r Unive[sitg of
Nottingham

P
UK ' CHINA | MALAYSIA

PROFILING OF GENE AND EXOSOMAL
MICRORNA AS THERAPY TARGETS AND
BIOMARKERS OF CISPLATIN RESISTANCE
IN TRIPLE NEGATIVE BREAST CANCER
STEM CELL-LIKE SUBPOPULATION

BY

KOH MAY ZIE

Thesis submitted to the University of Nottingham
for the degree of Doctor of Philosophy

MARCH 2021



COPYRIGHT

All material contained within the thesis, including without limitation text, logos, icons,
photographs and all other artwork, is copyright material of University of Nottingham,
Malaysia campus unless otherwise stated. Use may be made of any material contained
within the thesis for non-commercial purposes from the copyright holder. Commercial
use of material may only be made with the express, prior, written permission of
University of Nottingham, Malaysia campus.

Copyright © University of Nottingham, Malaysia campus



Abstract

Breast cancer is the leading cause of death in women worldwide. Among different breast cancer
subtypes, triple negative breast cancer (TNBC) which is defined by lack of oestrogen receptor,
progesterone receptor and human epidermal growth factor receptors 2 possesses more aggressive
behaviour than other breast cancer subtypes. Besides, TNBC is strongly associated with recurrence
of metastatic breast cancer. One of the effective drugs used for TNBC treatment is cisplatin that
inhibits DNA replication and dissociates p63 and p73, the transcription factors that are co-
expressed exclusively in TNBC, thus leading to apoptosis of TNBC. However, the efficacy of
cisplatin is compromised over time, resulted in cisplatin resistance and eventually cancer relapse.
Cancer stem cells (CSCs) was proposed to contribute to the development of cisplatin resistance in

breast cancer.

A short non-coding RNA namely microRNA, is now recognised of being capable to interfere with
the onset and progression of cancer tumour via epigenetic regulation of gene expression.
Furthermore, microRNAs can be packaged into exosome, forming exosomal-miRNAs that can
circulate in various body fluid. As such, screening of the dysregulated profile of highly stable
exosomal-miRNAs shows potential role in breast cancer diagnosis, prognosis and therapeutic as
the acquirement of exosomal-miRNAs is non-invasive. Therefore, this study aims to investigate
the role of CSC-like cells in cisplatin resistance, followed by elucidation of the exosomal-miRNAs
profile of cisplatin-treated CSC-like cells for the discovery of potential biomarkers to monitor

cisplatin resistance in breast cancer.

TNBC cell line, MDA-MB-231 was used in this study. CSC-like cells were first isolated based on
expression of breast CSCs surface markers (CD24/CD44%) from parental cells and the therapeutic
effect of cisplatin on CSC-like cells was compared to that of the parental cells first via phenotypic

characterisation. Next, dysregulation of CSC-correlated genes in treated CSC-like cells was



identified via PCR array. Followed by that, two platforms which were next generation sequencing
(NGS) and Nanostring were used to decipher the exosomal-microRNAs profile in treated CSC-like

cells.

Under the same cisplatin treatment condition (56uM of cisplatin for 48 hours), treated CSC-like
cells retained higher expression of breast CSCs markers (CD247/CD44* and ALDH1ALY),
displayed lower G2/M phase cell arrest, sub GO/G1 event and late apoptosis/necrosis as compared
to treated parental cells. In comparison to treated parental cells, treated CSC-like cells also
demonstrated higher self-renewability. In correlation to its phenotypic characteristics,
dysregulation of JAK2, SMO, PTCHI1, GSK3B, NOTCH2, DLL1 and WNTI1 detected in treated
CSC-like cells were associated with JAK/STAT, Hh and angiogenesis signalling pathways and
were suggested to contribute to higher drug resistance and cell stemness in treated CSC-like cells
as compared to treated parental cells. Not only that, cisplatin treatment induced upregulation of
exomiR-196a-5p, exomiR-939-5p and downregulation of exomiR-206 solely in treated CSC-like
cells, which may attenuate the cytotoxicity of cisplatin, reflected by lower apoptotic event and
higher self-renewability in CSC-like subpopulation in MDA via modulation of NOTCH2, GSK3f3
and TWIST1. Together, these data showed that CSC-like cells were more tolerant to the cytotoxic
effect of cisplatin as compared to parental cells which could be modulated by dysregulated CSC-

correlated genes and exosomal-miRNAs in treated CSC-like cells.

In addition, exo-miR-30a-5p, miR-28-3p, miR-126-3p and miR-941 were significantly
dysregulated in CSC-like subpopulation detected by both NGS and Nanostring. Therefore, this
subset of microRNAs could serve as potential candidates for development of prognostic biomarkers

and therapeutic targets of cisplatin-resistant TNBC.
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Chapter 1

Introduction

Triple negative breast cancer (TNBC) is a breast cancer subtype defined by their lack of
oestrogen receptor and progesterone receptor, and the absence of amplification of human
epidermal growth factor receptors 2 (Liao et al., 2018). Globally, TNBC accounts for
approximately 10-24% of all breast cancer cases, and is more common in Asian countries
(Krishnamurthy et al., 2012). In Malaysia, the incidence of TNBC has been reported to range
between 12.3% to 17.6% of the total breast cancer cases (Abdul Aziz et al., 2020; Kanapathy
Pillai et al., 2012; Tan et al., 2009). TNBC displayed a more aggressive behaviour than other
breast cancer subtypes, strongly associated with recurrence of metastatic breast cancer, where
metastasis is a major cause of patient morbidity and mortality (André & Zielinski, 2012;

Seyfried & Huysentruyt, 2013).

Due to the absence of all 3 receptors, treatment for TNBC patients is highly challenging as no
defined targets are available. One of the strategies used to tackle TNBC is to target its DNA
repair complex via platinum agents, such as cisplatin that inhibits DNA replication of TNBC
(Wahba & El-Hadaad, 2015). Not only that, cisplatin is able to dissociate p63 and p73, the
transcription factors that are co-expressed exclusively in TNBC. The binding of these proteins
suppressed pro-apoptotic activities in TNBC. Therefore, dissociation of the proteins would
activate p73-dependent transcription of pro-apoptotic Bcl-2 family members, leading to
apoptosis (Leong et al., 2007). Supporting this treatment strategy for TNBC, treatment regime
consisting cisplatin is showing promising results to most of the TNBC patients (Amos, Adamo,

& Anders, 2012; Gluz et al., 2009; Leong, Vidnovic, DeYoung, Sgroi, & Ellisen, 2007).

Despite good response from patients for cisplatin in the beginning of treatment, development
of cisplatin resistance often occurs over time and resulted in cancer relapse (Basu &
Krishnamurthy, 2010; Isakoff, 2010; Oakman et al., 2010). Up to date, development of cisplatin
resistance remained unresolved, resulting as a major obstacle for effective clinical application
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using cisplatin (Zheng et al., 2017). In fact, recurred cancer usually become more aggressive
and highly resistant to therapeutics, which greatly reduce the lifespan of TNBC patients (Byrski

et al., 2014; Turner et al., 2004).

On the other hand, many studies have demonstrated the presence of cancer stem cells (CSCs)
as one of the leading cause for drug resistance in cancer patients. In correlation to breast cancer,
a study conducted by Shafee et al. (2008) demonstrated CSCs as the contributor for cisplatin
resistance developed in basal-like breast cancer. With that, presence of CSC in TNBC could be
one of the factors for the development of cisplatin resistance. Apart from displaying higher
chemoresistance, CSCs are featured as highly metastatic and self-renewable. For example,
previous studies demonstrated overexpression of apoptosis-related proteins in CSCs including
survivin (Carter et al., 2012; Jin et al., 2008), cellular inhibitors of apoptosis, inhibitors of
apoptosis protein (IAP) (Liu et al., 2006) and cell cycle regulatory components that inhibits
apoptosis, leading to higher chemoresistance (Abdullah & Chow, 2013). Besides, studies have
shown that CSCs are more likely to metastasise to secondary site, later generate a secondary

tumour via its self-renewability (Velasco-Velazquez, Popov, Lisanti, & Pestell, 2011).

Over the past decades, researchers have demonstrated that high CD44 and low CD24 expression
(CD24/CD44%) is the standard biomarker for breast CSCs. These biomarkers were first
discovered by Al-Hajj et al. (2003), showing as low as 100 cells expressing CD247/CD44* were
able to generate tumour in mice while thousands of non CD24-/CD44" cells failed to do so.
Followed by his discovery, many have utilised this CSCs phenotype as the biomarkers for
breast CSCs isolation (Abraham et al., 2005; Liu et al., 2010; Zhao et al., 2016). Indeed, Ghebeh
et al. (2013) compared the stem-cell properties of CSCs isolated from different biomarkers and
concluded that CD24/CD44* phenotype as the predominant biomarkers for breast CSCs among

other biomarkers.

In addition to that, it is now recognised that microRNAs can interfere with the onset and
progression of cancer tumour via epigenetic regulation of gene expression. For instance, a set
of microRNAs were significantly dysregulated in MCF-7 cells resistant to cisplatin. These
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differentially expressed miRNAs are involved in the control of cell signalling, cell survival,
DNA methylation and invasiveness (Pogribny et al., 2010). In regards to CSCs, accumulated
studies demonstrated distinctly regulated microRNAs including miR-200 cluster, miR-183
cluster, let-7, miR-600, miR-30, miR-221-222 cluster, miR-142, miR-214 and miR-31 are
required for regulation of proliferation, tumour initiation, differentiation, cell stemness,
apoptosis, metastasis and to govern fate decision in breast CSCs (El Helou et al., 2017; Lv et

al., 2017; Shimono et al., 2015; Yu et al., 2010)

Not only that, microRNAs are found actively sorted and transported in exosome, a nano-sized
(10-200 nm) endosome-derived vesicle secreted by cell into extracellular space for intercellular
communication (Doyle & Wang, 2019; Val et al., 2017; Valadi et al., 2007). Exosomes are
found to be present in abundance in different types of cancer patient and in cancer cell
supernatants (Hessvik et al., 2012; Pigati et al., 2010). In fact, a plethora of evidence indicated
that exosome-mediated cell-cell communication can promote tumour initiation, metastasis, and
therapy-resistance in cancer cells within the tumour microenvironment (Azmi et al., 2013; H.-
G. Zhang & Grizzle, 2014). For example, exosomal-miRNA secreted by drug-resistant cancer
cells had been shown to enhance drug tolerance of non-resistant cancer cells (Chen et al., 2014;
Mao et al., 2016; Shen et al., 2017; Wei et al., 2014; Yu et al., 2016; Zhong et al., 2016) while
exosomal-microRNAs secreted by metastatic breast cancer cells resulted in induction of
metastatic ability in non-metastatic tumour cells (Le et al., 2014; Singh et al., 2014). Although
the research on exosome is still in its infancy, these new findings collectively suggest that
exosomes may be a medium of communication between native and CSCs that contribute to
resistance to cytotoxic stimuli or even cancer relapse. More importantly, exosomal-microRNAs
that are readily present in body fluids can serve importantly for cancer diagnosis, prognosis,
and therapeutics (Taylor & Gercel-Taylor, 2008; Vlassov et al., 2012). Prognostic biomarkers
are crucial for identification of TNBC patients at higher risk of experiencing drug resistance,
relapse or metastasis for better strategize on the surveillance and management of the patients

(Abdul Aziz et al., 2020).



Therefore, this study aims to find out the contribution of CSCs subpopulation to cisplatin
resistance in TNBC and to profile exosomal-miRNAs that are dysregulated in CSCs as
compared to parental cells in response to cisplatin treatment. These exosomal-microRNAs that
are differentially regulated may serve as important biomarkers for prognosis of cisplatin
resistance. Likewise, signalling pathways that are associated with these microRNAs can also

be identified to support more effective treatment strategies.

To address the research questions, CSC-like cells isolated from TNBC cancer cell line, MDA-
MB-231 was used in this study to investigate cisplatin-induced alteration of phenotypic and
genotypic characteristics, followed by transcriptomic profiling of differentially regulated
exosomal-miRNAs to unveil the association of CSC-like cells in MDA-MB-231 to the response

to cisplatin treatment.



Core objectives:

1)

2)

To investigate the effect of cisplatin treatment on phenotypic and genotypic
characteristics of CSC-like cell as compared to parental MDA-MB-231 breast cancer
cell. The specific objectives to achieve this core objective are as stated below:

To identify the phenotypic characteristics of isolated CSC-like subpopulation

To assess the cytotoxic effect of cisplatin on CSC-like subpopulation

To study the dysregulation of mMRNAS expression in CSC-like subpopulation induced

by cisplatin treatment

To elucidate exosomal-microRNAs secreted by CSC-like cells in response to cisplatin
treatment in MDA-MB-231 breast cancer cell. Specific objectives to fulfil this core
objective are as stated below:

To identify dysregulation of exosomal-microRNA in CSC-like subpopulation induced
by cisplatin treatment

To predict the corresponding signalling pathways correlated to the differentially
expressed exosomal-microRNA in CSC-like subpopulation induced by cisplatin
treatment

To identify potential prognostic biomarkers and therapeutic target for cisplatin

resistance in association with CSC-like subpopulation



Chapter 2

Literature review

2.1 Breast cancer

2.1.1 Incidence of breast cancer

Breast cancer is a disease induced by abnormal growth of cells which divided uncontrollably
in breast tissue (Cooper GM, 2000). The onset of cancer is determined by both internal factors
including genetic defects or inheritable mutations and environmental factors such as lifestyle,
diet and exposure to radiation or carcinogenic substances (Anand et al., 2008). Breast cancer
often occurs in women but does exist in male with very rare incidence of less than 1% (Ly et

al., 2013).

Being the most common female cancer with high mortality rate, breast cancer is impacting 2.1
million women each year (24.2%) of all cancers among women. In 2018, breast cancer was
estimated to cause approximately 15% of all cancer deaths in women. While breast cancer rates
are higher among women in more developed regions, rates are increasing in nearly every region

globally (Bray et al., 2018).

In Malaysia, breast cancer comprised 32.7% of all cancers in women of all ages followed by a
drastic reduced rate to 12% of colorectum cancer (Figure 2.1A). Besides, breast cancer is the
leading cause of death among Malaysian (Figure 2.1B). A summary on breast cancer study in
Malaysia postulated the correlation of higher risk of breast cancer to consumption of oral
contraceptives, not breastfeeding, family history and nulliparity of Malaysian women (Yip et
al., 2014). There are a few extrinsic factors that could contribute to the onset of breast cancer

such as exposure to radiation, lack of exercise and smoking (Anand et al., 2008).



Number of new cases in 2018, females, all ages

Breast
Other cancers 7 593 (32.7%)
8617 (37.1%)
Lung Colorectum
1 260 (5.4%) 2795 (12%)
Ovary Cervix uteri
1271 (5.5%) 1682 (7.2%)

Total: 23 218
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Figure 2.1: Incidence and mortality rate of breast cancer patients in Malaysia (2018). Adapted from, World Health Organization. (2018). Retrieved April 5, 2020,
from https://gco.iarc.fr/today/data/factsheets/populations/458-malaysia-fact-sheets.pdf
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Breast cancer is categorised into different stages based on the latest staging guidelines provided
by American Joint Committee on Cancer (AJCC) which includes assessment on the size of
tumour, presence of cancer in lymph nodes, metastasis, tumour grade, presence of hormonal
receptors, expression of human epidermal growth factor receptor 2 (Her-2) and oncotype DX

score (recurrence score) (Koh & Kim, 2019).
2.1.2 Different subtypes of breast cancer

There are four main subtypes of breast cancer including luminal A, luminal B, Her-2-enriched
and triple negative breast cancer (TNBC) (Perou et al., 2000). Luminal subtype A is defined as
oestrogen receptor (ER)- or progesterone receptor (PR)-positive, Her-2-negative and low
expression of a nuclear non-histone protein (Ki67). This is the most common breast cancer
subtype with the best prognosis (Badve et al., 2007). Next, luminal subtype B characterised
with ER- or PR-positive status, either positive or negative regarding Her-2 and high expression
of Ki67. Luminal subtype B is prominent in elderly patients with breast cancer, where ductal
carcinoma is common (Tang et al., 2015). Her-2-positive breast cancers overexpress Her-2 but
are negative for ER and PR (Fragomeni et al., 2018). TNBC is classified by lack of ER, PR and
proto-oncogene Her-2, also more aggressive as compared to other subtypes. This is proven by
previous study that shown higher incidence of distant metastasis for TNBC to lung and liver as
compared to non-TNBC (André & Zielinski, 2012; Oakman et al., 2011; Podo et al., 2010). In
Malaysia, TNBC accounts for approximately 17% of all reported breast cancer incidences
(Dean & Rhodes, 2014). With high metastatic ability and lack of treatment targets, it is no
surprise that this subtype of breast cancer is known to have poorer prognosis with limited

treatment options (Chacén & Costanzo, 2010; Mehanna et al., 2019).
2.1.3 Triple negative breast cancer

Treatment for early stage TNBC involved breast-conserving surgery or a mastectomy if the size
of tumour is small. Radiation followed by surgery will be given to patients with large tumour

or detected cancer in lymph node. Besides, chemotherapy might be applied before surgery



(neoadjuvant chemotherapy) to shrink large tumour before surgery. If residual cancer cells are
detected after surgery, patients are advised to take oral chemo drug or might need to proceed
with chemotherapy after surgery (adjuvant chemotherapy) to minimise the chances of cancer
relapse. Chemotherapy drugs such as anthracyclines, taxanes, capecitabine, gemcitabine and
eribulin are often given to patients with late stage of TNBC. However, for TNBC patients with
breast cancer gene (BRCA) mutation and those who no longer responds to common breast
cancer chemo drugs, addition of platinum-based drug such as cisplatin to the regime is one of

the treatment options (Isakoff, 2010; Koshy et al., 2010).

MDA-MB-231 is one of the most commonly utilised mammalian cell line for in vitro breast
cancer studies (Han et al., 2019; Lee et al., 2014; Yan et al., 2018). MDA-MB-231 cell line was
established from pleural effusion of a 51-year-old caucasian woman with metastatic mammary
adenocarcinoma isolated at M D Anderson Cancer Center (Cailleau et al., 1978). MDA-MB-
231 is highly aggressive, ER, PR, Her-2 and E-cadherin negative with mutated p53, thus
representing a good model of TNBC (Chavez et al., 2010; Liu et al., 2003). This cell line is

often used to model late-stage breast cancer.

2.2 Cisplatin

2.2.1 Discovery of cisplatin

Cisplatin was first invented in 1844 by an Italian chemist Michele Peyrone and was previously
known as Peyrone’s chloride (Kauffman et al., 2010). However, it was accidental discovered
as a cancer treatment by Barnett Rosenberg, a biophysical chemist in 1960s (Chen et al., 2009).
When platinum electrode was used in a bacterial experiment, Rosenberg observed inhibited
division of bacteria but they grew up to 300 times than their normal size. Further study using
sarcoma mouse model displayed anti-proliferative potential of cisplatin (Rosenberg &

VanCamp, 1970), subsequently approved for clinical usage as anticancer drug in 1978
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(Hambley, 2007; Higby et al., 1974). Now, cisplatin is used in chemotherapy for many types

of cancer including metastatic breast cancer (Jamieson & Lippard, 1999; Ozkan et al., 2012).
2.2.2 Mechanism of cisplatin

Cisplatin is a water-soluble planar coordination complex which consists of a platinum atom
surrounded by 2 ammonia groups and 2 chlorine atoms (Figure 2.2). Upon entering cancer cell,
chloride ions dissociated from the complex leaving the reactive complex to react with water
followed by disruption of deoxyribonucleic acid (DNA) strand (Basu & Krishnamurthy, 2010).
Dissociated reaction complex from cisplatin targets N7 of guanine and the binding of cisplatin
to DNA generated structurally different DNA adducts and this process is irreversible

(Munchausen & Rahn, 1975).

/
CI ""
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cl”” NH,

Figure 2.2: Chemical structure of cisplatin. Pt representing platinum atom, NH3 as ammonia group
and Cl as chlorine atoms. Taken from Dai et al. (2017).

Cisplatin forms different DNA adducts via intra-strand crosslinking of two nucleobases of
single DNA strand, inter-strand crosslinking of two different strands of one DNA molecule,
chelate formation through N- and O-atoms of one guanine and DNA-protein crosslinks
(Eastman, 1983). Other than inhibition of cell proliferation, cisplatin-induced DNA adducts can
trigger a number of downstream signal transduction pathways involving p53, mitogen-activated
protein kinases (MAPK) and p73 that contribute to cytotoxicity of cisplatin, which ultimately

leading to apoptosis (Tanida et al., 2012) (Figure 2.3).
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Figure 2.3: Signalling pathways contributing to cisplatin-induced apoptosis. Cisplatin-induced DNA
damage can be recognised, that eventually triggers apoptosis through c-Abl- and p73-dependent cascade
and/or two other pathways that involve MAPK and p53. Taken from Tanida et al. (2012).

The cisplatin-induced DNA damage is detected by damage recognition proteins results in DNA
damage signal transmission to downstream signalling cascades. Transmitted signal
subsequently induced other mechanisms including the activation of MAPK which in turn,
trigger the activation of c-Jun N-terminal kinases (JNKs) and p38 kinases. The activated

JNK/p38 kinases promote phosphorylation of transcription factors (TFs), c-Jun and activating
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transcription factor 2 (ATF-2), which then bind to the activator protein 1 (AP-1) binding site in
promoters of various genes. As the result, cisplatin is capable to induce apoptosis via Fas ligand
(FasL) gene expression activated by AP-1 (Tanida et al., 2012). Other than that, activated
MAPK will stimulate the activation of extracellular signal-related kinases (ERKSs), results in
phosphorylation of p53 TF at serine-15 (Persons et al., 2000). Similar to that, p53 can also be
phosphorylated by ataxia telangiectasia and Rad-3- related protein (ATR) at serine-15 (Damia
et al., 2001). Next, another TF, p73 plays a role as pro-apoptotic protein and is often found to
be accumulated in cisplatin-treated cells (Tanida et al., 2012). p73 can be triggered by the
activated oncogenic tyrosine kinase, c-Abl which is induced by cisplatin treatment (Yuan et al.,
1999). Both the phosphorylated p53 and p73 will then activate the release of cytochrome c,
which is promoted by Bax (Viktorsson et al., 2003). The release of cytochrome c triggers the
formation of apoptosome assembly, leading to the activation of caspase 9, thus resulting in
apoptosis (Sedletska et al., 2005) (Figure 2.3). In short, the efficacy of cisplatin is not merely
contributed by impeded DNA replication associated with DNA-adduct, the cell responses
triggered by cisplatin-induced DNA damage is another factor that induces apoptosis (Basu &

Krishnamurthy, 2010).

Due to absence of treatment target in TNBC, cisplatin is applied to inhibit DNA replication,
disrupt the DNA repair complex and induce apoptosis in TNBC (Wahba & El-Hadaad, 2015).
Two TFs including p63 and p73 are co-expressed exclusively in TNBC where the binding of
p63 to p73 suppresses pro-apoptotic activities. Cisplatin is able to counteract with p63-p73
associated anti-apoptotic mechanism by dissociating p63 from p73 and activates p73-dependent
transcription of pro-apoptotic B-cell lymphoma 2 (Bcl-2) family members which leads to
apoptosis in TNBC (Leong et al., 2007). Supporting this treatment strategy for TNBC,
treatment regime consisting of cisplatin is showing promising results to most of the TNBC
patients (Amos, Adamo, & Anders, 2012; Gluz et al., 2009; Leong, Vidnovic, DeYoung, Sgroi,

& Ellisen, 2007).
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2.2.3 Development of cisplatin resistance

Despite good response from patients for cisplatin in the beginning of treatment, development
of cisplatin resistance often occurs over time resulting in cancer relapse (Basu & Krishnamurthy,
2010; Isakoff, 2010; Oakman et al., 2010). For example, patients who initially responded to
cisplatin therapy often develop resistance due to activation of the homologous recombination
(HR) DNA repair mechanism (Aloyz et al., 2002; Husain et al., 1998). In addition to the
activation of DNA repair mechanism, cisplatin resistance studied in cultured cancer cells
conferred resistance by disrupting cellular accumulation of cisplatin (Ishida et al., 2002),
detoxification of cisplatin (Hill et al., 2019) and altering cell-cycle checkpoints (J. O. Lee et al.,

2019; D.-W. Shen et al., 2012).

Reduced cellular accumulation of cisplatin compound is the result of reduced cisplatin uptake
or retention in the cells. As the result, formation of DNA adducts is correspondingly decreased,
reducing cytotoxicity and leads to higher resistance to cisplatin. Increased level of copper
transporter receptor 1 (CTR1), which is a major influx transporter, was found mediating
cisplatin uptake in yeast and mammals (Ishida et al., 2002). It has later been further confirmed
in human cells that cisplatin triggered rapid degradation of CTR1 and diminished influx of
cisplatin, results in resistance to cisplatin (Holzer et al., 2006; Lin et al., 2002). Furthermore,
genetic knockout of CTR1 demonstrated cellular resistance to cisplatin in vivo (Howell et al.,
2010). These studies showed that lower CTR1 expression led to lower platinum accumulation

and, in most instances, more resistant to cisplatin.

Next, detoxification of cisplatin was found associated with glutathione (GSH), which hindered
the cytotoxic effect of cisplatin in lung cancer (Lan et al., 2018; Silva et al., 2019). This GSH-
associated protective mechanism against cisplatin could be due to its role as cofactor that
facilitated multi drug resistance-related protein 2 (MRP2)-mediated cisplatin efflux in
mammalian cells, demonstrated by MRP2-transfected cells that conferred cisplatin resistance

(Cui et al., 1999; Ishikawa et al., 1994). Besides, GSH can bind to and inactivate cisplatin
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through its highly reactive thiol group, preventing the drug from binding to DNA and induce

damage (Rocha et al., 2016).

Cisplatin-induced DNA damage activated numerous pathways including activation of cell cycle
checkpoints, which temporally induce a transient S phase arrest, followed by inhibition of the
Cdc2-cyclin A or B kinase to affect a durable G2/M arrest (Shapiro & Harper, 1999; Shi et al.,
1994). Cell cycle arrest is seen as inhibitory to the cytotoxic process, which is a conclusion that
derives primarily from the increased cellular sensitivity to cisplatin upon abrogation of the
G2/M checkpoint pharmacologically. Cell cycle arrest, as a generally accepted consequence of
DNA damage, is necessary to enable the nucleotide excision repair (NER) complex to remove
the adducts for cell survival (Siddik, 2003). Study found that testicular germ cancer cell was
most sensitive to cisplatin in G2/M phase as all crucial events were restricted to this phase. For
example, cisplatin-induced DNA-damage was sensed in G2/M phase, apoptotic process was
initiated and eventually executed in this phase of cell cycle. On the other hand, the study
suggested that inhibition of the cell cycle in G1/S phase, is likely to result in a protective effect
against cisplatin, whereas cell arrest in G2/M may exert a synergistic effect (Mueller et al.,
2006). These studies demonstrated that cell cycle arrest is beneficial for cell survival, whereby
cell cycle arrest on earlier phase than G2/M phase could be a protective mechanism against

cisplatin treatment.

Inefficient cisplatin treatment can lead to residual disease in patients, thereby worsen the overall

survival rate especially for TNBC compared with non-TNBC (Liedtke et al., 2008).
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2.3 Breast cancer stem cell

2.3.1 Discovery of cancer stem cell

Intriguingly, primary tumours only contribute minimally to cancer deaths whereas an
estimation of 90% of mortality and morbidity in cancer is actually due to cancer metastasise to
a distant site (Chaffer & Weinberg, 2011; Seyfried & Huysentruyt, 2013). In correlation to that,
emerging evidences have suggested that a small subpopulation of cancer cells found in tumour
that exhibiting stem cell-like characteristic may be responsible in metastasis of cancer cells as
reviewed by Brabletz et al. (2005). Apart from their role in metastasis, many studies have also
postulated the theory of tumours being maintained by this small subpopulation of stem-cell like
cancer cells that undergo asymmetric cell divisions to produce the differentiated daughter cells,
thus forming major proportions of the tumours (Caussinus & Gonzalez, 2005; Clevers, 2005).
Over the years, many names have been given to define this stem cell-like subpopulation where
“cancer stem cells” (CSCs) is currently the most widely recognised term used for this

subpopulation of cancer cells.

Breast CSCs was first discovered in 2003, characterised by the expression of clusters of
differentiation (CD) cell surface markers CD24 "°“/CD44* to distinguish CSCs from the non-
CSCs. As shown by Al-Hajj et al. (2003), as low as 100 transplanted CSCs were capable to
generate tumour whereas as high as 10,000 non-CSCs failed to do so. This indicates that the
cells expressing CD24°“/CD44* were highly tumorigenic, which is one of the essential
characteristics of CSCs. Not only that, many studies have subsequently reported that breast
cancer cell with CD24°“/CD44* phenotype were associated with drug resistance, metastasis,
cancer relapse, which could be the factors of poor prognosis in breast cancer patients (Liu et

al., 2010; O’Toole et al., 2011; Wang et al., 2018; Zhao et al., 2016).

Besides, enriched aldehyde dehydrogenase 1 (ALDHL1) activity was also observed in breast
CSCs. Assessment of CSCs characteristic via ALDH1 was first discovered by Ginestier et al.

