although
improvements in therapies and early detection exist, the number of individuals expected to
succumb to advanced, metastatic disease each year has remained relatively constant (Siegel et
al., 2021; Siegel et al., 2015, 2017, 2019). A key reason for the lack of significant improvement
in outcomes for patients is the presence or development of resistance to therapeutic interventions
(Shi & Sun, 2017). This resistance could be either innate, in which there is an inherent resistance
present in the cells prior to treatment, or resistance could develop over time, known as acquired
resistance (Sara M Maloney et al., 2020; Mansoori et al., 2017; Nikolaou et al., 2018; Catherine
E Steding, 2016). While an understanding of innate resistance is important, it does not address
the long-term consequences of therapeutic intervention. As such, work in our laboratory has
emphasized evaluating long-term treatments that better recapitulate acquired chemoresistance
against the microtubule-stabilizing drug, paclitaxel. Treatment with paclitaxel, as well as other
members of the Taxane family, does not necessarily cause complete tumor regression even when
improving survival rates thus, it generates a perfect environment for the development of
resistance (Tabuchi et al., 2009). In fact, studies have shown paclitaxel effects can be
significantly tempered by drug resistance (Goldblatt et al., 2009). The unique paclitaxel-resistant
cell lines developed in our laboratory provide a critical model system for evaluating mechanisms
of true, acquired chemoresistance.

To develop this cell line, MDA-MB-231 cells were treated with paclitaxel at
concentrations of 0.0005 ng/mL, 0.005 ng/mL, 0.05 ng/mL, 0.5 ng/mL, 5 ng/mL, 50 ng/mL, 500
ng/mL, or 5,000 ng/mL of paclitaxel. In this chapter, | demonstrated that the MDA-MB-231 cells

respond to paclitaxel in a dose-dependent manner. A short-term assay was completed to
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investigate the cells initial response to paclitaxel. There was a decrease in proliferation as the
concentration increased as expected, however, none of these decreases were significant. A long-
term assay was completed to investigate the effects of paclitaxel on the cells in a more clinically
relevant time span (Adams et al., 2019; Falchook et al., 2019; Schmid et al., 2020). In this
longer-term assay, there was a dose-dependent decrease in proliferation as expected, with a
significant decrease at a concentration of 0.5 ng/mL and continuing to the max concentration of
5,000 ng/mL paclitaxel. Although there was not a significant decrease in proliferation at a
concentration of 0.005 ng/mL (5 pg/mL) of paclitaxel, this concentration was selected to initiate
paclitaxel treatment as there was about a 50% decrease in proliferation. Cells were treated with
this concentration every six days with an increase in dose every tenth treatment. Sporadically,
short-term proliferation assays were completed to monitor the increase in resistance until the 60"
treatment. At this time, treatment was maintained at 1.6 ng/mL indefinitely and the cells were
designated MDA-MB-231Resistant,

As the cell line was created, it was observed that the MDA-MB-231Resise ce||s expressed
a larger cell morphology then the MDA-MB-2315¢™1Ve ce||s which is the opposite of what Park
et al. discovered in their laboratory (Jeong et al., 2016). It is important to note, that their
treatments with paclitaxel consisted for 6 days, so this could be more of an innate resistance
phenotype; while our cells have grown in paclitaxel for many years and our enlarged
morphological phenotype could be more indicative of acquired paclitaxel resistance (Jeong et al.,
2016).

To further investigate potential phenotype changes of the MDA-MB-231Resistent g|g, |
first looked for a potential metastatic change to the resistant cell line. One of the hallmarks of

cancer cells is their ability to invade other tissues and, it is important to note, that the MDA-MB-
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231Resistant ce|| Jine is more aggressive (Hanahan & Weinberg, 2011). Although there was an
increase in the MDA-MB-231Resisa hopylation’s cell invasion and colony formation potential,
these minute increases were not significant and therefore the MDA-MB-231Resis ce||s are not
more invasive compared to their sensitive counterparts.

The next phenotype to investigate within the newly established MDA-MB-231Resistant ce||
line was their ability to perish in the presence of paclitaxel. To investigate this phenomenon, a
cytotoxicity assay was conducted because it has previously been established that paclitaxel can
have a cytotoxic effect on cells (Ehrlichova et al., 2005; Onyiiksel et al., 2009; Zasadil et al.,
2014). As expected, the MDA-MB-2315¢™itve ce||s when treated with paclitaxel demonstrated an
increase in percent cytotoxicity and the MDA-MB-231Resisa ce||s treated with paclitaxel
demonstrated a significant decrease in percent cytotoxicity. Thus, supporting the resistance of
this cell line. Apoptosis in the presence of paclitaxel was also investigated as it has been
established that paclitaxel is known to induce apoptosis in a sensitive cell line (Janczar et al.,
2017; Paradiso et al., 2005; Sun et al., 2015; Xie et al., 2016). As expected, when the MDA-MB-
2315ensitive cel|s are treated with paclitaxel, there is an increase in the percentage of apoptosis
occurring and the MDA-MB-231Ressa ce||s treated with paclitaxel have a decrease in the
percentage of apoptosis occurring compared to the MDA-MB-2315esitVe paclitaxel treated cells.
Unfortunately, none of these apoptotic changes are significant, as a significant decrease within
the MDA-MB-231Resistant || treated with paclitaxel would be promising especially since Lev et
al. in 2017 reported that short-term paclitaxel treatment can sensitize TNBC cells to apoptosis
(Panayotopoulou et al., 2017). It is important to note though, that they report short-term
treatment while the cells in our laboratory have experienced paclitaxel long-term and it is not

unexpected as Sprouse and Herbert reported similar results (Sprouse & Herbert, 2014).
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With the creation of the MDA-MB-231Ress ce| Jine it is imperative to know, for future
experimenting, if they grow differently than their counterparts, MDA-MB-2315¢"s1Ve ce|| [ine. As
expected in the short-term there was not a significant change in growth between the MDA-MB-
2315ensitive and the MDA-MB-231Resis@ ce|| [ines and the same is true when both cell lines were
treated with paclitaxel; these results are supported by data from the Herbert laboratory (Sprouse
& Herbert, 2014). However, in the long-term there are changes between the two cell lines. For
proliferation potential, there is not a significant difference between the MDA-MB-2315¢"1tve gng
MDA-MB-231Ressént cells: however, both cell lines experience a significant decrease in
proliferation when treated with paclitaxel. The same is true with paclitaxel treatment of the cell
lines for relative population doubling; although it is interesting to note that the MDA-MB-
231Resistant oo |5 are significantly more fruitful in their population doublings and this is similar to
findings published by other laboratories (Jeong et al., 2016).

In conjunction with this potential increase in cell growth with the MDA-MB-231Resistant
cells, it was interesting to note if they are still as healthy as the MDA-MB-2315¢"sie ce|s, In the
short-term, there is not a significant difference in viability between the two cell lines even when
treated with paclitaxel, yet, in the long-term we do see significant changes. The MDA-MB-
231Resistant o |s experienced a minute significant decrease in viability compared to the MDA-
MB-2315¢sitive cells and a more significant decrease when both cell lines are treated with
paclitaxel.

With the establishment that the MDA-MB-231Resistant ce||s exhibit no changes in the
phenotypic expression of metastatic ability, cellular death, short-term cellular growth and health,
the genotypic changes of the MDA-MB-231Ress can be investigated. With next generation

sequencing it was found that the MDA-MB-231Ress ce||s had a total of 2,169 genes that were
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significantly altered; of those 1,159 are upregulated and 1,010 are downregulated. To begin
delving into these genes, I first looked at genes known to affect microtubules and have been
reported to be altered with paclitaxel resistance. Of those common genes, two were found to be
insignificantly altered, EB1 and SIK2. Three genes, EB3, KIF14, and MCAK, were confirmed to
be significantly upregulated within our MDA-MB-231Res cells, One of the genes, a
microtubule-associated protein functioning in stabilization, MAP2, was significantly upregulated
in our model system; however, it has previously been reported to be downregulated within
paclitaxel resistance (Bauer et al., 2010). To further investigate this discrepancy a real-time
polymerase chain reaction (RT-PCR) was performed on the cells looking at the gene expression
of MAP2 and this demonstrated that there was not a significant change in MAP2 gene expression
within the MDA-MB-231Resisat ce||s at this level though further changes could be investigated.
KIF14, a microtubule-associated motor protein that functions in destabilization of the
microtubule, demonstrated a significant upregulation in the MDA-MB-231Ress@t ce||s compared
the MDA-MB-2315¢™itve cel|s and had the greatest increase in logzfold change (Arora et al.,
2014; Corson & Gallie, 2006; Li et al., 2017; Madhavan et al., 2009; Qiu et al., 2017; Thériault,
Basavarajappa, et al., 2014; Wang et al., 2016). With this increase in a destabilization

microtubule protein, it could be a mechanism for acquired paclitaxel resistance.
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CHAPTER 3

THE MICROTUBULE-ASSOCIATED PROTEIN, KIF14, CONTRIBUTES TO THE
ACQUIRED CHEMORESISTANCE OF PACLITAXEL IN THE BREAST CANCER CELL
LINE, MDA-MB-231
Abstract

Chemoresistance remains the greatest cause of therapeutic failure in cancer treatment.
Development of chemoresistance for compounds that often only suppress growth and do not
eliminate tumors has been shown to correlate with more severe clinical phenotypes. Paclitaxel, a
microtubule stabilizing compound, has been shown to be of particular importance in the study of
chemoresistance as its therapeutic efficacy has been correlated to resistance. Here, | demonstrate
that there is a significant increase in gene expression of a microtubule-associated protein, KIF14,
within a paclitaxel resistant triple-negative breast cancer (TNBC) cell line. KIF14 is a member of
the kinesin 3 superfamily of microtubule motor proteins that function in destabilization of the
microtubule. Thus, a proposed mechanism of acquired paclitaxel resistance is that resistant cells
increase destabilization proteins, like KIF14, to counteract the stabilization effects of paclitaxel.
If KIF14 functions in the mechanism of chemoresistance then when KI1F14 expression is
reduced, there will be an increase in sensitivity of the cells to paclitaxel. Here, | show that
reducing expression of KIF14 within a TNBC cell line causes a reduction in cellular growth

including proliferation potential and colony formation abilities. | also demonstrate that when
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treated with paclitaxel, the TNBC cells are more responsive to paclitaxel treatment. When KIF14
expression is also reduced within resistant cells, they express a reduction in growth capabilities
and are more responsive to paclitaxel treatment. This information thus provides a deeper
understanding of KIF14’s role in the mechanism of chemoresistance.
Introduction

The development of resistance to paclitaxel’s microtubule stabilizing activity is closely
associated with the fact that microtubules are diverse in name and in function. This diversity is
the result of several factors that act upon them including microtubule-associated proteins
(MAPs). MAPs regulate microtubules by binding to multiple different locations on the
microtubules, for example MAPs can bind to the end of the microtubule to promote
destabilization of the microtubule (Borys et al., 2020; Shi & Sun, 2017). If changes in the MAPs
occurred, it can cause a deregulation of microtubules that can lead to resistance to
chemotherapeutic agents like paclitaxel (Rodrigues-Ferreira et al., 2020; Shi & Sun, 2017).
Preliminary RNA sequencing (RNAseq) analysis from Chapter 2 “Characterization of an
Acquired Chemoresistant Breast Cancer Cell Line” identified upregulation of the MAP, KIF14

(Table 3.1).

Table 3.1

KIF14 Gene Expression

Gene LogoFold Change in ~ P-Value False Discovery Rate
Resistant Cells
KIF14 1.59 2.83x10°1 4.18x10

Note. MDA-MB-2315¢™ive and MDA-MB-231Resisnt ce||s were pelleted, and flash frozen in

liquid nitrogen. RNA was extracted using the RNAeasy Mini Kit Plus. RNA levels were
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quantified using a NanoDrop spectrophotometer and RNA quality was assessed using the
TapeStation. Next generation sequencing using the Illumina HiSeq4000 sequencing system was
performed at the Indiana University Center for Medical Genomics Core Facility, N=3. MDA-
MB-231Resistant ce||s were then compared to the MDA-MB-2315¢"1tVe ce||s to identify genes with
a significant difference in expression (p < .001). Listed here is the expression level change in the

microtubule-associated protein, KIF14.

KIF14 is a member of the kinesin 3 superfamily of microtubule motor proteins that
functions in vesicle transport, chromosome segregation, mitotic spindle formation, and
cytokinesis (Basavarajappa & Corson, 2012; Gruneberg et al., 2006; Huang et al., 2015). KIF14
also functions in destabilization of microtubules thus promoting depolymerization of the
microtubule (Arora et al., 2014; van der Vaart et al., 2009). The destabilization effect of KIF14
could be an avenue for acquired paclitaxel chemoresistance. If a destabilization protein like
KIF14 is upregulated within a resistant cell line then the cells can balance the stabilization of
paclitaxel and still proliferate. Within the MDA-MB-231Resistat ce||s KIF14 was found to be
upregulated when compared to the sensitive cells, MDA-MB-2315¢"iVve (Taple 3.1), which is
supported by findings within previous labs (Corson & Gallie, 2006; Singel et al., 2013; Singel et
al., 2014; Wang et al., 2018) that found with knock-down of KIF14, breast cancer cells are
sensitized to docetaxel. This phenomenon will be explored further with paclitaxel in our cells
since paclitaxel and docetaxel differ in key consequences and can exhibit different patterns of
sensitivity and resistance in breast cancer cells (Sara M Maloney et al., 2020; Verweij et al.,

1994).
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To further investigate KIF14’s potential role in the mechanism of chemoresistance, gene
expression data of TNBC patients under paclitaxel treatment were searched from public domains
with assistance from our collaborators at Indiana University Center for Computational Biology &
Bioinformatics. A total of 360 TNBC patients with RNA sequencing data were discovered. Of
these, 276 had paclitaxel treatment records (Jiang et al., 2019). From this data, a Kaplan Meier
survival curve was generated (Figure 3.1), the results of which suggests an inverse correlation
between an increased expression of KIF14 and the survival of patients leading to a potential
oncogenic role of KIF14. This data, in addition to the transcriptome analysis, suggests a role for

KIF14 in the mechanism of chemoresistance.

Figure 3.1
Kaplan Meier Survival Curve of KIF14
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Note. Gene expression data of triple-negative breast cancer patients under Paclitaxel
treatment were searched from public domain including 360 triple-negative breast cancer patients
with RNA sequencing data; of these, 276 had paclitaxel treatment records (Jiang, Y-Z. 2019).
Raw data was obtained from NCBI Sequence Read Archive under accession of SRP157974. The
RNA-seq data was downloaded and converted to fastq via SRA-tools 2.12 and then aligned to
GRCh38 reference genome using STAR 2.7.2. Counts of reads that map to a single gene level
were estimated with featureCounts and further normalized to FPKM value as gene expression
value. High and Low were created using the median value with high expression being greater

than the mean while low expression was lower than the mean.

The first part of this chapter will explore the relation of KIF14 within the TNBC cell line,
MDA-MB-231. It will investigate the function of KIF14 within the basic cellular phenotypes of
cancer cells including: cell invasion potential, colony formation ability, and key measures of
cellular growth. Then KIF14’s function will be evaluated in these cells in relation to the presence
of paclitaxel. If KIF14 is required for the cells to balance the stabilization effect of paclitaxel,
then with reduced expression of KIF14 the cells will be more sensitive to treatment with
paclitaxel.

The second section of this chapter will explore the function of KIF14 in acquired
paclitaxel resistance. First, KIF14’s function will be evaluated in maintaining normal phenotypes
of the resistant cells. If KIF14 is necessary for normal function of the resistant cells, then with
the reduced expression of KIF14 there will be a disappearance of basic phenotypes like: invasion
potential, colony formation ability, and key measures of growth. Secondly, there will be an

exploration of KIF14’s function in the mechanism of acquired paclitaxel resistance. If KIF14
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functions in the mechanism of chemoresistance, then when KIF14 expression is reduced there
will be an increase in sensitivity of the resistant cells to paclitaxel.

Here, | show that reducing expression of KIF14 within a TNBC cell line results in the
reduction of the cell’s ability grow including proliferation potential and colony formation
abilities. I also demonstrate that when treated with paclitaxel, the TNBC cells are more
responsive to the chemotherapy treatment. When KIF14 expression is also reduced within the
resistant cells, they express a reduction in growth capabilities and are more responsive to
chemotherapeutic treatment. This information therefore provides a deeper understanding of
KIF14’s role in the mechanism of chemoresistance.

Materials and Methods

Culture Conditions
The triple-negative breast cancer cell line (TNBC), MDA-MB-231, was maintained using

traditional means (Steding et al., 2011). Cells were cultured in Nunc tissue culture flasks and
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% Cosmic
Calf Serum (CCS) (Gibco and Fisher Scientific). Cells were maintained at 37°C and 5% CO; at
sub-confluent levels and passaged once cells reached a confluency between 75% - 95% via

treatment with 0.25% Trypsin EDTA (Gibco).

Generation of Acquired Chemoresistant Cell Lines
MDA-MB-231 cells were passaged into three groups and treated with either 1x Phospho-

Buffered Saline (PBS), MDA-MB-231, Dimethyl Sulfoxide (DMSO), MDA-MB-2315¢msitve or

paclitaxel, MDA-MB-231Resstat (Taple 3.1) weekly over a period of several years.
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Table 3.2

Treatment Groups

Name Maintained Treatment Condition
MDA-MB-231 1x PBS

MDA-MB-2315nsitve 0.01% DMSO

MDA-MB-231 Resistant 1.6 ng/mL Paclitaxel

Note. Table expressing treatment conditions of cell line. MDA-MB-231 cells were passaged into
three groups and treated with either 1x Phospho-Buffered Saline (PBS), Dimethyl Sulfoxide
(DMSO), or paclitaxel. Once treatments were initiated, treated cells were maintained as isolated
cell lines designated as: MDA-MB-23151ve and MDA-MB-231Resis@ Cells were maintained
with a concentration of 0.01% DMSO or 1.6 ng/mL of paclitaxel, respectively, weekly over the

period of several years to maintain a resistant population.

RNA-Sequencing 3 _
MDA-MB-231%mitve and MDA-MB-231Resistnt ce||s were pelleted, and flash frozen in

liquid nitrogen. RNA was extracted using the RNAeasy Mini Kit Plus (Qiagen). RNA levels
were quantified using a NanoDrop spectrophotometer (ThermoFisher) and RNA quality was
assessed using the TapeStation (Agilent Technologies). Next generation sequencing using the
Illumina HiSeq4000 sequencing system was performed at the Indiana University Center for
Medical Genomics Core Facility (Breese & Liu, 2013; Dobin et al., 2013; Liao et al., 2014,

Robinson et al., 2010).

siRNA- mediated Transient Transfection of KIF14
Transfection was performed using SilencerTM Selected Pre-Designed siRNA for KIF14

and Lipofectamine 3000 according to the recommended protocol provided (Invitrogen). Briefly,
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cells were plated subconfluently a day before transfection and on transfection day siRNA was

diluted in Opti-MEM Reduced Serum Medium (Invitrogen).

Real-Time Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
Cells were harvested at 24-, 48-, 72-, 96- hours, 5-, and 6-days, post transfection with

KIF14 siRNA. RNA was isolated using the PureLink RNA Mini Kit (Invitrogen) and the
quantity of RNA was assessed using the NanoDrop™ One Spectrophotometer system (Thermo
Scientific). TagMan gene expression assays were used to quantify the mRNA expression of
KIF14 (Hs00978236_m1). Quantification of gene expression was performed in triplicate in a 50
uL volume in 96- well plates on Applied Biosystems® QuantStudio® 3 Real-Time PCR System
using a TagMan RNA-to-Ct 1-step kit (Applied Biosystems). KIF14 knockdown groups were
normalized to the control to determine percent change in expression levels (Guan & Yang, 2008;
Pfaffl, 2001; Tsai & Wiltbank, 1996). These results determined the timeline the following

experiments were conducted (Figure 3.2).

Figure 3.2

Timeline of Knockdown and Experimentation

Longago & | Startof 15 Days Post
g. € . 24-hrs Post Transfection 48-hrs Post Transfection 96-hrs Post Transfection 7 Days Post Transfection v )

Continuous | Transfection Transfection
MDA-MB-231 1xPBS Plate Assays: Treat Assays: Fix Short-term Assays: Fix Long-Term Assays: Fix Colony
MDA-MB-23Sensitive DMSO KIF14 Cell Invasion Cytotoxicity Cell Invasion Proliferation Formation Assay
NIDA-MIB-23 1R=sistant Px Control Cytotoxicity Proliferation Cytotoxicity Relative Population Doubling

Colony Formation i i i i i iabili
VDA-MB-231KIF14 KD 1xPBS Prolifgration \F/{’elztllve Population Doubling ErTllfera':on | Cou Viability
— iabilit elative Population Doublin,

MDA-MB-231%ensitiveK|F14KD | DMSO KIF14 siRNA | Relative Population Doubling v Viability P &
MDA-MB-231Resistant K|F14 KD Px Viability

Note: Timeline of culture conditions and experimentation start and end times relative to the start
of transfection. Cells were maintained in either 1x PBS, DMSO, or paclitaxel (Px) at the start of
transfection, cells were then either treated with KIF14 control or KIF14 siRNA. 24- hours (hrs)
post transfection cell invasion, cytotoxicity, colony formation, proliferation, relative population

doubling, and viability assays were plated. 48- hours following transfection cytotoxicity,




52

proliferation, relative population doubling, and viability assays were treated with either 0.01%
DMSO or 10 ng/mL of Paclitaxel. 96- hours post transfection short-term assays (cell invasion,
cytotoxicity, proliferation, relative population doubling, and viability) were fixed. 7 days post
transfection long-term assays (proliferation, relative population doubling, and viability) were

fixed. At 15 days post transfection colony formation assays were fixed.

Cell Invasion Assay
24- hours following transfection, cells were seeded in a 6-well plate with DMEM to be

serum starved overnight at 37°C and 5% CO.. They were then placed within a Transwell™
Multiple Well Plate with Permeable Polycarbonate Membrane Inserts (Corning) with the use of a
.25% Trypsin. Cells were incubated at 37°C and 5% CO> for 48- hours at which point the
DMEM was removed from the transwells. The transwells were then placed in 0.5% solution of
Methylene Blue for 30 minutes while on a plate shaker. The transwells were rinsed with Milli-Q
water and allowed to dry overnight at room temperature. The transwells were placed ina 0.5 M
Hydrochloric acid (HCL) solution on a shaker for 30 minutes then the HCL was placed in

triplicate 96- wells and absorbance was read at 630 nm using a spectrophotometer (BioTeK).

Cytotoxicity Assay
Following transfection, cells were assessed for cytotoxicity using CYyQUANT™ LDH

(lactate dehydrogenase) Cytotoxicity Assay following manufacturer’s protocol (Invitrogen).
Briefly, cells were seeded in a 96- well plate and incubated overnight at 37°C and 5% CO». They
were then treated with 10 ng/mL of Paclitaxel or 0.1% DMSO for compound LDH release, or
Milli-Q water for spontancous LDH release and incubated overnight at 37°C and 5% CO2. Wells
serving as the maximum LDH release received 10x Lysis Buffer and the plate was incubated at
37°C and 5% CO> for 45 minutes. Each sample was transferred to a 96- well plate in duplicate

wells, Reaction Mixture was added, and the plate was incubated at room temperature for 30
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minutes in the dark. Stop Solution was added to each well and the absorbance was measured at
492 nm and 680 nm using a spectrophotometer. LDH activity was then determined by
subtracting the 680 nm absorbance value from the 492 nm absorbance value before calculation of
percent cytotoxicity. Percent cytotoxicity was calculated by the following equation:

Percent Cytotoxicity

_ [Compound treated LDH activity — Spontaneous LDH activity % 100
B Maximum LDH activity — Spontaneous LDH activity

Compound treated LDH activity was either those treated with DMSO as the control or paclitaxel.

Transfected and paclitaxel treated cells were then normalized to the control.

Colony Formation Assay
24-hours following transfection with KIF14 siRNA, cells were seeded at 200 cells/mL in

triplicate within 6-well plates and incubated overnight at 37°C and 5% CO? for 14 days. Plates
were then fixed with 70% Ethanol and stained with 5% Geimsa for 1 hour at room temperature.
Plates were rinsed with RO water and allowed to air dry, at which point stained colonies were

counted.

Apoptosis Assay
The eBioscienceTM Annexin V Apoptosis Detection Kit FITC (Invitrogen) was used per

manufacturer’s instructions to assess apoptosis following transfection with KIF14 siRNA and
treatment with paclitaxel. 24-hours following transfection cells were treated with 10 ng/mL of
Paclitaxel or 0.1% DMSO (control). 48-hours following transfection cells were harvested, rinsed,
and stained with Annexin V and Propidium lodide. Flow cytometry was conducted on BD
AccuriTM C6 Plus (BD) and data analysis was conducted using FlowJo software (Tree Star,

Inc).
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Proliferation Assay
Proliferation potential following transfection with KIF14 siRNA and treatment with

paclitaxel was evaluated via a Methylene Blue Proliferation Assay. 24- hours following
transfection with KIF14 siRNA, cells were plated at a density of 1x10° cells/well (short-term) or
1x10* cells/well (long-term), then incubated at 37°C and 5% CO; for 48 hours (short-term) or 5
days (long-term). Cells were treated with 10 ng/mL of Paclitaxel or 0.1% DMSO 48- hours
following transfection. Plates were fixed with 100% methanol after final incubation time.
Adherent cells were stained with 0.5% Methylene Blue and allowed to air dry. Treatment with
0.5 M HCL was used to redistribute stain into solution and absorbance was evaluated at 630 nm

using a spectrophotometer (BioTek).

Trypan Blue Exclusion Assay
Relative population doubling and cellular viability was determined using a Trypan Blue

Exclusion Assay. 24- hours following transfection with KIF14 siRNA, cells were plated at a
density of 5x10* cells/well (short-term) or 2.5x10* cells/well (long-term) and treated with 10
ng/mL paclitaxel diluted in DMSO, or 0.1% DMSO. Cells were then incubated at 37°C and 5%
COo for 48 hours (short-term) or 5 days (long-term). Cells were harvested using 0.25% Trypsin
EDTA and the resulting cell population was evaluated using an automated cell counter (BIO-
rad). Relative population doubling was calculated by the following equation and then normalized

to control cells.

Number of Live Cells
Number of Plated Cells

Viability of cells was calculated by the following equation and was normalized to the control

cells.

Number of Live Cells

1)
Total Number of Cells * 100%
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Kaplan Meier Survival Curve
My collaborators, including Dr. Yunlong Liu and Chuanpeng Dong of Indiana

University, searched gene expression data of TNBC patients under paclitaxel treatment from
public domain, including 360 TNBC patients with RNA sequencing data; of these, 276 had
paclitaxel treatment records (Jiang et al., 2019). RNA sequencing data of these patients came
from primary tumor tissue and from blood samples (Jiang et al., 2019). Raw data was obtained
from NCBI Sequence Read Archive, under accession of SRP157974. The RNA-seq data was
downloaded and converted to fastq via SRA-tools 2.12 and then aligned to GRCh38 reference
genome using STAR 2.7.2. Counts of reads that map to a single gene level were estimated with
featureCounts and further normalized to FPKM value as gene expression value. High and low
were created using the median value with high expression being greater than the mean while low

expression was lower than the mean.

Statistics
Data was expressed as the means + the standard deviation. IBM SPSS Statistics Version

27 was used for statistical analysis. For two-group comparisons, normally distributed data with
homogeneity of variance, used an independent t-test. Data comparison between multiple groups
was performed using one-way analysis of variance (ANOVA) (Brown, 2005; Kim, 2017). A
Levene’s test of homogeneity was used; if Levene’s statistic was not significant, then
homogeneity of variance was assumed and a Tukey’s post hoc test was conducted to determine
individual group statistics (Abdi & Williams, 2010; Glass, 1966). If Levene’s statistic was
significant, then homogeneity of variance was not assumed, and a Welch’s test of homogeneity
was conducted with a Games-Howell post hoc test. p-values of less than .05 were considered

significant (Sauder & DeMars, 2019).
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Results

KIF14 Expression was Maximally Reduced 72 hours Following Treatment with KIF14
SiRNA
Reverse transcriptase polymerase chain reaction (RT-PCR) was used to determine the

maximum reduction in KIF14 expression following treatment with KIF14 small interfering RNA
(SIRNA) within the triple-negative breast cancer (TNBC) cell line, MDA-MB-231 (Figure 3.3).
Expression of KIF14 was evaluated 48- , 72-, 96- hours, 5- , and 6- days following transfection.
A one-way analysis of variance (ANOVA) confirmed that there was a significant decrease in
gene expression, F (5, 12) = 40.04, p < .001, n% = .94 (Table 3.S1). A Tukey’s post hoc test
demonstrated that at 48- hours post transfection (M = 29.55, SD = 0.14) expression of KIF14 also
demonstrated a significant decrease (10.16 £ 0.52 %; p = .002) when compared to the control (M
=26.82, SD = 0.24) (Table 3.S1). 72- hours following transfection, there was a significant
decrease (3.835 £ 0.67%; p = .01) in gene expression of KIF14 (M = 30.58, SD = 0.18)
compared to expression at 48-hours and a significant decrease (14 + 0.67%; p < .001) compared
to the control. At 96- hours following transfection (M = 27.56, SD = 0.23) KIF14 expression was
not significantly different from the control, however, there was a significant increase in KIF14
expression (7.41 + 0.85%; p = .003) compared to expression levels at 48- hours and (11.24 +
0.85%; p <.001) 72- hours. At 6 days following transfection (M = 26.21, SD = 0.06), expression
levels were not significantly altered from the control, however there was still a significant
increase in expression from 48- hours (12.43 + 0.23%; p < .001) and 72- hours (16.26 + 0.23%; p

<.001).



57

Figure 3.3

KIF14 Expression was Maximally Reduced 72 Hours following Treatment with KIF14 siRNA
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Note. Following KIF14 siRNA transfection, at 24, 48, 72, 96 hours, and 5-6 days RNA was

isolated, and the quantity was assessed. TagMan gene expression assays were used to quantify
the mRNA expression of KIF14 in triplicate. KIF14 knockdown groups were normalized to
control expression levels. N = 3.

Data are presented as means + standard deviation. Differences between groups were compared
using a one-way ANOVA with a Games-Howell post hoc test. ** p < .01 vs Normal Expression,
*** p <.001 vs Normal Expression, ## p < .01 vs 48 hours post KIF14 siRNA Treated, ### p <
.001 vs 48 hours post KIF14 siRNA Treated, 111 p <.001 vs 72 hours post KIF14 siRNA

Treated, { p < .05 vs 96 hours post KIF14 siRNA Treated.
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KIF14 Expression does not Alter Metastatic Potential as Demonstrated by Cell Invasion
Potential and Colony Formation Ability within a TNBC Cell Line
To investigate KIF14’s function in metastatic potential a cell invasion and colony

formation assay was conducted. A cell invasion assay was performed following the knockdown
of KIF14 (KIF14KXP) (Figure 3.4A). Initial analysis showed decrease (3.05 + 11.43%, p = .83) in
cell invasion potential; however, an independent samples t-test was conducted and determined
that the MDA-MB-231 cells (M = .14, SD = 0.019) did not differ significantly, t (4) =.30,p =
.83, from the MDA-MB-231 KIF14XP cells (M = 0.13, SD = 0.016) (Table 3.S2).

A colony formation assay was conducted following KIF14XP and resulted in a decrease in
colonies formed (64.21 + 45.82%, p = .19) in MDA-MB-231 KIF14XP cells (M = 46.33, SD =
24.97) when compared to MDA-MB-231 cells (M = 129.44, SD = 59.32) (Figure 3.4B). An
independent samples t-test demonstrated that there was not a significant change between the two

groups t (4) =2.24, p =.19 (Table 3.S3).

Figure 3.4

Knockdown of KIF14 does not Alter Metastatic Potential as Demonstrated by Cell Invasion

Potential and Colony Formation Ability within a TNBC Cell Line

=
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Note. (A) Cells were serum starved for 24 hours a day after transfection with KIF14 siRNA

(KIF14 KD). Cell invasion assay was plated using Transwell™ Multiple Well Plate. Methylene
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blue and HCL were used to stain and de-stain transwells then absorbance was read at 630 nm.
(B) Colony formation assay was plated 24-hours following transfection with KIF14 siRNA
(KIF14 KD) and incubated for 14 days. Plates were fixed with ethanol and stained with geimsa.
N=3.

Data are presented as means + standard deviation, n = 3 independent experiments. Differences

between groups were compared using an independent t-test.

KIF14 Expression does not Alter Cellular Death Potential in the Presence of Paclitaxel
within a TNBC Cell Line

To investigate KIF14’s function in protecting against cellular death, a lactate
dehydrogenase (LDH) activity and apoptosis assay was conducted following KIF14XP with the
treatment of paclitaxel. LDH activity assay was used to determine the percent cytotoxicity in the
cells in the presence of paclitaxel (Figure 3.5A). Although there was a decrease in percent
cytotoxicity (14.6 + 34.51%, p = .99) following KIF14XP (M = 23.94, SD = 9.67) compared to
MDA-MB-231 (M = 28.03, SD = 27.09), a one-way ANOVA exposed that there was not a
significant difference with KIF14XP with the treatment of paclitaxel, F (3, 8) = .138, p > .05, n%
=0.49 (Table 3.54). A decrease in cytotoxicity (49.67 + 32.61%, p = 1) occurred following
paclitaxel treatment within MDA-MB-231XP (M = 26.24, SD = 21.99) when compared to MDA-

MB-231, however, a Tukey’s post hoc test demonstrated this was not a significant change.
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Figure 3.5
KIF14 Expression does not Alter Cellular Death Potential in the Presence of Paclitaxel as

Demonstrated by Cytotoxicity and Apoptosis within a TNBC Cell Line
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300 -

250 ~

200 -

150 4

100 4

Apoptosis (% Control)

50 A

MDA-MB-231 " MDA-MB-231
Note. (A) Cytotoxicity assay was conducted CYQUANT™ LDH Cytotoxicity Assay following
manufacturer’s protocol 24-hours following transfection with KIF14 siRNA (KI1F14 KD). Cells
were treated with DMSO (control) or paclitaxel (Px). Absorbance was measured at 492 nm and
680 nm. LDH activity was determined prior to calculation of percent cytotoxicity. (B) The
eBioscienceTM Annexin V Apoptosis Detection Kit FITC was used per manufacturer’s
instructions to assess apoptosis following transfection with KIF14 siRNA (KIF14 KD) and
treatment with paclitaxel (Px). Flow cytometry was conducted, and data analysis was conducted
using FlowJo software. N = 3.

Data are presented as means + standard deviation. Differences between groups were compared

using a one-way ANOVA with a Tukey’s post hoc test.

An apoptosis assay was conducted to investigate the effects of KIF14 gene expression
changes on paclitaxel induced apoptosis (Figure 3.5B). KIF14XP (M = 11.72, SD = 8.13) had
reduced apoptosis (13.07 £ 15.08%, p = .97) compared to the control (M = 8.11, SD =4.36). An

ANOVA indicated that there was not a significant difference in apoptosis between treatment
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groups, F (3, 20) = 1.848, p >.05, #2p = .22 (Table 3.S5). KIF14XP with paclitaxel treatment (M
=22.71, SD = 17.68) increased apoptosis (59.86 + 91.9%, p = .59) compared to the control,
however this was not a significant difference in apoptosis as indicated with a Tukey’s post-hoc

test.