(2007), who have successfully isolated breast CSCs via ALDH1 assay. Similar to
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CD24w/CD44* expressing cells, more recent studies showed that elevated ALDH1A1
activity was correlated to tumorigenesis, drug resistance and occurrence of metastasis in breast

cancer (Althobiti et al., 2020; Ciccone et al., 2018; Z. Yang et al., 2019).

Later, additional breast CSCs biomarkers including CD133 and CD49f were also identified,
(Meyer et al., 2010; M. H. Wright et al., 2008). However, CD24°%/CD44* phenotype was
reported as the predominant biomarkers for breast CSCs among other biomarkers (Ghebeh et

al., 2013), and therefore selected for breast CSCs isolation in this study.
2.3.2 Characterisation of breast cancer stem cell

Despite its low number in a tumour, CSCs were found to be one of the causal factors of cancer
relapse in breast cancer (Ayob & Ramasamy, 2018; Guo, 2014). CSCs possessed several
essential characteristics that are similar to normal stem cells such as self-renewable, infinite
proliferative potential, slow replication, elevated DNA repair mechanism and is able to give
rise to daughter cells with differentiation potential through asymmetric cell division (Wicha et
al., 2006). However, unlike normal stem cells, these stemness-related characteristics are
dysregulated in CSCs, driving malignant proliferation, metastasis and tumour recurrence in

cancer (Lathia & Liu, 2017; S. Li & Li, 2014).

Cancer relapse mainly rely on two disrupted stem cell characteristics, self-renewability and
capability to produce daughter cells with differentiation ability in CSCs, causing regeneration
of malignant tumour (B. Bao et al., 2013). Spheroid formation assays are a popular and
convenient way to assess self-renewability of malignant stem cells. For instance, a previous
study demonstrated that CD44"9" CSC-like colon cancer cells was capable of generating
spheroid with 50% higher spheroid formation efficiency than that of non-CSC-like CD44'
colon cancer cells (Ohata et al., 2012). In these assays, malignant stem cells are stimulated to
proliferate by addition of epidermal growth factor (EGF) and basic fibroblast growth factor
(FGF) to culture media in low adherence tissue culture dishes for cells to generate sphere-like

structure (Nguyen et al., 2012; Reynolds & Weiss, 1992).
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Spheroid formation assays can be used to evaluate self-renewability of malignant stem cells
including brain, colon, melanoma, prostate and breast CSCs (Lombardo et al., 2015; Nguyen
et al., 2012). In agreement with spheroid formation assay, early breast progenitor/stem cells
with higher self-renewability displayed higher capability to generate ‘mammosphere’ (Dontu

et al., 2003; Dontu et al. 2004).

Study showed significantly low number (< 100 cells) of CD24"°V/CD44* and ALDH*
expressing stem-like breast cancer cells were capable to initiate tumour growth but 10000 breast
cancer cells without these markers failed to generate tumour in mice model (Al-Hajj et al., 2003;
Ginestier et al., 2007). Furthermore, isolated CD24"°%/CD44* cancer cells from lung
metastases originated from breast cancer were more tumorigenic as only this population could
produce tumours that can be serially passaged (Liu et al., 2010). Studies have consistently
demonstrated higher self-renewability in CD24 °"/CD44" characterised breast CSC although

the correlation of these phenotypic markers and acquired self-renewability is yet to be defined.

Next, many studies postulated that presence of CSCs is one of the factors contribute to drug
resistance which remained as the biggest obstacle before cancer can be fully eradicated. CSCs
possess slower cell cycle kinetics, higher capacity to repair DNA (Zhang et al., 2010), enriched
anti-apoptotic proteins (Wang & Scadden, 2015), drug efflux transporters (K M Britton et al.,
2012; Hirschmann-Jax et al., 2004; Patrawala et al., 2005) and detoxifying enzymes (Honoki
et al., 2010). These features can induce resistance to chemotherapeutics and radiotherapy,
leading to tumour recurrence and poor survival rate in cancer (Ayob & Ramasamy, 2018;
Ginestier et al., 2007).

Elevated level of intracellular reactive oxygen species (ROS) triggered by anti-cancer treatment
can induce apoptosis of tumour cells (Liou & Storz, 2010). However, breast CSCs expressing
CD247/CD44* were capable to reduce level of intracellular ROS, thus hindered apoptosis
induced by ionizing radiation in breast cancer. Moreover, higher detoxification by

counteracting with ROS accumulation was reported in CD24/°%/CD44*-expressing breast

CSCs, mediated by elevated reduced GSH synthesis and enhanced nicotinamide adenine
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dinucleotide (NADH) and flavin adenine dinucleotide (FADH2) products generated from
metabolism alteration (Wang et al., 2018). Besides, ALDH* breast CSCs were found to express
lower level of intrinsic ROS as compared to ALDH" breast cancer cells, suggesting lower
susceptibility to anti-cancer treatment in ALDH* breast cancer cells (Yang et al., 2019).

Although with high proliferative ability, breast CSCs often enter dormancy and mostly remain
in quiescent state, therefore have slower growth rate as compared to normal breast cancer cell
(Chen et al., 2016). Slower growth rate of breast CSCs allows them to escape from most of the
chemotherapy drugs and radiation treatment that exert their effect on rapidly dividing cancer

cells (Zou et al., 2011).

Higher expression of ATP-binding cassette (ABC) transporters is associated with higher
tolerance to treatment due to higher rate of drug efflux out from cancer cells, causing lower
intracellular drug concentration in cancer cells (Sun et al., 2012). Inefficient treatment for breast
CSCs could be induced by elevated ABC transporters such as multi drug resistance gene
(MDR1) and breast cancer resistance protein (BCRP), which conferred multidrug resistance to
the cancer cells (Dean, 2009; Gottesman et al., 2002; Staud & Pavek, 2005). Other than that,
breast CSCs are equipped with more efficient mechanism of DNA damage response which
leads to lower rate of apoptosis and higher activation of DNA damage checkpoints genes

compared to non-CSCs (Chang et al., 2015).

These features of breast CSCs could eventually contribute to higher resistance to anticancer

treatment, reducing the efficacy of anti-cancer treatment on breast CSCs.

Followed by that, spreading of cancer cell from primary tumour to surrounding tissues or even
distant organs involves a process called metastasis, a primary cause of mortality in cancer
patients. It occurs when cancer cells accumulated sufficient strength to detach from primary
tumour, intravasate into either circulatory or lymphatic system to travel to desire site, evade
from immune attack, extravasate to desire capillary beds, invade and proliferate in the distant
organs to generate secondary tumour (Seyfried & Huysentruyt, 2013). Only cancer cells that
could survive through migration in circulation and generate new local lesions via extravasation
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are capable to complete metastasis. Accumulating evidences demonstrated the CSCs could play
a grave role in metastasis (Aktas et al., 2009; Theodoropoulos et al., 2010). In fact, many studies
shown positive correlation between the stem cell markers for breast CSCs and metastasis. For
example, the enriched CD44 surface marker in breast CSCs was found to mediate epithelial-to-
mesenchymal transition (EMT), a crucial process for metastasis in tumour (Xu et al., 2015).
EMT is an indispensable step in metastasis to induce migration and invasion in cancer cells
(Felipe Limaetal., 2016; Tsai & Yang, 2013). Based on previous studies, EMT can be activated
by the binding of hyaluronic acid (HA) to CD44, leading to cancer cell metastasis (Chanmee et
al., 2015). On the other hand, inhibition of HA synthesis resulted in lower rate of EMT and

metastasis (Arai et al., 2011; T. Saito et al., 2013; Yoshihara et al., 2005).

In human breast tumour, the invasive tumour cells were found to be significantly enriched with
CD247/CD44*-expressing cells (Huiping Liu et al., 2010). CD247/CD44"-expressing cells in
breast cancer cell lines demonstrated invasive properties and upregulated invasion correlated
genes encoding for interleukin (IL)-1, IL-6, IL-8, C-X-C chemokine receptor type 4 (CXCR4),
matrix metalloproteinase-1 (MMP-1), and urokinase-type plasminogen activator (uPA)
(Sheridan et al., 2006). High percentage of CD247/CD44*-expressing cancer cell in breast
primary tumour was suggested to favour distant osseous metastasis (Abraham et al., 2005).
Later, study found that up to 71% of tumour cells in early bone marrow metastases from breast
cancer expressing CD247/CD44* phenotype (Balic et al., 2006). Another study conducted by
Liu et al. (2010) demonstrated that breast CSCs isolated via CD247/CD44* phenotype from
TNBC patients were highly metastatic. This study was conducted using tumour xenograft
models where mammary fat pad implantation of isolated CSCs from TNBC patients produced
spontaneous lung metastasis in 100% (73/73) of mice (Liu et al., 2010). These studies did not
only display high metastatic ability in breast CSCs but also the contribution of their phenotypic

characteristics to the activation of metastasis.
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2.3.3 Signalling pathways associated with breast cancer stem cells

Stem cells are regulated by self-renewable associated signalling pathways including janus
kinase/signal transducer and activator of transcription (JAK/STAT), NOTCH, Wnt/f3-catenin
and Hedgehog (Hh) (Crabtree & Miele, 2018; Nalla et al., 2019). These pathways are strictly
regulated in normal stem cells for expansion of healthy tissue. However, the same pathways
were found to be highly dysregulated in CSCs, causing higher resistance to systemic
chemotherapy and induction of new tumour formation that results in cancer relapse (Crabtree

& Miele, 2018).

Activation of JAK/STAT signalling pathway is triggered by various ligands, such as
interleukins, interferons, hormones, and growth factors when bind to their respective receptors
(Rane & Reddy, 2000; Stine & Matunis, 2013). Binding of ligand initiates receptor
oligomerization and aggregation of JAK proteins to the cytoplasmic domain of the receptor.
Activated JAK proteins through phosphorylation after aggregation then promote
phosphorylation of cytoplasmic domain of the receptor and recruitment of STAT proteins.
STAT proteins are phosphorylated upon binding with JAK, resulting in dimerization and

translocated into nucleus for induction of transcription of target genes (Figure 2.4).
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Figure 2.4: JAK/STAT signalling pathway. Activation of JAK/STAT signalling pathway is triggered
by its ligands, results in dimerization of STAT consequently induces transcription of target genes.

Dysregulation of JAK/STAT signalling pathway in CSCs can be activated by cytokines, growth
factor and hormones from different cells involved in the tumour microenvironment,
chemotherapy-induced interleukins and several other proteins. As the result, activation of this
pathway contributes to regulation of maintenance and self-renewability in CSCs (Nalla et al.,
2019; Thiagarajan et al., 2017; Zhou et al., 2007). Furthermore, JAK/STAT3 pathway was
found to mediate tamoxifen resistance in breast CSCs (Marotta et al., 2011; Wang et al., 2012)
and involved in metastasis associated by CSCs (Fang et al., 2011; Nalla et al., 2019; Peng et

al., 2016).

Next, Notch pathway is also found to correlate with breast CSCs. Activation of Notch pathway
involves delta-like (DLL) and jagged (JAG) Notch ligands (DLL1, DLL3, DLL4, JAGL, and
JAG2) and its receptors (Notch1-4), where both are transmembrane proteins (Karamboulas &
Ailles, 2013). Notch pathway is initiated through the interaction of ligand and receptor
expressed in 2 adjacent cells respectively (Karamboulas & Ailles, 2013; Takebe et al., 2015).
This interaction then induces proteolytic cleavage of the cytoplasmic domain of the receptor

through disintegrin metalloproteases (ADAMs) followed by y-secretase. Dual cleavage releases
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Notch intracellular domain (NICD) into cytoplasm and translocated into nucleus to activate
transcription of target genes via the C promoter binding factor 1 (CBF1), suppressor of hairless,
LAG-1/recombination signal binding protein for immunoglobulin k J region, also known as

CSL/RBPJ transcription factor (Figure 2.5).

Signalling cell

Notch ligand —— 77_ﬂ
DLL/IAG

—— Notch receptor

Receiving cell - w
Gan>— IV N
CSL/RBPI \ —

Target gene
transcription

Figure 2.5: Notch signalling pathway. Activation of Notch signalling pathway is triggered by
interaction of transmembrane ligand of signalling cell and transmembrane receptor of receiving cells that
consequently induces transcription of target genes.

In normal stem cells, Notch signalling pathway is responsible to regulate their self-renewability
and differentiate potential stringently, such that they can replenish the stem cell pool while
continuing to produce the differentiated daughter cells that are essential for tissue function (J.
Liu et al., 2010). The self-renewal or differentiation decisions must be carefully controlled by
Notch pathway where its unusual hyperactivation was reported to be involved in cancer

development (Reedijk, 2012).

Cancer relapse is one of the outcomes caused by dysregulated stem cell pool expansion and
maintenance of CSCs associated to aberrant Notch signalling pathway (Barnawi et al., 2016;
Gonzalez et al., 2014; Lagadec et al., 2013). Inhibition of Notch either pharmacologically or

genetically led to reduction of breast CSCs population and lower rate of mammosphere
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formation in breast cancer cell lines, primary cells, and mouse models of breast cancer
(D’Angelo et al., 2015; Grudzien et al., 2009; Simmons et al., 2012). Besides, Notchl
expression was found to positively regulate metastasis and ALDHL1 levels in breast CSCs via
activation of Notch signalling pathway (Zhong et al., 2016). On the other hand, inhibition of
notch receptor induced apoptosis and growth arrest in breast CSCs (Suman et al., 2013).
Furthermore, Notch signalling inhibitor hindered y-secretase and exerted inhibitory effect on
metastasis and self-renewability of breast cancer xenograft model (Zhang et al., 2012). A
number of EMT-correlated factors including Snail, Slug, and E-cadherin were found to be
regulated by Notch (Espinoza et al., 2013). These evidences imply the role of notch signalling

pathway in self-renewability and metastasis of breast CSCs.

On the other hand, Wnt signalling pathway is associated with tumorigenesis of breast CSCs.
Whnt signalling pathway is comprised of canonical (mediated through the transcriptional
regulator B-catenin) and non-canonical (B-catenin-independent) Wnt pathways (Kahn, 2014)
(Figure 2.6). Moreover, canonical Wnt pathway encompassed a ‘classical’ and new model. In
‘classical’ model, when secreted Wnt ligand bind to Frizzled (FZD) receptors, activated FZD
trigger binding of Dishevelled (Dvl) and phosphorylation of the low-density lipoprotein-related
protein (LRP) 5 and LRP 6 coreceptors on a neighbouring cell (Matsui, 2016) (Figure 2.6A(i)).
Whnt signalling is activated after phosphorylation of one or more cytoplasmic motifs of LRP5/6.
However, Wnt pathway can even be activated by single phosphorylated motif (Tamai et al.,
2004). Phosphorylated LRP5/6 interact with Axin to destabilise f-catenin destruction complex,
which Axin is used as a scaffold and contains Dvl, the serine—threonine kinases, casein kinase
lo/p (CK1), glycogen synthase kinase 30/B (GSK3) and adenomatous polyposis coli (APC)
(Clevers, 2006). Phosphorylation of B-catenin is inhibited when destruction complex is
destabilised, causing accumulation of [-catenin in cytoplasm followed by translocation into
nucleus. Upon entering nucleus, B-catenin binds to T-cell factor/lymphoid enhancer factor
(TCF/LEF) transcription factors to initiate transcription of target genes (Roose et al., 1998). As

for new model, destruction complex can be stabilised by Axin in both presence and absence of
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Whnt ligand (Figure 2.6A(ii)). However, B-catenin is first degraded through phosphorylation-
mediated recognition by B-Transducin Repeat-Containing Protein (B-TrCP) in the intact
complex, inducing newly synthesised [B-catenin to accumulate in cytoplasm before
translocating into nucleus and activate transcription of target gene (Azzolin et al., 2012, Azzolin

etal. 2014; Li etal., 2012).

On the other hand, non-canonical Wnt pathway activation occurs independently from [3-catenin
(Figure 2.6B). Binding of Wnt ligand, Wnt5a to FZR receptors triggers interaction of Dvl with
Racl (Li et al., 1999) and Dvl-associated activator of morphogenesis 1 (DAAM1) separately.
Racl activates JNK while DAAML1 activates Rho and subsequently Rho-associated kinase
(ROCK) to induce the expression of their target genes that are correlated to regulation of cell

polarity (Habas et al., 2001; Li et al., 1999).

Alternatively, binding of Wnt5a to FZR interact with G proteins and Dvl (Wong et al., 2003)
to activate cyclic guanosine monophosphate (cGMP)-specific phosphodiesterase or
phospholipase C (PLC), resulting in a release of intracellular calcium. With that, the
downstream signalling pathways, such as protein kinase C (PKC), calcineurin and
calcium/calmodulin-dependent protein kinase Il (CaMKII) are activated to induce regulation

of genes associated with cell adhesion and migration (De, 2011; Dejmek et al., 2006).
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Figure 2.6: Wnt signalling pathway. Wnt signalling pathway can be activated via (A) B-catenin
dependent pathway through i) classical and ii) new models and (B) B-catenin independent pathway that

consequently induces transcription of respective target genes.
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In general, canonical Wnt pathway regulates proliferation, survival, and cell fate decisions
while the non-canonical Wnt pathway regulates asymmetrical cell division, cell polarity, and
migration. However, these pathways are not mutually exclusive and cross-talk may occur

between the two arms (Kahn, 2014).

In normal stem cells, Wnt signaling pathway is responsible for fate determination of cell during
embryonic development (Takebe et al., 2011). In cancer cells, Wnt signalling pathway plays an
important role in self-renewability and maintenance of CSCs (Mohammed et al., 2016; Zhao et
al., 2014). Knockdown of Wntl in breast CSCs hindered the expression of CSC-correlated
genes including CD44, ALDH1, and Sca-1, reduced tumour-sphere formation and CSCs
subpopulation of breast cancer cells (Jang et al., 2015b). Not only that, Wnt signalling pathway
is associated with drug resistance and metastasis in breast CSCs (Deshmukh et al., 2017; Jang

et al., 2015; Monteiro et al., 2014).

Lastly, Hh signalling pathway is one of the contributors for the aggressiveness of breast CSCs.
Activation of Hh pathway can be triggered by three secreted ligands, such as Sonic Hh (SHH),
Indian Hh (IHH), and Desert Hh (DHH) through cognate receptor Patched (PTCH) mediated
by transmembrane-protein, Smoothened (SMO). Besides, Hh signalling pathway is also
affected by an intact primary cilium, a microtubule-containing organelle projecting from the
cell surface where its disruption abrogates the signalling cascade. When Hh ligands bind to
PTCH receptor, PTCH suppression of SMO is exempted, then initiates SMO ciliary
translocation and activation (Habib & O’Shaughnessy, 2016). Freed SMO is activated to
promote trafficking of suppressor of fused-glioma-associated oncogene homolog (SUFU-GLI)
complexes to the distal cilium followed by dissociation of GLI proteins from SUFU. Formation
of GLI transcription factors in their activator form (GLIA) occurred via activation of GLI1 and
inhibition of GLI2 and GLI3 proteolytic process. GLIA is then translocated into nucleus to

activate transcription of target genes (Figure 2.7).
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Figure 2.7: Hh signalling pathway. Activation of Hh signalling pathway is triggered by ligand that
binds to PTCH receptor to exempt PTCH suppression on SMO to initiate SMO-promoted trafficking of
SUFU-GLI complex, leading to formation of GLIA and consequently induces transcription of target

genes.

In normal stem cell, Hh pathway is essential for regulation of developmental processes such as
cell differentiation and cell proliferation (Jia et al., 2015). As one of key signalling pathways in
CSCs, Hh pathway is able to drive the progression of cancers by regulating cancer cell
proliferation, malignancy, metastasis and the expansion of CSCs (Sari et al., 2018). Besides,
Hh signalling pathway in CD24-/CD44*-expressing breast cancer cells was found to associate

with poor prognosis in breast cancer patients (O’Toole et al., 2011; Zhao et al., 2016).

In summary, self-renewable breast CSCs and their association with the aforementioned
signalling pathways are suggested to play a pivotal role in occurrence of metastasis and drug

resistance, leading to cancer relapse in breast cancer.
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2.4 Exosome

2.4.1 Biogenesis and secretion of exosome

Exosome is a nano-sized (10-200nm) endosome-derived vesicle (Val et al., 2017) secreted by
different types of cell into various body fluids such as urine (Nilsson et al., 2009), plasma
(Orozco et al., 2009), saliva (Michael et al., 2010), breast milk (Admyre et al., 2007),
brochoalveolar lavage liquid (Prado et al., 2008), and amniotic fluid (Keller et al., 2007). The
membrane of exosome is made up by lipid bilayer, encapsulating its cargoes and being secreted
from the cell into the extracellular environment via exocytosis. Interestingly, exosome was first
discovered in differentiating reticulocytes and suggested to function as a cellular garbage
disposal in the process (Johnstone, 1992; Johnstone et al., 1987; Pan et al., 1985). However,
information transferred by exosome was later found to orchestrate crucial roles in modulation
of physiological functions in cells. Evidences showed that contents of exosome including DNA,
ribonucleic acid (RNA), microRNAs (miRNAs) and proteins (Kahlert & Kalluri, 2013) can be
transferred to and received by its target cells to induce change of behavioural of the recipient

cell (Valadi et al., 2007).

Lipid bilayer membrane structures of exosomes consists of transmembrane proteins and
receptors, such as the transmembrane proteins, membrane trafficking proteins (annexins and
Rabs proteins), adhesion molecules, lipid raft associated protein, tetraspanins and immuno
regulator molecules, encapsulating cytoskeleton proteins, HSPs, metabolic enzymes and
multivesicular body (MVB) formation-associated proteins (Figure 2.8). The cargoes of
exosomes such as proteins, DNA and RNA species can be transferred from the original cell to

their target cells (Jia et al., 2017).
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Figure 2.8: Structure and main components of exosomes. Adapted from Jia et al. (2017). Exosome is
structured by transmembrane proteins (PGRL, LAMP1/2, CD13), membrane trafficking proteins
(annexins and Rabs proteins), adhesion molecules (ICAM-1, Lactadhesion and intergrin), the lipid raft
associated protein (Flotillins, LBPA, Cholesterol, stomatin) and tetraspanins (CD9, CD82, CD63 and
CD81). Exosomal membranes surface is assembled with immuno regulator molecules, such as MHC-I
and -11, CD80 and CD86. Lumen of exosome comprises of other proteins including cytoskeleton proteins
(Vimentin, Cofilin, Tublin, Talin, Actin), HSPs, metabolic enzymes (GAPDH, ATPase, pgkl) and MVB
formation-associated proteins (Alixs, Tsgl01, Clathrin). Abbreviations: p120 catenin, radixin, and
immunoglobulin superfamily member 8 (PGRL); lysosomal-associated membrane protein 1/2
(LAMP1/2); Ras-like small GTPase family (Rabs); Heat shock proteins (HSPs); intercellular adhesion
molecule-1 (ICAM-1); lysobisphosphatidic acid (LBPA); major histocompatibility complex (MHC);
tumour susceptibility gene 101 (tsg101); glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and
phosphoglycerate kinase 1 (pgk1).

Exosomes are generated via inward budding of the MVB membrane in the form of intraluminal
vesicles (ILVs). They are then released into extracellular space via exocytosis. Two major
mechanisms are involved in the production of exosome, one with endosomal sorting complex
required for transport (ESCRT) while another without ESCRT. Production of exosomes via
ESCRT-dependent pathway requires a set of ubiquitinated proteins including ESCRT 0, I, II,
and 111 and various tetraspanins, namely, CD9, CD63, CD81 and CD82 (Hessvik & Llorente,
2018). Alternatively, exosomes are produced via ESCRT-independent pathway which involves
other components such as sphingolipid, ceramide, and the enzyme neutral, sphingomyelinase,
which is the enzyme to convert sphingomyelin to ceramide. However, these mechanisms might
overlap with each other to work synergistically for exosome production and secretion (Maas et

al., 2017).
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During secretion process, exosomes will first be trafficked near to cell membrane and secreted
upon fusion with the cell membrane. This process can be stimulated by different cellular
condition or external stimuli including chemical, environmental and mechanical stimuli, such
as gamma-irradiation, hypoxia, low pH (Parolini et al., 2009), and presence of growth factors
(Dreyer & Baur, 2016; Graner et al., 2007). Presence of membrane trafficking proteins,
adhesion molecules, lipid raft associated proteins, immune regulator molecules enable stimuli
to be detected, resulting in release of exosome to extracellular space (Jia et al., 2017).
Furthermore, amount of exosome secretion was found to be regulated by a few ESCRT proteins.
For example, reduction of ESCRT-0 associated proteins Hrs and TSG101 as well as ESCRT-1
associated protein, namely, signalling transducing adaptor molecule 1 (STAM1) hindered
secretion of exosome. Inversely, knockdown of ESCRT-3 and its associated proteins such as
charged multivesicular body protein 4c (CHMP4C), vacuolar protein sorting-associated protein
4B (VPS4B), vacuolar protein sorting-associated protein (VTA1) and ALIX induced more
exosome secretion (Gross et al., 2012; Hoshino et al., 2013; Tamai et al., 2010). Aside from
that, study showed that ALIX could affect protein composition in exosome suggesting its role

of loading desirable content into the exosome for secretion (Hessvik & Llorente, 2018).

2.4.2 Tumour derived exosomes (TDES)

A decade ago, studies displayed enriched secretion of exosome from cancer patient as compared
to normal individual (Logozzi et al., 2009; Taylor & Gercel-Taylor, 2008). These TDES can
facilitate cell-cell communication through the transport of growth factors, chemokines,
miRNAs, and other small molecules (Akers et al., 2013; Mao et al., 2018). When under stress
conditions such as in hypoxia, cancer cells were shown to release more exosomes into their
microenvironment that promoted cancer progression (King et al., 2012). In support of the role
of exosome as mediator of communication in cancer, Suetsugu et al. (2013) discovered green
fluorescent protein (GFP)-labelled exosomes can be transferred from cancer cells to other cells

in culture system. Furthermore, in vivo study displayed that GFP-exosomes were secreted into
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tumour-surrounding tissue and circulate from primary tumours to metastatic niche (Suetsugu et
al., 2013). Not only that, study found shuttle of invasion-potentiating miRNAs via exosomes

secreted by macrophages into breast cancer cells (Yang et al., 2011).

The ability of exosomes to shuttle miRNAs from donor cells can disrupt gene expression and
protein production to induce aberration of biological function in recipient cells, which may
result in activation of various processes involved in tumour development and progression.
These showed that exosomes are not only transferable to distant site, but also play a grave role
in cancer progression via transmission of miRNAs cargo. Therefore, deciphering miRNAs
profile of TDEs is of great interest to investigate the information transferred between cancer

cells which may contribute to cancer progression.

2.5 Micro-RNA

2.5.1 Discovery and biosynthesis of micro-RNAs

The first miRNA, lin-4 RNAs in C. elegans was discovered by Rosalind Lee, Rhonda Feinbaum
and Victor Ambros (Lee et al., 1993). This single chain RNA molecule which does not encode
for proteins has a length of 22 nucleotide (nt), relatively shorter than other RNA species.
However, lin-4 RNA was not known as miRNA when it was first discovered in 1993. Followed
by the discovery of another RNA with same length of 22nt, which was let-7 from C. elegans
(Reinhart et al., 2000; Slack et al., 2000), both lin-4 and let-7 RNA were initially known as
small temporal RNA (stRNA) due to their overlapping role in controlling the timing of
development transitions. Later, researchers observed that many newly identified 22nt RNAs
shown no correlation to the timing of development transition, rather were more likely to
correlate with their respective cell line. Therefore, the term miRNA was used to refer to the
StRNAs and all the other tiny 22nt RNAs with similar features which functions remained

unknown (Lagos-Quintana et al., 2001; Lau et al., 2001; Lee & Ambros, 2001).
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Biogenesis of miRNA started in nucleus while formation of mature miRNA occurs in
cytoplasm (Figure 2.9). The DNA encoding for miRNA gene are first transcribed by RNA
polymerase I1I/lIl (pol 1I/11) to generate the primary transcripts (pri-miRNAs). RNA
polymerase Il is the major polymerase type for transcription of miRNAs, though there are small
groups of miRNASs associated with Alu elements that are transcribed by RNA polymerase 111
(Borchert et al., 2006; Schanen & Li, 2011). In nucleus, generated primary transcripts (pri-
miRNAS) typically consists of several thousand nt in length with local stem loop structures and
a poly-A tail (Lee et al., 2004; Schanen & Li, 2011) while precursor transcripts (pre-miRNAS)
are approximately 70 nt in length with hairpin form (Han et al., 2004; Roth et al., 2013). In
cytoplasm, pre-miRNAs that is transported out from nucleus are cleaved by another RNase Il
enzyme known as Dicer along with transactivation response RNA binding protein (TRBP),
resulting in mature miRNA/miRNA* duplex with approximately 20 nt (Chendrimada et al.,
2005; Pong & Gullerova, 2018; Yi et al., 2003; Yoda et al., 2010). The miRNA duplexes are
then incorporated into Argonaute (Ago), aided by the Dicer-TRBP complex to form the RNA-
induced silencing complex (RISC) (Pong & Gullerova, 2018; Yoda et al., 2010). RNA helicases
then separated or unwound miRNA duplexes into guide strand (mature miRNA) that remains
bound to RISC, while passenger strand (miRNA*) proceeds to degradation (Yoda et al., 2010).
The Ago protein-bound mature miRNA is subsequently assembled into an effector complex
known as the miRNA-containing RNA-induced silencing complex (miRISC) (Loh et al., 2019;

Yoda et al., 2010) that eventually inhibits expression of the bound mMRNA target.
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Figure 2.9: Biosynthesis of micro-RNA. In nucleus, miRNA gene encoded DNA are first transcribed
by RNA polymerase II/111 (pol 1I/111) to generate the primary transcripts (pri-miRNAs). Followed by
transcription, pri-miRNAs processed by a microprocessor complex, Drosha-DiGeorge syndrome critical
region gene 8 (Drosha-DGCRS), into the precursor transcripts (pre-miRNAs) and transported from the
nucleus into cytoplasm through RanGTP-dependent nuclear transport reporter, exportin 5 and RanGTP
to undergo loop-cleavage by another RNase I11 enzyme known as Dicer along with TRBP. As the result,
mature miRNA/mMiRNA* duplex is generated which then incorporated into Ago with the aid of Dicer-
TRBP complex to form RISC. The miRNA duplexes are then separated or unwound into two single
strands by RNA helicases which the guide strand (mature miRNA) remains bound to RISC, while
passenger strand (MiRNA*) proceeds to degradation. The Ago protein-bound mature miRNA is
subsequently assembled into an effector complex namely miRISC, once bound to its MRNA target,
mature miRNA represses or degrades mRNA based on their degree of complementarity.