KIF14 Expression Correlates with Cellular Growth as Demonstrated with Proliferation
and Relative Population Doubling Following Treatment with Paclitaxel in a TNBC Cell
e To investigate KIF14’s function in cellular growth, a methylene blue proliferation and
trypan blue exclusion assay was conducted. A methylene blue proliferation assay was performed
following KIF14XP with treatment of paclitaxel to determine the effects of KIF14 expression on
proliferation potential (Figure 3.6 A & B). A 48-hour, short-term, assay was conducted to
ascertain the effects of KIF14 expression with paclitaxel treatment (Figure 3.6A). There was a
slight decrease in proliferation (17.57 + 2.06%, p = .14) in the KIF14XP paclitaxel treated cells
(M =0.90, SD =0.022) compared to the control (M = 1.09, SD = 0.10). ANOVA demonstrated
that there was not a significant change among groups in proliferation, F (3, 8) = 2.45, p > .05,
n2p = .48 (Table 3.56).

A 5-day assay was conducted to investigate the effects of KIF14 expression with
paclitaxel treatment in a longer setting (Figure 3.6B). Completion of a one-way ANOVA
demonstrated that there was a significant change among groups in proliferation, F (3, 8) = 8.66, p
<.01, #2p =.76 (Table 3.S7). A Tukey’s post hoc test demonstrated that there was a significant
decrease in proliferation (25.73 + 24.33%, p = .01) in the KIF14KXP paclitaxel treated cells (M =
0.36, SD = 0.21) compared to the control (M = 0.87, SD = 0.13). A significant decrease (55.59 +

24.33%, p = .013) also occurred in proliferation of the KIF14XP paclitaxel treated cells compared

to the KIF14XP cells (M = 0.84, SD = 0.12).
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A trypan blue exclusion assay was conducted following KIF14XP with treatment of
paclitaxel to establish the effects of KIF14 expression on relative population doubling potential
(Figure 3.6 C & D). A 48-hour, short-term, assay resulted in a decrease (75.40 £ 63.44%, p =
.81) in proliferation within the KIF14XP paclitaxel treated cells (M = 4.71, SD = 4.89) compared
to the control (M =7.71, SD = 3.23) (Figure 3.6C); however, completion of a one-way ANOVA
demonstrated that there was not a significant change between treatment groups, F (3, 3.79) = .34
p > .05, #2p =.17 (Table 3.58).

A 5-day, long-term, assay was conducted to investigate the effects of KIF14 expression
with paclitaxel treatment (Figure 3.6D) on the relative population doubling of cells. Completion
of a one-way ANOVA demonstrated that there was a not significant change among groups in
relative population doubling, F (3, 3.34) = 3.79, p > .05 #2p =.57 (Table 3.S9). Even with a
decrease (94.20 + 1.37%, p = .30) in relative population doubling in the KIF14P paclitaxel
treated cells (M = 2.82, SD = 0.54) compared to MDA-MB-231 (M = 45.40, SD = 29.40), a
Games-Howell post hoc test verified that there was a not significant decrease in relative

population doubling (Table 3.S9).
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Figure 3.6
KIF14 Expression Correlates with Cellular Growth as Demonstrated with Proliferation and

Relative Population Doubling within a TNBC cell line
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Note. (A & B) Proliferation potential following transfection with KIF14 siRNA (KIF14 KD) and

Doubling (% Control)

Long-Term Relative Population

treatment with paclitaxel (px) was evaluated via a Methylene Blue Proliferation Assay. (A)
Short-term assay, cells were incubated for 48 hours following treatment with paclitaxel. (B)
Long-term assay, cells were incubated for 5 days following treatment with paclitaxel. (C & D)
Relative population doubling was determined using a Trypan Blue Exclusion Assay following
transfection with KIF14 siRNA (KIF14 KD) and treatment with paclitaxel (Px). (C) Short-term
assay, cells were incubated for 48 hours following treatment with paclitaxel. (D) Long-term

assay, cells were incubated for 5 days following treatment with paclitaxel. N = 3.
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Data are presented as means + standard deviation, n = 3 independent experiments. Differences
between groups were compared using a one-way ANOVA with a Tukey’s post hoc test. ** p <

.01 vs control, ## p < .05 vs KIF14 KD.

Viability of Cells is Reduced Following the Reduction of KIF14 Expression with Paclitaxel
Treatment within a TNBC Cell Line
A trypan blue exclusion assay was performed following the KIF14XP with the treatment

with paclitaxel to determine the effects of KIF14’s expression on viability (Figure 3.7). A 48-
hour, short-term, assay was conducted to explore the effects of KIF14’s expression with
paclitaxel treatment on viability (Figure 3.7A). Completion of a one-way ANOVA demonstrated
that there was a not a significant change between treatment groups, F (3, 3.39) = 2.28, p > .05,
n2p =.44 (Table 3.510). A Games-Howell post hoc test demonstrated that there was not a
significant decrease in viability (26.72 + 19.57%, p = .32) in the KIF14XP paclitaxel treated cells
(M =72.61, SD = 19.39) compared to MDA-MB-231 control cells (M = 99.08, SD = 0.80) (Table
3.510).

A 5-day, long-term, assay was conducted to explore the effects of KIF14’s expression
with paclitaxel treatment on viability (Figure 3.7B). Completion of a one-way ANOVA
demonstrated that there was a significant change between treatment groups, F (3, 3.73) = 153.56,
p <.01, n2p =.99 (Table 3.S11). A Games-Howell post hoc test demonstrated that there was a
significant decrease (18.14 + 19.57%, p = .029) in viability in the MDA-MB-231 with paclitaxel
treatment (M = 80.5, SD = 3.53) compared to MDA-MB-231 control cells (M =98.33, SD =
0.52). KIF14XP with paclitaxel treatment (M = 58.58, SD = 2.96) had a significant decrease
(40.42 = 3.01%, p = .004) in viability compared to the MDA-MB-231 control cells. There was

also a significant decrease (22.29 + 3.59%, p = .005) in viability in KIF14XP paclitaxel treated
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cells compared to MDA-MB-231 cells treated with paclitaxel. KIF14P paclitaxel treated also
had a significant decrease in viability (40.84 + 0.25%, p = .004) compared to the KIF14XP cells

(M = 98.75, SD = 0.25),

Figure 3.7
Viability of Cells is Reduced Following the Reduction of KIF14 Expression with Paclitaxel

Treatment within a TNBC cell line
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Note: Viability was determined using a Trypan Blue Exclusion Assay following transfection
with KIF14 siRNA (KIF14 KD) and treatment with paclitaxel (Px). (A) Short-term assay, cells
were incubated for 48 hours following treatment with paclitaxel. (B) Long-term assay, cells were
incubated for 5 days following treatment with paclitaxel. N = 3.

Data are presented as means + standard deviation, N = 3 independent experiments. Differences
between groups were compared using a one-way ANOVA with a Games-Howell post hoc test. *

p < .05 vs control, ** p < .01 vs control, ## p < .01 vs KIF14 KD, 1 p <.01 vs Px Treated.
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Expression of KIF14 does not Correlate with Metastatic Ability as Demonstrated with Cell
Invasion Potential and Colony Formation Ability within a Paclitaxel Resistant TNBC Cell
e To investigate KIF14’s function in metastatic ability a cell invasion and colony formation
assay was conducted. A cell invasion assay was performed to investigate the effects of KIF14
expression on a paclitaxel resistant TNBC cell line, MDA-MB-231Ress o cell invasion
potential (Figure 3.8A). Although there was a decrease (13.77 £ 10.89%, p = .58) in cell
invasion potential with KIF14XP in MDA-MB-231Resstat cells (M = 0.12, SD = 0.01) completion
of an independent samples t-test demonstrated that there was not a significant change between
KIF14XP and control MDA-MB-231Resistant ce||s (M = 0.14, SD = 0.02), t (4) = 1.69, p = .58
(Table 3.512). Interesting to note, MDA-MB-2315"iVe ce||s demonstrated a minute increase in
cell invasion (2.77 + 1.80%, p = .11) although completion of an independent samples t-test
demonstrated that there was not a significant change between KIF14XP and control MDA-MB-
2315ensitive (Taple 3.513).

A colony formation assay was performed to investigate the effects of KIF14XP within a
paclitaxel resistant TNBC cell line (Figure 3.8B). There was a decrease (42.58 + 14.87%, p =
.068) in the formation of colonies with KIF14XP in the MDA-MB-231Resst@ ce||s (M = 65.33, SD
= 16.92) compared to control MDA-MB-231Ressnt cel|s (M = 113.78, SD = 61.62), nevertheless
completion of an independent samples t-test demonstrated that there was not a significant change
between them, t (4) = 1.31, p = .068 (Table 3.514). Of note, MDA-MB-2315nsitve K |F14KP cells
(M =69.89, SD = 30.11) demonstrated a minute increase (9.38 = 33.66%, p =.59) in number of

colonies formed, however this was not significant as demonstrated by an independent samples t-

test, t (4) =-0.30, p = .59 (Table 3.515).
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Figure 3.8

Expression of KIF14 does not Alter Metastatic Ability as Demonstrated with Cell Invasion

Potential and Colony Formation Ability
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Note. (A) Cells were serum starved for 24hrs a day after transfection with KIF14 siRNA (KIF14
KD). Cell invasion assay was plated using Transwell™ Multiple Well Plate. Methylene blue and
HCL was used to stain and de-stain transwells then absorbance was read at 630 nm. (B) Colony

formation assay was plated 24-hours following transfection with KIF14 siRNA (KIF14 KD) and
incubated for 14 days. Plates were fixed with ethanol and stained with geimsa. N = 3.

Data are presented as means + standard deviation, N = 3 independent experiments. Differences

between groups were compared using a one-way ANOVA with a Tukey’s post hoc test.

Expression of KIF14 Could Correlate with Cellular Death in the Presence of Paclitaxel as

Determined by Cytotoxicity and Apoptosis
To investigate KIF14’s function in connection to cellular death in the presence of

paclitaxel, a LDH activity and apoptosis assay was conducted following KIF14KXP with the
treatment of paclitaxel. LDH activity assay was used to determine the percent cytotoxicity in the

cells in the presence of paclitaxel following KIF14XP (Figure 3.9A).
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Completion of a one-way ANOVA demonstrated that there was not a significant change
in the cytotoxicity of paclitaxel following KIF14XP within the MDA-MB-231, F (3, 8) = 0.57, p
> .05, #2p = 0.18 (Table 3.S15). Although there was an increase (48.47 + 74.67%, p =.77) in
cytotoxicity in the MDA-MB-231Resistant K |F14KP paclitaxel treated cells (M = 39.68, SD =
27.78) compared to the MDA-MB-231Resistant ca||s (M = 34.63, SD = 47.31) a Tukey’s post hoc
demonstrated that it was not significant. Following KIF14XP in the MDA-MB-231Resista ce||s (M
= 34.63, SD = 47.31) there was a non-significant decrease (55.45 + 14.32%, p = .83) in
cytotoxicity compared to the MDA-MB-231Resisnt ca||s, There was also a non-significant
decrease (12.71 + 71.60%, p = 1) in cytotoxicity of the MDA-MB-231Ressént ce||s treated with
paclitaxel (M = 14.37, SD = 11.79) compared to the MDA-MB-231Ress® control cells. Within
the MDA-MB-2315"1Ve cells an ANOVA demonstrated that there were no significant

differences between treatment groups, F (3, 8) = 0.61, p > .05, #2p = 0.19 (Table 3.S15).
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Figure 3.9
Expression of KIF14 Could Correlate with Cellular Death in the Presence of Paclitaxel in

Cellular Death as determined by Cytotoxicity and Apoptosis
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Note. (A) Cytotoxicity assay was conducted CyQUANT™ LDH Cytotoxicity Assay following
manufacturer’s protocol 24-hours following transfection with KIF14 siRNA (KIF14 KD). Cells
were treated with DMSO (control) or paclitaxel (Px). Absorbance was measured at 492 nm and
680 nm. LDH activity was determined prior to calculation of percent cytotoxicity. (B) The
eBioscience™ Annexin V Apoptosis Detection Kit FITC was used per manufacturer’s

instructions to assess apoptosis following transfection with KIF14 siRNA (KIF14 KD) and
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treatment with paclitaxel (px). Flow cytometry was conducted, and data analysis was conducted
using FlowJo software. N = 3.

Data are presented as means + standard deviation, N = 3 independent experiments. Differences
between groups were compared using a one-way ANOVA with a Tukey’s and Games-Howell

post hoc test. ** p < .01.

An apoptosis assay was conducted to determine the effects of KIF14XP within the MDA-
MB-231Resistant ce||s on paclitaxel induced apoptosis (Figure 3.9B). Completion of a one-way
ANOVA demonstrated that there was not a significant change in paclitaxel induced apoptosis
following KIF14XP within the MDA-MB-231Resst cells F (3, 8) = 2.13, p > .05, 52p = 0.44
(Table 3.518). A Tukey’s post hoc test demonstrated that there was not a significant increase
(68.35 + 30.37%, p = .16) in apoptosis within the MDA-MB-231Resisant K|F14KP paclitaxel
treated (M = 13.63, SD = 3.89) compared to the MDA-MB-231Ress@t naclitaxel treated cells, (M
=6.32, SD = 2.35). There was also not a significant decrease (10.17 + 56.73%, p = .97) in
apoptosis with MDA-MB-231Resstant K1F14KP cells (M = 9.08, SD = 4.09) compared to the
MDA-MB-231Ressnt control cells (M = 7.72, SD = 4.38). As expected, the MDA-MB-231Resistant
paclitaxel treated cells did not result in a significant decrease (18.23 + 30.30%, p = .97) in
apoptosis compared to the MDA-MB-231Res4 control cells. MDA-MB-231Resistant K |F14KD
paclitaxel treated cells did not result in a significant increase in apoptosis (50.12 + 56.73%, p =
.29) compared to the MDA-MB-231Resistant control cells. Interestingly, completion of a one-way
ANOVA determined that there was a significant difference among treatment groups in the
MDA-MB-2315ens1tVe ce||s, F (3, 3.92) = 24.72, p < .01, n2p = 0.61. A Games-Howell post-hoc

test demonstrated that there was a significant increase (94.24 + 8.77%, p = .008) in apoptosis in
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the MDA-MB-2315¢"1tve K [F14KP paclitaxel treated cells compared to MDA-MB-231Sensitive

paclitaxel treated cells (Table 3.519).

Paclitaxel Treatment Following KIF14XP Results in a Decrease in Cellular Growth as
Measured by Proliferation and Relative Population Doublings
To investigate KIF14’s function in cellular growth, a methylene blue proliferation and

trypan blue exclusion assay was conducted on the MDA-MB-231Resistant ca||s. A methylene blue
proliferation assay was performed following KIF14XP with treatment of paclitaxel to determine
the effects of KIF14 expression on proliferation potential (Figure 3.10 A & B). To ascertain the
short-term effects of paclitaxel treatment following KIF14KP in the MDA-MB-231Resise ce|s, g
48-hour assay was executed (Figure 3.10 A). Completion of a one-way ANOVA demonstrated
that there was a significant change in proliferation following KIF14XP within the MDA-MB-
231Resstant gl s, F (3, 8) = 6.36, p < .05, n2p = 0.71 (Table 2.520). A Tukey’s post hoc test
revealed that there was a significant decrease (24.20 £+ 9.44%, p = .015) in proliferation within
the MDA-MB-231Resistant K|F14KP paclitaxel treated cells (M = 0.84, SD = 0.10) compared the
MDA-MB-231Resisént control cells (M = 1.11, SD = 0.09). There was also a significant decrease
(20.14 + 7.71%, p = .039) in proliferation in the MDA-MB-231Ressant K|F14KP paclitaxel treated
cells compared to the MDA-MB-231Resisant paclitaxel treated cells (M = 1.06, SD = 0.09). A non-
significant decrease (11.09 + 2.19%, p = .31) in proliferation occurred in the MDA-MB-

231 Resistant K |F14KD cells (M = 0.99, SD = 0.02) compared to the MDA-MB-231Ress@t control
cells. As expected, MDA-MB-231Resis2 ce||s demonstrated an insignificant reduction in
proliferation (4.06 + 7.71%, p = .90) compared to the MDA-MB-231Resst control cells. Within
the MDA-MB-2315s1tve c||s a one-way ANOVA demonstrated that there were no significant

differences between treatment groups, F (3, 8) = 1.00, p > .05, #2p = 0.27 (Table 3.521).
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The long-term effects of paclitaxel treatment following KIF14XP in the MDA-MB-
231Resistant oo |s was determined using a 5- day assay (Figure 3.10 B). Completion of a one-way
ANOVA demonstrated that there was a significant change in proliferation following KIF14KP
within the MDA-MB-231Ress@ cells F (3, 8) = 29.72, p <.001, #2p = 0.92 (Table 3.522). A
Tukey’s post hoc test demonstrated that there was a significant decrease (75.26 £ 12.45%, p <
.001) in proliferation within the MDA-MB-231Resistant K|F14KP paclitaxel treated cells (M = 0.22,
SD = 0.11) compared to the proliferation of the MDA-MB-231Resstt control cells, (M = 0.91, SD
=0.09), as well as a significant decrease (75.94 £ 16.73%, p < .001) in proliferation compared to
the MDA-MB-231 KIF14KP cells (M = 0.91, SD = 0.15). MDA-MB-231Resstt naclitaxel treated
cells (M =0.39, SD = 0.08) exhibited a significant reduction in proliferation (57.14 £ 9.14%, p =
.002) compared to the MDA-MB-231Resistant ce|js, MDA-MB-231Resistnt K1F14KP cells did not
result in a significant increase in proliferation (0.67 + 16.73%, p = 1) compared to the MDA-
MB-231Resistant ce||s, There was an inconsequential reduction in proliferation (18.12 + 12.45%, p
= .35) between the MDA-MB-231Resistat paclitaxel treated cells compared to the MDA-MB-

231 Resistant K |F14KD paclitaxel treated cells.

Completion of an ANOVA determined a significant difference among treatment groups
within the MDA-MB-2315¢™itve ce||s, F (3, 8) = 16.26, p < .001, #2p = 0.86 (Table 3.523). A
Tukey’s post hoc test revealed a significant decrease (54.51 £ 13.77%, p = .008) in proliferation
within the MDA-MB-2315¢™itve K|F14XP paclitaxel treated cells (M = 0.37, SD = 0.11)
compared to the MDA-MB-2315¢"1e control cells (M = 0.80, SD = 0.13) along with a
significant decrease (58.28 = 18.12%, p = .005) in proliferation compared the MDA-MB-

2315ensitive K |F14KP cells (M = 0.83, SD = 0.15). As expected, there was also a significant
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decrease (59.71 + 8.71%, p = .005) in proliferation in the MDA-MB-2315¢"Ve paclitaxel treated
cells (M = 0.32, SD = 0.07) compared to the MDA-MB-2315¢™ve control cells.

A trypan blue exclusion assay was conducted to establish the effects of KIF14 expression
with paclitaxel treatment in the MDA-MB-231Re cells in relation to relative population
doubling (Figure 3.10 C & D). To investigate these effects in the short-term a 48- hour assay was
conducted (Figure 3.10 C) and completion of a one-way ANOVA demonstrated that there was
not a significant change between treatment groups in the MDA-MB-231Resstt ce||s, F (3, 8) =
2.01, p > .05, #2p = 0.43 (Table 3.S24). An insignificant reduction (56.54 + 15.98%, p = .54) in
relative population doubling occurred in the MDA-MB-231Resistant K|F14KP paclitaxel treated
cells (M = 2.44, SD = .90) compared to MDA-MB-231Resis@t control cells (M = 5.62, SD = 2.74).
As anticipated, there was an inconsequential increase (30.85 + 58.99%, p = .87) in relative
population doublings in the MDA-MB-231Resst naclitaxel treated cells (M = 5.62, SD = 2.74)
compared to MDA-MB-231Ress8 control cells. Within the MDA-MB-2315¢"1Ve ce||s a one-way
ANOVA determined that there were no significant differences between treatment groups, F (3,

8) = 2.01, p > .05, 52p = 0.43 (Table 3.525).
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Figure 3.10
Paclitaxel Treatment Following KIF14 Knockdown Results in a Decrease in Cellular Growth as

Measured by Proliferation and Relative Population Doubling
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Note. (A & B) Proliferation potential following transfection with KIF14 siRNA (KIF14 KD) and
treatment with paclitaxel (px) was evaluated via a Methylene Blue Proliferation Assay. (A)
Short-term assay, cells were incubated for 48- hours following treatment with paclitaxel. (B)
Long-term assay, cells were incubated for 5 days following treatment with paclitaxel. (C & D)
Relative population doubling was determined using a trypan blue exclusion assay following
transfection with KIF14 siRNA and treatment with paclitaxel. (C) Short-term assay, cells were
incubated for 48 hours following treatment with paclitaxel. (D) Long-term assay, cells were

incubated for 5 days following treatment with paclitaxel. N = 3.
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Data are presented as means + standard deviation, N = 3 independent experiments. Differences
between groups were compared using a one-way ANOVA with Tukey’s post hoc test. ** p < .01
vs Control, *** p <.001 vs Control, T p <.05 vs KIF14 KD, 1f p <.01 vs KIF14 KD, {1t p <

.001 vs KIF14 KD.

A 5- day assay was conducted to investigate the effects of KIF14 expression with
paclitaxel treatment in a longer setting (Figure 3.10 D) on the relative population doubling of the
MDA-MB-231Resistént cells. Completion of a one-way ANOVA demonstrated that there was a
significant change among groups in relative population doubling, F (3, 8) = 14.97, p <.001, #2p
=0.85 (Table 3.S26). A Tukey’s post hoc test demonstrated that there was a significant decrease
(82.17 + 10.91%, p = .003) in relative population doubling within the MDA-MB-231Resistant
paclitaxel treated cells (M = 7.80, SD = 4.78) compared to the MDA-MB-231Resst control cells
(M =43.77, SD = 13.78). There is a significant reduction in relative population doubling (92.14
+2.63%, p = .002) in the MDA-MB-231Resistant K |F14KP paclitaxel treated cells (M = 3.44, SD =
1.15) compared to the MDA-MB-231Resst control cells as well as a significant decrease (57.22
+18.91%, p = .027) compared to the MDA-MB-231Ressant K1F14KP cells (M = 28.49, SD =
8.28). KIF14XP in the MDA-MB-231Resis ce||s resulted in a non-significant reduction (34.91 +
31.47%, p = .20) in relative population doubling compared to the MDA-MB-231Resistant cg||s,

Completion of a one-way ANOVA revealed a significant difference among treatment
groups within the MDA-MB-2315¢™itVe ce||s, F (3, 8) = 23.24, p < .001, #2p = 0.90 (Table
3.527). A Tukey’s post hoc test revealed a significant decrease (81.20 + 13.48%, p =.001) in
relative population doubling within the MDA-MB-2315¢"itve K1F14KP paclitaxel treated cells (M

=6.11, SD = 4.38) compared to the MDA-MB-2315¢"iVe control cells (M = 32.49, SD = 4.43)
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along with a significant decrease (79.23 + 21.91%, p = .001) in relative population doubling
compared the MDA-MB-2315¢msitve K |F14KP cells (M = 28.49, SD = 8.28). As expected, there
was also a significant decrease (75.77 £ 13.75%, p = .002) in relative population doubling in the
MDA-MB-2315¢sitve paclitaxel treated cells (M = 7.87, SD = 4.47) compared to the MDA-MB-

2315ensitive cantrol cells.

KIF14 Expression with Paclitaxel Treatment is Correlated to a Decrease in Cell Viability
within a Paclitaxel Resistant TNBC Cell Line
A trypan blue exclusion assay was conducted to ascertain change in cellular viability

within the MDA-MB-231Resis ce||s with KIF14KP and paclitaxel treatment (Figure 3.11). A 48-
hour, short-term, assay was completed following KIF14XP with paclitaxel treatment (Figure
3.11A) and an ANOVA test revealed that there was a significant change between treatment
groups within the MDA-MB-231Ress@t ce|s F (3, 8) = 11.81, p < .01, #2p = 0.82 (Table 3.528).
MDA-MB-231Resistant K |F14KP paclitaxel treated cells (M = 67.89, SD = 10.22) demonstrated a
significant decrease (30.37 + 2.04%, p = .003) in viability compared to MDA-MB-231Resistant
control cells (M = 97.50, SD = 1.98) as well as a significant decrease (25.84 + 5.86%, p = .007)
compared to the MDA-MB-231Resistant K |F14KP cells (M = 93.08, SD = 5.71). There was also a
significant decrease (20.74 + 10.48%, p = .023) in the MDA-MB-231Resisnt K|F14KP paclitaxel
treated cells compared to the MDA-MB-231Ress paclitaxel treated cells (M = 88.11, SD =
35.72). As expected, there was an insignificant decrease (9.63 £ 5.86%, p = .36) in viability of
the MDA-MB-231Ressant naclitaxel treated cells compared to the MDA-MB-231Resisa cels,
Within the MDA-MB-2315"s1Vve cel|s, an ANOVA revealed that there were no significant
differences between treatment groups, F (3, 3.68) = 2.45, p > .05, #2p = 0.43 (Table 3.S29).

A 5-day, long-term, assay was conducted to ascertain the effects of KIF14 expression

with paclitaxel treatment (Figure 3.11 B) on the cellular viability of cells. A one-way ANOVA
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proved that there was a significant change among treatment groups in viability for the MDA-
MB-231Resistant ce||s F (3, 3.48) = 89.18, p <.001, 2p = 0.97 (Table 3.530). A Games-Howell
post hoc test verified that there was a significant decrease (45.78 + 0.39%, p =.008) in cellular
viability following KIF14XP with treatment of paclitaxel in the MDA-MB-231Ressnt ce||s (M =
53.58, SD = 4.63) compared to the MDA-MB-231Resstant control cells (M = 98.83, SD = 0.38) as
well as a significant decrease (44.94 + 1.54%, p = .005) compared to the MDA-MB-231Resistant
KIF14KP cells (M = 98.00, SD = 1.52). Paclitaxel treatment in the MDA-MB-231Ressa cel|s (M
=60.58, SD = 7.13) resulted in a significant reduction (38.70 £ 7.21%, p = .028) in cellular
viability compared to the MDA-MB-231Ress@nt control cells.

Completion of an ANOVA ascertained a significant difference among treatment groups
within the MDA-MB-2315¢™itve ce||s, F (3, 3.60) = 38.19, p < .01, 2p = 0.95 (Table 3.531). A
Games-Howell post hoc test revealed a significant decrease (42.03 £ 0.15%, p = .030) in cellular
viability within the MDA-MB-2315¢™tve K1F14KP paclitaxel treated cells (M = 57.58, SD = 8.06)
compared to the MDA-MB-2315¢"1e control cells (M = 99.33, SD = 0.14) along with a
significant decrease (41.36 = 0.38%, p = .031) in cellular viability compared the MDA-MB-
2315ensitive K |F14KP cells (M = 98.67, SD = 0.38). As expected, there was also a significant
decrease (46.06 + 9.58%, p = .035) in cellular viability in the MDA-MB-2315¢"s1"e paclitaxel

treated cells (M = 53.58, SD = 9.52) compared to the MDA-MB-2315¢"s1"e control cells.
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Figure 3.11
KIF14 Expression with Paclitaxel Treatment is Correlated to a Decrease in Viability Within the

MDA-MB-231Resistant Ca||s
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Note. Viability was determined using a Trypan Blue Exclusion Assay following transfection with
KIF14 siRNA (KIF14 KD) and treatment with paclitaxel (Px). (A) Short-term assay, cells were
incubated for 48 hours following treatment with paclitaxel. (B) Long-term assay, cells were

incubated for 5 days following treatment with paclitaxel. N = 3.
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Data are presented as means + standard deviation, N = 3 independent experiments. Differences
between groups were compared using a one-way ANOVA with a Tukey’s and Games- Howell
post hoc test. * p < .05 vs Control, ** p <.01 vs Control, T p <.05 vs KIF14 KD, 1 p <.01 vs

KIF14 KD, { p <.05 vs KIF14 KD Px Treated, £ p <.01 vs KIF14 KD Px Treated.

Discussion

Kinesin family member 14, KIF14, is a member of the kinesin-3 super family of
microtubule-associated motor proteins (MAPs) (Nomura et al., 1994). KIF14 operates in a
variety of cellular activities including but not limited to mitotic spindle formation, cytokinesis,
vesicle transport, and chromosome segregation (Basavarajappa & Corson, 2012; Gruneberg et
al., 2006; Huang et al., 2015). KIF14 accomplishes these functions by causing depolymerization
of the microtubules (Arora et al., 2014; van der Vaart et al., 2009). KIF14 has been deemed a
potential oncogene due to its upregulation in a variety of cancers including: hepatocellular
carcinoma (HCC), human malignant astrocytomas, medulloblastoma, retinoblastoma, lung
adenocarcinoma, ovarian, colorectal, prostate, cervical, and most important to this study, breast
cancer (Corson & Gallie, 2006; Ehrlichova et al., 2013; Huang et al., 2015; Hung et al., 2013; Li
etal., 2017; Madhavan et al., 2009; Qiu et al., 2017; Schiewek et al., 2018; Thériault,
Basavarajappa, et al., 2014; Thériault, Cybulska, et al., 2014; Wang et al., 2018; Xiao et al.,
2021; Yang et al., 2013; Zhang et al., 2017). The work of Singel et. al. used the Cancer Genome
Atlas to discover that KIF14 is expressed in 92% of all triple-negative breast cancers (TNBC),
thus demonstrating a need to study KIF14 within TNBC (Singel et al., 2013).

Work in our laboratory has focused on the mechanism of paclitaxel chemoresistance

within a TNBC cell line, MDA-MB-231, and | found that KIF14 is significantly upregulated
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within our resistant cell line, MDA-MB-231Ress@ \when compared to the MDA-MB-231Sensititve
cells. This is of interest as KIF14 is naturally overexpressed in breast cancer (Corson & Gallie,
2006; Singel et al., 2013; Singel et al., 2014). Decreased KIF14 expression has also been
correlated with chemo-sensitization to docetaxel (Singel et al., 2013; Singel et al., 2014). Our
laboratory is focused on the function of KIF14 in the mechanism of chemoresistance with
paclitaxel in a TNBC cell line. This chapter delved into those functions with the use of transient
knockdown of KIF14 with the use of short interfering RNA (siRNA) in both a paclitaxel
sensitive cell line and a resistant cell line.

The work of Shay et al. achieved a transient knockdown of 50% in MDA-MB-231 cells
with KIF14 siRNA and demonstrated that the cells could be sensitized to docetaxel (Singel et al.,
2013). Conformation of siRNA knockdown of KIF14 in our cell line demonstrated only a 14%
knockdown. Results in this study could have achieved greater significance with an increase in
the knockdown of KIF14 (KIF14KD).

In this chapter, | demonstrated that with the KIF14XP within the MDA-MB-231 cells did
not result in a significant change in metastatic ability as measured with cell invasion potential
and colony formation ability. I did show a decrease in the number of colonies formed with
KIF14XP however this decrease was not significant due to a large standard deviation. There is a
possibility that with increased KIF14KXP there could be a significant decrease in metastatic ability
as demonstrated by previous studies (Ahmed et al., 2012; Corson et al., 2007; Hung et al., 2013;
Lietal, 2017; Yang et al., 2013).

In my cell line KIF14XP did not alter cellular death potential as measured by percent
cytotoxicity and apoptosis in the presence of paclitaxel. This could be due to the fact that there

was only a 14% decrease in KIF14 expression and there is a possibility that with an increase in
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KIF14KP that we could see a greater impact on cellular death potential in the presence of
paclitaxel. KIF14 has been demonstrated to induces apoptosis within HCC, glioblastoma,
medulloblastoma, and prostate cancer (Huang et al., 2015; Li et al., 2017; Yang et al., 2013;
Zhang et al., 2017) and there is a possibility that with a greater alteration in KIF14 expression, |
could see the induction of apoptosis as well.

In terms of cellular growth KIF14XP with paclitaxel treatment did demonstrate a
significant decrease in proliferation in a long-term setting, however, this was not echoed in the
short term or in relative population doublings. Previous studies have demonstrated a correlation
between cellular growth and KIF14 expression with the treatment of a chemotherapeutic agent,
however, with only a 14% reduction in KIF14 expression in my cell line that was not seen in this
study (Hung et al., 2013; Li et al., 2017; Thériault, Cybulska, et al., 2014; Xu et al., 2014; Yang
et al., 2013; Zhang et al., 2017). There is the possibility that with a greater KIF14XP treatment
with paclitaxel could show significant changes in cellular growth potential. Although I did not
see as significant as a decrease in cellular growth, | did demonstrate a significant decrease in
viability of the cells with paclitaxel treatment following KIF14XP potentially suggesting a role
for KIF14 in maintain healthy cells in the presence of paclitaxel.

A novel aspect of this study was the exploration of KIF14 within a paclitaxel
chemoresistant TNBC cell line. Within the MDA-MB-231Resistant ce|ls | demonstrated a slight
decrease in cell invasion potential and colony formation ability, potentially suggesting a role for
KIF14 in metastatic ability in chemoresistance. However, with only a 14% KIF14%P there was
not a significant decrease, there is the possibility that with an increase in the reduction of KIF14
expression that we could see a more significant alteration in metastatic ability in

chemoresistance.
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Although not significant I did see an increase in cellular death in the presence of
paclitaxel following KIF14%P within the MDA-MB-231Resistat ce||s potentially suggesting a role
for KIF14 in the cell’s survival potential following treatment with paclitaxel. Again, with a
greater reduction in KIF14’s expression than 14% there is the possibility that this increase in
cellular death potential could be one of significance.

Even though there was only a 14% reduction in KIF14 expression with my cells, 1
did see a significant decrease in cellular growth potential as measured by proliferation and
relative population doublings in the presence of paclitaxel in the MDA-MB-231Reis@ |5, As
well as a significant decrease in viability within the MDA-MB-231Resstant K| F14KP cells treated
with paclitaxel. With this significant decrease with such a minute decrease in expression of
KIF14 there is potential evidence for KIF14 functioning in the mechanism of chemoresistance
within breast cancer. Further exploration with into KIF14 is necessary to fully identify KIF14’s

function in the mechanism of chemoresistance.
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CHAPTER 4

EPIGALLOCATECHIN-3 GALLATE AS A COMBINATORIAL TO PACLITAXEL IN
PACLITAXEL-RESISTANT BREAST CANCER CELLS
Abstract

Chemoresistance represents the biggest hurdle in the quest for effective therapeutics against
breast cancer. The effectiveness of chemotherapeutic agents such as the microtubule stabilizing
drug, paclitaxel, is significantly impeded by the acquisition of resistance. Investigation into
compounds that can augment an existing therapy or sensitize resistant cells remains of critical
importance in the ongoing fight against cancer. Adjuvant therapies that can incorporate safe,
alternative approaches and could be capable of sensitizing cells to chemotherapeutic agents stand
as the ideal neoadjuvant therapeutic. Exploration of dietary supplements as a means of enhancing
the promising effects of chemotherapies has a long history with many compounds being actively
utilized in clinic. The active ingredient of green tea, (-)-epigallocatechin-3-gallate (EGCG),
stands as a potential adjuvant therapy even against resistant tumor cells. This study sought to
explore the potential for ECGC to impact paclitaxel-resistant cells and serve as an adjuvant
therapeutic against breast cancer. Here, | find that ECGC can suppress the growth of paclitaxel-
resistant hormone responsive breast cancer cells in a dose-dependent manner. | also found that
EGCG has the potential to decrease the viability of paclitaxel-resistant triple negative breast

cancer cells when treated with both EGCG and paclitaxel, thus demonstrating the potential for
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this compound. This information thus supports further investigation into the molecular
mechanisms of EGCG activity in paclitaxel-resistant cells and the potential as EGCG as a
combinatorial to chemotherapy.