Mature miRNAs typically inhibit gene expression by binding to the 3’ untranslated region
(UTR) of the messenger RNA (mMRNA) (Kehl et al., 2017). The inhibitory mechanism of
miRNAs toward its MRNA target is dependent on the degree of their complementarity. Once
incorporated into a cytoplasmic miRISC, mRNA with perfect complementarity results in
cleavage of mMRNA (Fuchs Wightman et al., 2018) whereas partial complementarity between
miRNAs and their mRNA targets which is more commonly observed, induced protein
translational repression or inhibition (Fuchs Wightman et al., 2018). As the binding site
between miRNAs and mRNA is short (8-base seed region on miRNA) (Kehl et al., 2017), a
single miRNA has more than one mRNA targets and can regulate their functions in multiple

pathways (Bartel, 2009; Melo & Esteller, 2011). Not only that, single mRNA can be
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cooperatively targeted and regulated by several different miRNAs (Bartel, 2009; Melo &

Esteller, 2011).

2.5.2 Micro-RNAs and cancer

Since discovery of miRNAs in 1993, their biological functions in human cancer were not
appreciated until 2002 when study showed that miR-15 and miR-16 which located at
chromosome 13914, found deleted in more than half of chronic lymphocytic leukemias (CLL)
and was downregulated in approximately 68% of CLL cases examined. Subsequently, they
discovered the hindered miR-15a and miR-16-1 in CLL cases played a role as tumour
suppressors that regulate anti-apoptotic proteins such as Bcl-2 and Myeloid cell leukemia 1

(MCL-1) (Calin et al., 2002; Cimmino et al., 2005; Vincent et al., 2014).

Followed by that, many other researchers have identified dysregulated miRNA profiles in
different types of human cancers including breast cancer, and demonstrated their roles in
promoting or inhibiting breast cancer pathogenesis (Vincent et al., 2014). For example,
Pogribny et al. (2010) demonstrated a set of miRNAs were significantly dysregulated in MCF-
7 cells resistant to cisplatin. These differentially expressed miRNAs are involved in the control
of cell signalling, cell survival, DNA methylation and invasiveness. Besides, study showed that
miR-21 was highly overexpressed in breast tumours compared to the matched normal breast
tissues among 157 human miRNAs analysed. Overexpression of miR-21 was correlated to
increased cell proliferation and reduced apoptosis via modulation of anti-apoptotic protein, bcl-
2 (Sietal., 2007). Another study also showed that miR-21 promoted breast cancer proliferation
and metastasis by targeting leucine zipper transcription factor like 1 (LZTFL1) (Wang et al.,

2019).

Besides, Fan et al. (2014) displayed tumour suppressive role of miR-17-5p in breast cancer
metastasis via inhibition of pro-metastatic gene. Oppositely, inhibition of miR-17-5p rendered
cells metastatic properties and enhanced lung metastasis from orthotopic xenografts.

Supporting their finding, miR-17-5p was found to negatively regulated expression of ETS
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variant 1 (ETV1), which is responsible for cell proliferation, invasion, migration in TNBC cells
and correlated to poor prognosis in TNBC patients (Li et al., 2017). Interestingly, accumulated
studies demonstrated distinctly regulated miRNAs including suppressed miR-200 cluster, miR-
183 cluster, let-7, miR-600, miR-30 and enhanced miR-221-222 cluster, miR-142, miR-214
and miR-31 are required for regulation of proliferation, tumour initiation, differentiation, cell
stemness, apoptosis, metastasis as well as to govern fate decision in breast CSCs (EI Helou et

al., 2017; Lv et al., 2017; Shimono et al., 2015; Yu et al., 2010).

Not only are they present in exosome, miRNAs are closely association with breast cancer
progression, thus prompted deeper exploration of exomiRNAs for both its carcinogenic effect

and as biomarkers for breast cancer.

2.5.3 Formation of exosomal-miRNAS

Mature miRNAs in cytoplasm are first fused with MVB and released into extracellular space,
forming exosome containing miRNAs, known as exomiRNAs. There a few postulated sorting
mechanisms of miRNAs into exosome. In the miRISC-related pathway, GW182 (a cytoplasmic
foci involved in the post-transcriptional regulation of eukaryotic gene expression) and Ago2 in
association with miRISC, is sorted into MVBs for secretion and/or lysosomal degradation. This
process could promote continuous assembly or disassembly of membrane-associated miRISCs,
which is correlated to miRNA loading to exosome (Gibbings et al., 2009). Next, sequence motif
of miRNA and guide proteins correlated to exosomal-miRNAs sorting was first discovered by
Villarroya-Beltri and colleagues. They found presence of GGAG motif at 3” end of 75% of
exosomal-miRNAs (Villarroya-Beltri et al., 2013) whereby, site-directed mutagenesis to this
motif in the predominantly exosomal miR-601 resulted in lower level of miR-601 in exosome.
Not only that, mutagenesis of the predominantly cellular miR-17 by including this motif, led to
increase of miR-17 level in exosome. Furthermore, previous study showed that heterogeneous
nuclear ribonucleoprotein (hnRNP) A2B1 and hnRNP-Q bind selectively to miRNAs bearing
respective GGAG or GGCU motifs, suggesting that there is sequence-specific miRNA sorting
into exosomes (Santangelo et al., 2016). Moreover, study showed the exomiRNAS content can
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also be regulated by ceramide (Kosaka et al., 2010). Neutral sphingomyelinase-2 (nMase-2)
was found positively regulating biosynthesis of ceramide in HEK293 cells. Knockdown of
nMase-2 decreased concentration of exomiRNAs while enhanced nMase-2 increased
concentration of exomiRNAs. However, cellular miRNA levels was not affected by nMase-2,
demonstrating the role of ceramide specifically in miRNA sorting into exosome (Cha et al.,
2015; Challagundla et al., 2015). Lastly, the small GTPase transductor protein, namely, Ki-ras2
Kirsten rat sarcoma viral oncogene homolog (KRAS) has been shown to play a role in miRNA
sorting into exosomes where exosomes from mutant KRAS colorectal cancer cells show a

distinct miRNA profile compared to wild type cells (Cha et al., 2015).

MiRNAs were found enriched and actively sorted into TDEs (Villarroya-Beltri et al., 2013). In
fact, evidences showed that certain miRNAs were enriched in TDEs relative to cells, indicating
active sorting of miRNA into exosomes (Hessvik et al., 2012; Pigati et al., 2010). In support of
this, respective exosomal and intracellular miRNA profiles within each head and neck
carcinoma cell type were shown to be clearly distinct. Thus, this demonstrated that the loading
of exosomal cargo is an active and highly regulated process, instead of just a passive process
that merely projects intracellular miRNAs content (Langevin et al., 2017). These evidences do
not only display enrichment of miRNAs in TDEs, but also showed that miRNAs are selectively
sorted into exosomes.

2.5.4 Association of exosomal-miRNA to breast cancer progression

Previous studies demonstrated fairly consistent results between cell line exosome
characterisation and plasma exomiRNASs detection in patient derived xenografts (PDX) of mice
and breast cancer patients. Their finding was in agreement with a massive genomic and
proteomic study which indicated that breast cancer cell lines are reasonable models for
analysing context-dependent gene expression, including miRNA expression (Marcotte et al.,
2016). Together, these studies showed that cell line study is one of the reliable approaches to
investigate the expression of exomiRNAs in breast cancer study (Hannafon et al., 2016). The

information transmitted by exomiRNAs in breast cancer cell lines were unravelled to
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understand the contribution of dysregulated exomiRNAs in breast cancer tumorigenesis such

as drug resistance, metastasis and cell proliferation (Table 2.1).
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Table 2.1: Biological function of exosomal-miRNAs in breast cancer progression

Exosomal-miRNA(S) Subtype of Regulation Biological activity Gene target(s) Reference
breast cancer

miR-221, miR-222 MCF7 (ER+) Upregulated Drug resistance ERa, P27 (Wei et al., 2014)
(Tamoxifen)

miR-17, miR-30a, miR- Upregulated Drug resistance (Chen et al., 2014)

100, miR-222 (adriamycin,
docetaxel)

miR-29a, miR-30a, miR- Upregulated Drug resistance PTEN (Zhong et al., 2013)

100, miR-196a, miR-222 (adriamycin,
docetaxel)

miR-20a, miR-23a, miR- Upregulated Drug resistance (Mao et al., 2016)

24, miR-149, miR-222 (adriamycin)

miR-29a Upregulated Drug resistance PTEN, GSK3B (Shenetal., 2016)
(adriamycin)

miR-222 Upregulated Drug resistance PTEN, AKT, (Shenetal., 2017; Yu et al., 2016)
(adriamycin) FOXO01
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miR-138-5p, miR-139-5p,
miR-197-3p, miR-210-3p,
miR-423-5p, miR-574-3p,
miR-744-5p, miR-3178,
miR-4258,

miR-4443, miR-6780b-3p

Upregulated

Drug resistance

(epirubicin)

(Zhong et al., 2016)

miR-138-5p, miR-140-3p, | MDA-MB-231 | Upregulated Drug resistance (Zhong et al., 2016)
miR-210-3p, miR-3613-5p | (TN) (vinorelbine)

miR-149-3p, miR-423-5p, Upregulated Drug resistance (Zhong et al., 2016)
miR-671-5p, miR-1246, (docetaxel)

miR-1268a, miR-4298,

miR-4438,

miR-4644, miR-7107-5p,

miR-7847-3p

miR-128 MCF-7 (ER+) Upregulated Proliferation BAX (Wei et al., 2016)
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miR-141, miR-200a, miR-

4TO7,4TO1E

Upregulated

Metastatic potential

(Leetal., 2014)

200D, (invitro, in vivo
miR-200c, miR-429 Allograft)
miR-9-5p, miR-195-5p, MDA-MB-231 | Upregulated Self-renewal and drug ONECUT2 (Shen et al., 2019)
and miR-203a-3p (TN), MCF7 resistance
(ER+), BT474 (docetaxel/doxorubicin)
(ER+)
miR-17/20 cluster MCF-7 (ER+) Upregulated Inhibits migration and IL-8 and (Yuetal., 2010)
invasion CXCL1
miR-10b MDA-MB-231 | Upregulated Invasion HOXD10and  (Singhetal., 2014)
(TN) KLF4

Abbreviation: Oestrogen receptor positive (ER+); Triple negative (TN); Oestrogen receptor alpha (ERa); Cyclin-Dependent Kinase Inhibitor 1B (P27);
Prime Time Entertainment Network (PTEN); Glycogen synthase kinase 3 beta (GSK3); Protein kinase B (AKT); Forkhead box protein O1 (FOXO1);
B-cell lymphoma 2 Associated X (BAX); Signal Transducer And Activator Of Transcription 5B (STAT5B); Heat shock proteins 9 (HSP9); B-cell
lymphoma 2 (BCL-2); One Cut Homeobox 2 (ONECUT2); Interleukin 8 (IL-8); C-X-C Motif Chemokine Ligand 1 (CXCL1); Homeobox D10
(HOXD10); Kruppel-like factor 4 (KLF4)
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Studies demonstrated exomiRNASs secreted by drug-resistant cancer cells enhanced drug
tolerance of non-resistant cancer cells (Chen et al., 2014; Mao et al., 2016; Shen et al., 2016,
2017; Wei et al., 2014; Yu et al., 2016; Zhong et al., 2013, 2016) whereas exomiRNAs secreted
by breast cancer cells treated with sub lethal dose of chemotherapeutic agents stimulated CSC-
like phenotype on recipient cells, which rendered cancer cells to be resistant to therapy (Shen
etal., 2019). On the other hand, exomiRNAs secreted by metastatic breast cancer cells induced
metastatic ability of non-metastatic tumour cells (Le et al., 2014; Singh et al., 2014). Inversely,
exomiRNAs secreted by non-invasive breast cancer cells was capable to hinder migratory
ability and invasiveness of the aggressive MDA-MB-231 (Yu et al., 2010). Not only that,
previous study demonstrated promotive effect of exomiRNAs on cell proliferation of breast
cancer cells (Wei et al., 2016) (Table 2.1). Together, these evidences showed the role of

exomiRNASs in regulating breast cancer progression.

2.5.5 Exosomal-miRNAs as biomarker for breast cancer

Studies discovered the suitability of miRNAs to be used as biomarker in cancer study. For
example, miRNAs expression profiles were found as more accurate marker to classify tumour
types than using gene expression profiles (Lu et al., 2005). A study facilitated by support vector
machine-based classifier, to categorise early and advance stage breast cancer patient via
miRNA expression profiles, was the first to utilise intracellular miRNA profiles to predict
breast cancer stage, thus displayed its potential as biomarker (Yerukala Sathipati & Ho, 2018).
However, dysregulation of intracellular miRNAs that reside inside the cells are more difficult
to access from the cells in deep tissues. Alternatively, many studies have demonstrated the use
of exosome-encapsulated circulating miRNAs as potential biomarkers for breast cancer (Table
2.2). In fact, there are advantages of utilising exomiRNAs as biomarker relative to intracellular
miRNAs as exomiRNAs are not only protected from exposure to nucleases, shear stresses such

as high or low pH, they are also stable under long-term storage, and up to 10 cycles of freeze-
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thaw process (Chen et al., 2008; Wang et al., 2009). Besides, circulating exomiRNAs were
stable and could be reproducibly extracted and assayed in either serum or plasma (Mitchell et
al., 2008). The serum exomiRNAs were stable even after drawing blood, which was very
important for a reliable biomarker (Chen et al., 2008). Their presence in body fluids, such as
peripheral blood and breast milk, making them as more accessible biomarker candidates for
disease detection. A number of exomiRNAs had been evaluated for their potential as diagnostic,

prognostic or predictive biomarkers in breast cancer (Table 2.2).
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Table 2.2: Preclinical evaluation of exosomal-miRNAs as biomarkers for breast cancer

miRNA Cargo

Patients cohorts Source of exosome

Platform used

Reference

Potential biomarkers for breast cancer patient compared to healthy control

miR-195

miR-21, miR-106a, miR-155, miR-
126, miR-199a and miR-335
miR-20a, miR-21 and miR-214
miR-1, miR-92a, miR-133a and miR-

133b

miR-182

miR-148b and miR-133a

miR-138

miR-505-5p, miR-125b-5p, miR-21-

5p and miR-96-5p

83

68

168

164

46

137

83

197

Blood

Serum

Serum

Serum

Serum

Plasma

Blood

Plasma

RT-gPCR

RT-gPCR

RT-gPCR
Microarray, RT-

gPCR

RT-GPCR

RT-gPCR
Microarray, RT-
gPCR

RT-qPCR

(Heneghan et al., 2010)

(F. Wang et al., 2010)

(Schwarzenbach et al., 2012)

(Chan et al., 2013)

(P.-Y. Wang et al., 2013)

(J. Shen et al., 2014)

(Waters et al., 2014)

(Matamala et al., 2015)
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let-7c

miR-148b-3p, miR-652-3p and miR-

10b-5p

miR-21 and miR-1246

miR-4270, miR- -1225-5p, miR-188-
5p, miR-1202, miR-4281, miR-1207-
5p, miR-642b-3p, miR-1290 and miR-
3141

miR-1246, miR-1307-3p, miR-4634,

miR-6861-5p and miR- -6875-5p

90

87

16

46

1280

Serum

Serum

Plasma

Serum, Plasma

Serum

RT-gPCR

ddPCR

Small RNA
sequencing, RT-
gPCR
Microarray, RT-

gPCR

Microarray, RT-

gPCR

(X.-X. Lietal., 2015)

(Mangolini et al., 2015)

(Hannafon et al., 2016)

(Hamam et al., 2016)

(Shimomura et al., 2016)
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Plasma (miR-106a-3p, miR-106a-5p, 64 Serum, Plasma RT-gPCR (M. Lietal., 2018)
miR-20b-5p, and miR-92a-2-5p);

serum (miR-106a-5p, miR-19b-3p,

miR-20b-5p, and miR-92a-3p)

Potential biomarkers for early stage of breast cancer

miR-127-3p, miR-148b, miR-409-3p, 247 Plasma RT-gPCR (Cuk et al., 2013)
miR-652 and miR-801

miR-21 and miR-92a 100 Serum RT-gPCR (H. Sietal., 2013)
miR-15a, miR-18a, miR-107, miR- 108 Serum RT-gPCR (Kodahl et al., 2014)
133a, miR-139-5p, miR-143, miR-

145, miR-365 and miR-425

miR-484 137 Serum RT-gPCR (Zearo et al., 2014)
miR-155, miR-19a, miR-181b and 63 Serum RT-gPCR (Sochor et al., 2014)

miR-24
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miR-155 259

Serum

RT-gPCR

(S. Gaoetal., 2017)

Potential biomarkers to differentiate stages or subtypes of breast cancer

miR-4270, miR-1225-5p, miR-188- 46

Serum, Plasma

Microarray, RT-

(Hamam et al., 2016)

5p, miR-1202, miR-4281, miR-1207- gPCR
5p, miR-642b-3p, miR-1290 and miR-
3141
miR-34a 89 Serum RT-gPCR (C. Roth et al., 2010)
miR-34a, miR-373, miR-17 152 Serum RT-gPCR (Eichelser et al., 2013)
Potential biomarkers for cancer relapse in breast cancer
miR-122 and miR-375 68 Serum Small RNA (X. Wuetal., 2012)
sequencing, RT-
gPCR
miR-18b, miR-103, miR-107 and 130 Serum RT-gPCR (Kleivi Sahlberg et al., 2015)
miR-652
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miR-21-5p, miR-375, miR-205-5p, 90 Serum RT-gPCR (Huo et al., 2016)

miR-382-5p, miR-376¢-3p and miR-

411-5p

miR-16, miR-30b and miR-93 153 Plasma Microarray, (Ni et al., 2018)
TagMan-gPCR

miR-340, miR-17-5p, miR-130a-3p 16 Serum RT-gPCR (Sueta et al., 2017)

and miR-93-5p

miR-223-3p 27 Plasma Small RNA (H. Wu et al., 2020)
sequencing, RT-
gPCR

Potential biomarkers for drug resistance in breast cancer

miR-125b 56 Serum RT-gPCR (Hongjiang Wang et al., 2012)

miR-122 and miR-375 68 Serum Small RNA (X. Wu et al., 2012)

sequencing, RT-

gPCR
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miR-155 103 Serum RT-gPCR (Y. Sunetal., 2012)

Potential biomarkers for metastasis in breast cancer

miR-10b, miR-34a and miR-155 89 Serum RT-gPCR (C. Roth et al., 2010)

miR-10b and miR-373 60 Plasma RT-gPCR (Weijie Chen et al., 2013)

miR-21 and miR-92a 100 Serum RT-gPCR (H. Sietal., 2013)

miR-17, miR-155 152 Serum RT-gPCR (Eichelser et al., 2013)

let-7b and miR-202 102 Serum RT-gPCR (Joosse et al., 2014)

miR-21 and miR-105 53 Serum TagMan-gqPCR (Rodriguez-Martinez et al.,
2019)

miR-21 102 Serum RT-gPCR (Asaga et al., 2011)

Abbreviation: Ductal carcinoma in situ (DCIS); reverse transcriptase-real time polymerase chain reaction (RT-gPCR); TagMan-real time polymerase chain reaction
(TagMan-gPCR); droplet digital PCR (ddPCR)
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Dysregulated exomiRNAs either in blood, plasma or serum of breast cancer patients were
evaluated to identify potential biomarkers for breast cancer (Table 2.2). Serum and plasma
prepared from peripheral blood are easily accessible where serum is the liquid that remains
after the blood has coagulated, while plasma is the liquid that remains when clotting of blood
is prevented with addition of anticoagulant. Although the choice between serum or plasma
samples is rarely justified in publications, previous study showed no differences being observed
between plasma and serum particularly from human samples in regards to the expression profile
of the most expressed miRNAs, alignment rates and average miRNA detection (Dufourd et al.,
2019).

Studies demonstrated that dysregulated exomiRNAs in breast cancer can be used to
differentiate breast cancer patients from healthy control (Chan et al., 2013; Hannafon et al.,
2016; Heneghan et al., 2010; Li et al., 2018; Li et al., 2015; Mangolini et al., 2015; Matamala
etal., 2015; Schwarzenbach et al., 2012; Shen et al., 2014; Wang et al., 2010; Wang et al., 2013;
Waters et al., 2014). Moreover, a number of studies showed identifiable dysregulation of
circulating exomiRNAs in early stage of breast cancer, indicating their potential to be
developed as biomarkers for early detection of breast cancer (Cuk et al., 2013; Gao et al., 2017;
Kodahl et al., 2014; Si et al., 2013; Sochor et al., 2014; Zearo et al., 2014). The use of
exomiRNAs profile to discriminate breast cancer from other type of cancers was shown by a
remarkably large-scale study that profiled exosome from serum of 1280 patients with breast
cancer, 2836 healthy controls, 451 from patients with other cancer types and 63 from patients
with non-breast benign diseases. This study discovered and validated a panel of five miRNAs
(miR-1246, miR-1307-3p, MiR-4634, miR-6861-5p and miR-6875-5p) that discriminated
between patients with breast cancer and those with other cancer types as well as from healthy
controls (Shimomura et al., 2016). Not only that, aberration of circulating miRNAs enabled
detection of hormonal receptor status, tumour stage and presence of metastasis in breast cancer.
For example, a study reported elevated miR-34a in serum was correlated with tumour stage
while increased serum levels of miR-10b, miR-34a and miR-155 were associated with
occurrence of metastases in breast cancer (Roth et al., 2010). In consistent to finding by C.
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Roth et al. (2010), another study reported correlation of miR-34a and miR-155 to breast cancer
(Eichelser et al., 2013). Their study revealed the expression of miR-155 and miR-17 were
significantly higher in metastatic breast cancer. Moreover, elevated miR-373 was associated
with Her-2-negative primary tumour while miR-17 and miR-34a were correlated with PR/ER
status in breast cancer.

More examples have also displayed the potential of circulating-miRNAs as biomarker for
occurrence of metastasis in breast cancer. For instance, studies demonstrated the dysregulated
circulating exomiRNAs were able to differentiate patients with metastatic breast cancer from
those with non-metastatic breast cancer, benign breast cancer and healthy controls (Joosse et
al., 2014; Rodriguez-Martinez et al., 2019). Chem and colleague showed the expression of
circulating exomiR-21 could be used to distinguish breast cancer patients from healthy controls
and further distinguish patients with visceral metastases (Asaga et al., 2011). Not only that,
detected dysregulation of circulating exomiRNAs were found to associate with lymph node
metastasis in breast cancer (Chen et al., 2013; Kong et al., 2018; Si et al., 2013).

Dysregulated profiles of circulating exomiRNAs may also be associated with breast cancer
patients’ response to chemotherapy (Sun et al., 2012; Wang et al., 2012; Wu et al., 2012) and
occurrence of cancer relapse (Huo et al., 2016; Kleivi Sahlberg et al., 2015; Ni et al., 2018;
Sueta et al., 2017; Wu et al., 2012). With these characteristics, studies discovered the potential
of circulating exomiRNAs as predictive biomarkers for effectiveness of chemotherapy and
possible occurrence of cancer relapse in breast cancer (Kleivi Sahlberg et al., 2015; Wang et
al., 2012; Wu et al., 2012) (Table 2.2).

Apart from that, modulation of the dysregulated exomiRNAs that are correlated to breast
cancer progression had been suggested as a therapeutic strategy for cancer treatment. This can
be done either by restoring the tumour suppressive miRNAs through synthetic miRNA mimics
or inhibiting oncogenic miRNAs through anti-miRNA oligonucleotides. For example, exosome
may be loaded with anti-miRNA oligonucleotides with sequence complementary to the targeted
mature oncogenic miRNAs and delivered into the tumour for therapeutic purpose {Formatting
Citation}.
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In conclusion, from a diagnostic perspective, circulating exomiRNAs extracted from serum,
plasma or blood could reflect the activities within breast cancer cells, making them useful for
early disease detection, monitoring and prediction of occurrence of metastasis, treatment
response and cancer relapse. From a therapeutic perspective, circulating exomiRNAS have been
implicated in enhancement or restrained tumour growth, conferred drug resistance and
regulation of the induction of metastasis, thereby showing valuable information which could

be translated into breast cancer treatment.

2.6 Bioassays

2.6.1 Cancer stem cell-like cell isolation via magnetic activated cell sorting

Magnetic activated cell sorting (MACS) is widely used to isolate different types of cells in
various studies (Hansel et al., 1991; B. Schmitz et al., 1994; J. Schmitz et al., 1993; Semple et
al., 1993). It is also one of the commonly used methods to isolate stem cell-like cells from
cancers (Bussolati et al., 2008; Ricci-Vitiani et al., 2007). Unlike fluorescence activated cell
sorting (FACS) method that uses detection of fluorescent labelling and/or scattered light for
cell isolation (Herzenberg et al., 2002), MACS method involved small magnetic microbeads
conjugated with specific antibodies to isolate the desire subpopulation. Although FACS is
capable of isolating multiple subpopulations simultaneously, it requires longer time and more
expensive machinery, which is less time- and cost-effective than that of MACS (Sutermaster &
Darling, 2019). As the objective of this study focussed on isolating one subpopulation which
was CD24/CD44"-expressing CSC-like subpopulation, MACS method was selected to isolate

this CSC-like subpopulation from parental MDA.
2.6.2 Immunophenotyping assays

Immunophenotyping is defined as a process that uses antibodies to identify cells based on the
types of antigens or markers expressed by the cells. Immunofluorescent technique is now

widely used for cell identification, derived from immunophenotyping with conjugation of
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fluorochromes to antibodies whereby enable phenotype of cells to be revealed by evaluation of
fluorochrome labels. Antigen or markers labelled by fluorochromes can be assessed
qualitatively and quantitatively via two detection platforms, namely flow cytometry and

fluorescence microscopy.

FACS was invented in the late 1960s by Bonner, Sweet, Hulett, Herzenberg, and others to
perform flow cytometry and cell sorting of viable cells (Bonner et al., 1972; Herzenberg et al.,
2002; Hulett et al., 1973; Loken et al., 1977). It uses fluorescence as a quantitative tool to
measure the expression of conjugated protein quantitatively. Alternatively, expression of
conjugated proteins can be observed qualitatively through fluorescence microscope (Drummen,

2012; Masters, 2010).

As FACS-flow cytometry is a sensitive, fast and easy method to analyse a large number of
single cells for several parameters simultaneously (Herzenberg et al., 2002; Lopresti et al., 2019)
while fluorescence microscope enable visual of protein expression (Rost, 2017; Vikram et al.,
2020), combination of these techniques are often used for immunophenotyping in many cancer
studies including for breast cancer (Boo et al., 2017; T. Liu et al., 2019; Lopresti et al., 2019).
Therefore, both flow cytometry and fluorescence microscope were used to investigate the
expression of breast CSCs biomarkers including CD247/CD44" and ALDH1AL1 quantitatively

via FACS-flow cytometry and qualitatively via fluorescence microscope in this study.

2.6.3 Assessment of cytotoxicity of cisplatin

2.6.3.1 MTT assay

Cell viability is a universal endpoint that is measured in many drug discovery efforts across a
variety of disease models. There are numerous cell viability assays available that measure
different biomarkers, including adenosine triphosphate (ATP), reducing potential, and cellular
enzyme activity of cells. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) is one of the assays used to estimate the metabolic condition of the experimented cells

through a quantitative colorimetric-based assay (Oez et al., 1990). This assay was first
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discovered in 1983 and functions via impulse that viable cells have practical mitochondria and
possess the ability to digest MTT through the aid of enzymes (Mosmann, 1983). NAD(P)H-
dependent cellular oxidoreductase enzymes within the mitochondria responsible for changing
the yellow water-soluble tetrazolium salt into the water-insoluble purple formazon crystals
through a metabolic process is called the mitochondria dehydrogenease (Twentyman &
Luscombe, 1987). To dissolve the purple formazon crystals for quantification of the absorbance
value, organic solvents namely (DMSO) is used to solubilise the crystals, which the intensity
of solution is measured by a wavelength of 500-600 nm. As viable cells are exclusively capable
to reduce the tetrazolium salts metabolically, MTT assay is able to distinguish between viable
and non-viable cells, making it an exceptionally suitable assay to assess cell viability. In breast
cancer research, MTT assay often serves as preliminary screening to determine the
effectiveness of drugs or compounds in killing selective breast cancer cell lines (Hastings &
Kenealey, 2017; Razak et al., 2019). The advantages of this assay include being inexpensive
and reproducible, thus was used to determine ICso of cisplatin for later use on acquirement of

cisplatin treated subpopulations in this study, as elaborated in section 3.1.4.

2.6.3.2 Apoptosis assay

Programmed cell death, also known as apoptosis, is identified by specific morphological
attributes and systems which are energy-dependent. Activation of apoptosis is characterised by
specific morphologic features inclusive of the loss of plasma membrane asymmetry and
attachment, plasma membrane blebbing, condensation of the cytoplasm and nucleus, and

internucleosomal cleavage of DNA (Cotter et al., 1997; EImore, 2007).

Annexin V/propidium iodide (Annexin V/PI) is a commonly used assay to assess occurrence
of apoptosis based on the specific morphologic features of apoptotic cells. The membrane
phospholipid phosphatidylserine (PS) of apoptotic cells in early stage is translocated from the
inner to the outer leaflet of the plasma membrane, thereby exposing PS to the external cellular

environment (Kenis et al., 2004; Vermes et al., 1995). Annexin V, a 35-36 kDa Ca?*-dependent

55



phospholipid-binding protein, is highly affinite for PS, thereby binds to exposed apoptotic cell

surface PS (Casciola-Rosen et al., 1996; van Engeland et al., 1996; Vermes et al., 1995).

Annexin V can be conjugated to fluorochromes (such as FITC) while retaining its high affinity
for PS and thus serves as a sensitive probe for flow cytometry analysis of cells undergoing
apoptosis (Elmore, 2007). Consequently, PS translocation precedes the loss of membrane
integrity, which accompanies the later stages of apoptosis. Therefore, staining with Annexin V
is typically used in conjunction with a vital dye such as Pl to differentiate early and late
apoptotic cells. As Pl is a membrane-impermeant nucleic acid intercalator, viable cells with
intact membranes exclude PI, whereas the membranes of dead and damaged cells are permeable
to PI. Therefore, cells that are considered viable display Annexin V/PI- while cells that are in
early apoptosis display Annexin V*/PI, and cells that are in late apoptosis or already dead

display Annexin V*/PI*.

Similar to previous studies (Fani et al., 2016; Jiang et al., 2017; X. Zhu et al., 2020), Annexin
V/PI analysis via flow cytometry was selected to evaluate apoptotic event triggered by cisplatin
guantitatively rather than assessing these signals qualitatively under fluorescent microscope
due to higher sensitivity of detecting singular apoptotic cells and distinguish different stages of

apoptosis quantitatively.

2.6.3.3 Cell cycle analysis

Cell cycle is defined as “the operation of dividing a single cell into two daughter cells” (Binder
& Landman, 2009). The process is complex, involving growing and proliferating of cells in the
development of the organism, repairing of damaged DNA, response towards injury including

cancer (Alberts et al., 2002).

The use of flow cytometry in cell cycle analysis was first introduced in 60’s (Kamentsky et al.,
1965; Van Dilla et al., 1969) and has now become a commonly used assay to assess cell cycle

pattern in breast cancer studies (Murad et al., 2016; Ross et al., 2003; Spyratos, 1993). Cell
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cycle process involves a sequence of events, morphologically subdivided into four phases

namely are G1, S, M and G2 phases (Lim & Kaldis, 2013).

Flow cytometry cell cycle analysis that is capable to determine the cell cycle phase at a single
cell level via the expression of DNA content often used to study the alteration of cell cycle
pattern in breast cancer cells (J.-Y. Hong et al., 2014; E. Park, 2016). With that, flow cytometry
cell cycle analysis is used to detect cell cycle pattern in breast cancer cell induced by cisplatin

in this study.

2.6.3.4 Invasion and migration assays

As compared to benign tumour that remains confined to its original location without invading
or spreading to distant body sites, malignant tumour can metastasise to distant site by invading
surrounding normal tissue and spreading throughout the body (Cooper, 2000). Metastasis is one
of the contributors for high mortality rate in cancer patients (Seyfried & Huysentruyt, 2013).
Since migratory and invasive capacities are essential to induce metastasis, investigating

invasion and migration in tumour cells maintain important factors for anti-cancer studies.

The name Boyden chamber assay was originated by Boyden, whom invented the transwell
assay to study the chemotactic influence of leukocytes (Boyden, 1962). Thereafter, the
transwell migration and invasion assays were designed using modified and enhanced versions
of the Boyden chambers to fit to various cell types including epithelial (Chen et al., 2012) or
more specifically breast cells (Tao et al., 2008). The transwell migration assay depends on dual
medium including chambers with porous membrane whereby cells transmigrate (Figure 2.10A).
Migrated cells are then detected and quantified by fixation on the membrane followed by

staining and quantification.

On the other hand, the concept of the transwell invasion assay setup is similar to that of
transwell migration assay (Figure 2.10B). However, cells have to invade through protein
barrier gel, for example, Matrigel®, which is secluded from the Englebreth-Holm-Swarm

mouse sarcoma, a tumour rich in ECM proteins (Moutasim et al., 2011). Matrigel overlays the
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porous filter in advance of cell seeding on top chamber (Albini & Benelli, 2007; Marshall,
2011). The function of the protein gel is to block any non-invasive cells from migrating. In
comparison, cells that are capable to invade will degenerate the protein gel and infuse through
to attach at the bottom of the filter. Cells that invaded across Matrigel and membrane pores can

be stained and quantified.

A Migration assay B Invasion assay

Transwell
chamber

~ Serum free
—t— media

Protein gel ——

" Supplemented ),")
complete media

. . - ~._ Migrated/invaded /// . .

cells

Figure 2.10: Transwell assays. (A) Migration assay and (B) invasion assay.

This assay has been broadly commercialised in the production of disposable transmembrane
inserts for 24- or 96-well tissue culture plates. Furthermore, membranes with a variety of pore
sizes to accommodate different cell types are available (Chung et al., 2018; Hulkower & Herber,
2011), making this a suitable assay to study metastatic ability in various cell types including

breast cancer cell line.

In fact, Transwell migration and invasion assays often used to evaluate the migratory and
invasive abilities of breast cancer cells (C.-L. Liu et al., 2019; Tian et al., 2018). Therefore,
anti-metastatic effect of cisplatin on breast cancer cells in this study was assessed via transwell

migration and invasion assays.
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2.6.3.5 Mammosphere formation efficiency test

CSCs are characterised as self-renewal, possessing ability to renew itself indefinitely in an
undifferentiated state, unlimited proliferative potential, even capable to give rise to daughter
cells with differentiation potential through asymmetric cell division (Wicha et al., 2006). Self-
renewability of cells can be evaluated via spheroid formation assay, which was first discovered
by Reynolds and Weiss in year 1992 (Reynolds & Weiss, 1992). They aimed to isolate stem
cell-like cell from adult brain tissues and culture the single cell in suspension culture with media
supplemented with EGF and FGF. To their surprised, neural cell in suspension culture was able
to generate a sphere-like structure and they then named it as ‘neurosphere’. The generated
neurosphere was again being dissociated and culture in media consisting EGF and FGF.
Remarkably, the mechanically dissociated primary neurosphere is able to form the anchorage
independent secondary sphere indicating acquirement of self-renewability in stem cell
(Reynolds & Weiss, 1992). With the same conditioned media, sphere formation assay was
developed to investigate the ability of malignant stem cells such as the brain, colon, melanoma

prostate and breast CSC in forming the sphere-like structure (Nguyen et al., 2012).

Today, mammomsphere formation assay is one of the most commonly used assays to evaluate
self-renewability of breast cancer cells based on its ability to generate sphere-like structure
observed under microscope for calculation of sphere forming efficiency (% SFE) derived from
both primary tissue and breast cancer cell lines (Lombardo et al., 2015; R. Wang et al., 2014).
Therefore, the effect of cisplatin on self-renewability of breast cancer cells was evaluated via

mammomsphere formation assay in this study.

2.6.4 Quantitative Real Time Polymerase Chain Reaction

Study of gene expression is a useful tool in quantifying transcription levels of specific genes.
In order to determine the gene expression, measurement of mMRNA levels of specific genes is
important (Padovan-Merhar & Raj, 2013). There are several methods that are commonly used

in analysing mRNA expression include northern blotting, in situ hybridization, and Real Time
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Polymerase Chain Reaction (RT PCR) (Bartlett et al., 2012). Among these methods, Real Time
reverse transcription (RT?) PCR is the most sensitive and reliable method for gene expression
analysis. It monitors the amount of amplicon generated as the reaction progresses by monitoring

reporter dye fluorescence (Overbergh et al., 2003).

This advanced technology manages to quantitate PCR products in real time, during plateau as
well as during exponential phase (Sugden & Winter, 2008). In addition, a simplified and pre-
optimised real-time PCR system, namely RT? Profiler™ PCR Array System can reduce the
time-consumed to study multiple genes simultaneously. RT? Profiler™ PCR Array is widely
used for gene profiling in many breast cancer studies (Arikawa et al., 2007; Comanescu, 2013).
The system is made up of a 96- or 384-well plate containing primers for a set of 84 related
genes, plus five housekeeping genes (HKG), and three controls. It combines the quantitative
performance of SYBR® Green-based real-time PCR with the multiple gene profiling

capabilities of a microarray.

In order to efficiently study multiple genes of interest simultaneously, RT? Profiler™ PCR
Array was used in this study to evaluate cisplatin-induced dysregulation of these genes in breast

cancer cells.
2.6.5 Exosome characterisation

EVs are a category composed of subgroups including exosomes, prostasomes, oncosomes,
dexosomes, microparticles, promininosomes, argosomes, and exosome-like vesicles,
depending on their cellular origin and biological function (Zaborowski et al., 2015). Among
these, the exosome has been reported as a cell communicator in cancer (Camussi et al., 2010;
Zaharie et al., 2015). Exosome is often characterised by its size of 10-200 nm (Val et al., 2017)
and expression of specific biomarker through transmission electronic microscopy (TEM)

(Klymiuk et al., 2019; Mazzeo et al., 2015; Théry et al., 2002) .

Dynamic light scattering (DLS) is an approach used to determine sizes of microvesicles,

including exosome (Lane et al., 2015; Val et al., 2017) whereby light-scattering characteristics
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of laser light on suspended particles that are undergoing Brownian motion is used to measure
particle size (Stetefeld et al., 2016). However, the accuracy of DLS is limited by the purity of
sample, such as difficulty in differentiating between EVs in suspensions of particles with varied
sizes (Wimmel et al., 2001). As such, DLS is often combined with TEM to characterise
exosomes based on size and biomarker expression for better accuracy (Qadir et al., 2018; Val

etal., 2017; Zhang et al., 2018).

TEM is a microscopy technique in which a beam of electrons is transmitted through a specimen
to form an image. The first TEM was demonstrated by Max Knoll and Ernst Ruska in 1931,
with this group developing the first TEM with resolution greater than that of light in 1933 and

the first commercial TEM in 1939 (Lambert & Mulvey, 1996).

TEM is the most widely used instrument to monitor the quality and purity of EV-containing
samples, because it is able to discriminate single EVs from similar sized non-EV particles
(Coumans et al., 2017; Van Deun et al., 2017). Most exosomes were visualised by negative
TEM (Liu & Wang, 2011; Thery et al., 2006; Wang et al., 2015), and these results were
confirmed by immunolabeling of tetraspanins including CD9, CD82, CD63 and CD81 in whole
mount vesicle for characterisation of exosome (Hessvik & Llorente, 2018; Jung & Mun, 2018;

Mazzeo et al., 2015).

As refereed to previous studies (Qadir et al., 2018; Val et al., 2017; Zhang et al., 2018),
combination of DLS and immune-labelling TEM was used to verify the identity of exosome
not only through its size via DLS, also by the expression of its biomarkers via TEM in this

study.

2.6.6 Transcriptomic profiling of exosomal-miRNAs

Small RNAs (sRNAs) are known to regulate various organisms in many biological processes
including embryo development, cell differentiation, proliferation and apoptosis (Ghildiyal &
Zamore, 2009). Eukaryotic regulatory sRNAs typically range in size from ~20 to 30 nt

comprises three major classes which are miRNA, siRNA and piwi-interacting RNAs (piRNA).
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The synthesis of miRNAs can occur in extracellular microvesicles, results in formation of
exomiRNAs. Altered exomiRNAs expression profiles have been implicated in a number of
cancers (Ebrahimkhani et al., 2018; Q. Huang et al., 2018), highlighting the importance of

understanding the impact of dysregulated exomiRNAs in cancer biology.

Next-generation sequencing (NGS) is one of the most powerful tools for analysis of SRNAs. In
advantage, NGS allows for the discovery of novel SRNAs, has a better signal to noise ratio than
microarrays and does not suffer of saturation effects as compared to microarray or gPCR.
Furthermore, it allows detection of single base differences and has a higher throughput than
gPCR (Gao et al., 2016; Ghildiyal & Zamore, 2009). Prior knowledge on miRNAs is not needed
in this case. In a typical SRNA library preparation process, adapters are ligated to the RNAs
followed by reverse transcription and PCR amplification. The generated sSRNA library can be
sequenced by different sequencers such as NextSeq, HiSeq, MiSeq and MiniSeq, each with
different maximum output. With that, users can choose the most suitable sequencing platform
according to the objective of their studies. NGS is commonly used in transcriptomic profiling

of miRNAs in breast cancers (Martinez-Gutierrez et al., 2019; Wu et al., 2020).

Other than NGS, a relatively newer technology known as nanostring nCounter miRNA
Expression Assay has been introduced to investigate the expression of miRNAs. With total
RNA input as low as 100ng, nanostring enables users to rapidly and efficiently profile 798
highly curated human miRNAs. This product provides a sensitive, reproducible, and highly
multiplexed method for detecting specific miRNAs within purified RNA isolated from any
source, including fresh or frozen cells and tissues, formalin-fixed paraffin-embedded (FFPE)
samples and biological fluids, including exomiRNAs. Nanostring offers direct digital counts of
each miRNA without the use of reverse transcription or amplification. It is a unique, targeted
discovery and validation tool that enables collection of expression data in a short amount of
time with minimal hands-on manipulation. Nanostring has now involved in profiling or
validating miRNAs expression in various studies including cancer studies (Armstrong et al.,

2015; Foye et al., 2017).
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Taken together, NGS was used to profile the expression of exomiRNAs where the determined
dysregulated exomiRNAs was further validated by Nanostring to identify potential therapeutic

targets and biomarkers for breast cancer in this study.
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Chapter 3

Method

3.1 Preparation of triple negative breast cancer subpopulations

3.1.1 Cell culture for triple negative breast cancer cells

The human TNBC cell line, MDA-MB-231 was purchased from (ATCC, USA). MDA-MB-
231 was cultured under adherent culture condition sustained by RPMI-1640 (Sigma-Aldrich,
USA) supplemented with 10% of fetal bovine serum (FBS) (Gibco, USA). Cancer cells were
cultured at 37°C in 5% CO; humidified atmosphere and were sub-cultured upon reaching 70%

confluency.

3.1.2 Isolation of triple negative breast cancer stem cells via magnetic-activated

column sorting

Isolation of CSC-like subpopulation was conducted via magnetic-activated cell sorting (MACS)
separation which involved MACS Column and MACS separator (Miltenyi Biotec, Germany).
The parental MDA-MB-231 cells (abbreviated as pMDA from here onwards) were filtered
using 70um cell strainer (BD, USA) to obtain single cell suspension prior to cell sorting. MACS
separation was conducted according to protocol provided by manufacturer. Briefly, the 24
subpopulation was first isolated CD24 MicroBead kit (Miltenyi Biotec, Germany) via negative
selection of CD24 expressing cells followed by positive selection of CD44 expressing cells
using anti-CD44-PE (Biolegend, USA) and anti-PE MicroBead (Miltenyi Biotec, Germany) as
shown in Figure 3.1. This resulted in acquirement of CD24°/CD44* CSC-like subpopulation

(abbreviated as CSC-MDA from here onwards).
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Figure 3.1: Isolation of CSC-like subpopulation, (CD24/CD44%)-expressing MDA-MB-231 via
MACS. A) Cells of interest are magnetically labelled with respective antibodies and MACS MicroBeads.
Labelled cells is separated magnetically, first through B) negative selection of CD24-expressing cells
by collecting the flow-through fraction followed by C) positive selection of CD44*-expressing cells by
eluting the retained cells from the column removed from separator to acquire CD24°/CD44*-expressing
cells.

3.1.3 Determination of I1Cso value of cisplatin on triple negative breast cancer cells via

MTT assay

MTT assay (Sigma-Aldrich, USA) was conducted to determine the half maximal inhibitory
concentration (ICso value) of cisplatin (Merck, USA). The pMDA cells were seeded at a cell
density of 8000 cells/well in flat bottom 96 well plate (BD, USA) and incubated at 37°C in 5%
CO for 24 hours to achieve 70% confluency. Seeded cells were treated with a range of cisplatin
from 0 - 200uM. Cisplatin treated plate was incubated for 24, 48 and 72 hours followed by
addition of 20pL of MTT solution (5mg/mL). The insoluble formazan crystal formed was
observed and solubilised in Dimethyl sulfoxide (DMSO) (Fisher Scientific, USA) before
absorbance readings were taken by microplate reader (i Quant Biotek Instruments, USA) at
wavelength of 570nm. The shortest time point with stabilised drug cytotoxicity was selected

for acquirement of cisplatin-treated triple negative breast cancer subpopulations.
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3.1.4 Acquirement of cisplatin-treated triple negative breast cancer subpopulations

A seeding density of 2 x 10° of cells from pMDA and MACS-isolated CSC-MDA were seeded
in 6 well plate (BD, USA) for 24 hours until cancer cells reached 70% confluency. As longer
culturing duration can induce higher rate of cell differentiation, it is crucial to select the shortest
time point with stable cisplatin cytotoxic effect, which was the acquired ICso value of cisplatin
at 48 hours, to acquire cisplatin-treated subpopulations. This can ensure the best maintenance
of cell stemness of the MACS-isolated untreated CSC-MDA after a total of 72 hours of culture
duration (including 24 hours of incubation to allow cells adhere on plate followed by 48 hours
of incubation duration, similar to treatment duration for cisplatin-treated subpopulations) prior
assessing the phenotypic and genotypic characteristics of cancer cells. After 24 hours, the
seeded cells that achieved 70-80% of confluency were then treated with the identified 1Cso value
of 56uM cisplatin (Merck, USA) for 48 hours. A total of four MDA subpopulations as listed

below were acquired and investigated by bioassays in following sections.

.  pMDA control
Il.  Treated pMDA
Ill.  CSC-MDA control

V. Treated CSC-MDA
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3.2 Evaluation of breast cancer stem cell biomarkers expression

3.2.1 Immuno-phenotyping for expression of surface markers CD44 and CD24 via flow

cytometry

Anti-CD44 and anti-CD24 flow-cytometry was conducted to quantify breast CSC-like cells
(CD24/CD44%). Cancer cells were harvested and counted to prepare appropriate number of
cells for flow analysis. A number of 1 x 10° cells/mL of single cell suspension were suspended
in 100pL of PBS followed by double staining with 1:40 dilution of anti-CD24-FITC (Biolegend,
USA) and anti-CD44-PE (Biolegend, USA) in PBS. The reaction was incubated at 4°C for at
least 1 hour in dark. The cells were then washed with PBS to remove unbound dyes. Stained
cell pellet was resuspended in 500uL of fresh PBS then subjected by BD Accuri C6 flow

cytometer and analysed using BD Accuri C6 software (BD, USA).

3.2.2 Immuno-phenotyping for expression of intracellular protein ALDH1A1 via flow

cytometry

As ALDH1AL1 is one of the commonly used biomarkers for breast CSCs, anti-ALDH1A1-APC
flow cytometry was conducted to study the stemness of MDA subpopulations. Anti-ALDH1A1
(Cell Signalling Technology, USA) antibody was first conjugated to lightning-link APC
antibody labelling kit (Innova Biosciences Ltd, USA) to obtain anti-ALDH1A1-APC antibody.
The APC-conjugated anti-ALDH1A1 was prepared at a concentration of 0.01ug/uL, mixed in
PBS. LL-modifier and LL-APC were first added to anti-ALDH1A1 and incubated at 4°C
overnight. LL-quencher was then added and incubated with anti-ALDH1A1-APC at 4°C for 30
minutes in dark according to manufacturer’s manual prior usage. Harvested cells were pelleted
and fixed by 4% paraformaldehyde solution (Thermo Fisher Scientific, USA) at 4°C for 10
minutes. The fixed cells were washed twice in cold PBS and permeabilised by 100uL of cold
0.25% Triton-X-100 (Merck, USA) with PBS for 10 minutes. The permeabilised cells were
rinsed twice with cold PBS (incubated for 5 minutes each time) before stained with 1:200

dilution of anti-ALDH1A1-APC in PBS at 4°C for 1 hour in dark. The cells were washed with
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PBS to remove unbound dyes. Stained cells pellets were resuspended in 500uL of fresh PBS
then subjected by NovoCyte flow cytometer and analysed using NovoExpress Software (ACEA

Biosciences, USA).

3.2.3 Immunofluorescence microscopy detection of surface markers CD44/CD24 and

intracellular marker ALDH1A1

Both pMDA and isolated CSC-MDA were seeded at a cell density of 8000 cells/well in flat
bottom 96 well plate (BD, USA) and incubated at 37°C in 5% CO, for 24 hours to achieve 70%
confluency. These seeded cells were treated by 56uM of cisplatin for 48 hours. Before the
control and treated pMDA and CSC-MDA were fixed, medium was carefully removed from
wells and cells were rinsed twice with PBS to remove residue from medium. Cells in each well
were fixed by 50pL of 4% paraformaldehyde solution (Thermo Fisher Scientific, USA) at room
temperature for 10 minutes. Fixed cells were then washed twice by PBS at room temperature
and blocked with blocking solution, 1% BSA (Sigma-Aldrich, USA) in PBS for 1 hour at room
temperature. Cells were double stained with two antibodies, anti-CD24-FITC (Biolegend, USA)
and anti-CD44-Alexa-Fluor 647 (Biolegend, USA) with 1:40 dilution of antibodies in PBS at
4°C for 1 hour in dark, allowing conjugation of antibodies to the surface markers on the cells.
These immunofluorescent samples for ALDH1A1 were fixed similarly as described early for
immunophenotyping of CD44 and CD24 surface markers but without the blocking step. Fixed
cells were permeabilised with S50uL of cold 0.25% Triton-X-100 with PBS (Merck, USA) for
10 minutes. The permeabilised cells were rinsed twice with cold PBS (incubated for 5 minutes
each time) before stained with 1:200 dilution of anti-ALDH1A1-APC in PBS, at 4°C for 1 hour
in dark. Both CD24/CD44 and ALDH1AZ1 stained cells were rinsed twice with PBS (incubated
for 5 minutes each time) before counterstained with 0.5ug/mL of Hoescht solution (Sigma-
Aldrich, USA) at room temperature for 10 minutes. The counterstained cells were rinsed once
with PBS for 10 minutes and 100uL of fresh PBS was added in well prior to imaging. CD24
and CD44-stained cells were imaged via FITC, Alexa-Fluor 647 and Hoeschst filters while

ALDH1A1-stained cells were imaged via APC and Hoeschst filters using Zeiss microscope

68



(Carl Zeiss AG, Germany). The captured images were further processed and exported via Zeiss

Zen microscope software (Carl Zeiss AG, Germany).

3.3 Assessment of cytotoxicity of cisplatin on breast cancer stem cells

3.3.1 FITC-Annexin V/PI staining apoptosis assay

Harvested cells were washed twice with PBS and resuspended in 1 x binding buffer provided
in FITC Annexin V Apoptosis Detection Kit | (BD, USA) where 100uL of solution consisting
1 x 10° of cells was stained by FITC-Annexin V and PI as described in manufacturer’s manual
for FITC Annexin V Apoptosis Detection Kit | (BD, USA). The cells were incubated at room
temperature for 15 minutes in dark. For identification of apoptotic cells, stained cells were
subjected by BD Accuri C6 flow cytometer and analysed using BD Accuri C6 software (BD,

USA).
3.3.2 Cell cycle analysis

Harvested cells were washed with buffer solution (BD Biosciences, USA) and subjected to cell
cycle analysis using Cycletest™ Plus DNA Reagent Kit (BD Biosciences, USA) as referred to
the manufacturer’s manual. The washed cell pellets were successively resuspended and
incubated in solution A (trypsin), solution B (trypsin inhibitor and RNAse A) and solution C
(PI) for 10 minutes respectively. Stained cells in mixed solution were subjected by NovoCyte

flow cytometer and analysed using NovoExpress Software (ACEA Biosciences, USA).
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3.4 Assessment of metastatic ability of cisplatin-treated breast cancer

stem cells

3.4.1 Transwell migration and invasion assays

Migration and invasion assays were conducted to assess the metastatic ability of TNBC cells
after cisplatin treatment. For invasion assay, 1 x 10° cells in 500uL of serum free RPMI were
seeded onto 8um Transwell-24 (BD, USA) coated with 50pL of 1:3 dilution of Matrigel
basement membrane matrix (BD, USA) in serum free RPMI, which was mounted into a 24 well
plate (SPL, Korea). The mounted Transwell-24 was submerged into 750uL of RPMI
supplemented with 10% FBS. Migration assay was conducted similarly using Transwell-24
without Matrigel coating. Cells were incubated 72 hours for invasion assay and 48 hours for
migration assay followed by cell fixation using methanol (Merck, USA). The dissolved 0.2%
(w/v) crystal violet (Sigma-Aldrich, USA) with absolute ethanol (Merck, USA) was used for
staining the cells before Transwell was viewed under microscope (Nikon, Japan). Stained
Transwells were destained using 30% acetic acid (Thermo Fisher Scientific, USA) to quantify
the invaded and/or migrated cells by measuring the absorbance readings at wavelength of
595nm using Elisa plate reader (1 Quant Biotek Instruments, USA). Rate of invasion and

migration were calculated based on formula shown below.

x 100%

. . . . OD tested subpopulation
Rate of migration and invasion (%) =
g ( /0) OD pMDA control

3.5 Evaluation of self-renewability of cisplatin-treated breast cancer

stem cells

3.5.1 Mammosphere formation efficiency test

Harvested cells were seeded into U-bottom 96 well plate (BD, USA) at a cell density of 200

cells per well and sustained in DMEM/F12 (Sigma-Aldrich, USA) supplemented with 20ng/pL
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of epidermal growth factor (EGF) (Peprotech, Israel), 20ng/puL of basic fibroblast growth factor
(bFGF) (Peprotech, Israel), 1% B27 (Gibco, USA), 10ug/mL insulin (Thermo Fisher Scientific,
USA), 0.5pg/mL hydrocortisone (Nacalai Tesque, Japan), 1% Penicillin-Streptomycin
solution (Gibco, USA), 1% L-glutamine (Thermo Fisher Scientific, USA) and 0.4% Bovine
Serum Albumin (BSA) (Sigma-Aldrich, USA). To study the mammosphere formation
efficiency of these MDA subpopulations, the seeded cells were observed for 14 days and the
numbers of generated mammosphere were counted. Mammaosphere formation efficiency was

calculated based on formula shown below.

Number of well with generated
mammosphere on day 14 0
48 mammosphere x 100%
seeded well on day 0

Mammosphere formation efficiency (%) =

3.6 Profiling of cisplatin-induced dysregulation of cancer stem cells

correlated-gene expression

3.6.1 RNA extraction from breast cancer cells

Total RNA extraction was conducted using QlAzol (Qiagen, Germany) with modification to
the protocol. 3 x 10° of culture cells were prepared for RNA extraction to ensure optimal yield
and purity of total RNA is obtained. The collected cells were homogenised in 750pL of QlAzol
and incubated at room temperature for 5 minutes. After the incubation, 150 pL of chloroform
(Merck, USA) was added to the homogenised sample and shake vigorously for 15 seconds prior
to a 3 minutes incubation. Phase separation of the homogenised sample was conducted by
centrifuging the sample at 12000 xg for 15 minutes under 4°C. After centrifugation, the mixture
was separated into 3 phases. RNA was retained in the uppermost aqueous phase which was
being carefully transferred to a new tube for RNA precipitation. 375uL of 2-propanol (Merck,
USA) was added to the RNA aqueous and incubated at room temperature for 10 minutes. The

mixture was centrifuged at 12000 xg for 10 minutes under 4°C for RNA precipitation.
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Supernatant was carefully removed and discarded without disrupting the precipitated white
RNA pellet. RNA pellet was washed twice with 750uL of 75% ethanol and the dislodged RNA
pellet was re-pelleted by centrifuging at 8600 xg for 5 minutes while 75% ethanol wash was
removed and discarded. Lastly, the cleaned and dried RNA pellet was resuspended in 30uL of
RNase free water and kept in -80°C until further use. The purity and concentration of extracted
total RNA was measured using NanoPhotometer UV/Vis spectrophotometer (Implen,
Germany). Only RNA samples that achieved good purity (absorbance ratios between 1.8 to 2.0

for Azeo/Azgo and greater than 1.8 for Azso/Azzo) were used in this study.