Introduction

Breast cancer is a heterogeneous disease that is one of the most diagnosed cancers in
American women (Siegel et al., 2020). This year alone, there will be an estimated of 276,000
new cases that will be diagnosed and approximately 42,000 individuals will die to either breast
cancer or complications related to the disease (Siegel et al., 2020). A common treatment for
breast cancer is the use of the chemotherapeutic agent paclitaxel, however one of the most
significant hindrances of its efficacy is the development of chemoresistance (S. M. Maloney et
al., 2020). Remarkably, every chemotherapeutic evaluated thus far has shown the capacity for
the development of resistance (C. E. Steding, 2016). Given this tendency for the development of
chemoresistance, investigation into safe supplemental therapies capable of reversing resistance
remains of critical importance. One growing category of investigations involves focusing on
dietary changes or dietary supplements that could provide beneficial outcomes for those
undergoing chemotherapy. Dietary supplements and combination therapies have been shown to
be capable of sensitizing resistant cells to paclitaxel and stand as promising neoadjuvant
therapies (Attia et al., 2020; Liu et al., 2020; Ramadass et al., 2015).

Green tea is one of the most widely consumed beverages worldwide and is one example
of a possible enhancement to current therapeutics (Baliga et al., 2005; Gan et al., 2018). Its wide
distribution and long-term use provide a plethora of information regarding its safety and
consequences. Green tea contains a polyphenol known as (-)-epigallocatechin-3-gallate (EGCG)

that constitutes roughly 25% of green tea and has demonstrated chemo-preventive effects,
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including inhibition of cellular growth, inducing apoptosis, and cell cycle arrest (Cabrera et al.,
2006; Dufresne & Farnworth, 2001; Gianfredi et al., 2018; Khan et al., 2006; Lecumberri et al.,
2013; Mohan et al., 2011; Stearns & Wang, 2011; Tang et al., 2012). Given that EGCG has been
shown to exert these chemo-preventive effects without affecting healthy cells, it stands as a
promising addition to a chemotherapeutic regiment (Chen et al., 1998). Studies investigating the
potential for EGCG have shown that it can function to enhance the effects of paclitaxel and
eliminate cancerous prostate tumors (Fujiki et al., 2018; Luo et al., 2010).

Although previous studies have shown the potential for ECGC to function in combination
with paclitaxel, the ability of it to function in chemoresistance remains poorly defined. Utilizing
cells generated to exhibit true, acquired chemoresistance, this study investigated the effects of
EGCG on paclitaxel-resistant cells. Our laboratory has emphasized resistance against paclitaxel
and has demonstrated the ability to generate cells exhibiting high levels of acquired resistance
over time, as demonstrated in Chapter 2, “Characterization of an Acquired Chemoresistant
Breast Cancer Cell Line.” By generating chemotherapeutic resistant breast cancer cell lines via
incrementally increasing doses of a chemotherapeutic reagent, we have created a model system
that can be utilized to define previously unidentified mechanisms of resistance. Using well
characterized cell lines, we can evaluate changes to a far greater degree. Although
chemoresistance to paclitaxel has been evaluated in the past, most of the model systems have
utilized cells that have been maintained in paclitaxel for only brief periods of time, ranging from
a couple of treatments prior to experimentation or even one treatment a week for a couple of
months (Jeong et al., 2016; Kenicer et al., 2014; Sprouse & Herbert, 2014; Werner et al., 2014).

With cells exposed to paclitaxel weekly over a long period of time, this better recapitulates the
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initial therapeutic suppressions that would be observed in clinic and ensures that the cells retain a
strong level of resistance throughout the culture process.

Here, | show that long-term acquired paclitaxel-resistant breast cancer cells demonstrate a
dose-dependent response to EGCG and the combination of EGCG with paclitaxel results in
triple-negative breast cancer cells demonstrating a reduced viability compared to paclitaxel
treatment alone. This information thus supports further investigation into the molecular
mechanisms of EGCG activity in paclitaxel-resistant cells and the potential as EGCG as an
adjuvant to chemotherapy.

Materials and Methods

Culture Conditions
The triple-negative breast cancer cell line (TNBC), MDA-MB-231, and the hormone

responsive breast cancer cell line, MCF7, was maintained using traditional means (Steding et al.,
2011). Briefly, cells were cultured in Nunc tissue culture flasks and maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with 10% Cosmic Calf Serum (CCS) (Gibco
and Fisher Scientific). Cells were maintained at 37°C and 5% CO: at sub-confluent levels and
passaged once cells reached a confluency between 75% - 95% via treatment with 0.25% Trypsin

EDTA (Gibco).

Table 4.1

Treatment Groups.

Name Maintained Treatment Condition
MDA-MB-2315nsitive MCF73ensitive 0.01% DMSO
MDA-MB-231Resistant MCF7Resistant 1.6 ng/mL Paclitaxel

Note. Table expressing treatment conditions of cell line. MDA-MB-231 cells were passaged into

two groups and treated with Dimethyl Sulfoxide (DMSO) or paclitaxel. Once treatments were
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initiated, treated cells were maintained as isolated cell lines designated as: MDA-MB-231Sensitive
and MDA-MB-231Resisent Cells were maintained with a concentration of 0.01% DMSO or 1.6
ng/mL of paclitaxel, respectively, weekly over the period of several years to maintain a resistant

population.

Generation of Acquired Chemoresistant Cell Lines
MDA-MB-231 and MCF7 cells were passaged into groups and treated with either

Dimethyl Sulfoxide (DMSO), MDA-MB-2315emsitive/\jCF7Sensisitve o 1 6 ng/mL paclitaxel
diluted in DMSO, MDA-MB-231Resistny\CE7Resisant\weekly over a period of several years

(Table 4.1).

Proliferation Assay
Proliferation potential following treatment with Epigallocatechin-3 Gallate (EGCG) was

evaluated via a Methylene Blue Proliferation Assay. Cells were plated at a density of 1x10°
cells/well then treated with 12.5 ug/mL, 25 ug/mL, 50 ug/mL, 100 ug/mL, or 200 ug/mL of
EGCQG diluted in 0.1% Ethanol (EtOH) or 0.1% EtOH for control and incubated at 37°C and 5%
COz for 48 hours at which time they were fixed with 100% methanol. Adherent cells were
stained with 0.5% Methylene Blue and allowed to air dry. Treatment with 0.5 M HCL was used
to redistribute stain into solution and absorbance was evaluated at 630nm using a

spectrophotometer (BioTek).

Trypan Blue Exclusion Assay
Relative population doubling and cellular viability was determined using a Trypan Blue

Exclusion Assay. Cells were plated at a density of 5x10* cells/well and treated with 50 ug/mL
EGCG diluted in EtOH, 10 ng/mL Px diluted in DMSO, or 0.1% DMSO or EtOH, or a
combination of both. Cells were then incubated at 37°C and 5% CO- for 48 hours. Cells were

harvested using 0.25% Trypsin EDTA and the resulting cell population was evaluated using an
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automated cell counter (BIO-rad). Relative population doubling was calculated by the following
equation and then normalized to control cells.

Number of Live Cells
50,000

Viability of cells was calculated by the following equation and was normalized to the control
cells.

Number of Live Cells
Total Number of Cells

* 100%

Statistics
Data was expressed as the means + the standard deviation. IBM SPSS Statistics Version

27 was used for statistical analysis. Data comparison between multiple groups was performed
using one-way analysis of variance (ANOVA) (Brown, 2005; Kim, 2017). A Levene’s test of
homogeneity was used, if Levene’s statistic was not significant, then homogeneity of variance
was assumed, and a Tukey’s post hoc test was conducted (Abdi & Williams, 2010; Glass, 1966).
If Levene’s statistic was significant, then homogeneity of variance was not assumed, and a
Welch’s test of homogeneity was conducted with a Games-Howell post hoc test. p-values of less
than .05 were considered significant (Sauder & DeMars, 2019).

Results

Paclitaxel Resistant Breast Cancer Cells Respond in a Dose-Dependent Manner to EGCG
A methylene blue proliferation assay was performed with treatment of EGCG at

concentrations of 12.5 ug/ml, 25 ug/mL, 50 ug/mL, 100 ug/mL, and 200 ug/mL to determine the
optimal concentration of EGCG for further experimentations (Figure 4.1). The effect of EGCG
on a TNBC cell line was conducted on the MDA-MB-231 cells (Figure 4.1A). The greatest
decrease in proliferation (68.63 + 12.17%, p = .13) with treatment of EGCG occurred at a

concentration of 50 ug/mL EGCG within the MDA-MB-2315¢™tve ce||s (M = 0.20, SD = 0.08)
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compared to the control (M = 0.64, SD = 0.25), however at this concentration the MDA-MB-
231Resistant s s (M = 0.58, SD = 0.21) did not express a significant decrease in proliferation at
that level (11.22 £ 31.35%, p =.98). The greatest decrease in proliferation (60.90 + 9.35%, p =
.12) with treatment of EGCG within the MDA-MB-231Ress@ ce|s (M = 0.25, SD = 0.06)
occurred at a concentration of 200 ug/mL EGCG compared to the control (M = 0.59, SD = 0.22),
interestingly, the MDA-MB-2315¢™!ve cel|s (M = 0.29, SD = 0.17) at this concentration did not
illustrate as much of a decrease in proliferation (50.60 + 28.29%, p = .98), indicating this could
be a characteristic of the resistant cells, however the decreases seen in proliferation in both
MDA-MB-231Resstént and MDA-MB-2315€s1tVe cel|s were not of significance. At a concentration
of 100 ug/mL EGCG MDA-MB-2315"1Ve cel|s (M = 0.20, SD = 0.12) showed a significant
decrease in proliferation (67.24 + 28.55%, p = .04), however there was not a significant decrease
in proliferation (55.40 + 20.21%, p = .11) in the MDA-MB-231Resstnt ce||s (M = 0.29, SD = 0.08)
compared to the control (M = 0.66, SD = 0.19). Curiously, the MDA-MB-2315¢"itVe ce||s (M =
0.13, SD = 0.08) experienced a slight decrease in proliferation (22.52 + 27.25%, p = .99)
compared to the control (M = 0.69, SD = 0.31) that the MDA-MB-231Resisa cels (M = 0.72, SD
= 0.20) did not experience (2.44 £+ 19.48%, p = .83) at a concentration of 12.5 ug/mL EGCG,
however this change was not significant. The MDA-MB-2315¢msitve gglls (M = 0.49, SD = 0.31)
demonstrated a non-significant decrease in proliferation (27.31 + 29.07%, p = .83) at a
concentration of 25 ug/mL EGCG compared to the control (M = 0.67, SD = 0.29), however the
MDA-MB-231Resistnt ge||s (M = 0.73, SD = 0.26) demonstrated a slight insignificant increase in
proliferation (3.83 + 46.29%, p = .99) compared to the control. One-way analysis of the variance

(ANOVA) with a Tukey’s post-hoc test demonstrated that there was only a significant change in
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proliferation at a concentration of 100 ug/mL EGCG, F (3, 8) =5.49, p < 0.05, n2p = .67 (Tables

4.81 - 6).

Figure 4.1

Paclitaxel Resistant Breast Cancer Cells Respond in a Dose-Dependent Manner to EGCG
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Note. Proliferation potential following treatment with Epigallocatechin-3 Gallate (EGCG) at

concentrations of 0 ug/ml, 12.5 ug/mL, 25 ug/mL, 50 ug/mL, 100 ug/mL, and 200 ug/mL were
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evaluated via a Methylene Blue Proliferation Assay. (A) MDA-MB-231 cells. (B) MCF7 Cells.
N=3.

Data are presented as means + standard deviation, N = 3 independent experiments. Differences
between groups at each concentration were compared using a one-way ANOVA with Tukey’s

post hoc test. * p <.05 vs Ctrl, ** p < .01 vs Ctrl, # p < .05 vs Sensitive.

The breast cancer cell line, MCF7, was used to investigate the effects of EGCG in a
hormone responsive breast cancer cell line (Figure 4.1B). Interesting to note, the MCF7Sensitive
cells experienced an increase in proliferation (6.70 + 53.37%, p = .97) at 12.5 ug/mL EGCG (M
= 1.30, SD = 0.28) compared to the control (M = 1.22, SD = 0.18) and a smaller increase (3.97 +
51.09%, p =.99) at 25 ug/ml EGCG (M = 1.26, SD = 0.22) compared to the control (M = 1.21,
SD = 0.21), however neither of these increases were significant. The MCF7Resst cel|s (M =
0.75, SD = 0.62) demonstrated a slight insignificant decrease in proliferation (35.26 + 27.60%, p
= .66) compared to the control at a concentration of 12.5 ug/mL EGCG and this trend continued
(37.69 + 36.66%, p = .30) at a concentration of 25 ug/mL EGCG (M = 0.72, SD = 0.59)
compared to the control. One-way ANOVA with a Tukey’s post-hoc test demonstrated a
significant decrease (68.99 = 12.03%, p = .005) in proliferation at an EGCG concentration of 100
ug/mL in the MCF7Resisa cgl|s (M = 0.36, SD = 0.26) compared to the control (M = 1.12, SD =
0.17), F (3,8) =11.44, p < .01, n2p = .81. Although there was a decrease in proliferation (25.25
+ 22.25%, p = .33) within the MCF75"iVe cells (M = 0.83, SD = 0.16) at the same concentration,
it was not significant compared to the control. MCF7Resst cel|s (M = 0.50, SD = 0.29)
demonstrated a significant decrease in proliferation (56.82 + 31.36%, p = .017) at 50 ug/mL

compared to the control (M = 1.13, SD = 0.15) and a significant decrease in proliferation (43.75
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+ 12.03%, p = .019) compared the MCF75¢"1tve cells (M = 1.13, SD = 0.15), however there was
not a significant decrease in proliferation (1.35 + 24.89%, p = 1.0) in the MCF75ensitve ce||s
compared to the control, F (3, 8) = 8.00, p < 0.01, n2p =.75. The MCF7Resstat cels (M = 0.39,
SD = 0.26) also experienced a significant decrease in proliferation (64.79 £ 9.35%, p = .013)
compared to the control (M = 1.11, SD = 0.19) at a concentration of 200 ug/mL EGCG, F (3, 8) =
8.95, p < 0.01, n2p =.77. The MCF75ensitve cells (M = 0.62, SD = 0.23) also decreased in
proliferation (44.09 £ 23.12%, p > .05) at that concentration, however the decrease was not
significant (Figure 4.S7 - 12).

Co-treatment of Epigallocatechin-3 Gallate and Paclitaxel Results in a Decrease in
Relative Population Doubling
A trypan blue exclusion assay was conducted following treatment with 50 ug/mL EGCG

and 10 ng/ml paclitaxel to determine the effects of EGCG and combinatorial treatment with
paclitaxel on relative population doubling (Figure 4.2). When treated with EGCG the MDA-MB-
2318ensitive cels (M = 1.92, SD = 1.58) demonstrated a significant decrease (47.12 + 14.17%, p =
.023) in relative population doubling compared to the control (M =5.91, SD = 1.99) and when
treated with paclitaxel alone, the MDA-MB-2315stVe ce||s (M = 2.13, SD = 0.56) had a
significant decrease in population doubling (24.61 + 14.65%, p = .031) as well (Figure 4.2A).
When treated with both EGCG and paclitaxel the MDA-MB-2315¢™itVe cells (M = 1.32, SD =
0.11) expressed a significant decrease in relative population doubling (77.75 + 1.84%, p = .011)
compared to the control, however this decrease was not significant compared to either treatment
individually even with a decrease compared to EGCG alone (30.63 + 14.17%, p = .94) and
paclitaxel alone (53.14 + 14.65%, p = .87). A one-way ANOVA with a Tukey’s post-hoc test
demonstrated a significant decrease in relative population doubling between groups, F (3, 8) =

7.70,p < 0.01, n2p = .74 (Table 4.S13).
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In the MDA-MB-231Resistan cg|s there was a decrease in relative population doubling
(38.59 + 22.89%, p = .53) compared to the control (M = 4.26, SD = 3.28) when treated with
EGCG (M =1.22, SD = 0.45) (Figure 4.2A), as well as a non-significant decrease in population
doubling (14.56 + 8.15%, p = .73) with paclitaxel treatment alone (M = 2.20, SD = 0.21)
compared to control. Following treatment with both EGCG and paclitaxel the MDA-MB-
231Resistant o | (M = 1.31, SD = 0.48) decreased in relative population (64.31 + 13.06%, p = .54)
compared to the control, EGCG alone (25.72 £+ 22.89%, p = 1.0), and paclitaxel alone (49.75 +
8.15%, p = .18). However, completion of a one-way ANOVA with a Games-Howell post-hoc
test demonstrated that there was not a significant decrease in relative population doubling among
treatment groups, F (3, 3.9) =4.73, p > 0.05, n2p = .44 (Table 3.514).