3.6.2 Quantitative Real-Time PCR array for cancer stem cells-correlated genes

DNA contaminant was cleaned from 2.5ug of total RNA prior to cDNA conversion using RT?
first stand kit (Qiagen, Germany). The cDNAs obtained were loaded into RT? profiler PCR
array for human CSCs panel (Qiagen, Germany) followed by addition of SYBR Green
Mastermix (Qiagen, Germany). The cDNA was subjected to real-time polymerase chain
reaction using CFX96 (Bio-Rad, USA) to quantify gene expression of the CSC-correlated genes
in PCR array. Gene expression was analysed using Bio-Rad CFX Manager (Bio-Rad, USA)
while the dysregulation of genes was analysed using RT? Profiler PCR Array Data Analysis
Webportal (Qiagen, Germany) normalised using beta-2-microglobulin (B2M), hypoxanthine
phosphoribosyltransferase 1 (HPRT1) and ribosomal protein lateral stalk subunit PO (RPLPO)

housekeeping genes.

3.6.3 Gene ontology enrichment pathway analysis of dysregulated genes

Enrichment of gene ontology (GO) terms of dysregulated gene profiles were determined

through PANTHER classification system (http://www.pantherdb.org/) (Thomas et al., 2003).

The PANTHER overrepresentation test version 15.0 was used (Fisher’s exact test with false
discovery rate (FDR) multiple test correction) by comparison with GO database release 2020-

02-14. P-values < 0.05 were regarded as statistically significant for the analysis.
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3.7 Exosome characterisation

3.7.1 Preparation of cultured media for collection of exosome

Each MDA subpopulation was cultured under adherent culture condition sustained by RPMI-
1640 supplemented with 10% of exosome-depleted serum (Gibco, USA). Cancer cells were
cultured at 37°C in 5% CO- humidified atmosphere. Exosome-free media was collected from
untreated cancer cells upon 80% confluency whereas exosome-free media from treated cancer
cells were collected after cancer cells were treated with 56uM cisplatin for 48 hours (Merck,

USA).
3.7.2 Exosome isolation

Cell debris was removed from the collected media by centrifuging at 10000 xg for 30 minutes
at 4°C using Eppendorf centrifuge machine 4810R (Eppendorf, Germany) and filtered using
0.22um syringe filter membrane (Merck, USA). The exosome in cell debris-fee media was
concentrated by ultracentrifugation at 100,000 xg for 90 minutes at 4°C using ultracentrifuge
machine (Beackham Coulter, USA). Supernatant was carefully removed while the purified
exosome pellet was fixed with 4% paraformaldehyde solution (Thermo Fisher Scientific, USA)

for 5 min.
3.7.3 Verification of exosome via dynamic light scattering measurement

DLS measurements were performed with a ZetaSizer 3000-HA (Malvern Instruments, UK).
Samples were diluted 1:1000 in PBS to a total volume of 1.5 mL. Three measurements were
performed, with standard settings (Refractive Index = 1.37, absorption: k = 0.01, temperature

= 25°C).
3.7.4 Verification of exosome via transmission electron microscope
A volume of 7 pL of fixed exosome was loaded on carbon/formvar coated 400 mesh copper

EM grids (ProSciTech Pty Ltd, Australia) and incubated for 5 minutes. The exosome-loaded
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grid was rinsed with PBS thrice, 10 minutes for each rinse. Grid was blocked with a drop of
blocking buffer (PBS containing 1% BSA) for 15 minutes. Grid was stained with 1:25 dilution
of anti-CD63 and anti-CD9 mouse monoclonal (Santa Cruz Biotechnology, USA) in 0.1%
BSA-PBS respectively 2 hours at 4°C. Grid was rinsed thrice with 0.1% BSA-PBS and stained
with anti-mouse secondary antibody 10 nm of gold particle diluted at 1:25 dilution in 0.1%
BSA-PBS for 1 hour. The grid was washed by two separate drops of 0.1% BSA-PBS followed
by one separate drop of distilled water wash. Negative staining was performed by staining the
grid surface with of filtered 1% uranyl acetate (UA) (Thermo Fisher Scientific, USA). Excess
UA was removed from grid using filter paper followed by a quick rinse of the grid with water
to further remove the excess staining solution. Stained grid was dried for 10 minutes at room
temperature and viewed under JEM-2100F transmission electron microscope (Joel, Japan) at

100kV.

3.8 Exosomal-miRNAs profiling with different panels

3.8.1 Isolation of miRNASs from exosome

Exosomal-RNA was extracted from collected exosome-free cultured media. Firstly, cell debris
was removed from the collected media by centrifuging at 10000 xg for 30 minutes at 4°C using
Eppendorf centrifuge machine 4810R (Eppendorf, Germany) and filtered using 0.22um syringe
filter membrane. The exosome in cell debris-fee media was concentrated by ultracentrifugation
at 100,000 xg for 70 minutes at 4°C using ultracentrifuge machine (Beackham Coulter, USA).
Exosomal-RNA was extracted from the concentrated media using ExoRNeasy maxi kit (Qiagen,

Germany) as described by manufacturer.

3.8.2 Library preparation and screening of exosomal-microRNA via next generation

sequencing

For small RNA library preparation, at least 30ng of miRNA was used as input. The libraries

were constructed using NEBNext Multiplex Small RNA Library Prep Set for Illumina (New
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England BioLabs Inc.). To compensate for sample with low RNA input, adaptors and primers
were diluted 1:2 in nuclease-free water. Index sequences made of six-base combinations were
then incorporated into the PCR products. Size selection of purified PCR products by QlIAquick
PCR purification kit (Qiagen, Germany) was performed by 6% polyacrylamide (PAGE) gel
electrophoresis, selecting bands of 140 base pairs. Fragment sizes of selected libraries were
assessed using capillary electrophoresis (CE) followed by 75 cycles of single-end sequencing
and sequenced by the Illumina MiniSeq platform (Illumina) to produce raw FASTQ files.
Briefly, the quality of the sequenced reads was assessed using the FastQC application

(distributed by Babraham Institute, Cambridge, UK).

3.8.3 Screening of exosomal-microRNA via Nanostring

The multiplexed NanoString nCounter miRNA expression assay (Human v3 miRNA panel)
was performed to profile 800 human miRNAs (NanoString Technologies, USA). The assay was
conducted according to manufacturer’s manual. A total exosome RNA input of 100ng was used
as input material. For NanoString nCounter miRNA sample preparation, RNA input was mixed
with pairs of capture and reporter probes tailored to each miRNA for hybridization, followed
by removal of unligated material via enzymatic purification. The aligned and immobilized
probe-bound miRNAs on a surface of nCounter Cartridge were quantified by scanning the
fluorescent color-coded bar tags on the reporter probes with max-density scan (555 fields of
view per sample). Probes for several housekeeping genes (HKG) such as ribosomal protein L10
(RPL10), beta-actin (ACTB), B2M, glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
and ribosomal protein L19 (RPL19) were incorporated in the Nanostring codesets and used for
analysis along with positive and negative controls. Apart from that, HKG were used to evaluate

cellular RNA contamination in biofluid samples.
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3.9 Data analysis of exosomal-miRNAs profile

3.9.1 Data analysis of next generation sequencing via CLC Benchwork 8.0

The adapter sequence from raw NGS data were trimmed and trimmed data were filtered to
remove sequences with read length shorter than 17 and more than 27 bases via CLC Genomics
Workbench 8.0. The normalised trimmed read lengths were aligned to the Ensembl human
database (Homo sapiens GRCh 37.57) and known miRBase-21 (Homo sapiens) database. The
number of reads mapped to a miRNA was taken to represent the expression level of particular
miRNA. The differential profiling of genome-wide miRNAs between each subpopulation
relative to pMDA was then compared using Baggerley's t-test. The list of statistically significant

differentially expressed miRNAs (fold change = 2, p < 0.05) relative to pMDA were generated.

3.9.2 Data analysis of Nanostring via nSolver 4.0

Quality of Nanostring data was assessed based on four default parameters, including imaging,
binding density, positive control linearity and positive control limit of detection. Background
correction was performed on detected miRNA from Nanostring nCounter by subtracting mean
plus thrice the standard deviation (SD) of the eight negative controls as a cut-off point. For
technical variations, normalisation was performed using geometric mean of top 100 expressed
miRNAs as normalisation factor. Student t-test was conducted on differentially expressed

miRNA. The list of statistically significant differentially expressed miRNAs (fold change = 2,

p < 0.05) relative to pMDA were then generated.

3.9.3 Compilation of list of differentially regulated exosomal-miRNAs from next

generation sequencing and Nanostring

The isolated exomiRNAs from each MDA subpopulation was profiled by two platforms which
were NGS and Nanostring. Results acquired from NGS and Nanostring were filtered and
processed prior to compilation of list of differentially regulated exomiRNAs for further analysis

and identification of commonly dysregulated exomiRNAs (Figure 3.2).
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Figure 3.2: Overall study design and workflow of transcriptomic data analysis. Commonly
dysregulated exomiRs detected in both NGS and Nanostring. MiRNAs which failed to pass the sample
QC for respective panel were excluded from differential miRNA expression analysis.
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3.9.4 Interaction networks between miRNAs-target genes and the functional analysis

of target genes

MiRNA is known to targets more than one gene, and one gene is known to be targeted by more
than one miRNA. Target genes of miRNAs were predicted using miRNet (http://www.mirne
t.ca/), an online comprehensive tool integrated data from eleven different miRNA databases
(TarBase, miRTar- Base, miRecords, miRanda, miR2Disease, HMDD, PhenomiR, SM2miR,
PharmacomiR, EpimiR and starBase) (Y. Fan et al., 2016). MiRNet was used to visualise the
complex underlying networks between the miRNA and their target genes. Enrichment pathway
analysis of the predicted miRNAs targets were then performed using Kyoto Encyclopedia of
Genes and Genomes (KEGG) where acquired p-values < 0.05 were regarded as statistically

significant for the functional analysis.

3.10 Statistical analysis

Data were analysed and graphs were generated using PRISM v8.0 (Graph pad software) with
analysed standard error of mean (SEM) displayed as error bar in the respective generated bar
charts. Data acquired from RealTime-Glo™ MT Cell Viability and Annexin V/PI assays were
analysed using student unpaired t-test. Remaining bioassays including CD24/CD44 and
ALDH1A1 expression, migration assay, invasion assay, cell cycle analysis and mammosphere
formation efficiency test were analysed using one-way analysis of variance (one-way ANOVA)
followed by multiple comparisons with Tukey correction (comparison of mean differences
between groups). All data were expressed as mean £ SEM of three independent biological
replicates. The results were considered to be statistically significant at a probability level of p

value < 0.05
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Chapter 4

Result

4.1 Phenotypic characterisation of cisplatin-treated MDA-MB-231

subpopulations

4.1.1 Determination of I1Cso value for cisplatin via MTT assay

MTT assay was conducted to evaluate the cytotoxicity of cisplatin based on the cellular
metabolic activity of pMDA. The ICs, value was determined for selection of suitable time point
and dosage of generating cisplatin-treated subpopulation for further bioassays. Cisplatin
displayed its cytotoxic effect in dose dependent manner where the evaluated I1Cs, value of
cisplatin were > 200 uM, 55.89 + 2.12 uM and 36.23 = 1.64 uM for 24, 48 and 72 hours
respectively (Figure 4.1). The shortest time point where cells achieved stable cytotoxic effect

was selected to acquire cisplatin-treated subpopulations.

The ICs value of cisplatin at 24 hours exceeded the threshold of 200uM, which was beyond
the self-adjusted optimised treatment range of cisplatin concentration for this study, in reference

to the range used in previous breast cancer studies (Boo et al., 2016; Mirmalek et al., 2016).

Indeed, the acquired 1Csy value of pMDA reduced drastically for > 3.5-fold at 48 hours as
compared to 24 hours, but to a much lower extent (1.7-fold) at 72 hours as compared to 48
hours, showing smaller decrement of 1Csy value of cisplatin from 48 hours to 72 hours,
indicating 48 hours as the tested shortest time point to achieve stable cisplatin cytotoxic effect.
Therefore, the ICs, value of cisplatin treatment at 48 hours (56M) was selected to treat both

pMDA and CSC-MDA subpopulation for comparison of the effect of this drug in the cells.
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Figure 4.1: Cell viability of pMDA after 24, 48 and 72 hours of cisplatin treatment. The values are
represented as means + SEM for triplicate of independent experiments.

4.1.2 Expression of breast cancer stem cell surface markers (CD247/CD44") in cisplatin-

treated subpopulations

Previous study showed that cisplatin treatment was able to induce cell differentiation therefore
increased the expression of CD24 and reduced CSCs subpopulations (S. Y. Park et al., 2010;
Prabhakaran et al., 2013). In this study, cisplatin treatment decreased the expression of CSCs
markers on pMDA and CSC-MDA significantly compared to their respective controls, but to a
lower extent in CSC-MDA (Figure 4.2A). Besides, cisplatin treatment has increased the

expression of CD24 to a higher extent in pMDA as compared to CSC-MDA (Figure 4.2B).

In treated CSC-MDA subpopulation, 74.15 = 0.69% of CSC-like cells (CD24/CD44") were
detected, which was significantly higher (p = 0.0055) than that of treated pMDA which
consisted of 54.12 + 7.78% of CSC-like cells. Other than that, CSC-MDA displayed high CD44
surface marker expression (red), low or absence of CD24 surface marker expression (green)

(Figure 4.2C). Complementing results obtained from flow cytometry analysis,
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immunofluorescent microscopy imaging showed that CD44 surface marker was almost equally
expressed in treated pMDA and CSC-MDA while CD24 surface marker was more visible in
treated pMDA. In fact, CD24 expression was significantly increased in treated pMDA (Figure
4.2B), which was observed as faint green signal indicated by white circle, as compared to
pPMDA while the increment of CD24 expression green signal in treated CSC-MDA relative to
CSC-MDA was not observable. In other words, treated CSC-MDA that displayed relatively
lower expression of CD24 marker and equally visible CD44 expression acquired higher CSCs
feature as compared to treated pMDA. Therefore, in combination of the quantitative and
gualitative result, CSCs subpopulation has retained higher percentage of CSC-like cells after

cisplatin treatment as compared to its parental cells.
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Figure 4.2: Breast cancer stem cell surface markers detected using flow cytometry and fluorescent
microscope. (A) Expression of CD24/CD44* by control and treated pMDA and CSC-MDA, (B)
expression of CD24+ on control and treated pMDA and CSC-MDA. Data were presented as means +
SEM for triplicate of independent experiments with different letters showing significantly difference
where p < 0.05, (C) immunofluorescence imaging of control and treated pMDA and CSC-MDA at 200x
magnification, stained by anti-CD24-FITC (green), anti-CD44-Alexa Fluor 647 (red) and Hoechst stain
(blue) under the respective filters and a merged image of 3 filters where white circle under treated-pMDA
indicates detected CD24-green signal.

4.1.3 Expression of intracellular breast cancer stem cell marker (ALDH1A1l) in

cisplatin-treated subpopulations

Other than detecting expression of CD24 and CD44 expression, flow cytometry analysis was
also used to assess putative stem cell with high expression of another CSCs biomarker,
ALDH1A1 (Vassalli, 2019). In this study, cisplatin treatment decreased the expression of
ALDH1A1 on pMDA and CSC-MDA significantly compared to their respective controls, but

to a lower extent in CSC-MDA (Figure 4.3A).
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In treated CSC-MDA subpopulation, 24.37 + 0.22% of cells were detected to express
ALDH1A1, which was significantly higher (p < 0.0001) than that of treated pMDA that
consisted of 4.04 + 0.15% of ALDH1A1-expressing cells (Figure 4.3A). In accordance to
results obtained from flow cytometry analysis, the immunofluorescent microscope imaging
showed higher number of ALDH1AL-expressing cells in treated CSC-MDA than that of treated
pPMDA, which was visualised by higher intensity of the red signal (Figure 4.3B). With that,
this set of data suggested that CSC-MDA expressed higher percentage of ALDH1A, which

indicate higher detainment of CSC-like cells after cisplatin treatment as compared to its parental

cells.
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Figure 4.3: Intracellular breast cancer stem cell marker detected using flow cytometry
immunophenotying assays. (A) Expression of ALDH1A1 on control and treated pMDA and CSC-MDA.
Data were presented as means £ SEM for triplicate of independent experiments with different letters
showing significantly difference where p < 0.05, (B) immunofluorescence imaging of control and treated
pMDA and CSC-MDA at 200x magnification, stained by anti-ALDH1A1-APC (red) and Hoechst stain
(blue) under the respective filters and a merged image of 2 filters.
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4.2 Cytotoxic effect of cisplatin on MDA-MB-231 parental and breast

cancer stem cell-like cells

4.2.1 Rate of migration and invasion of cisplatin-treated subpopulations

Breast CSCs are known to be highly metastatic that can lead to the growth of secondary tumour
and cancer recurrence in breast cancer patients. In this study, invasion and migration assays
were conducted to study the migratory ability and invasiveness of CSCs that is closely related

to cancer metastasis.

Prior to cisplatin treatment, CSC-MDA showed significantly higher rate of migration by 19%

(p < 0.05) and approximately 8% higher rate of invasion as compared to pMDA (Figure 4.4).

After cisplatin treatment was applied, rate of migration was suppressed significantly (p < 0.05)
in treated CSC-MDA but insignificantly in treated pMDA as compared to their respective
controls. However, although insignificant, treated CSC-MDA presented approximately 8%
higher rate of migration as compared to treated pMDA (Figure 4.4A). On the other hand, rate
of invasion was suppressed insignificantly in both treated subpopulations as compared to their
respective controls. Although insignificant, treated CSC-MDA showed a trend of higher

invasiveness than that of treated pMDA (Figure 4.4B).
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Figure 4.4: Rate of migration and invasion of MDA subpopulations. (A) Percentage of migrated cells
after 24 hours and (B) invaded cells after 72 hours after cisplatin treatment. Data were presented as means
+ SEM for triplicate of independent experiments with different letters showing significant difference
where p <0.05.

4.2.2 Induction of apoptotic event in cisplatin-treated subpopulations

Reduction of cell viability after cisplatin treatment was mainly due to the induction of apoptosis.
With that, FITC Annexin V Apoptosis Detection Kit | was used to evaluate cisplatin-induced

apoptosis event in pMDA and CSC-like cells.

Breast CSCs often demonstrate higher tolerance to chemotherapy resulting in lower event of
apoptosis (Abdullah & Chow, 2013). In consistent to that, this study showed that cisplatin
exerted different degree of apoptosis on pMDA and CSC-MDA. For instance, treated CSC-
MDA displayed 46.97 + 1.44% early apoptotic event, which was significantly higher (p =
0.0001) than that of treated pMDA that consisted of 4.45 + 1.13% of early apoptotic event
(Figure 4.5). However, 2.80 + 1.76% of late apoptosis/necrosis event were detected in treated
CSC-MDA subpopulation, which was significantly lower (p = 0.0032) than that of treated

pMDA that displayed 48.64 + 7.02% of late apoptosis/necrosis event (Figure 4.5). This finding
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shows that treated CSC-MDA demonstrated significantly higher event of early apoptosis but

significantly lower late apoptosis/necrosis as compared to treated pMDA.

Apoptotic event on cisplatin treated subpopulations
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Figure 4.5: Comparison of apoptotic events on pMDA and CSC-MDA after 48 hours of cisplatin
treatment. All data were expressed as means = SEM for triplicate of independent experiments where *
represents significant difference (p<0.05) as compared to treated pMDA.

4.2.3 Cell cycle analysis of cisplatin-treated subpopulations

One of the characteristics of breast cancer cell is uncontrollable cell division, which is
modulated by cell cycle (Hanahan & Weinberg, 2000). With the aim to find out the effect of
cisplatin on cell cycle distribution of pMDA and CSC-MDA, DNA content in cells were

evaluated using BD Cycletest plus DNA kit where result was acquired by flow cytometry.

First of all, effect of cisplatin exclusively on GO0/G1, S and G2/M phases for treated
subpopulations were evaluated by excluding sub GO/G1 phase (Figure 4.6A). This exclusive
comparison enabled precise evaluation of cisplatin treatment’s interference on these three

phases.

As compared to their respective controls, cisplatin triggered higher and more significant cell

increment in S phase in treated CSC-MDA (increased by 5.98%; p < 0.0001) than that of treated
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pMDA (increased by 1.53%; p < 0.05), whereas solely treated pMDA displayed significant (p

< 0.0001) cell increment in G2/M phase by 13.12% as compared to pMDA (Figure 4.6A).

Besides, sub GO/G1 content of treated CSC-MDA were significantly increased by 26.83% (p <
0.0001) as compared to CSC-MDA control, which the increment was 7.2% lower than treated

PMDA that increased by 34.03% (p < 0.0001) as compared to pMDA control (Figure 4.6B).

These data showed that cisplatin induced a small portion of treated CSC-MDA arrested at S
phase while significant percentage of treated pMDA was arrested at G2/M phase. Furthermore,
cisplatin induced increment of sub GO/G1 event in both treated subpopulations but to a higher

extent in treated pMDA as compared to treated CSC-MDA.
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Figure 4.6: Flow cytometric analysis of cell cycle distribution after cisplatin treatment. (A) Effect
of cisplatin treatment on cell cycle distribution of pMDA and CSC-MDA, evaluated exclusively on
GO0/G1 phase, S phase and G2/M phase and (B) solely on sub GO/G1 phase. Data were presented as
means £ SEM for triplicate of independent experiments with different letters showing significant
difference where p < 0.05.

4.2.4 Self-renewability of cisplatin-treated subpopulations

Self-renewability is known as one of the traits acquired by breast CSCs that enable them to
retain their stemness at the same time to propagate cancer cells that are capable to undergo cell
differentiation, eventually generate secondary tumour in the patient (Lawson et al., 2009).
Mammosphere formation efficiency test was used to investigate the self-renewability of each

subpopulation.

Although both pMDA and CSC-MDA controls possessed similarly high self-renewability, only
treated CSC-MDA retained self-renewability despite significant reduction after cisplatin
treatment. This was observed by 90.97 + 1.84% of generated mammaosphere in treated CSC-
MDA, which was significantly higher (p < 0.0001) than that of treated pMDA, which failed to
generate mammaosphere (Figure 4.7A). Interestingly, although pMDA and CSC-MDA controls

generated 100% of mammosphere before treatment, the size of generated mammosphere
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between these cells were different. Larger but less compact mammospheres were observed in
PMDA group with an average of 734.6 = 36.1 um while CSC-MDA generated smaller but
compact mammosphere that average to about 416.5 £ 27.3 um in size after 14 days in culture.
In contrast to the morphology of their controls, treated CSC-MDA then generated larger
mammaosphere of estimated size of 68.4 + 1.8 um whereas treated pMDA failed to generate
mammaosphere (Figure 4.7B). These data showed that pMDA and CSC-MDA acquired high
self-renewability while CSC-MDA displayed lower proliferation rate as compared to pMDA
before treatment. On the other hand, cisplatin reduced both self-renewability and proliferation
rate of CSC-MDA to a lower extent as compared to pMDA that completely lost its self-renewal

and proliferation abilities after cisplatin treatment.
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Figure 4.7: Percentage and sizes of generated mammosphere in each subpopulation. (A) Number
of generated mammosphere was assessed after 14 days, (B) images of generated mammosphere at 10X
magnification on day 14. Data were presented as means + SEM for triplicate of independent experiments
with different letters showing significant difference where p < 0.05.

4.3 Effect of cisplatin on cellular gene expression of MDA-MB-231

breast cancer cells

4.3.1 Profiling of cancer stem cell-correlated gene expression in control and cisplatin-
treated pMDA vs CSC-MDA

Quantitative polymerase chain reactions (QPCR) is known as the gold standard for quantifying
gene expression. Therefore, RT? profiler PCR array, which is a qPCR-based method with the
features of mini-array, was used to study cellular gene expression, particularly on functionally
correlated genes in CSCs, before and after cisplatin treatment to decipher the alteration of gene

profiles in pMDA and CSC-MDA subpopulations.
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Scatter plots were used to compare the expression of CSC-correlated genes between control
subpopulations (Figure 4.8A), cisplatin-treated subpopulations (Figure 4.8A), pMDA

subpopulations (Figure 4.8B) and CSC-MDA subpopulations (Figure 4.8B).

Higher number of gene were upregulated in CSC-MDA with fewer genes being downregulated
in CSC-MDA control as compared to pMDA control (Figure 4.8A). Furthermore, more genes

were upregulated in treated CSC-MDA as compared to treated pMDA Figure 4.8A).

Not only that, more genes were found significantly downregulated for at least 2-fold in both
treated subpopulations but to a higher extent in pMDA as compared to CSC-MDA (Figure

4.8B).

Together, these results indicated that CSC-correlated genes were more enriched in control and

treated CSC-MDA as compared to pMDA subpopulation.
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Figure 4.8: Scattered plots of CSC-related gene expression. (A) CSC-related gene expression profiles (i) before and (ii) after treatment in CSC-MDA subpopulation as
compared to pMDA subpopulation. (B) CSC-related gene expression profiles of (i) treated pMDA and (ii) treated CSC-MDA as compared to their respective controls.
Upregulated, downregulated and unchanged genes represented by yellow, blue and black dots respectively.
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4.3.2 Dysregulated cancer stem cell-correlated genes and corresponding signalling
pathway induced by cisplatin treatment

Based on the determined dysregulated gene profiles in respective subpopulations, enriched
signalling pathways by these dysregulated genes were annotated via PANTHER overrepresentation

test (Figure 4.10).

First of all, the acquired genotypic profile in CSC-MDA showed 17 significantly dysregulated

genes (= 2-fold, p<0.05), comprised of 12 upregulated genes and 5 downregulated genes as

compared to pMDA. Among these genes, KIT ligand (KITLG) was the most upregulated gene
while Krueppel-like factor 17 (KLF17) was the most downregulated gene (Appendix 3-Table 3).
However, no significant pathway was annotated based on the dysregulated genes in CSC-MDA as

compared to pMDA (result not shown).

Next, genotypic profiles of both cisplatin-treated subpopulations were compared to investigate the
differently dysregulated CSC-correlated genes and their associated pathways induced by cisplatin
in respective subpopulations. Data showed 34 significantly dysregulated genes by at least 2-fold,
comprised of 33 upregulated genes with only 1 downregulated gene in treated CSC-MDA as
compared to treated pMDA (Appendix 3-Table 4). Annotation analysis showed that four of these
dysregulated genes were correlated with ‘JAK/STAT’ and ‘Hh’ signalling pathways (Figure

4.10A).