MCF75emsitive ce||s treated with EGCG (M = 1.24, SD = 0.16) demonstrated a decrease in
relative population doubling (23.68 + 9.63%, p = .46) compared to control (M = 2.22, SD = 1.08)
(Figure 3.2B). When treated with paclitaxel alone (M = 2.28, SD = 1.01) there was also an
insignificant decrease in population doubling (50.59 + 21.87%, p = 1.0) compared to control.
MCF75emstve cel|s treated with both EGCG and paclitaxel together (M = 1.51, SD = 0.48)
expressed a decrease in relative population (32.03 + 21.59%, p = .69) compared to both the
control and EGCG treatment alone (8.35 = 9.63%, p = .97); however, compared to paclitaxel
treatment alone there was an increase in relative population doubling (18.56 + 21.87%, p = .64),
potentially suggesting EGCG protects against the effects of paclitaxel, though this change was
proven insignificant, with an ANOVA demonstrating that there was not a significant decrease in
relative population doubling among treatment groups, F (3, 8) = 1.31, p > 0.05, n2p = .33 (Table

4.515).
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Figure 4.2
Co-treatment of Epigallocatechin-3 Gallate and Paclitaxel Results in a Decrease in Relative

Population Doubling
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Note. Relative population doubling was determined using a Trypan Blue Exclusion Assay
following treatment with Epigallocatechin-3 Gallate (EGCG) and paclitaxel (Px). (A) MDA-

MB-231 cells. (B) MCF7 Cells. N = 3.
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Data are presented as means + standard deviation, N = 3 independent experiments. Differences
between treatment groups were compared per cell line using a one-way ANOVA with Tukey’s

and Games-Howell post hoc test. * p < .05 vs Ctrl.

EGCG treatment on MCF7Resst cel|s (M = 1.13, SD = 0.17) demonstrated a non-
significant decrease in population doubling (20.58 + 11.71%, p = .64) compared to the control
(M = 1.86, SD = 0.61). Treatment with paclitaxel alone (M = 1.84, SD = 1.13) also demonstrated
an insignificant decrease in relative population doubling (31.26+ 42.26%, p = 1.0) compared to
the control (Figure 4.2B). Co-treatment with both EGCG and paclitaxel together on the
MCF7Resistant ce||s (M = 1.20, SD = 0.68) demonstrated slight insignificant decreases in relative
population doublings, compared to the control (35.60 = 36.51%, p =.70), EGCG treatment alone
(15.02 £ 11.71%, p = 1.0), and paclitaxel treatment alone (4.34 + 42.26%, p = .71). Despite these
decreases a one-way ANOVA demonstrated that there was not a significant difference in relative

population doubling among treatment groups, F (3, 8) =0.88, p > 0.05, n2p = .248 (Table 4.S16).

Co-treatment of Epigallocatechin-3 Gallate and Paclitaxel Results in a Decrease in
Viability in Chemoresistant Breast Cancer Cells
A trypan blue exclusion assay was conducted following treatment with 50 ug/mL EGCG

and 10 ng/ml paclitaxel to determine the effects of EGCG and combinatorial treatment with
paclitaxel on viability (Figure 4.3). MDA-MB-2315¢Ms1tVe ce||s treated with EGCG (M = 50.03,
SD =7.32) results in a significant decrease in cellular viability (23.15 + 3.66%, p < .001)
compared to control (M =93.33, SD = 3.41) as well as a significant decrease (21.83 £ 8.36%, p =
.002) compared to MDA-MB-2315¢mssitve cel|s treated with paclitaxel (M = 81.50, SD = 6.91)
(Figure 3.3A). Co-treatment with EGCG and paclitaxel in the MDA-MB-2315¢"itVe cells (M =

52.50, SD = 8.95) results in a significant decrease in cell viability compared to the control (43.75
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+ 9.59%, p <.001) and to those treated with paclitaxel alone (42.44 + 9.59%, p = .004). Co-
treatment with EGCG and paclitaxel in the MDA-MB-2315¢"'Ve cels also resulted in a non-
significant decrease in viability (20.60 + 12.16%, p = .97) compared to EGCG treatment alone.
One-way ANOVA with Tukey’s post-hoc test determined that there was a significant difference

between treatment groups, F (3, 8) = 28.61, p < 0.001, n2p = .915 (Table 4.517).
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Figure 4.3

Co-treatment of Epigallocatechin-3 Gallate and Paclitaxel Results in a Decrease in Viability in

Chemoresistant Breast Cancer Cells
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Note. Viability was determined using a Trypan Blue Exclusion Assay following treatment with

Epigallocatechin-3 Gallate (EGCG) and treatment with paclitaxel (Px). (A) MDA-MB-231 cells.

(B) MCF7 Cells. N = 3.
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Data are presented as means + standard deviation, n = 3 independent experiments. Differences
between groups were compared using a one-way ANOVA with Tukey’s post hoc test. * p <.05

**p <.01vs. Px, ## p <.01 vs Ctrl, ### p <.001 vs Ctrl.

Treatment with EGCG in the MDA-MB-231Resis@ ce|s (M = 58.11, SD = 10.77)
significantly reduced cellular viability (28.87 + 5.00%, p = .004) compared to the control (M =
93.53, SD = 4.67), whereas treatment with paclitaxel (M = 76.58, SD = 6.11) non-significantly
decreased viability (7.61 + 3.15%, p = .15) compared to the control (Figure 4.3A). MDA-MB-
231Resistant ce||s treated with both EGCG and paclitaxel (M = 50.53, SD = 10.86) demonstrated a
significant decrease in cellular viability (45.98 £ 11.61%, p < .001) compared to the control and
a significant decrease (28.39 + 3.15%, p = .024) when compared to paclitaxel treatment alone,
potentially suggesting EGCG could enhance the effects of paclitaxel on resistant TNBC cells. A
decrease was also observed in cellular viability (17.11 £ 23.76%, p = .71) of the co-treatment
cells compared to EGCG treated alone, however, this was not a significant decrease. Completion
of a one-way ANOVA with a Tukey’s post-hoc test demonstrated that there was significant
change among treatment groups within the MDA-MB-231Resis@ ce||s F (3, 8) = 15.24, p <
0.001, n2p = .851 (Table 4.518).

MCF75emsitive ce||s treated with EGCG (M = 58.67, SD = 8.03) demonstrated a significant
decrease in cellular viability (5.50 + 12.94%, p <.05) compared to the control (M = 88.42, SD =
10.61), while treatment with paclitaxel (M = 87.75, SD = 13.00) decreased viability (6.4 +
13.87%, p = 1.0) a non-significant amount (Figure 3.3B). Treatment with both EGCG and
paclitaxel in the MCF75ensitve cells (M = 57.92, SD = 12.41) demonstrated a significant decrease

in viability (28.10 = 14.04%, p = .046) compared to treatment with paclitaxel alone and a
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significant decrease (34.50 = 12.00%, p =.041) compared to the control. However, there was not
a significant decrease in viability (28.99 + 12.94%, p = 1.0) in the co-treatment MCF75"itVe ce||s
when compared to EGCG treatment alone. One-way ANOVA with a Tukey’s post-hoc test
demonstrated that there was a significant difference among treatment groups, F (3, 8) =7.10, p <
0.05, n2p =.727 (Table 4.S19).

Treatment with EGCG within the MCF7Resse ce||s (M = 58.75, SD = 17.54)
demonstrated an insignificant decrease in cellular viability (13.92 + 16.70%, p = .16) when
compared to the control (M = 89.50, SD = 14.94). Treatment with paclitaxel (M = 76.00, SD =
9.5) also demonstrated a slightly insignificant decrease in viability (6.08 £ 11.74%, p = .73)
compared to the control (Figure 4.3B). Co-treatment with EGCG and paclitaxel in the
MCF7Restat cells (M = 55.33, SD = 19.50) demonstrated a decrease in cellular viability compared
to the control (38.17 £ 11.74%, p = .11), EGCG treatment alone (24.26 £+ 21.79%, p = .99), and
paclitaxel treatment alone (32.10 £ 11.74%, p = .43). However, completion of a one-way
ANOVA with a Tukey’s post-hoc test demonstrated that there was no significant difference
between treatment groups, F (3, 8) = 3.027, p > 0.05, n2p = .532 (Table 4.520).

Discussion

Green tea represents a promising avenue of investigation as it remains a dietary staple for
many individuals as the second most consumed beverage (Yuan et al., 2011). To investigate the
potential benefits of this beverage as an combinatorial to paclitaxel, this chapter emphasized
Epigallocatechin-3-gallate (EGCG), a major catechin located in the tea (Khan et al., 2006).
Green tea and specifically EGCG in the tea, is among the best studied for its potential health
benefits, such as those related to cancer (Khan et al., 2006; Mukhtar & Ahmad, 2000). EGCG

has been studied for its potential role in cancer prevention and cancer therapy, including
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reducing cancer therapy side effects and sensitization to radio- and chemotherapy (Lecumberri et
al., 2013; Suganuma et al., 2011). With work in our laboratory focusing on acquired, long-term
chemoresistance, EGCG is an attractive target for a potential combinatorial to paclitaxel in both
a triple-negative breast cancer (TNBC) and a hormone responsive breast cancer cell line, MDA-
MB-231 and MCF7, respectively, and its potential to enhance the effects of paclitaxel in resistant
populations.

In this chapter, | demonstrated that both cell lines respond in a dose-dependent manner to
treatment with EGCG. There was a significant decrease in proliferation at a concentration of 50
ug/mL of EGCG within the MDA-MB-2315"st"e ce||s, however, there was not a significant
decrease in proliferation within the MDA-MB-231Res@" ce||s, The results of the MDA-MB-231
cells are similar to that found by Katiyar et al. in 2005 with MDA-MB-468 cells however, these
results are contradictory to data found by Richter et al. in 2018 that MDA-MB-231 cells do not
experience a difference in proliferation at concentrations of 10ug/mL to 180ug/mL (Roy et al.,
2005; Schroder et al., 2019) (Table 4.2). This could be due to the minute differences between the
MDA-MB-231 cells and the MDA-MB-468 cells, as the MDA-MB-468 are a basal cell line

whereas the MDA-MB-231 are a claudin-low cell line.
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Table 4.2

Dose-Response to EGCG Treatment in Comparison to Literature

Cell Line Dose-Response with Support Opposition

EGCG
MDA-MB-231%1ve  Sjgnificant Decrease (Roy et al., 2005) (Schroder et al., 2019)
MDA-MB-231Resisnt - Decrease
MCF7Sensitive Decrease (Schroder et al., 2019)
MCF7Resistant Significant Decrease (Schroder et al., 2019)

Note. Table summarizing dose-response results in relation to current known literature.

Interestingly, the hormone responsive cells, MCF7, experience the opposite phenomenon
that was demonstrated in the MDA-MB-231 cell line. The MCF7Resistat ce||s experience a
significant decrease in proliferation at a concentration of 50, 100, and 200 ug/mL EGCG, that the
MCF75emsitive cells did not experience, thus suggesting a potential for combinatorial therapeutic
with EGCG and paclitaxel (Table 4.2). Richter et al. found a significant decrease in proliferation
in the MCF?7 cells at concentrations of 90 - 180 ug/mL, however, my results for the MCF75ensitive
cells did not demonstrate the same significant decrease (Schrdoder et al., 2019). Interestingly, the
MCF7Resistant ce||s did express a significant decrease in proliferation, as supported by previous
findings (Schroder et al., 2019). EGCG has also been demonstrated to decrease proliferation in
numerous cancers including bladder, liver, and nasopharyngeal (Fang et al., 2015; Luo et al.,
2017; Sun et al., 2019; Sur & Panda, 2017; Xu et al., 2019). With a significant difference in
proliferation at 50ug/mL in both cell lines this concentration was used to investigate the cells
response to EGCG in both terms of cell growth and viability.

EGCG has been found to decrease cell growth in several cancers including bladder,

prostate, epidermoid carcinoma, inflammatory breast, and in the breast cancer cell lines MDA-
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MB-231 and MCF7 (Ahmad et al., 2000; Luo et al., 2017; Mineva et al., 2013; Paschka et al.,
1998; Tyagi et al., 2015; Xu et al., 2019). In support of this the MDA-MB-2315s1tVe ce||s
demonstrated a significant decrease in relative population growth with treatment of EGCG,
however the MCF7 cells did not show this same significant decrease nor did either of the
resistant cell lines (Table 4.3). This would suggest that EGCG would not be successful as a
combinatorial with paclitaxel in the resistant cells to manage cell growth.

Although cells grow in number, it does not necessarily mean that they are healthy cells.
Interestingly, conflicting reports on the effect of EGCG on viability on breast cancer have been
published. Richter et al., Katiyar et al., and Lisanti et el., demonstrated that there was a
significant decrease in viability in MDA-MB-231 and MCF7 cells, however, Chatterjee et al.,
did not see the same effects on MCF7 cells (Bonuccelli et al., 2018; Roy et al., 2005; Schréder et
al., 2019; Sen et al., 2009). I found that my data supports a decrease in viability upon treatment
with EGCG as the MDA-MB-231 cells had a significant decrease in cell viability with treatment
of EGCG in both the MDA-MB-2315¢"1"e and MDA-MB-231Resistnt (Taple 4.4). There was also
a significant difference with treatment of EGCG within the MCF75"sitve cells, unfortunately this
significance was not expressed in the MCF7Ress@ cells, Also, there was a significant decrease in
viability in both the MDA-MB-2315¢"1Ve gnd MDA-MB-231Resisa cel|s when treated with a
combination of EGCG and paclitaxel which supports Madhan et al. whom also found that
treatment with both results in a decrease in viability (Ramadass et al., 2015) This data would

suggest EGCG could be a combinatorial to paclitaxel treatment in terms of cell viability.
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Table 4.3

Cell Growth with EGCG Treatment in Comparison to Literature

Cell Line Cell Growth with EGCG Support Opposition

MDA-MB-231%¢sitve  Sjgnificant Decrease (Tyagi et al., 2015)
MDA-MB-231Resisnt — Decrease
MCF7Sensitive Decrease (Tyagi et al., 2015)

MCF7Resistant Decrease

Note. Table summarizing cell growth results in relation to current known literature.

The data presented in this chapter could potentially support the use of EGCG as a
combinatorial to paclitaxel treatment within paclitaxel resistant TNBC, however further study
within this unique population would have to confirm, as EGCG and paclitaxel did not result in a
significant decrease in growth but did result in a significant decrease in viability. It would be
interesting to explore the effects of EGCG in combination with paclitaxel in inducing apoptosis
as EGCG has been found to increase apoptosis in multiple cancers including, breast, bladder,
lung, and prostate (Gupta et al., 2003; Luo et al., 2017; Meeran et al., 2011; Oya et al., 2017;
Paschka et al., 1998; Ramadass et al., 2015; Roy et al., 2005). Taken together these findings
could potentially support a role for EGCG as an combinatorial with paclitaxel within

chemoresistance.
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Viability with EGCG Treatment in Comparison to Literature

Cell Line _ Cell Growth with EGCG Support Opposition
MDA-MB-231%ensitve  Sjgnificant Decrease (Bonuccelli et al.,
2018; Roy et al., 2005;
Schroder et al., 2019)
MDA-MB-231Ressant — Decrease (Bonuccelli et al.,
2018)
MCF7Sensitive Decrease (Bonuccelli et al., (Sen et al.,
2018; Roy et al., 2005;  2009)
Schréder et al., 2019)
MCF7Resistant Decrease

Note. Table summarizing cell viability results in relation to current known literature
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CHAPTER 5

CONCLUDING REMARKS

The heterogenous nature of breast cancer makes it one of the most essential cancers to
study as it is the second leading cancer death among women (Siegel et al., 2021). Even with
continuous improvements in early detection and therapies, the relative number of individuals
expected to succumb to advanced, metastatic disease has remained relatively constant (Siegel et
al., 2021; Siegel et al., 2015, 2017). A major reason for the lack of significant improvement in
outcomes for breast cancer patients is the presence or development of resistance to therapeutic
interventions (Nedeljkovi¢ & Damjanovi¢, 2019). Resistance can be present from the beginning
(innate) or develop as a result of treatment (acquired) (Catherine E Steding, 2016). Acquired
chemoresistance occurs when there is an accumulation of changes within the breast cancer that
enables it to be resistant to chemotherapy (Lugmani, 2005). Although an understanding of innate
resistance is valuable, it does not address the long-term consequences of therapeutic intervention.
As such, work in our laboratory has emphasized evaluating long-term treatments that better
recapitulate acquired chemoresistance against the microtubule-stabilizing drug, paclitaxel.

Paclitaxel, a common chemotherapeutic agent utilized in breast cancer therapy, functions
by binding to the B-tubulin of microtubules thus resulting in stabilization of the breast cancer
cells. With microtubules needing a constant state of instability to function appropriately the
stabilization effect of paclitaxel is devastating to the cancer cells and results in their termination.

Treatment with paclitaxel has demonstrated the ability to increase survival rates in patients,
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though not necessarily cause complete tumor regression, thus creating a perfect environment for
the development of resistance (Alves et al., 2018; Goldblatt et al., 2009; Gradishar et al., 2009;
Stage et al., 2018; Tabuchi et al., 2009).

To adequately investigate acquired resistance to paclitaxel it is necessary to generate a
breast cancer cell line resistant to paclitaxel. Although chemoresistance to paclitaxel has been
previously evaluated, most model systems utilize cells that have been maintained in paclitaxel
for only brief periods of time, however the short-term treatments of these cells could be more
indicative of innate resistance (Dumontet et al., 1996; Guo et al., 2004; Han et al., 2018; Jeong et
al., 2016; Lian et al., 2019; Liu et al., 2017; Sha et al., 2016; Sprouse & Herbert, 2014). It is
estimated that creating an acquired chemoresistant cell line could take anywhere from three to
eighteen months (McDermott et al., 2014). The extended treatments utilized in our laboratory are
unique as they have been maintained in paclitaxel for years. Here, | generated a triple-negative
breast cancer (TNBC) cell line, MDA-MB-231, resistant to paclitaxel to adequately investigate
the mechanisms of acquired paclitaxel resistance.

With the generation of MDA-MB-231Res@n ce||s, | evaluated them for potential
phenotypic alterations including changes in cell morphology, metastatic ability, cellular death,
cell growth, and viability. | demonstrated that with the addition of the resistant phenotype these
cells express an increase in cellular morphology and a minute increase in growth and viability,
however they are not different from their sensitive counterparts in metastatic ability and cellular
death; therefore, suggesting that besides being resistant to paclitaxel the resistant cells did not
gain any additional abilities (Table 5.1). To further investigate potential variations within the
resistant cells genotypic changes were evaluated with the use of next-generation sequencing

technology identifying several genes significantly altered with the addition of chemoresistance.
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The identification of these genes and their functions within chemoresistance is the beginning of
understanding the mechanism of acquired chemoresistance.

To begin delving into the mechanism of acquired paclitaxel resistance it is imperative to
start with the known mechanism of action of paclitaxel, the microtubules. Microtubules function
in a variety of tasks with the aid of microtubule-associated proteins (MAPs). MAPs, like MAP2
and MCAK, have previously been indicative of chemoresistance (Bauer et al., 2010; Xie et al.,
2016), however, | identified a MAP previously not associated with acquired resistance to
paclitaxel, KIF14. KIF14 is a motor protein that functions in the destabilization of microtubules,
thus could be a candidate for the mechanism of acquired chemoresistance. In this proposed
mechanism of chemoresistance paclitaxel is acting as a stabilizer to the microtubules
consequently preventing them from destabilization. To overcome the stabilization occurring with
paclitaxel the cells upregulate KIF14 to destabilize the microtubules, therefore overcoming the
stabilization that paclitaxel is providing. Based on the preliminary sequencing data presented in
Chapter 2 “Characterization of an Acquired Chemoresistant Breast Cancer Cell Line” |
hypothesized that the upregulation of KIF14 contributes paclitaxel resistance the cells have
acquired.

To investigate the potential for KIF14 as a mechanism of chemoresistance | knocked-
down expression of KIF14 (KIF14XP) in both MDA-MB-2315¢™itve and MDA-MB-231Resistant
cells. I identified that with the minute KIF14XP of only 14% that the cells still retained normal
cellular phenotypes as measured by metastatic ability, cellular death, cell growth, and viability
(Table 5.1). However, even at this minute decrease in KIF14 expression, treatment with
paclitaxel in the resistant cells still demonstrated a potential for re-sensitization for chemotherapy

with a decrease in cell growth and viability. Further investigation into the expression of KIF14
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could identify it as a mechanism of chemoresistance within TNBC and is a potential avenue for
future research. With such a minute reduction in KIF14 expression | did not see significantly
altered phenotypes of the cells in the presence of paclitaxel for metastatic ability and cellular
death, however there was significant decreases in cell growth and viability, thus my hypothesis
cannot be rejected, yet further work needs to be completed to support it.

Not only is identification of markers in chemoresistance necessary, but potential
alternative therapeutic options are also a necessity as well. Green tea is one of the most widely
consumed beverages worldwide and could serve as a possible enhancement to current therapies
like paclitaxel (Baliga et al., 2005; Gan et al., 2018). The active ingredient in green tea is a
polyphenol known as (-)-epigallocatechin-3-gallate (EGCG) that has demonstrated chemo-
preventive effects like inhibiting cancer growth (Cabrera et al., 2006; Tyagi et al., 2015). |
hypothesize that EGCG treatment in conjunction with paclitaxel treatment could result in a
decrease in growth potential of the breast cancer cells.

| identified that a hormone sensitive paclitaxel resistant breast cancer cell line,
MCF7Resistant experience dose-dependent changes in growth with treatment of EGCG. Potentially
suggesting EGCG as an adjuvant therapy to paclitaxel. Although further investigations did not
demonstrate a significant decrease in growth within the resistant cell populations when treated
with EGCG or a combination of EGCG and paclitaxel, there was a decrease in the cell’s viability
when treated with a combination of EGCG and paclitaxel (Table 5.1). Although this does not
support my hypothesis, it does not reject it either. With a significant decrease in viability with
co-treatment there could be a possibility for future investigations into the combinatorial

treatment of EGCG and paclitaxel in patients with resistance to paclitaxel.
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Overall, my investigations into the mechanism of chemoresistance with the use of a long-
term acquired paclitaxel cell line deepens our understanding of acquired chemoresistance. |
identified a potential candidate gene as a mechanism for chemoresistance and further
investigation into the function of this gene could broaden our understanding of acquired
chemoresistance. | also demonstrated the potential use for combinatorial therapeutics with
EGCG.

Future Directions

The generation of an acquired chemoresistant TNBC cell line opens the possibility into a
wide range of further investigation into the mechanisms of acquired chemoresistance. With the
identification of over 2,000 genes that are significantly altered within the MDA-MB-231Resistant
cells it is possible to begin identifying novel mechanisms of chemoresistance. A first step in this
process would be investigating the gene ontology for these changes. From there we can identify
which genes are known to participate in mechanisms of chemoresistance like those in the
signaling pathways of PI3k/AKT/mTOR or RAS/MAPK/ERK. Those that do not fit into known
mechanisms can then be the first investigations into novel mechanisms of chemoresistance.

This study barely scratched the surface of KIF14’s function in the mechanism of acquired
chemoresistance. With a minute reduction in expression of KIF14 within the MDA-MB-
231Resistant ce||s | was able to demonstrate a significant decrease in cellular growth in the presence
of paclitaxel. This data could suggest a possible role for KIF14 in the mechanism of
chemoresistance. To further investigate this potential achieving a greater increase in KIF14%P is
necessary, however it is not the only path. To continue investigating KIF14’s role it would be
necessary to overexpress KIF14 within a sensitive cell line to examine if resistance to paclitaxel

can be induced.
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Although much is known about KIF14, its explicit role in microtubule dynamics and
chemoresistance has yet to be elucidated. Previous studies have identified KIF14 in
chemoresistance however, they have not fully described KIF14’s function in chemoresistance in
relation to microtubule dynamics (Singel et al., 2014; Wang et al., 2018). To investigate KIF14’s
role in microtubule dynamics and chemoresistance it would be necessary to explore KIF14’s
interaction with microtubules in the presence of paclitaxel. KIF14 is a known destabilizing
protein and if its upregulation within the MDA-MB-231Res ce||s s functioning in the
destabilization of the protein, then if KIF14’s expression is reduced, there would be an increase
in stabilization in the presence of paclitaxel. With continuous investigation into novel gene
changes in an acquired chemoresistant cell line there is the potential to open new areas of

translational research and future clinical investigations.



Table 5.1

Summary of Results

Experimental Condition

111

Changed Phenotypes

Constant Phenotypes

Paclitaxel Resistance

KIF14KP Sensitive Cells

KIF14KXP Resistant Cells

KIF14XP Resistant Cells
Response to Paclitaxel

TNBC Cells Treated with
EGCG

Hormone Responsive Cells
Treated with EGCG

Resistant TNBC cells Treated

with EGCG

Resistant Hormone Responsive

Cells Treated with EGCG

Enlarged morphology

Increase in Long-term
Growth and Viability

Long-Term Cell Growth

Cell Growth and Viability

Cell Growth and Viability

Cell Growth and Viability

Cell Viability

Metastatic Ability
Cellular Death

Metastatic Ability
Cellular Death
Growth and Viability

Metastatic Ability
Cellular Death
Growth and Viability

Metastatic Ability
Cellular Death

Cell Growth

Cell Growth and Viability
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APPENDIX A: SUPPLEMENTARY MATERIALS FROM CHAPTER 2
Table 2.51

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 0.0005

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 0.07 .38 0.06
MDA-MB-231 Paclitaxel Treated 3 0.44 0.14

Table 2.52

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 0.005

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 0.17 49 14

MDA-MB-231 Paclitaxel Treated 3 0.43 0.13




141

Table 2.S3

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 0.05

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 0.36 37 0.30
MDA-MB-231 Paclitaxel Treated 3 0.41 0.13

Table 2.54

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 0.5

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 0.88 41 0.72

MDA-MB-231 Paclitaxel Treated 3 0.37 0.12
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Table 2.55

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 5

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 2.2 .82 1.80
MDA-MB-231 Paclitaxel Treated 3 0.31 0.07

Table 2.56

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 50

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 2.69 .33 2.20

MDA-MB-231 Paclitaxel Treated 3 0.15 0.018
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Table 2.57

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 500

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 2.63 31 2.14
MDA-MB-231 Paclitaxel Treated 3 0.14 0.02

Table 2.58

Results of Independent t-Test for Short-Term Dose-Response to Paclitaxel Concentration 5,000

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.44 0.08 5.64 13 4.61

MDA-MB-231 Paclitaxel Treated 3 0.17 0.03
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Table 2.59

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 0.0005

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 2.88 52 2.35
MDA-MB-231 Paclitaxel Treated 3 0.44 0.18

Table 2.510

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 0.005

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 4.81 87 3.93

MDA-MB-231 Paclitaxel Treated 3 0.35 A1
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Table 2.511

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 0.05

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 8.26 0.92 6.74
MDA-MB-231 Paclitaxel Treated 3 0.25 0.039

Table 2.512

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 0.5

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 9.66 .041* 7.88
MDA-MB-231 Paclitaxel Treated 3 0.18 0.02

*p<.05
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Table 2.513

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 5

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 10.08 .033*  8.23
MDA-MB-231 Paclitaxel Treated 3 0.16 0.01

*p<.05

Table 2.514

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 50

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 10.21 .038* 8.33
MDA-MB-231 Paclitaxel Treated 3 0.15 0.018

*p<.05
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Table 2.515

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 500

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 10.42 .03* 8.51
MDA-MB-231 Paclitaxel Treated 3 0.14 0.02

*p<.05

Table 2.516

Results of Independent t-Test for Long-Term Dose-Response to Paclitaxel Concentration 5,000

ng/mL
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.79 0.11 10.62 0.03* 8.67
MDA-MB-231 Paclitaxel Treated 3 0.13 0.01

*p < .05
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Table 2.517

Results of Independent t-Test for Cell Invasion Assay

Treatment n M SD t(4) p Cohen's d
MDA-MB-231Sensitive 3 0.14 0.01 2.19 0.14 1.79
MDA-MB-231 Resistant 3 0.44 0.14

Table 2.518

Results of Independent t-Test for Colony Formation Assay
Treatment n M SD t(4) p Cohen's d
MDA-MB-2315ensitive 3 113.61 56 1.35 0.12 1.10

MDA-MB-231Resistant 3 66.22 2391




Table 2.519

Descriptive Statistics for Cytotoxicity Assay
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Treatment n M SD 1 2 3
1. MDA-MB-23Resistant 3 885 6.88 -
2. MDA-MB-231Resistant py Treated 3 765 232 099 -
3. MDA-MB-231Sensitive 3 1331 373 071 054 -
4. MDA-MB-2315si1tve py Treated 3 2117 584 006  0.04* 0.29
*p<.05
Table 2.520
Descriptive Statistics of Apoptosis Assay
Treatment M SD 1 2 3
1. MDA-MB-23Resistant 578 106 -
2. MDA-MB-231Resistant py Treated 632 235 099 -
3. MDA-MB-231Sensitive 6.19 183 1 1 -
4. MDA-MB-2315ensitive py Treated 828 398 064 078 0.75
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Table 2.521

Descriptive Statistics of Short-Term Proliferation Assay

Treatment n M SD 1 2 3 4
1. MDA-MB-23Resistant 3 111 0.09 -

2. MDA-MB-231Resistant py Treated 3 1.06 009 096 -

3. MDA-MB-231Sensitive 3 1.03 010 081 097 -

4. MDA-MB-2315esitve py Treated 3 093 016 028 050 073 -
Table 2.522

Descriptive Statistics of Long-Term Proliferation Assay

Treatment n M SD 1 2 3

1. MDA-MB-23Resistant 3 091 0.09 -

2. MDA-MB-231Resistant py Treated 3 0.39 0.08 0.001***

3. MDA-MB-23] Sensitive 3 0.80 0.13 0.58 0.003**

4. MDA-MB-231%¢itve py Treated 3 0.32 0.07 0.001*** 0.84 0.001***

**p < 01, *** p < .001



Table 2.523
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Descriptive Statistics of Short-Term Relative Population Doubling Assay

Treatment M SD 1 2 3

1. MDA-MB-23Resistant 453 279 -
%‘rgglt'g(f"MB'231Resmm Px 444 171 1 -

3. MDA-MB-231Sensitive 6.14 216 089 087 -

4. MDA-MB-231%7** Px 478 379 1 1 0.93

Treated

Table 2.524

Descriptive Statistics of Long-Term Relative Population Doubling Assay

Treatment M SD 1 2 3

1. MDA-MB-231Resistant 4615 576 -

%‘rxt[gﬁ'MB'ZP’lRmmm Px 9.52 254  0.001***

3. MDA-MB-231 Sensitive 3249 443 0.014*  0.001***

4. MDA-MB-231°°1 Px 510 253  0.001*** 0.57 0.001***

Treated

*p < .05, *** p < .001
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Table 2.525

Descriptive Statistics of Short-Term Viability Assay

Treatment n M SD 1 2 3

1. MDA-MB-23Resistant 3 85.83 18.97 -

2. MDA-MB-231Resistant py Treated 3 67.19 3397 084 -

3. MDA-MB-231Sensitive 3 97.75 164 073 054 -

4. MDA-MB-2315si1tve py Treated 3 82.44 1399 099 0.88 044
Table 2.526

Descriptive Statistics of Long-Term Viability Assay

Treatment n M SD 1 2 3

1. MDA-MB-23Resistant 3 985 0 -

2. MDA-MB-231Resistant py Treated 3 67.11 1.92 0.003** -

3. MDA-MB-2315ensitive 3 99.33 0.14 0.03* 0.003** -

4. MDA-MB-2315ns1ve px Treated 3 52.75 8.27 0.03* 0.22 0.02*

*p < .05, *** p < .001



153

Table 2.527

Results of Independent t-Test for RT-PCR of MAP2

Treatment n M SD t(4) p

Cohen'sd

MDA-MB-23]Sensitive 3 27.74 0.21 13.99 0.71

MDA-MB-23] Resistant 3 30.45 0.26

11.43
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APPENDIX B: SUPPLEMENTARY MATERIALS FROM CHAPTER 3

Table 3.51

Descriptive Statistics for RT-PCR of KIF14 Knockdown

Treatment n M SD 1 2 3 4 5
1. MDA-MB-231 3 2682 024 -

ﬁbzﬂrsD Q[F'\ﬁ'égl ¥ 3 208 014 o002 -

ﬁ'Ol'}/'rsD Q[Mf’é%l 23 3058 018 .000%%* Q1% -

;1.03/:5[) ,?,Mf’é%l % 3 2756 023 .008 003%*  000*** -
3%[})@2&8&315 3 2783 104 .65 33 14 99 ]
6 MDA-MB-2316 3 2621 006 .16 000%**  001***  024* .36

days KIF14 KD

% <.05**p <01, ***p< 001
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Table 3.52

Results of Independent t-Test for Cell Invasion Assay

Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 0.14 0.019 0.30 .83 0.24
MDA-MB-231 KIF14 KD 3 0.13 0.016

Table 3.S3

Results of Independent t-Test for Colony Formation Assay
Treatment n M SD t(4) p Cohen's d
MDA-MB-231 3 129.44 59.32 2.24 19 1.83
MDA-MB-231 KIF14 KD 3 46.33 24.97

Table 3.54

Descriptive Statistics for Cytotoxicity Assay
Treatment n M SD 1 2 3 4
1. MDA-MB-231 3 28.03 27.09 -
2 MDA MB-231 3 1877 946 .93 :
f’{l';/'laﬁg'B'Bl 3 2394 967 99 99 -
4. MDA-MB-231 3 26.24  21.99 1 .96 .99 -

KIF14 KD Px Treated




156

Table 3.S5
Descriptive Statistics for Apoptosis Assay

Treatment n M SD

1. MDA-MB-231 3 8.11 4.36
e s we o
i.?ﬂﬁ%ﬂ o 3 Hr -
4. MDA-MB-231 3 9271 17.68

KIF14 KD Px Treated

Table 3.56

Descriptive Statistics for Short-Term Proliferation Assay

Treatment n M SD 1
1. MDA-MB-231 3 1.09  0.10 -
E-X'\_/lrgg\t;'\é'B-Z'o’l 3 104 015 94
f(- ||;A1E)1A|\<_E\)AB_231 3 096 0045 .41
4. MDA-MB-231

KIF14 KD Px Treated 3 090 0022 .14




157

Table 3.57

Descriptive Statistics for Long-Term Proliferation Assay

Treatment n M SD 1 2 3
1. MDA-MB-231 3 087 013 -

2 MDAMB-231 3 058 005 .14 -

> VDA MB-231 3 084 012 99 .19 :
4. MDA-MB-231

KIF14 KD Px Treated 3 0.36 0.21 01** .29 .013*

*p < .05,**p<.01

Table 3.58

Descriptive Statistics for Short-Term Relative Population Doubling

Treatment n M SD 1 2 3
1. MDA-MB-231 3 771 323 i

?,')(“433;'\5'8'231 3 1529 2087 .92 i
fdm%\(_gﬂwgl 3 633 141 90 87 i
4. MDA-MB-231 3 471 489 8 83 .94

KIF14 KD Px Treated
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Descriptive Statistics for Long-Term Relative Population Doubling

Treatment M SD 1 2 3
1. MDA-MB-231 4540 2940 -
ﬁ'x'\#';':tg:j"mm 1113 1041 .40 i
S N iB-2st 2800 1569 .81 50 i
iuyﬁwgﬁé o 282 054 30 61 .25
Table 3.S10
Descriptive Statistics for Short-Term Viability
Treatment M SD 1 2 3
1. MDA-MB-231 99.08 0.80 i
é'x'\#z;\t;'\ém'zm 8525  19.06 66 i
f’{&”ﬁﬁ}'&’m'm 94.00 5.57 54 87 i
4. MDA-MB-231 72.61 19.39 32 85 43