Cisplatin-induced significantly dysregulated genes (= 2-fold, p<0.05) in pMDA and CSC-MDA

relative to their respective controls were compared to identify the commonly and distinctively
dysregulated gene profiles between pMDA and CSC-MDA (Figure 4.9). There were 33 commonly
dysregulated genes between pMDA and CSC-MDA after cisplatin treatment where up to 32 genes
were downregulated with only 1 upregulated gene detected (Figure 4.9). However, the only

upregulated gene (DLL4) displayed a negligible difference of only 0.1-fold between the increment
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in CSC-MDA (2.85-fold) and pMDA (2.74-fold) as compared to their respective controls
(Appendix 3-Table 1 & 2). A number of these commonly dysregulated genes were significantly
annotated to seven signalling pathways (Figure 4.10B). Among these pathways, more than 10% of
these genes were involved in ‘platelet-derived growth factor (PDGF)’, ‘Notch’ and ‘angiogenesis’
pathways, which are correlated with breast cancer progression. Besides, there were 4 significantly
dysregulated genes solely in pMDA subpopulation after cisplatin treatment, comprised of 1
upregulated gene and 3 downregulated genes (Figure 4.9). There was no significant pathway
annotated based on these dysregulated genes in treated pMDA (result not shown). On the other
hand, there were 37 significantly dysregulated genes solely in CSC-MDA subpopulation after
cisplatin treatment, comprised of 21 upregulated genes and 16 downregulated genes (Figure 4.9).
Eight of these exclusively dysregulated genes in treated CSC-MDA were significantly annotated
to three signalling pathways, including ‘Hh’, ‘cholecystokinin receptor (CCKR)’ and ‘angiogenesis’

pathways (Figure 4.10C).
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Figure 4.9: Venn diagram analysis for cisplatin-induced dysregulation of genes in pMDA and CSC-
MDA. Number of significantly dysregulated CSC-correlated genes (>2-fold, p<0.05) in pMDA and CSC-
MDA subpopulation after cisplatin treatment, with uniquely and commonly expressed genes in treated
pMDA vs pMDA control and treated CSC-MDA vs CSC-MDA control.
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Annotated pathways for treated CSC-MDA vs treated pMDA
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Annotated pathways for commonly dysregulated genes in pMDA and CSC-MDA after cisplatin treatment
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Annotated pathways for exclusively dysregulated gene in CSC-MDA after cisplatin treatment
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Figure 4.10: PANTHER-pathway analysis. (A) Annotated signalling pathways correlated to significantly dysregulated CSC-correlated genes (= 2-fold,
p<0.05) in treated CSC-MDA as compared to treated pMDA, (B) commonly dysregulated CSC-correlated genes (= 2-fold, p<0.05) in pMDA and CSC-
MDA after cisplatin treatment, and (C) exclusively dysregulated CSC-correlated genes (=2-fold, p<0.05) in CSC-MDA after cisplatin treatment. The
corresponding adjusted Fisher’s exact p values (p < 0.05) were presented for each pathway.
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4.4 Exosome characterisation

4.4.1 Characterisation of MDA-MB-231 breast cancer secreted exosome via

transmission electron microscope (TEM) and Zeta nano sizer

TEM and Zeta nano sizer were conducted to verify presence of exosome by assessing the
expression of exosomal biomarkers (CD63 and CD9) and particle size (ranging from 10-200nm)
of the isolated vesicles prior to miRNAs extraction. Both TEM and Zeta nano sizer analyses
(Figure 4.11) showed the particle size of secreted MDA exosomes to be in the range 100-200
nm (mean size: 160.8 + 39.81 nm). Furthermore, presence of exosomes were additionally
confirmed by the exosome biomarkers CD63 and CD9, which were conjugate to gold particles

(10 nm) as indicated by red arrow (Figure 4.11A).
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Figure 4.11. Exosome characterisation. (A) MDA exosomes were identified by transmission electron
microscopy through biomarkers CD63 and CD9-gold particles (10 nm) as indicated by red arrow (left x
50,000 magnification; right x 100,000 magnification). (B) DLS of three average runs for MDA exosomes.
The size distribution is depicted as the intensity of detection in function of the particle size displayed
over a logarithmic scale.
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4.5 Transcriptomic profiling of exosomal-miRNAs in MDA-MB-231

breast cancer cells

4.5.1 Comparison of exosomal-miRNAs profiles generated by NGS and Nanostring

All acquired NGS result for the triplicates of four subpopulations passed the quality control
(QC) and were of high quality as indicated by FastQC. Based on the results obtained from NGS,
a total of 10.28 million raw reads were generated for all the samples, yielding an average
7.978313 million clean reads. Besides, clean reads from four MDA subpopulations displayed a
mapable reads of mMiRNAS in a range of 131 — 191 miRNAs (Table 4.1). On the other hand,
guality of Nanostring data was assessed based on four default parameters, including imaging,
binding density, positive control linearity and positive control limit of detection. Triplicate of
all four subpopulations passed the QC assessment. The mean plus thrice the SD of the eight
negative controls for each sample was subtracted from each miRNA count in that sample before
proceeding to downstream analysis, resulting in detection of 206 — 231 miRNAs expressed

above threshold across four subpopulations (Table 4.1).

As NGS profiled miRNA with CE precision while Nanostring is of digital precision,
concordance and shared detection of miRNAs between these platforms were investigated.
Based on result obtained, 30-35% of NGS-detected miRNAs was also detected in Nanostring
for each subpopulation (Table 4.1). In addition, a similar overlap analysis was performed to
investigate the top 25% of detected miRNAs from both platforms and the overlap were reduced
to 15-21%. However, when comparing the highly expressed miRNAs (expression above 100
reads in NGS), between 50 — 100 % of miRNAs detected in NGS were expressed above
threshold in Nanostring (Table 4.1). One point of note is that NanoString included only 798
miRNAs in the pre-designed chip whereas NGS obviously could detect any number of miRNAs
present in the samples. Therefore, further analysis was performed to remove the miRNAs
detected by NGS but not included in the NanoString chip, resulted in higher overlap between

the panels (Appendix 4).
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Table 4.1: Shared detection of exosomal-miRNAs in NGS and Nanostring

pMDA Treated CSC- Treated
pMDA MDA CsC-
MDA
Number of | NGS 170 191 148 131
detected miRNAs
Nanostring 231 206 208 211
Percentage  of  overlapped 32.94 30.37 31.76 34.35
MiRNAs* (%)
Percentage of overlapped top 20.9 21.28 15.79 18.75
25% miRNAs* (%)
Percentage of overlapped for 50 69.23 85.71 100
highly expressed miRNAs (>100
counts) in NGS* (%)

* Percentage calculated based on overlapped detected miRNAs in NGS and Nanostring (expressed =
10 counts) as compared to total number of miRNAs detected in NGS

4.5.2 Differential expression of exosomal-miRNAs in MDA-MB-231 breast cancer

cells

To maximise the investigation of distinct exomiRNAs profiles in CSC-like subpopulation and
treated subpopulations relative to their parental control (pMDA), differential studies were
performed on data acquired from both NGS and Nanostring. The total number of significantly
dysregulated exomiRNAs detected by both panels for treated pMDA was lower than that of
CSC-like subpopulations. Moreover, lower number of exomiRNAs were downregulated in
treated pMDA while the opposite was observed in both control and treated CSC-like
subpopulations, displayed by drastic increased number of downregulated exomiRNAs (Table
4.2). The most dysregulated exomiRNAs in CSC-like subpopulation, treated subpopulations as
compared to pMDA and treated CSC-like subpopulation as compared to CSC-like

subpopulation were listed in Table 4.2.
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Table 4.2: List of up- and down-regulated exosomal-miRNAs (=2-fold, p<0.05) detected

from Nanostring and NGS:

A) Cisplatin-treated pMDA as compared to pMDA

Upregulated ExomiRs Fold Downregulated ExomiRs Fold
change change
hsa-miR-379-5p 16.63 hsa-miR-99a-5p -7.16
hsa-miR-584-5p 14.29 hsa-miR-550a-5p -4.74
hsa-miR-30b-5p 9.10 hsa-miR-1257 -4.73
hsa-miR-22-3p 9.07 hsa-miR-197-5p -4.63
hsa-miR-137 8.06 hsa-miR-612 -3.79
hsa-miR-7-1// hsa-miR-7- 6.47 hsa-miR-378f -3.6
2// hsa-miR-7-3
hsa-miR-21-3p 5.43 hsa-miR-34a-5p -2.39
hsa-miR-4488 4.82 hsa-miR-100-5p -2.26
hsa-miR-574-5p 4.24 hsa-miR-200a-3p -2.1
hsa-miR-101-1//hsa-miR- 3.97 hsa-miR-1299 -2.1
101-2
... 10 other miRNAs hsa-miR-10a-5p -2.1
B) CSC-MDA as compared to pMDA
Upregulated ExomiRs Fold Downregulated ExomiRs Fold
change change
hsa-miR-30b-5p 19.05 hsa-miR-28-3p -13.11
hsa-miR-566 13.78 hsa-miR-128-1-5p -10.69
hsa-miR-126-3p 9.59 hsa-miR-610 -4.42
hsa-miR-596 8.05 hsa-miR-122-5p -4.39
hsa-miR-22-3p 7.94 hsa-miR-1257 -4.36
hsa-miR-548a-3p 7.85 hsa-miR-549a -3.4
hsa-miR-597-5p 7.48 hsa-miR-143-3p -3.36
hsa-miR-1233-3p 6.15 hsa-miR-30a-3p -3.32
hsa-miR-30c-2//hsa-miR- 3.95 hsa-miR-125b-1//hsa-miR- -3.26
30c-1 125b-2
hsa-miR-7-1//hsa-miR-7- 3.49 hsa-miR-494-3p -2.91

2//hsa-miR-7-3
... 16 other miRNAs

... 415 other miRNAs
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C) Cisplatin-treated CSC-MDA as compared to pMDA

Upregulated ExomiRs Fold Downregulated ExomiRs Fold
change change
hsa-miR-126-3p 20.89 hsa-miR-106b-5p -8.45
hsa-miR-548a-5p 17.52 hsa-miR-1224-5p -7.35
hsa-miR-548a-3p 17.12 hsa-miR-610 -7.27
hsa-miR-30b-5p 12.52 hsa-miR-30a-3p -6.42
hsa-miR-939-5p 11.73 hsa-miR-30d-5p -5.83
hsa-miR-584-5p 10.97 hsa-miR-941 -5.61
hsa-miR-522-3p 10.93 hsa-miR-550a-5p -5.32
hsa-miR-7-1//hsa-miR-7- 5.43 hsa-miR-320e -4.7
2//hsa-miR-7-3
hsa-miR-139-5p 4.4 hsa-miR-612 -4.24
hsa-miR-181b-1//hsa-miR- 4.03 hsa-miR-575 -3.72
181b-2
... 28 other miRNAs ... 399 other miRNAs
D) Cisplatin-treated CSC-MDA as compared to CSC-MDA
Upregulated ExomiRs Fold Downregulated ExomiRs Fold
change change
hsa-miR-208a-3p 7.72 hsa-miR-126-3p -6.9
hsa-miR-33b-5p 4.52 hsa-miR-378g -6.13
hsa-miR-584-5p 4.38 hsa-miR-451a -4.02
hsa-miR-432-5p 3.09 hsa-miR-550a-5p -3.88
hsa-miR-196a-5p 2.36 hsa-miR-642a-3p -3.37
hsa-miR-574-5p 2.22 hsa-miR-320e -3.05
hsa-miR-939-5p 2.22 hsa-miR-769-5p -3.03
has-miR-221 2.02 mir-30c-2//mir-30c-1 -2.85
hsa-miR-378f -2.19
hsa-miR-206 -2.02

All data were expressed in fold change (FC) for triplicate of independent experiments where p < 0.05
regarded as significant different of the respective comparison.
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From the list of differentially expressed miRNAs, four exomiRNAs including miR-30a-5p,

miR-28-3p, miR-126-3p and miR-941 were found to be significantly dysregulated in CSC-like

subpopulations as detected by both panels (Table 4.3).

Table 4.3: Regulation of significantly dysregulated exosomal-miRNAs overlapped

between both panels:

MiRNAs NGS (FC) p value Nanostring p value
(FC)
CSC-MDA vs pMDA
hsa-miR-30a-5p -3.32 0.00088 -2 0.027
hsa-miR-28-3p -13.11 0.0041 -2.34 0.031
hsa-miR-126-3p 9.59 0.04 3.21 0.012
Treated CSC-MDA vs pMDA
hsa-miR-941 -5.61 0.044 -2.15 0.016

All data were expressed in fold change (FC) for triplicate of independent experiments where p < 0.05
regarded as significant different as compared to pMDA.
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4.5.3 Pathway analysis associated to gene targets of significantly dysregulated

exosomal-miRNAs

Followed by that, gene ontology (GO) annotation of predicted gene targets of top 10 most

dysregulated exomiRNASs as displayed in Table 4.2 for each comparison were performed via

miRNet (http://www.mirne t.ca/) (Figure 4.12).

A: Venn diagram of dysregulated exomiRNAs in CSC-MDA and
treated subpopulations as compared to their respective controls

Treated
pMDA
'
pMDA

miR-101-3p
miR-137

miR-939-5p
miR-221

miR-379-5p miR-196a-5p Treated
miR-392-5p [ nig-5745p| MiR-378g CSC-MDA
miR-197-5p miR-451a
miR-612 . 3other | ir206 VS
miRNAs
.. 6 other miRNAs .. 7 other miRNAs CSC-MDA

miR-566 miR-122-5p
miR-596 miR-125b-5p
miR-548a-3p  miR-28-3p

... 9 other miRNAs

CSC-MDA vs pMDA
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B: CSC-MDA vs pMDA

hsa-miR-122-5p (-4.39)

hsa-miR-125b-5p (-3.26)

I WNT1 (2.30)

Annotation Hits Corrected p value
Pathways in cancer 195 1.18E-15
Cell cycle 91 1.70E-13
Neurotrophin signalling pathway | 86 6.10E-11
Focal adhesion 126 1.65E-10
Chronic myeloid leukemia 56 5.12E-10
Small cell lung cancer 60 5.98E-10
Prostate cancer 64 6.32E-10
HTLV-I infection 121 9.11E-09
Renal cell carcinoma 46 1.95E-08
TGF-beta signalling pathway 59 5.14E-08
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C: Treated CSC-MDA vs pMDA

" L

<]
..0 L4 ZEB1
]

hsa-miR-137 (8.06) JAG1 (-24.2)
hsa-miR-574-5p (4.24) l ZEB1 (-8.20)

hsa-miR-101-3p (3.97) I m

Annotation Hits Corrected p value
Pathways in cancer 310 1.76E-16
Focal adhesion 200 1.74E-12
Protein processing in 4.53E-11
endoplasmic reticulum 129

Cell cycle 124 7.05E-11
HTLV-I infection 199 6.20E-10
Pancreatic cancer 69 2.69E-08
Colorectal cancer 49 6.46E-08
Neurotrophin signalling pathway | 123 6.90E-08
Regulation of actin cytoskeleton 182 9.47E-08
Chronic myeloid leukemia 73 1.48E-07
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D: Treated CSC-MDA vs CSC-MDA

TWIST1
®e

L [ ]
] O.
hsa-mir-196a-5p
L]
[ ]
e o
L]

Il hsa-mir-206

hsa-miR-196a-5p (2.36) NOTCH2 (-8.57)
————— 5Kk3p 16.32)
hsa-miR-206 (-2.02) I TWIST1 (2.85)

Annotation Hits Corrected p value
Focal adhesion 98 4.18E-10
Cell cycle 68 5.40E-10
Small cell lung cancer 48 3.80E-09
Prostate cancer 51 3.83E-09
Pathways in cancer 133 2.05E-08
Neurotrophin signalling pathway | 64 2.81E-08
Chronic myeloid leukemia 43 5.38E-08
Renal cell carcinoma 37 8.75E-08
Regulation of actin cytoskeleton 83 5.36E-07
Non-small cell lung cancer 32 7.08E-07

Figure 4.12: GO enrichment for predicted gene targets of top 10 most up- and down-regulated
exomiRNAs in CSC-MDA and treated subpopulations as compared to their respective controls. (A)
Venn diagram analysis showed the number of differentially expressed exomiRNAs that were unique and
commonly expressed in CSC-MDA and treated subpopulations as compared to their respective controls.
Red and blue text represented up- and down-regulated exomiRNAs respectively. Network of
differentially expressed exomiRs-target genes for (B) CSC-MDA vs pMDA, (C) treated pMDA and (D)
treated CSC-MDA as compared to their respective controls. Each network consists of three types of
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nodes, yellow dot represents annotated target genes of cancer-related pathways, red dot represents
selected target genes and light blue square represents individual miRNAs. Expression and correlation of
exomiRNAs (in blue box) and their predicted target genes, which were detected to be dysregulated in
PCR array (in red box) were presented for each comparison. List of enriched KEGG pathways with their
corresponding corrected p-values based on hypergeometric test with the most significant pathways
(smallest p value) listed from top down.

Based on the acquired annotation report, 8491, 10557 and 4862 target genes were predicted for
the dysregulated exomiRNAs in CSC-MDA vs pMDA and both treated subpopulation relative
to their controls respectively. The top 10 enriched KEGG pathways of predicted target genes
of dysregulated exomiRNAs in respective comparison revealed their common involvement in
‘pathways in cancer’, ‘cell cycle’, ‘neurotrophin signalling pathway’ and ‘focal adhesion’. In
addition, dysregulated exomiRNAs in both treated subpopulations as compared to their
respective controls were predicted to target on genes correlated to ‘regulation of actin

cytoskeleton’ (Figure 4.12).

Notably, in consistent to the prediction, three predicted gene targets (WNT1, SMO and Lin-28
Homolog B (LIN28B)) of downregulated exomiR-122-5p and 125b-5p in CSC-MDA via
miRNet (http://www.mirne t.ca/) were detected to be upregulated in CSC-MDA as compared
to pMDA, determined via PCR array (Figure 4.12 & Appendix 3-Table 3). Moreover, three
predicted gene targets (JAG1, JAK2 and Zinc Finger E-Box Binding Homeobox 1 (ZEB1)) of
upregulated exomiR-137, exomiR-101-3p and exomiR-574-5p in treated pMDA were detected
to be downregulated in treated pMDA as compared to pMDA (Figure 4.12 & Appendix 3-
Table 1). As for treated CSC-MDA, three of the predicted gene targets of upregulated exomiR-
196a-5p, exomiR-939-5p and downregulated exomiR-206 in treated CSC-MDA were detected
to be downregulated (NOTCH2 and GSK3p) and upregulated Twist-related protein 1 (TWIST1)

in treated CSC-MDA as compared to CSC-MDA (Figure 4.12 & Appendix 3-Table 2).
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Chapter 5
Discussion

5.1 Characteristics of breast cancer stem cell-like subpopulation in

MDA-MB-231

5.1.1 Phenotypic characteristics of MDA-MB-231 breast cancer stem cell-like cells

TNBC is characterised by the absence of hormonal ER and PR with no HER-2 amplification
(Liao et al., 2018). It is strongly associated with recurrence of metastatic breast cancer, where
metastasis is a major cause of patient morbidity and mortality (André & Zielinski, 2012;
Seyfried & Huysentruyt, 2013). Study suggested that occurrence of metastasis in breast cancer
is correlated to presence of highly metastatic CSCs (Liu et al., 2010). Apart from that, previous
studies demonstrated that breast CSCs are highly resistant to anti-cancer drugs, enabling them
to survive through treatment and are capable to reinitiate tumour growth via its self-

renewability (Al-Hajj et al., 2003; Ayob & Ramasamy, 2018; Ginestier et al., 2007).

In this study, CSC-correlated characteristics such as metastatic ability, cell cycle pattern and
self-renewability of CSC-MDA were evaluated respectively by migration and invasion assay,

cell cycle analysis and mammosphere formation efficiency test.

Supporting previous finding, CSC-MDA displayed higher migratory ability as compared to
pPMDA (Figure 4.4). Higher migratory ability of CSC-MDA may be correlated to enriched
ALDH1 in CSC-MDA as compared to pMDA (Figure 4.2 & 4.3). Previous study showed that
ALDH1 is positively regulated migratory ability of TNBC (MDA) and reduced rate of

migration in TNBC was observed upon suppression of ALDH1 (Li et al., 2017).

Next, CSC-MDA showed slightly higher but significantly number of cells in GO/G1 phase as
compared to pMDA, suggesting its entry of quiescent state, a reversible GO/G1 phase (van

Velthoven & Rando, 2019) with slower cell cycle progression in CSC-MDA (Figure 4.6).
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Cell quiescence enables cells to re-enter cell cycle in response to physiological stimuli due to
reversible GO/G1 phase and is often associated with stem cells (van Velthoven & Rando, 2019).
For example, in normal mammary cells, isolated slow cycling subpopulation of cells (quiescent
state) are found to exhibit stem cell features (Pece et al., 2010). Similar as their non-malignant
counterparts, slow dividing CSCs were identified in breast tumours, even found abundantly
present in poorly differentiated grade 3 breast cancer (Pece et al., 2010). As previous study
demonstrated that slow cycling breast cancer cells were capable to survive through anticancer
drug that kill bulk of tumour cells in vivo (Naumov et al., 2003), presence of slow cycling CSCs
in TNBC can induce resistance to conventional drug treatment. Furthermore, as cisplatin relies
on mitotic activity to initiate cytotoxicity through formation of DNA adduct on replicating cells
(Eastman, 1983; Tanida et al., 2012), quiescent CSC-MDA may be refractory to the cytotoxic

effect of cisplatin, thus less susceptible to the treatment (Figure 4.5).

Next, self-renewable breast cancer cells are capable to proliferate and reinitiate tumour growth
(Bao et al., 2013). Both CSC-MDA and pMDA are highly self-renewable as evaluated by
mammosphere formation efficiency test (Figure 4.7A). However, CSC-MDA with higher ratio
of CD44/CD24 expression generated morphologically different mammosphere, which were
more compact than that of pMDA (Figure 4.7B). This may be correlated to higher ratio of
CD44/CD24 expression in CSC-MDA relative to pMDA (Figure 4.2 & Appendix 1), where
previous studies demonstrated positive correlation between CD44/CD24 ratio to tumorigenesis
in breast cancer (Al-Hajj et al., 2003; W. Li et al., 2017). Therefore, although both pMDA and
CSC-MDA retained mammosphere formation ability, CSC-MDA with higher CD44/CD24

ratio generated more rigid mammaosphere as compared to pMDA.

Together, these data showed the slow cycling CSC-like subpopulation is more migratory and

capable to generate rigid mammomsphere as compared to its parental cell.
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5.1.2 Differentially expressed genes in breast cancer stem cell-like MDA-MB-231

As breast CSC-like cells displayed more migratory phenotype compared to their parental cells,
the genotypic characteristics of this subpopulation of cells was investigated via RT? Profiler
PCR array customised for screening of CSC-correlated genes. Transcriptional analysis

demonstrated that 70% of the significantly dysregulated genes (= 2-fold, p<0.05), were

upregulated in CSC-MDA as compared to pMDA (Appendix 3-Table 3).

Among these genes, KITLG, also known as stem cell factor, was most highly upregulated (by
16-fold) in CSC-MDA (Appendix 3-Table 3). As the ligand for c-kit receptor, binding of
KITLG to c-kit activates its intrinsic tyrosine kinase activity and promoted tumour growth (Z.-
B. Han et al., 2008). Studies showed the contribution of KITLG in tumorigenesis of various
cancers such as colon cancer (Yang et al., 2014), uveal melanoma (Lefevre et al., 2004),
gliomagenesis (Sun et al., 2006), NSCLC (Levina et al., 2010) and breast cancer (Z.-B. Han et
al., 2008), where elevated KITLG was suggested to favour angiogenesis in breast cancer (Z.-B.

Han et al., 2008).

On the other hand, KLF17 was the most downregulated gene (by 9.6-fold) in CSC-MDA as
compared to pMDA (Appendix 3-Table 3). Previous study reported its role as negative
regulator for EMT where lower expression of KLF17 was associated with migratory phenotype
in breast cancer cell line (Gumireddy et al., 2009). Other than that, discoidin domain receptor
1 (DDR1), a collagen receptor (Shrivastava et al. 1997; Vogel et al. 1997), is the second most
downregulated gene (by 3.5-fold) in CSC-MDA as compared to pMDA. Expression of DDR1
is essential for the regulation of migration in breast cancer (Jing et al., 2018). For example,
ectopic expression of tumour suppressor DDR1 inhibited migration of DDR1-deficient TNBC
(MDA), mediated by phosphoprotein DARPP-32, showing tumour suppressor role of DDR1 in

TNBC (Hansen et al., 2006).
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In consistent with these previous findings, CSC-MDA in this study with lower expression of
KLF17 and DDR1 may contribute to higher migratory ability in CSC-MDA as compared to

pMDA (Figure 4.4).

Together, these data provide intriguing hints that the pre-treated CSC-MDA have genotypic
profile that may enhance its migratory ability as compared to pMDA, supported by the observed

higher rate of migration in CSC-MDA.

5.2 Response of breast cancer stem cell-like MDA-MB-231 to
cisplatin treatment

5.2.1 Effect of cisplatin treatment on phenotypic characteristic of breast cancer stem
cell-like MDA-MB-231

Cisplatin is one of the major drugs used for TNBC treatment (Ozkan et al., 2012). However, as
similar to other conventional drugs, cisplatin resistance often developed over time and this
remained unsolved (Isakoff, 2010; Oakman et al., 2010). With previously proposed
compromised anti-cancer drugs’ efficacy on the more aggressive CSCs in TNBC (Kelly M
Britton et al., 2011; Y.-H. Wang & Scadden, 2015; M. Zhang et al., 2010), effect of cisplatin
on CSC-like subpopulation was evaluated by investigating cisplatin-induced phenotypic

characteristics of CSC-like subpopulation in TNBC.

5.2.1.1 Lower apoptotic event in cisplatin-treated breast cancer stem cell-like MDA-

MB-231

Firstly, cell cycle pattern and apoptotic event in cisplatin-treated CSC-MDA were evaluated
together with cisplatin-treated pMDA for comparison. Cisplatin that formed DNA adduct with
replicating DNA induce DNA damage which may activate G2/M phase checkpoint to arrest the
cell for the repair of DNA (Demarcq et al., 1994; Sorenson & Eastman, 1988; Zheng et al.,

2017). However, prolonged G2/M arrest and unsuccessful DNA repair could later lead to
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apoptosis (Basu & Krishnamurthy, 2010; Demarcq et al., 1994; Zheng et al., 2017), represented

as sub G0/G1 content (Kajstura et al., 2007; Peitsch et al., 1993).

Rather than being arrested in G2/M phase, treated CSC-MDA showed a portion of cells arrested
in S phase after treatment, although, the percentage of arrested treated CSC-MDA in S phase
was lower than that of the percentage of arrested treated pMDA in G2/M phase when compared
to their respective controls (Figure 4.6A). Besides, cisplatin induced significant cell increment
in sub GO/G1 after 48 hours of cisplatin treatment on both pMDA and CSC-MDA, but to a
greater extent on pMDA (Figure 4.6B). Supported by previous finding, CD24/CD44"-
expressing CSC-like breast cancer cell displayed lower cell arrest in G2/M phase and lower cell
death after radiation treatment than that of non-CSC-like cell (Konge et al., 2018). Furthermore,
previous finding demonstrated that upon encountering chemo- or radiation insult, glioma CSCs
will initiate DNA repair mechanism, escape from entering G2/M phase (S. Bao et al., 2006).
Intriguingly, a study conducted on lung CSCs demonstrated their enhanced ability to implement
DNA repairs by arresting cells in the DNA replicating S phase after treated by cisplatin (Yu et

al., 2017).

On the other hand, data obtained from Annexin V/PI assay showed that cisplatin was capable
to induce different degree of apoptosis on pMDA and CSC-MDA. Parental cells displayed
lower number of cells in early apoptosis with more cells trapped in late apoptosis/necrosis as
compared to CSC-MDA (Figure 4.5). The data suggests that CSC-MDA were more resistant
to cisplatin treatment as majority of the CSC-like cells were still undergoing early apoptosis
while most of the parental cells had already progressed to late apoptosis/necrosis after exposure
to equal dosage of cisplatin for the same duration. Previous study reported that elevated p21
expression can neutralise cytotoxicity of cisplatin via activating Nuclear factor erythroid 2—
related factor 2 (NRF2) and accelerating the synthesis of reduced GSH to conjugate with
cisplatin (C R R Rocha et al., 2014). In correlation with that, another study demonstrated that
higher p21 expression and lower activity of the apoptotic protein, caspase-3 were found in

cisplatin-treated CSCs as compared to cisplatin-treated non-CSCs, resulting in higher resistance
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of CSCs to cisplatin-induced apoptosis (Sasaki et al., 2018). This observation is in line with
apoptotic events induced by cisplatin in pMDA and CSC-MDA, where treated CSC-MDA with
lower event detected in sub GO/G1 displayed lower number of cells progressed to late

apoptosis/necrosis as compared to treated pMDA (Figure 4.5)

Together, these data show that treated CSC-MDA were more tolerant towards cisplatin
treatment, indicated by lower events in sub GO/G1 and late apoptosis/necrosis which may be

associated with lower proliferation rate of CSC-MDA as compared to pMDA.

5.2.1.2 Potential higher metastatic ability in cisplatin-treated breast cancer stem cell-

like MDA-MB-231

Based on the acquired rate of migration and invasion in both treated pMDA and CSC-MDA,
cisplatin displayed inhibitory effect on the migratory ability and invasiveness of both treated
PMDA and treated CSC-MDA with treated CSC-MDA displayed higher rate of migration and
invasion than that of treated pMDA (Figure 4.4). These results suggest a hint of higher
metastatic property of CSC-MDA as compared to pMDA after cisplatin treatment. In fact,
positive correlation of CD247/CD44" breast CSCs biomarker expression and metastatic ability
of breast cancer was previously demonstrated (Uchino et al., 2010; Xu et al., 2015; Yoshihara
et al., 2005). However, further validation is needed to confirm this claim due to lack of
significance in the anti-metastatic effect of cisplatin on CSC-MDA as compared to pMDA in

the current setting.

5.2.1.3 Higher self-renewability in cisplatin-treated breast cancer stem cell-like MDA-

MB-231

Cancer relapse is associated with CSCs which equipped with self-renewability and capability
to produce daughter cells with differentiation ability to induce regeneration of malignant
tumour (Bao et al., 2013). In this study, both the control subpopulations had fully retained their
self-renewability. No significant difference of mammosphere formation efficiency was
observed between control pMDA and CSC-MDA, but CSC-MDA generated more compact
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mammosphere than that of pMDA (Figure 4.7A). Interestingly, treated CSC-MDA
demonstrated higher self-renewability than that of treated pMDA although both control pMDA
and CSC-MDA retained their self-renewability at 100% initially (Figure 4.7A). In consistent
to previous finding that showed positive correlation between CD24-/CD44*-expressing breast
cancer cells and self-renewability (Al-Hajj et al., 2003), treated CSC-MDA that retained higher
stemness than that of treated pMDA displayed higher self-renewability, demonstrated by its
capability to generate mammosphere after cisplatin treatment while treated pMDA with
relatively lower CSC-like subpopulations and higher non-CSC-like cells failed to generate
mammosphere (Figure 4.7). This indicates that cisplatin inhibited the self-renewability of
CSC-MDA to a lower extent, suggesting CSC-like subpopulation to be more tumorigenic as

compared to its parental.

Together, these data show that cisplatin induced lower apoptotic effect, lower suppression on
self-renewability and rate of proliferation in CD24/CD44"-expressing breast CSC-like cells as
compared to their parental cells. This suggests that the presence of breast CSC-like

subpopulation plays an important role to induce higher tumorigenesis in breast cancer.

5.2.2 Effect of cisplatin treatment on gene expression in breast cancer stem cell-like

MDA-MB-231

In order to uncover the genotypic profile that may contribute to acquirement of high tolerance
to cisplatin treatment and high self-renewable properties in treated CSC-MDA relative to
treated pMDA, CSC-correlated genes expressed between these treated subpopulations were
compared. Remarkably, transcriptional analysis showed that up to 97% of the significantly

dysregulated (=2-fold, p<0.05) genes were upregulated in treated CSC-MDA as compared to

treated pMDA, with only one gene being downregulated in CSC-MDA (Appendix 3-Table 4).
First of all, gene expression of ALDH1A1 was found upregulated (by 2.79-fold) in treated CSC-

MDA as compared to treated pMDA (Appendix 3 - Table 4), which was in consistent to higher
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protein expression of ALDH1AL in treated CSC-MDA as compared to treated pMDA (Figure

4.3A).

Next, among these genes, a total of four genes are involved in ‘“Hh signalling pathway’ (SMO
and PTCH1) and ‘JAK/STAT signalling pathway’ (JAK2 and receptor-type protein tyrosine

phosphatase (PTPRC)) (Figure 4.10A).

Upregulation of the members of Hh pathway, SMO and PTCHL1 in treated CSC-MDA as
compared to treated pPMDA may contribute to higher drug resistance and self-renewability in
CSC-MDA. In fact, Hh pathway has known to be closely correlated to regulation of CSCs (Sari
et al., 2018). For example, many studies showed the role of SMO as a G protein-coupled
receptor protein in Hh signalling pathway, responsible for regulation of cell differentiation and
self-renewal in normal and cancer stem cells (Koike et al., 2017; Ma et al., 2002; Sari et al.,
2018; Sims-Mourtada et al., 2015). In previous breast cancer study, elevated gene and protein
expression of SMO in CSCs that was characterised by CD24°/CD44* phenotype, displayed
higher tumour initiating ability than that of non-CSCs subpopulation, suggesting the role of
SMO in maintaining breast CSCs properties (Wang et al., 2014). Besides, the receptor of Hh
pathway, PTCH1, was found overexpressed in recurrent and metastatic breast cancers, where
elevated PTCHL in breast cancer patients was correlated with lymph node metastasis, advanced
cancer stages, and more aggressive tumour behaviour (Hasanovic & Mus-Veteau, 2018; Riaz
et al., 2018). Not only that, previous study showed contribution of PTCH1 in inducing drug
resistance through proton motive force to efflux drugs such as doxorubicin, in contrast to ABC
transporters, which use ATP hydrolysis. Indeed, the “reversed pH gradient” formed by the
acidic extracellular environment and an alkaline cytosol, a hallmark of malignant cancers
(Damaghi etal., 2013), allows PTCH1 to function as an efflux pump specifically in cancer cells,
resulting in chemotherapy resistance in cancer (Hasanovic & Mus-Veteau, 2018; Wang et al.,
2019). Furthermore, recent study showed the tetraspanin-8 (TSPANS) induced resistance of

breast CSCs to chemotherapeutic agents and enhanced tumour formation in mice, as a result of
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interaction of TSPANS8 and PTCHL1 that eventually activated SMO and the downstream gene

expression (Zhu et al., 2019).

Other than that, JAK?2 that correlated to JAK/STAT pathway, was upregulated in treated CSC-
MDA as compared to treated pMDA. Activation of JAK/STAT signalling pathway in treated
CSC-MDA suggesting its role in maintenance of breast CSCs, enhances metastasis and drug
resistance in breast cancer cells. In correlation with CSCs, study reported that the IL-
6/JAK2/STAT3 pathway was preferentially active in breast CSCs (characterised by CD24~
/CD44* phenotype) as compared to non-CSCs subpopulation whereby the inhibition of JAK2
decreased their number and inhibited their growth in xenografts model (Marotta et al., 2011).
Another study showed that JAK2 induced drug resistance and metastasis, indicated by
overexpressed JAK2 in drug resistant and metastatic TNBC cells (Balko et al., 2016). Reduced
in vitro mammosphere formation and in vivo tumour growth upon inhibition of JAK2/STAT6
signalling pathway in TNBC cells characterised with high expression of JAK2 suggested the

oncogenic effect of JAK2 was through activation of JAK/STAT pathway (Balko et al., 2016).

In addition, ATP Binding Cassette Subfamily B Member 5 (ABCB5) was found to be
upregulated (by 2.79-fold) in treated CSC-MDA as compared to treated pMDA, where was also
upregulated in CSC-MDA as compared to pMDA (by 2.30-fold) (Appendix 3-Table 3 &
Table 4), suggesting that ABCB5 was enriched in CSC-MDA subpopulations before and after
cisplatin treatment as compared to its parental cells. Given the fact that ABCB5 has been
previously found enriched in CSCs in other cancer types and anticancer drug-resistant
subpopulations (Cheung et al., 2011; de Waard et al., 2015; Frank et al., 2005; Kugimiya et al.,
2015), ABCBS could be correlated to CSC-like subpopulation in MDA which very likely to
contribute to higher resistant to cisplatin, reflected by lower late apoptosis/necrosis detected in

treated CSC-MDA as compared to treated pMDA (Figure 4.5).

Collectively, these previous findings supported that in this study, the enriched Hh, JAK/STAT

signalling pathways and enriched ABCBS5 in treated CSC-MDA as compared to treated pMDA
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were responsible for higher drug resistance, metastatic ability and better maintenance of

stemness in treated CSC-MDA.

Next, to understand how CSC-MDA responded differently from pMDA after cisplatin
treatment, CSC-correlated gene expression of treated pMDA and treated CSC-MDA relative to
their respective controls were compared (Figure 4.9). Most (97%) of the significantly

dysregulated genes (=2-fold, p < 0.05) that were common between treated subpopulations vs.

their respective controls were downregulated, whereas only one gene was upregulated (Figure
4.9). This data suggests that cisplatin in general hindered the expression of CSC-correlated
genes in both CSC-MDA and pMDA, but to a different extent. For example, approximately 60%
of these commonly dysregulated genes were downregulated to a lower extent in CSC-MDA
subpopulation than pMDA subpopulation after treatment (Figure 4.9 & Appendix 3-Table 1
& 2). The only upregulated gene in both subpopulation after treatment is DLL4 with negligible
difference of 0.1-fold between the increment in CSC-MDA (2.85-fold) and pMDA (2.74-fold)
as compared to their respective controls. The remaining 36% of commonly dysregulated genes
were downregulated to a higher extent in CSC-MDA subpopulation after treatment when
compare to pMDA subpopulation (Figure 4.9 & Appendix 3-Table 1 & 2). Among these
commonly dysregulated genes, a total of six genes were associated with ‘Notch’ and
‘angiogenesis’ signalling pathways (NOTCH1, DLL4 and JAG1) as well as ‘PDGF signalling
pathway’ (JAK2, IKBKB and MYC), where these downregulated genes were suppressed to a
lower extent in CSC-MDA subpopulation compared to pMDA subpopulation after cisplatin

treatment (Figure 4.10B).

Lower suppression on the members of Notch signalling pathway such as NOTCH1 and JAG1
in CSC-MDA subpopulation after treatment could be one of the factors that contributes to a
better maintenance of CSCs subpopulation and higher drug resistance in treated CSC-MDA
than that of treated pMDA. For instance, previous study showed that elevated Notchl, one of
the receptors for Notch pathway, was found to enhance ALDH1 levels in breast CSCs via Notch

signalling pathway (Zhong et al., 2016). Consistent to previous study, this study shows treated
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CSC-MDA with lower reduction of NOTCH1 gene expression displayed higher ALDH1
activity as compared to treated pMDA (Figure 4.3 & Appendix 3-Table 1 & 2). Besides,
JAGL, a ligand for Notch receptor, was previously found to be upregulated in drug resistant
breast cancer cells where CSC-driven drug resistance in ER* breast cancer was correlated to
the interaction of JAG1 and NOTCHA4 in association with Notch signalling pathway (Simoes et

al., 2015).

Apart from involving in Notch pathway, these genes are also members of angiogenesis, which
is a process for recruitment of new blood vessels (Zetter, 1998). Previous study showed that
Jagl ligand overexpression promoted neovascularization and growth of experimental tumours
in mice (Q. Zeng et al., 2005), Not only that, later study demonstrated the role of JAG1 as
antagonist for DLL4-mediated Notch signalling within the sprout, resulting in growth of new
vessels (Benedito et al., 2009). In this study, cisplatin downregulated gene expression of JAG1
to a lower extent in CSC-MDA subpopulation while elevated DLL4 in both CSC-MDA and
PMDA (Appendix 3-Table 1 & 2), suggesting cisplatin induced suppression on angiogenesis

for both subpopulations but possibly to a lower extent on CSC-MDA.

Besides, lower suppression of MYC, a gene that correlates to PDGF signalling pathway, in
CSC-MDA subpopulation after treatment may be one of the causes of higher drug resistance in
treated CSC-MDA than that of treated pMDA as compared to their respective controls (Figure
4.5). Breast carcinomas are known to express PDGF, a known connective tissue mitogen
(Fitzgerald et al., 2001). Previous study showed that the activation of PDGF signalling pathway
in MY C-enriched human mammary epithelial (HME) cell where its phenotype and cellular
behaviour was known to be very similar to TNBC cell line (MDA) (Prat et al., 2010), can induce
a faster and higher Ca?* rises than that of non MY C-enriched HME cells. This rise of Ca?* then
triggered higher expression of fatty acid B-oxidation (FAQ) (Casciano et al., 2020) and
consequently enhanced drug resistance and maintenance of stemness in breast cancer cells

(Wang et al., 2018).
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Other studies reported that breast cancer patients with elevated PDGF levels had greater degree
of metastatic, lower response to chemotherapy and shorter duration of survival (Ariad et al.,
1991; Seymour et al., 1993). A recent study also demonstrated correlation of aggressive
biological phenotype with PDGF signalling pathway in TNBC by displaying significant
upregulation of intracellular PDGFRa in lymph node metastases and asynchronous recurrences

(Jansson et al., 2018).

As a side note, Plasminogen Activator, Tissue Type (PLAT) was most downregulated gene
discovered in the commonly dysregulated gene for both treated subpopulations (Appendix 3-
Table 1 & 2). Previous study demonstrated its correlation with anti-apoptosis and tumour
proliferation where knockdown of PLAT restored anticancer effect of gefitinib in NSCLC (Yan
et al., 2020). In this study, PLAT gene expression is highly suppressed in CSC-MDA and
pMDA but to a lower extent in CSC-MDA after cisplatin treatment, suggesting anti-proliferate
and induction of apoptosis to both treated subpopulations, but less effective on CSC-MDA,
supported by lower event of late apoptosis/necrosis observed in CSC-MDA as compared to

PMDA after cisplatin treatment (Figure 4.5).

Noteworthy, the data shows approximately 53% of genes were being dysregulated exclusively
in CSC-like subpopulation after cisplatin treatment as compared to pMDA subpopulation
(Figure 4.9). Of these, five genes are correlated to ‘Hh signalling pathway’ (SMO and
Glycogen synthase kinase-3 beta (GSK3p)) and ‘angiogenesis’ (NOTCH2, DLL1, WNTI and
GSK3p) (Figure 4.10C). The Hh pathway correlated-gene expression of SMO was upregulated
while GSK3p was downregulated in treated CSC-MDA as compared to its control (Appendix
3-Table 2). As mentioned earlier, activation of Hh signalling pathway mediated by SMO is
crucial for maintenance of CSCs and reinforces the metastatic ability and self-renewability of
breast cancer cells (Wang et al., 2014). On the other hand, previous study demonstrated the
activation of GSK3p by adiponectin induced apoptosis and cell cycle arrest in TNBC cell line

(MDA), which was accompanied by suppressed intracellular accumulation of B-catenin and its
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nuclear activities leading to reduction of cyclin D1 levels, thus demonstrated tumour

suppressive role of GSK3p in breast cancer (Wang et al., 2006).

In correlation with Hh signalling pathway, GSK3p is involved in degrading Gli proteins in
absence of Hh ligand, subsequently suppresses SHH signalling (Humke et al., 2010), leading
to proteolytic cleavage of full-length Gli (GIiFL) into C-terminally truncated repressor form,
Gli repressor (GliR), which translocates to the nucleus, where it binds to Hh target gene
promoters and keeps them switched off (Goetz & Anderson, 2010). Together, upregulation of
SMO, a promoter of Hh pathway and downregulation of GSK3p, which is a suppressor of Hh

signalling pathway, was favourable for the activation of Hh pathway in treated CSC-MDA.

Besides, genes involved in angiogenesis, including the upregulated DLL1 and WNT1 and
downregulated GSK3p and NOTCH2, might enhance aggressiveness of treated CSC-MDA. A
previous study showed that DLL1, a Notch ligand, positively regulated migration and invasion
abilities with no effects on proliferation and survival of TNBC cell line (MDA), suggesting its
role in metastasis (Sales-Dias et al., 2019). Moreover, knockdown of WNT1 which encoded for
ligand protein of Wnt signalling pathway displayed lower self-renewability of breast CSCs in
vitro (Jang et al., 2015b). Besides, inhibition of Wnt1-mediated signalling, expression of cyclin
D1 and phosphorylation of B-catenin resulted in enhanced apoptosis, decreased proliferation
and spheroid formation (Yin et al., 2011). On the other hand, NOTCH2 encoded for receptor
of Notch signalling pathway, when activated, suppressed tumour growth in human breast cancer
xenograft. Noteworthy, although activation of Notch2 induced higher vascularisation, the
vessels were smaller and comprised a more immature network as compared with Notch4-
activated signalling, suggesting its suppressive role in angiogenesis of breast cancer (O’Neill
et al., 2007). These data showed that upregulation of DLL1 and WNT1 together with
downregulation of GSK3 and NOTCH?2 favoured breast cancer progression in treated CSC-

MDA.

In agreement with the observed phenotype of cisplatin-treated subpopulations, Notch and
PDGF pathways that are positively correlated to breast cancer progression were hindered to a
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lower extent in CSC-like subpopulation after treatment. Not only that, Hh and angiogenesis
pathways were exclusively enriched in CSC-MDA after treatment, which could be the core
pathways contributing to attenuated cisplatin effect including maintaining self-renewability,
inhibiting apoptosis and inducing more aggressive phenotype in CSC-like subpopulation after
treatment as compared to parental subpopulation. Therefore, genotypic profiles obtained from
PCR array supported the observed phenotypes of treated CSC-like subpopulation as more
tumorigenic and resistant to cisplatin treatment. This indicates that CSC-like subpopulation

played a vital role in acquirement of cisplatin resistance.

5.3 Transcriptomic profiling of intercellular exosomal-microRNAs in

triple negative breast cancer cell

Exosome is a nano-sized (10-200nm) endosome-derived vesicle secreted by cells into
extracellular space (Val et al., 2017). It was found capable to mediate transfer of miRNAs as a
novel mechanism of genetic exchange between cells (Valadi et al., 2007). Besides, sorting of
miRNAs into TDEs is an active and highly regulated process, not a passive process that merely
projects intracellular miRNAs content (Hessvik et al., 2012; Langevin et al., 2017; Pigati et al.,
2010). Thus, enrichment of miRNAs in TDEs does not occur randomly, but is selectively sorted
into exosomes. A plethora of evidence indicated that TDE-mediated cell-cell communication
can promote tumour initiation, metastasis, and therapy-resistance in cancer cells within the
tumour microenvironment (Azmi et al., 2013; Zhang & Grizzle, 2014).

In this study, presence of isolated exosomes from cultured media was first validated via TEM
and DLS where exosome expressed both exosomal surface markers CD63 and CD9 with size
ranging from 100-200nm (Figure 4.11). The obtained results provided confidence that small
extracellular vesicles within the exosome size range had been selectively isolated for this study.
Followed by that, exomiRNAs from each subpopulation was extracted and profiled using NGS

and Nanostring.
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As the commonly used technique for miRNA sequencing, NGS has emerged as the gold
standard for discovery and quantification of miRNAs and it is an extremely valuable method
for de novo discovery of novel small RNAs (Baran-Gale et al., 2015). Generation of small RNA
sequencing libraries for NGS involved ligation of adapters to both ends of miRNA followed by
reverse transcription, template amplification by PCR and size selection of small RNA species.
Several of these steps have been shown to introduce biases and artefacts (Coenen-Stass et al.,
2018). These biases are sample processing dependent, therefore often unavoidable as they are
less readily controlled (C. Wright et al., 2019). On the other hand, Nanostring required no
sample amplification with minimum pre-processing step, minimising bias introduced
throughout the process. However, Nanostring is limited for detection only for known miRNAs,
without the capability to discover unexpected miRNAs. Since each of these panels has its
respective advantages and limitations and are involved in different methodologies,
aforementioned biases could be mitigated by determining miRNAs that are significantly
dysregulated in both panels to allow discovery of potential biomarkers with higher confidence

level.

In order to investigate the underlying mechanism enriched by differentially expressed miRNAs

from both panels, combined profile of dysregulated miRNAs (= 2-fold, p<0.05) from both

panels was generated (Table 4.2). Annotation of signalling pathway based on top 10 most
dysregulated exomiRNAs in each MDA subpopulation compared to pMDA was evaluated to
investigate their targeted genes and pathways, particularly for tumorigenic pathways (Figure

4.12).

5.3.1 Differentially expressed exosomal-miRNAs and the annotated pathways in cancer

stem cell-like MDA-MB-231

With CSC-like subpopulation that demonstrated higher tolerance to cisplatin and featured with
more aggressive phenotype, profiling of exomiRNAs dysregulation in CSC-like subpopulation

as compared to parental cells in response to cisplatin treatment could yield valuable information
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that reveal the exomiRNAs-mediated defensive mechanism against anti-cancer treatment

associated with CSC-like subpopulation in TNBC.

Prior to cisplatin treatment, the significantly dysregulated exomiR-122-5p and exomiR-125b-
5p were predicted to regulate expression WNT1, SMO and LIN28B in CSC-MDA as compared

to pMDA (Figure 4.12B).

Based on the annotated report in this study, WNT1 was one of the predicted targets of the
downregulated exomiR-122-5p in CSC-MDA (Figure 4.12B). In agreement with the annotated
report, upregulation of WNTL1 could be due to lower suppressive effect of the downregulated
exomiR-122-5p in CSC-MDA as compared to pMDA (Figure 4.12B & Appendix 3-Table 3).
Supporting this study, previous finding reported antitumorigenic effect of miR-122 by targeting
WNTL1 in glioma cancer (G. Wang et al., 2014). In breast cancer, inhibition of WNT1 was found
to induce apoptosis, decrease proliferation and spheroid formation in breast CSCs (Yin et al.,
2011). Next, exomiR-125b-5p was predicted to target on SMO and LIN28B in CSC-MDA,
which was in consistent with the result obtained from PCR array showing upregulated SMO
and LIN28B in CSC-MDA as compared to pMDA (Figure 4.12B & Appendix 3-Table 3). In
fact, SMO was previously found to be a direct target of miR-125b in cancer, regulating tumour
proliferation in association with Hh signalling pathway (Ferretti et al., 2008). Furthermore,
SMO plays a vital role in regulation of cell differentiation and self-renewal breast CSCs (Wang
et al., 2014). On the other hand, expression of LIN28B was hindered by miR-125b-5p in
hepatocellular carcinoma, resulted in inhibition of cell growth and cell migration (Liang et al.,
2010). Moreover, previous evidence showed that LIN28B promoted the conversion of epithelial
cells to a more undifferentiated stage and maintains tumour cells in the stem-like stage (J.
Huang et al., 2019; Sato et al., 2017) where LIN28B often found to be overexpressed in poorly

differentiated and advanced-stage breast cancer (Xie et al., 2014).

Thus, downregulated exomiR-122-5p and exomiR-125b-5p could be one of the factors that
enhanced expression of WNT1, SMO and LIN28B in CSC-MDA as compared to pMDA, which
these genes are crucial for maintenance of breast CSCs (Liang et al., 2010; Sato et al., 2017;
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Lixia Wang et al.,, 2014), and may then contribute to higher migratory ability and

chemoresistance in CSC-MDA (Figure 4.4 & 4.5).

5.3.2 Differentially expressed exosomal-miRNAs and the annotated pathways in

parental and cancer stem cell-like MDA-MB-231 induced by cisplatin treatment

In this study, CSC-MDA responded differently from pMDA after cisplatin treatment, where
cisplatin-treated CSC-MDA did not only show enhanced resistance to cisplatin but also
projected higher tumorigenic potential relative to cisplatin-treated pMDA. In reference to this
observation, dysregulation of exomiRNAs profile in CSC-MDA in response to cisplatin
treatment may reveal pivotal information that contributes to development of cisplatin resistance
in TNBC associated with presence of CSC-like subpopulation. Not only that, the acquired
information may be essential for discovery of potential candidate of prognostic biomarkers and

therapeutic targets for cisplatin resistance in TNBC.

For instance, the significantly dysregulated exomiR-574-5p, exomiR-137 and exomiR-101-3p
in treated pMDA were predicted to regulate expression of ZEB1, JAG1 and JAK2. As for
treated CSC-MDA, significantly dysregulated exomiR-196a-5p, exomiR-939-5p and exomiR-

206 were predicted to regulate expression of NOTCH2, GSK3p and TWIST1.

Firstly, ZEB1 was the predicted target of the upregulated exomiR-574-5p in treated pMDA
(Figure 4.12C). In consistent with the annotated report, enhanced exomiR-574-5p may induce
suppression on ZEB1 expression, resulted in downregulation of ZEB1 in treated pMDA as
compared to pMDA (Figure 4.12C & Appendix 3-Table 1). In fact, exomiR-574-5p was
found upregulated to a higher extent in treated pMDA than that of treated CSC-MDA which
may contribute to higher inhibitory effect on ZEB1 expression in treated pMDA than that of
treated CSC-MDA when compared to their respective controls (Table 4.2A, 4.2D, Figure
4.12C & Appendix 3-Table 1 & 2). Supporting result obtained in this study, previous finding
on TNBC showed that overexpression of miR-574-5p inhibited ZEB1 expression, which may

play a part in inhibition of lung metastasis in TNBC (P.-S. Wang et al., 2018). Besides, ZEB1
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was found to favour chemoresistance of TNBC by reducing genotoxic drug-induced double-
stranded breaks in TNBC (X. Zhang et al., 2018). Treated pMDA that expressed lower ZEB1
than that of pMDA, with higher reduction of ZEB1 relative to treated CSC-MDA when
compared to their respective controls suggested possibility of its contribution to lower
protection against cisplatin-induced DNA damage that may lead to higher apoptotic event in
treated pMDA as compared to treated CSC-MDA (Figure 4.5). Next, upregulated exomiR-137
was predicted to target on JAG1, aligning with the downregulation of JAG1 in treated pMDA
as compared to pMDA (Figure 4.12C & Appendix 3-Table 1). In agreement with this study,
previous finding showed JAGL1 as one of the target genes of miR-137 and plays a role in
regulating cell growth and migration in breast cancer (J.-S. Zeng et al., 2018). Furthermore,
JAK2 was the predicted target of upregulated exomiR-101-3p in treated pMDA, aligned with
the downregulation of JAK2 in treated pMDA as compared to pMDA (Appendix 3-Table 1).
Previous study also demonstrated that miR-101-3p was negatively regulating JAK2 in breast
cancer, resulted in activation of apoptosis (Lu Wang et al., 2014). With that, downregulation of
JAK2 in treated pMDA to a higher extent than that of treated CSC-MDA as compared to their
respective controls may be one of the factors triggered higher apoptotic event in treated pMDA

(Figure 4.5).

Collectively, higher upregulation of exomiR-574-5p in treated pMDA with upregulation of
exomiR-137 and exomiR-101-3p solely in treated pMDA relative to treated CSC-MDA as
compared to their respective controls may very likely exerted higher suppressive effect on
ZEB1, JAG1 and JAK2 in treated pMDA than that of treated CSC-MDA, which may contribute

to lower cell proliferation and protection against cisplatin in treated pMDA (Figures 4.5 & 4.7).

On the other hand, in treated CSC-MDA, upregulated exomiR-196a-5p and exomiR-939-5p
were predicted to target on NOTCH2 and GSK3 respectively (Figure 4.12D). In consistent to

the prediction, these predicted target genes NOTCH2 and GSK3f were downregulated in
treated CSC-MDA as compared to CSC-MDA (Figure 4.12D & Appendix 3-Table 2).

Previous evidences showed the suppressive role of NOTCH2 in angiogenesis of breast cancer
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(O’ Neill et al., 2007) and its association with highly differentiated, poorly proliferative breast
cancer and positive correlation to higher rate of survival in breast cancer patient (Parr et al.,
2004). Besides, GSK3p was found positively correlated to apoptosis and cell cycle arrest in

TNBC cell line (MDA) (Wang et al., 2006).

Apart from that, downregulated exomiR-206 was predicted to target on TWISTL1 in treated
CSC-MDA. Supporting the prediction, TWIST1 was found upregulated in treated CSC-MDA
as compared to CSC-MDA (Figure 4.12D & Appendix 3-Table 2). TWISTL, a basic helix-
loop-helix transcription factor essential for embryonal development as a master regulator of
morphogenesis (Z. F. Chen & Behringer, 1995) and EMT in cancer that leads to metastasis (Fu
et al., 2011; J. Yang et al., 2004). Furthermore, TWIST1 was found to induce cisplatin
resistance in epithelial ovarian cancer (Roberts et al., 2016). More importantly, TWIST1 was
correlated to Mucin 1 transmembrane C-terminal (MUC1-C), forming an autoregulatory loop
that functions as a master regulator of EMT, maintenance of cell stemness and drug resistance
in TNBC (Hata et al., 2019). On the other hand, low expression of miR-206 in lung
adenocarcinoma tissues was correlated to increased cisplatin resistance (Q.-Y. Chen et al.,

2016).

Taken together, upregulated exomiR-196a-5p, exomiR-939-5p and downregulated exomiR-
206 solely in treated CSC-MDA relative to treated pMDA when compared to their respective
controls may contribute to downregulation of NOTCH2 and GSK3p with upregulation of
TWIST1 solely in treated CSC-MDA. In this study, dysregulation of these genes may attenuate
anticancer effect of cisplatin in CSC-MDA, resulted in higher stemness and lower cisplatin-
triggered apoptosis in CSC-MDA when compared to pMDA after cisplatin treatment (Figures

42,43 &4.)5).
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5.4 Potential candidates of exosomal-miRNA biomarker for triple

negative breast cancer

From this study, a set of exomiRNAs (miR-30a-5p, miR-28-3p, miR-126-3p and miR-941)
were detected to be significantly dysregulated in both NGS and Nanostring panels (Table 4.3).
These identified exomiRs with high confidence were only detected in CSC-like subpopulations
with three exomiRNAs being significantly dysregulated in CSC-MDA and one in treated CSC-

MDA as compared to their parental cells.

Secretion of exo-miR-30a-5p and miR-28-3p were hindered while exomiR-126-3p was
enriched in CSC as compared to pMDA. Previous studies showed that the dysregulation of
these miRNAs induced breast cancer progression respectively. For example, miR-30a inhibited
breast tumour growth and metastasis through attenuation of lactate dehydrogenase A (LDHA)-
mediated Warburg effect (aerobic glycolysis). LDHA is an essential enzyme for regulation of
aerobic glycolysis, a hallmark of cancer (Yu et al., 2017). It was often found overexpressed in
many human cancers and correlated with poor clinical outcomes (Li et al., 2017). Study
conducted by Li et al. (2017) showed that miR-30a-5p was able to inhibit LDHA expression by
directly targeting its 3’-untranslated region (3'-UTR). As a result, through inhibition of LDHA,
miR-30a-5p diminished glycolysis by decreasing glucose uptake, lactate production, ATP
generation, and extracellular acidification rate and increasing oxygen consumption rate in
breast cancer cells. They displayed the importance of miR-30a-5p-regulated glycolysis for
breast tumour growth and metastasis in both in vitro and in vivo studies. Furthermore, breast
cancer patients too demonstrated negative correlation of LDHA and miR-30a-5p expression.
The study suggested role of miR-30a-5p as a tumour suppressor in breast cancer through the
inhibition of LDHA. Another finding showed that miR-30a was significantly downregulated in
breast cancer cells. It was found to execute its tumour suppressive effect by reducing breast
cancer cell viability, migration and invasion, and activating cell apoptosis (Zhang et al., 2017).

Previous studies suggested that miR-30a hindered the development of breast cancer by
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regulating the expression of the downstream target gene, Notchl which is an essential gene
associated with cancer, particularly breast cancer, cancer cell proliferation and apoptosis, as
well as the promotion of migration and invasion (Al-Hussaini et al., 2011; Sharma et al., 2012;

Zhang et al., 2017).