KIF14 KD Px Treated
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Table 3.511

Descriptive Statistics for Long-Term Viability

Treatment n M SD 1 2 3
1. MDA-MB-231 3 9833 052 -

2 MDAMB-251 3 805 353 .029% -

S N iB-2st 3 9875 025 65  .03* i
4. MDA-MB-231

KIF14 KD Px Treated 3 5858 296 .004** .005** .004**

*p < .05,**p<.01

Table 3.512

Results of Independent t-Test for MDA-MB-231Resistant Ce|| Invasion Assay

Treatment n M SD t(4) p Cohen's d

MDA-MB-237Resistant 3 0.14 0.02 1.69 .58 0.01

MDA-MB-23 lResistant

KIF14 KD 3 0.12 0.01
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Table 3.513

Results of Independent t-Test for MDA-MB-2315¢"itve Ce| Invasion Assay

Treatment n M SD t(4) p Cohen's d
MDA-MB-2375ensitive 3 0.13 0.00 -0.79 11 0.01
_ _ Sensitive
MDAMB 251 3 o oo
Table 3.514

Results of Independent t-Test for MDA-MB-231Resisat Colony Formation Assay

Treatment n M SD t(4) p Cohen's d

MDA-MB-23Resistant 3 113.78  61.62 1.31 .068 45.18

MDA-M B_231Resistant

KIF14 KD 3 65.33  16.92

Table 3.515

Results of Independent t-Test for MDA-MB-2315¢"ive Colony Formation Assay

Treatment n M SD t(4) p Cohen's d

MDA-MB-2315ensitive 3 69.89 30.11 -0.30 .59 27.02

MDA-MB-231Sensitive

KIF14KD 3 76.44  23.52




Table 3.516

Descriptive Statistics for MDA-MB-231Ressant Cytotoxicity Assay
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Treatment M SD 1 2 3
1. MDA-MB-23 Resistant 16.46  16.75 -
2. MD'F?)Z'Y'”Be;g’jRESiStam 1437 1179 1 -
3. MDA-MB- 23151 3463 4731 87 83 -
4k||\é?fl-(l\[/;l?3-f§l'lr:eastisetjt 3068 2778 77 72 .83
Table 3.S17
Descriptive Statistics for MDA-MB-2315¢"s1"e Cytotoxicity Assay
Treatment M SD 1 2 3
1. MDA-MB-23]Sensitive 18.99  10.39 -
2 MDQ};M&;S(}S%SHNe 2343 593 .97 -
3. MDA-MB- 2817 1092 287 96 61 -
4. MDA-MB-231 5" 1414 672 85 79 .99

KIF14 KD Px Treated
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Table 3.518

Descriptive Statistics for MDA-MB-231Ress Apoptosis Assay

Treatment n M SD 1 2 3
1. MDA-MB-23 Resistant 3 7.72 4.38 -
2MDAMB2SLTHE 3 63 235 w7 -
SMDAMB-2SI™HN 3 908 408 97 81 :
4kl|\é?4A|_<l\él?vf§rer:zjt 3 1363 38 29 16 .49
Table 3.S19
Descriptive Statistics for MDA-MB-2315¢"1"e Apoptosis Assay
Treatment n M SD 1 2 3
1. MDA-MB-23]Sensitive 3 6.19 1.83 -
2MDAMB2SLZEEE 5 634 oss 1 -
SMDAMB-2SLZH 3 1004 401 53 53 :
4 MDA-MB-23L¥™ o )10 054 06 .008%* .80

KIF14 KD Px Treated

** < 01
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Table 3.520

Descriptive Statistics for MDA-MB-231Res" Short-Term Proliferation Assay

Treatment n M SD 1 2
1. MDA-MB-231Resistant 3 1.11 0.09 -
2 MDSMH%;S;RESEM 3 106 009 .90 :
3 MDQ}ME'&%RESM 3 099 002 31 .66
4. MDA-MB-2317e=nt 084 010  .015%  .039*

KIF14 KD Px Treated

*p < .05

Table 3.521

Descriptive Statistics for MDA-MB-2315¢"1"e Short-Term Proliferation Assay

Treatment n M SD 1 2
1. MDA-MB-2315ensitive 3 1.03 0.10 -
ORI s om ow o
3 MDﬁil';"liﬁ?E)lsensmve 3 100 007 99 .87
4 MDAMB-23L™™ 0 00 007 45 97

KIF14 KD Px Treated
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Table 3.522

Descriptive Statistics for MDA-MB-231Ressat | ong-Term Proliferation Assay

Treatment n M SD 1 2 3
1. MDA-MB-23Resistant 3 0.91 0.09 -
2 MDQ);'\T"rBe;SjReSM 3 039 008 .002%* -
3 MDQ;ME'&%MM 3 091 015 1 002 -
4. MDA-MB-231"an o 022 011 .001*** 35  00L***

KIF14 KD Px Treated

** < 01, *** p <.001

Table 3.523

Descriptive Statistics for MDA-MB-2315™"e | ong-Term Proliferation Assay

Treatment n M SD 1 2 3
1. MDA-MB-23]Sensitive 3 0.80 0.13 -
2 MDQ};'\%Beﬁg’jsensmve 3 032 007 .005%% -
3. MDQ]M&'&%SMS"NE 3 083 015 .99  .003** -
4 MDA-MB-2SI™WE 5 a7 011 008t .97 .005%

KIF14 KD Px Treated

**p < 01
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Table 3.524

Descriptive Statistics for MDA-MB-231Ressat Short-Term Relative Population Doubling Assay

Treatment n M SD 1 2 3 4
1. MDA-MB-23 Resistant 3 5.62 2.74 -
Rt N
SMDAMB-2SLITHEN 3 724 246 a0 1 :
4 MDA-MB-2317=5 244 090 54 22 23 i

KIF14 KD Px Treated

Table 3.525

Descriptive Statistics for MDA-MB-2315¢"1"e Short-Term Relative Population Doubling Assay

Treatment n M SD 1 2 3 4
1. MDA-MB-23]Sensitive 3 6.22 2.06 -
2 MDQ);“#E;S;S%Siﬁve 3 498 353 .90 i
SMDAMB-2SLZHE 3 700 104 96 66 :
4 MDA-MB-2315e 290 139 33 67 A7 i

KIF14 KD Px Treated
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Table 3.526

Descriptive Statistics for MDA-MB-231Res@nt | ong-Term Relative Population Doubling Assay

Treatment n M SD 1 2 3 4

1. MDA-MB-23]Resistant 3 43.77 13.78 -

2. MDA-MB-231Resistant

Px Treated 3 780 w00 )
_ _ Resistant
3. 'V'DQ”';"E f(%l 3 2849 828 20  .065 -
_ _ Resistant
4. MDA-MB-231 3 344 115  002%* .92  .027* -

KIF14 KD Px Treated

*p < .05, **p < .01

Table 3.527

Descriptive Statistics for MDA-MB-2315¢"1"e | ong-Term Relative Population Doubling Assay

Treatment n M SD 1 2 3 4

1. MDA-MB-23]Sensitive 3 32.49 4.43 -

2. MDA-MB-231Sensitive

p 82 3 787 447 002%% -
_ _ Sensitive
3. MD/Q”'Y'E }2<3D1 3 3185 7.2 1 002 -
_ _ Sensitive
4. MDA-MB-231 3 611 438 001%™ .98 001%% -

KIF14 KD Px Treated

** < 01, *** p < .001
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Table 3.528

Descriptive Statistics for MDA-MB-231Ress@nt Short-Term Viability Assay

Treatment n M SD 1 2 3

1. MDA-MB-23]Resistant 3 97.50 1.98 -

2. MDA-MB-231Resistant

Px Treated 3 88.11 >-12 %0 )
_ _ Resistant

4. MDA-MB-23] Resistant

KIF14 KD Px Treated 3 67.89 1022 .003**  .023* .007**

*p < .05, **p < .01

Table 3.529

Descriptive Statistics for MDA-MB-231%"s1ve Short-Term Viability Assay

Treatment n M SD 1 2 3

1. MDA-MB-23] Sensitive 3 97.75 1.64 -

_ _ Sensitive
2. MDA-MB-231 3 8508  13.23 51 ]

Px Treated
_ _ Sensitive
3. MDQH';’S |2<?E)1 3 9500 434 75 66 -
_ _ Sensitive
4. MDA-MB-231 3 84.42 8.67 27 1 39

KIF14 KD Px Treated
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Table 3.530

Descriptive Statistics for MDA-MB-231Ress@nt | ong-Term Viability Assay

Treatment n M SD 1 2 3

1. MDA-MB-231Resistant 3 98.83 0.38 ]
2. MDA-MB-231Resistant
Px Treated

3. MDA-MB-231Resistant
KIF14 KD

iy MDA_MB_231Resistant
KIF14 KD Px Treated

3 60.58 7.13 .028* -

3 98.00 1.52 .80 .024* -

3 53.58 4.63 .008** .56 .005**

*p<.05 **p<.01

Table 3.531

Descriptive Statistics for MDA-MB-2315¢™it"e | ong-Term Viability Assay

Treatment n M SD 1 2 3

1. MDA-MB-231Sensitive 3 99.33 0.14 ]
2. MDA-MB-231Sensitive
Px Treated

3. MDA-MB-231 Sensitive
KIF14 KD

4. MDA-MB-231 Sensitive
KIF14 KD Px Treated

3 53.58 9.52 .035* -

3 98.67 0.38 21 .036* -

3 57.58 8.06 .030* 94 .031*

*p<.05
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APPENDIX C: SUPPLEMENTARY MATERIALS FROM CHAPTER 4
Table 4.51

Descriptive Statistics for MDA-MB-231 Proliferation Assay Oug/mL EGCG

Treatment n M SD 1 2
1. MDA-MB-23]Resistant 3 0.73 0.24 -
2. MDA-MB-23]Sensitive 3 0.59 0.24 0.91 -
3.MDA-MB-231 Cirl 3 0.66 0.24 0.98 0.99
Table 4.52

Descriptive Statistics for MDA-MB-231 Proliferation Assay 12.5ug/mL EGCG

Treatment n M SD 1 2
1. MDA-MB-23]Resistant 3 0.72 0.20 -
2. MDA-MB-23]Sensitive 3 0.13 0.08 0.73 -

3.MDA-MB-231 Ctrl 3 0.69 0.31 0.99 0.83




Table 4.S3

Descriptive Statistics for MDA-MB-231 Proliferation Assay 25ug/mL EGCG
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Treatment M SD 1 2
1. MDA-MB-23Resistant 0.73 0.26 -
2. MDA-MB-231Sensitive 0.49 031 071 -
3.MDA-MB-231 Ctrl 0.67 029  0.99 0.84
Table 4.54
Descriptive Statistics for MDA-MB-231 Proliferation Assay 50ug/mL EGCG
Treatment M SD 1 2
1. MDA-MB-231Resistant 0.58 0.21 -
2. MDA-MB-231Sensitive 0.20 0.08 0.13 -
3.MDA-MB-231 Citrl 0.64 0.25 0.98 0.08
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Table 4.S5
Descriptive Statistics for MDA-MB-231 Proliferation Assay 100ug/mL EGCG

Treatment n M SD 1 2
1. MDA-MB-23]Resistant 3 0.29 0.079 -
2. MDA-MB-23]Sensitive 3 0.20 0.12 0.91 -
3.MDA-MB-231 Cirl 3 0.66 0.19 0.11 0.043*
*p<.05
Table 4.S6

Descriptive Statistics for MDA-MB-231 Proliferation Assay 200ug/mL EGCG

Treatment n M SD 1 2
1. MDA-MB-23]Resistant 3 0.25 0.06 -
2. MDA-MB-23]Sensitive 3 0.29 0.17 0.98 -

3.MDA-MB-231 Citrl 3 0.59 0.22 0.12 0.20
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Table 4.57

Descriptive Statistics for MCF7 Proliferation Assay Oug/mL EGCG

Treatment n M SD 1 2
1. MCF7Resistant 3 0.86 0.68 -
2. MCF7sensitive 3 1.05 0.10 0.96 -
3.MCF7 Ctrl 3 1.36 0.18 0.67 0.20
Table 4.S8
Descriptive Statistics for MCF7 Proliferation Assay 12.5ug/mL EGCG
Treatment n M SD 1 2
1. MCF7Resistant 3 0.75 0.62 -
2. MCF7sensitive 3 1.30 0.28 0.59 -
3.MCF7 Ctrl 3 1.22 0.18 0.66 0.97
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Table 4.59

Descriptive Statistics for MCF7 Proliferation Assay 25ug/mL EGCG

Treatment n M SD 1 2
1. MCF7Resistant 3 0.72 0.59 -
2. MICF7Sensitive 3 1.26 0.22 0.30 -
3.MCF7 Ctrl 3 1.21 0.21 0.37 0.99
Table 4.510

Descriptive Statistics for MCF7 Proliferation Assay 50ug/mL EGCG

Treatment n M SD 1 2
1. MCF7Resistant 3 0.50 0.29 -
2. MCF7sensitive 3 1.1. 0.15  0.019* -
3.MCF?7 Ctrl 3 1.15 0.16  0.017* 1.0

*p < .05



174

Table 4.511

Descriptive Statistics for MCF7 Proliferation Assay 100ug/mL EGCG

Treatment n M SD 1 2
1. MCF7Resistant 3 0.36 0.26 -
2. MCF7Sensitive 3 0.83 0.16 0.062 -
3.MCF7 Ctrl 3 1.12 0.17 0.005** 0.33
** p < 01
Table 4.512
Descriptive Statistics for MCF7 Proliferation Assay 200ug/mL EGCG
Treatment n M SD 1 2
1. MCF7Resistant 3 0.39 0.26 -
2. MCF7Sensitive 3 0.62 0.23 0.58 -
3.MCF7 Ctrl 3 1.11 0.19 0.013* 0.082

*p<.05
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Table 4.513

Descriptive Statistics for MDA-MB-2315¢"1"e Relative Population Doubling Assay

Treatment n M SD 1 2 3
_ _ Sensitive
L MDAMB-231 3 132 011 -
_ _ Sensitive
I%-X'V'DA MB-231 3 213 056 087 .
_ _ Sensitive
E'GI\?:[();A MB-231 3 192 158  0.94 0.99 -
_ _ Sensitive
‘é-t:\I"DA MB-231 3 591 199 0011*  0031*  0.023*
*p<.05
Table 4.514

Descriptive Statistics for MDA-MB-231Ressant Relative Population Doubling Assay

Treatment n M  SD 1 2 3
E-G'\é':gA;';"XB'231Resm 3 131 048 -
g-xl\/l DA-MB-231%5 o o0 021 018 .
E-G'\égA-MB'BlResmam 3 122 045 10 0.13 .
4 MDA-MB-23ITM 5 426 328 054 073 053

Ctrl




Table 4.515

Descriptive Statistics for MCF75¢™!tve Relative Population Doubling Assay
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Treatment M SD 1 2 3
Sensitive
1. MCF7 EGCG 151 048 i
+ Px
2. MCF7Sensitive py 228 1.01 0.64 -
3. MCF7ensitive EGCG 1.24 0.19 0.97 0.42 -
4, MCF7Sensitive G| 222 1.08 0.69 1.0 0.46
Table 4.516
Descriptive Statistics for MCF7Resisat Re|ative Population Doubling Assay
Treatment M SD 1 2 3
Resistant
1. MCF7 EGCG 120 0.68 i
+ Px
2. MCF7Resistant py 1.84 1.13 0.71 -
3. MCF7Resistant EGCG 1.13 0.17 1.0 0.65 -
4. MCF7Resistant Gty 1.86 0.61 0.70 1.0 0.64




Table 4.517
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Descriptive Statistics for MDA-MB-2315"1tVe \/japility

Treatment M SD 1 2 3
1. MDA-MB-2315ensitive
EGCG + Px 52.50 8.95 -
_ _ Sensitive
2. MDA-MB-231 8150 6.91 0.004** i
Px
_ _ Sensitive
%GI\Q:[C);A MB-231 5003 7.32 097  0.002%* i
_ _ Sensitive
éthADA MB-231 0333 341 0.000%** 024  0.000%**
*%* p < 01’ **%k p < 001
Table 4.518
Descriptive Statistics for MDA-MB-231Resistant vjapility
Treatment M SD 1 2 3
1. MDA-MB-23]Resistant
EGCG + Px 50.53 10.86 -
_ _ Resistant
2. MDA-MB-231 7658 611  0.024** i
Px
3. MDA-MB-23] Resistant
EGCG 58.11 10.77 0.71 0.11 -
_ _ Resistant
4. MDA-MB-231 9353 467 0.001*** 015  0.004**

Ctrl

** < 01, *** p < .001



Table 4.519
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Descriptive Statistics for MCF75¢™!tve \sjability

Treatment M SD 1 2 3
Sensitive
1. MCF7 EGCG 57.92 1241 -
+ Px
2. MCF7Sensitive py 87.75 13.00 0.046* -
3. MCF7ensitive EGCG 58.67 8.03 1 0.051 -
4, MCF7Sensitive G| 88.42 10.61 0.041* 1 0.046*
*p<.05
Table 4.520
Descriptive Statistics for MCF 7RSSt vjgbility
Treatment M SD 1 2 3
Resistant
1. MCF7 EGCG 5533 1950 )
+ Px
2. MCF7Resistant py 76.00 9.50 0.43 -
3. MCF7Resistant EGCG 58.75 17.54 0.99 0.57 -
4. MCF7Resistant Gty 89.50 14.94 0.11 0.73 0.16
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