CSC-MDA displayed relatively higher cell proliferation with lower late apoptosis/necrosis as
compared to pMDA after treatment (Figures 4.4, 4.5 and 4.7). In correlation with this, the
reduction of NOTCH1 gene expression in CSC-MDA was lower than that of pMDA after
treatment, suggesting that downregulation of exomiR-30a-5p in CSC-MDA may have then
contributed to lower NOTCH1 suppression in the treated CSC-MDA (Appendix 3-Table 1 &
2). Therefore, lower NOTCH1 suppression in treated CSC-MDA may be associated with lower
exomiR-30a-5p in CSC-MDA as one of the CSC-correlated mechanisms to attenuate cytotoxic

effect of cisplatin.

Next, previous studies showed that the tumour suppressive effect of miR-28 in cancer is
associated with nuclear factor erythroid 2-related factor (NRF2). A study showed that NRF2
gene and protein expression were negatively regulated by miR-28 by targeting 3’-UTR of
NRF2 to inhibit its gene expression resulting in suppression of mammosphere formation of
MCF7 on 3D culture and inhibition on tumour growth (Yang et al., 2011). NRF2 is an important
TF in oxidative stress regulation. It binds to antioxidant response elements within promoters of
genes encoding detoxification enzymes (e.g., NAD (P) H-quinone oxidoreductase 1 (NQO1))
and induce gene transcription for these enzymes (Yang et al., 2011). Overexpression of NRF2
is associated with human breast carcinogenesis, where increased NRF2 mRNA levels correlated
to poor patient outcome for breast cancer (Zhang et al., 2016). In fact, NRF2 promoted TNBC
proliferation and migration by increasing RhoA/ROCK pathway signal transduction.
Collectively, these studies demonstrated miR-30a and miR-28 may mediate suppression of
breast cancer, suggesting CSC-MDA that secreted lower exo-miR-30a and miR-28 in this study

may exert lower suppression of breast cancer progression in CSC-MDA.
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Secretion of exomiR-126-3p was enriched in CSC-MDA as compared to pMDA. Surprisingly,
instead of promoting cancer progression as estimated by its enrichment in CSC-like
subpopulation, vast amount of studies displayed tumour suppressive role of miR-126 in cancers
such as hepatocellular carcinoma (Bao et al., 2018), lung cancer (Liu et al., 2009), colorectal
cancer (Li et al., 2011), gastric cancer (Feng et al., 2010), prostate cancer (Saito et al., 2009)

and breast cancer (Alhasan, 2019; Hong et al., 2019).

In other studies, elevated exomiR-126 was correlated to larger tumour size in breast cancer and
induced cancer progression in acute myeloid leukemia (AML) as well as NSCLC. A study
conducted to investigate crosstalk between adipocyte and breast cancer showed that exomiR-
126 increased catabolism of adipocytes, eventually results in transfer of energy to sustain
tumour cell invasion (Wu et al., 2019). Besides, Wu et al. (2019) conducted an in vivo study
which showed the inhibition of miR-126 displayed smaller size of generated tumour in mice.
Moreover, rate of proliferation in mice co-injected with miRNA-126-knockdown MDA cells
was reduced as compared to those with normal MDA cells. This study suggested that higher
exomiR-126 expression in microenvironment plays an important role in breast cancer
progression. Intriguingly, a study reported higher expression of exomiR-126 was correlated to
bigger TNBC tumour size despite being downregulated intracellularly in TNBC tissues as

compared to normal breast tissues (Paszek et al., 2017).

In breast cancer studies, miR-126 was found to negatively modulate breast cancer progression
via VEGFA (Alhasan, 2019) and regulator of G-protein signalling 3 (RGS3) (Hong et al., 2019)
in ER-positive breast cancer and TNBC respectively. However, a study then displayed exomiR-
126 originated from tumour induced blood vessel formation and malignant transformation in
chronic myelogenous leukemia cells (Taverna et al., 2014). The contrary role of exomiR-126
as cancer promoter suggested that cellular-miR-126 and exomiR-126 or even just miR-126
itself may have dual functions in cancer. Their study demonstrated tumour promoter role of

exomiR-126, justified the enrichment of exomiR-126 in CSC-MDA observed in this study.
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In addition, controversial role of miR-126 in cancer was also demonstrated in a study on AML
that displayed miR-126 as tumour promoter. Overexpression of miR-126 suppressed apoptosis
and increased the viability of AML cells, whereas the opposite effect was observed when
endogenous expression of miR-126 was inhibited. Oncogenic role of miR-126 was consolidated
through in vitro colony-forming/replating assays which displayed enhanced proliferation and
colony-forming/replating capacity of mouse normal bone marrow progenitor cells by miR-126.
This data showed that miR-126 may play a crucial role in the development of AML (Li & Chen,

2011).

In support to their findings, researchers evaluated expression of miR-126 in serum, exosome
and exosome-free serum fractions in NSCLC patients at early and advanced stages, relative to
healthy control. They first suggested tumour suppressive role of miR-126 in NSCLC where its
downregulation in serum was correlated to advanced stage NSCLC However, miR-126 from
exosomes was found to be present in both early and advanced stage NSCLC patients. The
incubation of exosomes from early and advanced NSCLC patients induced blood vessel
formation and malignant transformation in human bronchial epithelial cells, suggesting

potential role of miR-126 as tumour promoter (Grimolizzi et al., 2017).

Next, exomiR-941 was found to be significantly downregulated in treated CSC-MDA as
compared to pMDA. Previous studies demonstrated its role as tumour suppressor in breast
cancer, gastric cancer and colorectal cancer (Garcia-Vazquez et al., 2017; Kim et al., 2014; Yan
et al., 2011). For example, association of cellular miRNAs profile with pathological complete
response (pCR) in TNBC patients receiving 5-fluorouracil, adriamycin, cyclophosphamide—
cisplatin/paclitaxel neoadjuvant chemotherapy was investigated in previous study. The pCR is
defined by the absence of residual disease in breast and lymphatic nodes after cytotoxic
treatment, is a parameter used to discriminate between patients with favourable and
unfavourable outcomes to neoadjuvant chemotherapy. This study recruited 10 TNBC patients
who achieved pCR and 8 without pCR to investigate their cellular miRNAs profile. They then

discovered 11 miRNAs being significantly dysregulated in responder relative to non-responder
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patients where miR-941 was one of the upregulated miRNAs in responder. This indicated that
non-responder with lower expression of miR-941 was less sensitive to neoadjuvant
chemotherapy. However, no further functional study was conducted to verify the contribution
of miR-941 in TNBC which hindered patients’ response to chemotherapy. In consistent with
previous miRNA profiling in TNBC patient, secretion of exomiR-941 was significantly
downregulated in treated CSC but not in treated pMDA as compared to parental cells (Garcia-
Vazquez et al., 2017). This may cause lower susceptibility of treated CSC-MDA to cisplatin as
compared to treated pMDA, which is reflected by lower late apoptosis/necrosis in treated CSC-

MDA (Figure 4.4).

Furthermore, miR-941 was found to exert tumour suppressor function in gastric cancer cells by
reducing cell proliferation, invasion and migration of gastric cancer. Study revealed attenuated
carcinogenic of miR-914-transfected gastric cancer was correlated to reduced expression of
lysine (K)-specific demethylase 6B (KDM6B) mRNA and protein levels. MiR-914-transfected
gastric cancer exhibited profound defects in wound healing and matrigel invasion where such
a phenotype is supported by the role of KDM6B in promoting EMT (Li et al., 2015). This study
suggested tumour suppressor nature of miR-914 in gastric cancer (Kim et al., 2014). In
agreement to Kim et al. (2014), study demonstrated hindered cell growth and migration in

colorectal cancer cell, associated with miR-941 (Yan et al., 2011).

These previous studies that showed suppression of miR-941 correlated to lower susceptibility
to chemotherapy. Thus, cisplatin-treated CSC-MDA that secreted lower level of exomiR-941

is suggested to favour higher cisplatin resistance in TNBC.

Previous study demonstrated that information derived from a cell line study and confirming the
observation through investigations in mice and humans seems to be a valid alternative approach
for development of circulating biomarkers (Hannafon et al., 2016). In summary, this study
provides suggestive evidence for the role of a novel set of determined exomiRNAs, including
miR-30a-5p, miR-28-3p, miR-126-3p and miR-941 as potential candidate for development of
biomarker to monitor the effectiveness of cisplatin treatment in TNBC. While these detected
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exomiRNAs may not themselves be strong predictors of breast cancer alone, these miRNAs

could serve as a companion tools following other screening procedures.
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Chapter 6

Summary, Conclusion, Limitation and Recommendations for future

research

CSCs which are capable of initiating and maintaining tumour growth and have been implicated
for resistance and recurrence of neoplasia, such as in the development of cisplatin resistance in
human tumour. Cisplatin is one of the major chemotherapeutic drugs used for treating
metastatic mammary tumour but often resulted in occurrence of resistant tumour cells. Presence
of CSCs may be responsible for the occurrence of cisplatin resistance in TNBC. However,
direct evidence of underlying mechanisms induced by triple negative CSCs that might cause
development of cisplatin resistance in TNBC is still lacking. Phenotypic and genotypic studies
on breast CSCs subpopulation enable their role and correlated genes that contribute to cisplatin
resistance to be revealed. Meanwhile, the emerging role of exosomes as intercellular
communicating vesicles has aroused considerable attention. Considering the exosomes’ ability
to modulate drug resistance of breast cancer cells (Mao et al., 2016; Shen et al., 2017; Singh et
al., 2014), exosomes may very likely to be a mediator of CSCs to confer defensive potential to
breast tumour against cytotoxic insults. Therefore, profiling of altered exomiRNAS expression
in breast cancer cells could provide a more direct and informative assessment of the gene

regulatory mechanism underlying the resistance to cisplatin.

In light of this, this research aimed to identify the phenotypic characteristics and dysregulation
of CSC-correlated genes in triple negative breast CSCs, thereby revealing the key signalling
pathways corresponding to cisplatin resistance in association with breast CSCs. Furthermore,
exosomes are found to mediate transfer of miRNAs as a novel mechanism of genetic exchange
between cells. Therefore, profiling exomiRNAs that are dysregulated in CSCs as compared to
parental cells in response to cisplatin treatment could reveal miRNAs that may mediate
defensive potential against cisplatin treatment. The key exomiRNAs that are differentially
regulated may serve as important biomarkers for prognosis of cisplatin resistance. Likewise,
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signalling pathways that are associated with these miRNAs can also be ‘fine-tuned’ to produce

more effective treatment strategies.

Slow cycling CSC-MDA pre-treated by cisplatin may be less sensitive to cisplatin treatment
that triggers apoptosis via formation of DNA adduct with rapidly replicating cancer cells.
Besides, CSC-MDA displayed significantly higher motility than parental cells. In support of
the reported migratory phenotype of CSC-MDA, downregulation of the genes KLF17 and
DDR1 in CSC-MDA favoured cell migration. Not only that, downregulation of exomiR-122-
5p and exomiR-125b-5p in CSC-MDA may enhanced their respective predicted target genes
including WNT1, SMO and LIN28B that could facilitate promotion of pre-treatment anti-

apoptotic mechanism and migratory potential in CSC-MDA.

Under the same cisplatin treatment condition (56uM of cisplatin for 48 hours), CSC-like
subpopulation displayed relatively lower apoptotic event as demonstrated through lower G2/M
phase cell arrest, sub GO/G1 event and lower late apoptosis/necrosis as compared to parental
MDA. Furthermore, higher self-renewability and proliferation rate were shown in treated CSC-
MDA through the higher number and larger size of generated mammosphere as compared to
treated pMDA. Together, these findings showed that CSC-MDA was more tolerant to the

cytotoxic effect of cisplatin as compared to pMDA.

Aligning to the reported phenotypic characteristics of CSC-MDA, further genotypic
investigation revealed that the underlying mechanisms may contribute to higher cisplatin
resistance observed in CSC-MDA, mainly correlated with dysregulation of ABCB5, JAK2,
SMO, PTCH1, GSK3p, NOTCH2, DLLI and WNTI1, which most of these genes were
associated with JAK/STAT, Hh and angiogenesis signalling pathways. As such, enrichment of
these signalling pathways in cisplatin-treated CSC-MDA may be one of the core factors that
boosted higher drug resistance and better maintenance of stemness in treated CSC-MDA. This
indicates differentially modulated gene expression in breast CSC-like subpopulation plays a

vital role in the development of cisplatin resistance in TNBC cell line (MDA).
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In support of both the phenotypic and genotypic characteristics of treated subpopulations,
upregulation of exomiR-574-5p, exomiR-137 and exomiR-101-3p in treated pMDA may
inhibit their respective predicted target genes including ZEB1, JAG1 and JAK2 that could in
turn hindered the protection against cisplatin in treated pMDA. In contrast, upregulated
exomiR-196a-5p, exomiR-939-5p and downregulated exomiR-206 solely in treated CSC-MDA
may contribute to modulation of NOTCH2, GSK3p and TWIST1 that eventually attenuate
cytotoxicity of cisplatin, reflected by lower apoptotic event and higher self-renewability in

CSC-like subpopulation in MDA.

Additionally, the exomiRNAs which were correlated to cancer progression, including miR-30a-
5p, mMiR-28-3p, miR-126-3p and miR-941 were significantly dysregulated in CSC-like
subpopulation as detected by both NGS and Nanostring. These exomiRNAS are suggested to
be potential candidate for development of prognostic biomarkers and therapeutic targets of

cisplatin-resistant TNBC.

In conclusion, combinations of cisplatin-induced genes and exomiRNAs modulations in CSC-
MDA had resulted in lower cytotoxicity effect of cisplatin on CSC-like subpopulation in TNBC

as reflected by the assessed phenotypic characteristics (Figure 6.1).
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Figure 6.1: Summary of mechanisms, including exomiRNAs and gene dysregulations in pMDA
and CSC-MDA in response to cisplatin treatment as compared to their respective controls,
followed by comparison of phenotypic characteristics of treated subpopulations.
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Nevertheless, there were some limitations of this study which we could not have avoided due
to some constraints in commencing the work such as the lack of due a FACS cell sorter in our
laboratory. In this study, a simple and time-efficient CSC-like cells isolation method, MACS
(Bussolati et al., 2008; Ricci-Vitiani et al., 2007; Sutermaster & Darling, 2019) was chosen to
isolate CSC-like cells from pMDA. The CSC-like cells were sorted based on two most
prominent biomarkers (CD24-/CD44") only with consideration that prolonged sorting time for
MACS-isolation could greatly compromise the viability of sorted cells since this method only
allows for selection based on one biomarker at a time. In fact, percentage of CSC-like
subpopulations also declined after MACS-isolation when compared to results obtained from
surface marker detection via FACS-flow cytometry. We recognise that the use of additional
biomarkers such as ALDH1Al and CD49 into the CSC-like subpopulation isolation may
improve accuracy of the sorting and would therefore suggest that FACS sorting method to be
used for concurrent sorting of CSC-like subpopulation by using multiple biomarkers to

minimise the impact of prolonged cell isolation process on viability of sorted cells.

Furthermore, additional CSC characterisation bioassays such as assessment of OSKM markers
(pluripotent markers), a combination of four TFs, namely octamer-binding transcription factor
4 (OCT4), SRY (sex determining region Y)-box 2 (SOX2), KLF4, and MYC or formation of
secondary spheroid can be included in future study to ascertain the CSC status of the CSC-like

subpopulation prior evaluation of cytotoxic effect of cisplatin treatment.

Two flow cytometry machines were used in this study including BD Accuri C6 flow cytometer
in University of Nottingham Malaysia to acquire result for CD24/CD44 surface markers
expression and Annexin V/PI apoptosis assay and NovoCyte flow cytometer in University Putra
Malaysia to acquire result for ALDH1A1 intracellular marker expression and cell cycle analysis
for this study. Change of flow cytometry machine was required as BD Accuri C6 flow
cytometer was not available for an extended period of time due to frequent clogging problem

and eventually not operable. Due to this limitation, NovoCyte flow cytometer was employed as
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an alternative option to acquire ALDH1A1 bioassay and cell cycle analysis while BD Accuri

C6 flow cytometer was out of service.

Apart from that, although migration assay was able to determine higher migratory ability in
CSC-like subpopulation before treatment, the effect of cisplatin treatment on migratory ability
of parental and CSC-like cells was unable to be significantly differentiated. To improve the
assessment of cell migratory ability, future research should incorporate cell culture wound
closure assay in which a scratch is initiated directly on a confluent cell monolayer. The speed
of wound closure and cell migration can be quantified by taking snapshot pictures with a regular
inverted microscope at several time intervals (Justus et al., 2014). Such setting enables more
detailed cell migratory behaviour to be documented, compensated the weakness of transwell

migration assay that showed only the final migrated cell number.

Moreover, invasion assay in this study showed no significant difference of cell invasiveness
before and after cisplatin treatment in both parental and CSC-like cells. This could be due to
inadequate sensitivity of transwell invasion assay to measure the changes of cell invasiveness
after treatment based on merely the final invaded cell number. In future research, invading cell
trapping assay can be employed as this assay can segregate and capture living invasive from
non-invasive cells (Takino et al., 2018), enable comparative analysis between invasive and non-

invasive cells before and after cisplatin treatment.

Furthermore, due to time constraint, current study was restricted to phenotypic and genotypic
analysis. Although these data are useful in elucidating the cytotoxic effects of cisplatin in
parental and CSC-like MDA, this study lack of protein evidence to confirm the mechanisms.
To complement these data, future research can include protein expression study such as western

blot analysis to confirm the expression of key regulators.

One subject that remains to be explored is the correlation of the determined exomiRNAs and
their specific gene targets in regard to cisplatin resistance in this study. This study had narrowed

down the exomiRNAs that could serve as potential prognostic biomarkers for cisplatin

145



resistance in association to CSC-like subpopulation in TNBC. However, it is undetermined in
this study the precise mechanisms induced by these exomiRNASs in regulating cisplatin
resistance in TNBC. This can be confirmed in future investigation via miRNAs functional study
to help verify the precise mechanisms correlated to the determined exomiRNAs in this study
that may involve in modulating cisplatin resistance in TNBC in association with CSC-like

subpopulation.

In summary, future research can be conducted to improve efficiency of cisplatin by supressing
activity of CSC-like cells through knockdown of essential genes and microRNAs that were
determined to be correlated to cisplatin resistance mechanism associated with CSCs. Functional
study of dysregulated exomiRNAs secreted by cisplatin-treated CSC-MDA can be carried out
to investigate their potential role to enhance or suppress cisplatin resistance in TNBC. A variety
of applications can be applied to advance the understanding of these genes and miRNAs,
utilising the information for development of biomarker and improve the efficiency of breast

cancer treatment.

146



Reference

Abdul Aziz, A. A., Md Salleh, M. S., & Ankathil, R. (2020). Clinicopathological and
Prognostic Characteristics of Malaysian Triple Negative Breast Cancer Patients
Undergoing TAC Chemotherapy Regimen. International Journal of Breast Cancer,
2020, 8424365. https://doi.org/10.1155/2020/8424365

Abdullah, L. N., & Chow, E. K.-H. (2013). Mechanisms of chemoresistance in cancer stem
cells. Clinical and Translational Medicine, 2, 3. https://doi.org/10.1186/2001-1326-2-3

Abraham, B. K., Fritz, P., McClellan, M., Hauptvogel, P., Athelogou, M., & Brauch, H.
(2005). Prevalence of CD44+/CD24-/low cells in breast cancer may not be associated
with clinical outcome but may favor distant metastasis. Clinical Cancer Research : An
Official Journal of the American Association for Cancer Research, 11(3), 1154-1159.

Admyre, C., Johansson, S. M., Qazi, K. R., Filen, J.-J., Lahesmaa, R., Norman, M., Neve, E.
P. A., Scheynius, A., & Gabrielsson, S. (2007). Exosomes with immune modulatory
features are present in human breast milk. Journal of Immunology (Baltimore, Md. :
1950), 179(3), 1969-1978. https://doi.org/10.4049/jimmunol.179.3.1969

Akers, J. C., Gonda, D., Kim, R., Carter, B. S., & Chen, C. C. (2013). Biogenesis of
extracellular vesicles (EV): exosomes, microvesicles, retrovirus-like vesicles, and
apoptotic bodies. Journal of Neuro-Oncology, 113(1), 1-11.
https://doi.org/10.1007/s11060-013-1084-8

Aktas, B., Tewes, M., Fehm, T., Hauch, S., Kimmig, R., & Kasimir-Bauer, S. (2009). Stem
cell and epithelial-mesenchymal transition markers are frequently overexpressed in
circulating tumor cells of metastatic breast cancer patients. Breast Cancer Research :
BCR, 11(4), R46. https://doi.org/10.1186/bcr2333

Al-Hajj, M., Wicha, M. S., Benito-Hernandez, A., Morrison, S. J., & Clarke, M. F. (2003).
Prospective identification of tumorigenic breast cancer cells. Proceedings of the
National Academy of Sciences of the United States of America, 100(7), 3983-3988.
https://doi.org/10.1073/pnas.0530291100

Al-Hussaini, H., Subramanyam, D., Reedijk, M., & Sridhar, S. S. (2011). Notch signaling
pathway as a therapeutic target in breast cancer. Molecular Cancer Therapeutics, 10(1),
9-15. https://doi.org/10.1158/1535-7163.MCT-10-0677

Albini, A., & Benelli, R. (2007). The chemoinvasion assay: a method to assess tumor and
endothelial cell invasion and its modulation. Nature Protocols, 2(3), 504-511.
https://doi.org/10.1038/nprot.2006.466

Alhasan, L. (2019). MiR-126 Modulates Angiogenesis in Breast Cancer by Targeting VEGF-
A -mRNA. 4sian Pacific Journal of Cancer Prevention : APJCP, 20(1), 193-197.
https://doi.org/10.31557/APJCP.2019.20.1.193

Aloyz, R., Xu, Z.-Y., Bello, V., Bergeron, J., Han, F.-Y., Yan, Y., Malapetsa, A., Alaoui-
Jamali, M. A., Duncan, A. M. V, & Panasci, L. (2002). Regulation of cisplatin
resistance and homologous recombinational repair by the TFIIH subunit XPD. Cancer
Research, 62(19), 5457-5462.

Althobiti, M., El Ansari, R., Aleskandarany, M., Joseph, C., Toss, M. S., Green, A.R., &
Rakha, E. A. (2020). The prognostic significance of ALDH1AL expression in early
invasive breast cancer. Histopathology, 77(3), 437—-448.
https://doi.org/https://doi.org/10.1111/his.14129

Amos, K. D., Adamo, B., & Anders, C. K. (2012). Triple-Negative Breast Cancer: An Update
on Neoadjuvant Clinical Trials. International Journal of Breast Cancer, 2012, 385978.

147



https://doi.org/10.1155/2012/385978

Anand, P., Kunnumakkara, A. B., Sundaram, C., Harikumar, K. B., Tharakan, S. T., Lai, O.
S., Sung, B., & Aggarwal, B. B. (2008). Cancer is a preventable disease that requires
major lifestyle changes. Pharmaceutical Research, 25(9), 2097-2116.
https://doi.org/10.1007/s11095-008-9661-9

André, F., & Zielinski, C. C. (2012). Optimal strategies for the treatment of metastatic triple-
negative breast cancer with currently approved agents. Annals of Oncology : Official
Journal of the European Society for Medical Oncology, 23 Suppl 6, vi46-51.
https://doi.org/10.1093/annonc/mds195

Arai, E., Nishida, Y., Wasa, J., Urakawa, H., Zhuo, L., Kimata, K., Kozawa, E., Futamura, N.,
& Ishiguro, N. (2011). Inhibition of hyaluronan retention by 4-methylumbelliferone
suppresses osteosarcoma cells in vitro and lung metastasis in vivo. British Journal of
Cancer, 105(12), 1839-1849. https://doi.org/10.1038/bjc.2011.459

Avriad, S., Seymour, L., & Bezwoda, W. R. (1991). Platelet-derived growth factor (PDGF) in
plasma of breast cancer patients: correlation with stage and rate of progression. Breast
Cancer Research and Treatment, 20(1), 11-17. https://doi.org/10.1007/bf01833352

Arikawa, E., Sun, Y., Lee, S., Bao, X., Prabhakar, S., Wang, B., & Yang, J. (2007).
&lt;strong&gt; Studying extracellular matrix proteins and cell adhesion molecules in
breast tumor oncogenesis with real-time PCR arrays&alt;/strong&gt; Cancer Research,
67(9 Supplement), LB-266 LP-LB-266.
http://cancerres.aacrjournals.org/content/67/9_Supplement/LB-266.abstract

Armstrong, D. A., Green, B. B, Seigne, J. D., Schned, A. R., & Marsit, C. J. (2015).
MicroRNA molecular profiling from matched tumor and bio-fluids in bladder cancer.
Molecular Cancer, 14(1), 194. https://doi.org/10.1186/s12943-015-0466-2

Asaga, S., Kuo, C., Nguyen, T., Terpenning, M., Giuliano, A. E., & Hoon, D. S. B. (2011).
Direct Serum Assay for MicroRNA-21 Concentrations in Early and Advanced Breast
Cancer. Clinical Chemistry, 57(1), 84-91.
https://doi.org/10.1373/clinchem.2010.151845

Ayob, A. Z., & Ramasamy, T. S. (2018). Cancer stem cells as key drivers of tumour
progression. Journal of Biomedical Science, 25(1), 20. https://doi.org/10.1186/512929-
018-0426-4

Azmi, A. S., Bao, B., & Sarkar, F. H. (2013). Exosomes in cancer development, metastasis,
and drug resistance: a comprehensive review. Cancer Metastasis Reviews, 32(3-4),
623-642. https://doi.org/10.1007/s10555-013-9441-9

Azzolin, L., Panciera, T., Soligo, S., Enzo, E., Bicciato, S., Dupont, S., Bresolin, S., Frasson,
C., Basso, G., Guzzardo, V., Fassina, A., Cordenonsi, M., & Piccolo, S. (2014).
YAP/TAZ incorporation in the -catenin destruction complex orchestrates the Wnt
response. Cell, 158(1), 157-170. https://doi.org/10.1016/j.cell.2014.06.013

Azzolin, L., Zanconato, F., Bresolin, S., Forcato, M., Basso, G., Bicciato, S., Cordenonsi, M.,
& Piccolo, S. (2012). Role of TAZ as mediator of Wnt signaling. Cell, 151(7), 1443—
1456. https://doi.org/10.1016/j.cell.2012.11.027

Badve, S., Turbin, D., Thorat, M. A., Morimiya, A., Nielsen, T. O., Perou, C. M., Dunn, S.,
Huntsman, D. G., & Nakshatri, H. (2007). FOXAL Expression in Breast Cancer—
Correlation with Luminal Subtype A and Survival. Clinical Cancer Research, 13(15),
4415 LP — 4421. https://doi.org/10.1158/1078-0432.CCR-07-0122

Balic, M., Lin, H., Young, L., Hawes, D., Giuliano, A., McNamara, G., Datar, R. H., & Cote,

148



R. J. (2006). Most early disseminated cancer cells detected in bone marrow of breast
cancer patients have a putative breast cancer stem cell phenotype. Clinical Cancer
Research : An Official Journal of the American Association for Cancer Research,
12(19), 5615-5621. https://doi.org/10.1158/1078-0432.CCR-06-0169

Balko, J. M., Schwarz, L. J., Luo, N., Estrada, M. V, Giltnane, J. M., Davila-Gonzalez, D.,
Wang, K., Sanchez, V., Dean, P. T., Combs, S. E., Hicks, D., Pinto, J. A., Landis, M. D.,
Doimi, F. D., Yelensky, R., Miller, V. A., Stephens, P. J., Rimm, D. L., Gémez, H., ...
Arteaga, C. L. (2016). Triple-negative breast cancers with amplification of JAK2 at the
9p24 locus demonstrate JAK2-specific dependence. Science Translational Medicine,
8(334), 334ra53-334ra53. https://doi.org/10.1126/scitransimed.aad3001

Bao, B., Ahmad, A., Azmi, A. S, Ali, S., & Sarkar, F. H. (2013). Overview of cancer stem
cells (CSCs) and mechanisms of their regulation: implications for cancer therapy.
Current Protocols in Pharmacology, Chapter 14, Unit 14.25.
https://doi.org/10.1002/0471141755.ph1425s61

Bao, J.,, Yu, Y., Chen, J., He, Y., Chen, X,, Ren, Z., Xue, C., Liu, L., Hu, Q., Li, J.,, Cui, G., &
Sun, R. (2018). MiR-126 negatively regulates PLK-4 to impact the development of
hepatocellular carcinoma via ATR/CHEK1 pathway. Cell Death & Disease, 9(10),
1045. https://doi.org/10.1038/s41419-018-1020-0

Bao, S., Wu, Q., McLendon, R. E., Hao, Y., Shi, Q., Hjelmeland, A. B., Dewhirst, M. W.,
Bigner, D. D., & Rich, J. N. (2006). Glioma stem cells promote radioresistance by
preferential activation of the DNA damage response. Nature, 444(7120), 756—760.
https://doi.org/10.1038/nature05236

Baran-Gale, J., Kurtz, C. L., Erdos, M. R., Sison, C., Young, A., Fannin, E. E., Chines, P. S.,
& Sethupathy, P. (2015). Addressing Bias in Small RNA Library Preparation for
Sequencing: A New Protocol Recovers MicroRNAs that Evade Capture by Current
Methods . In Frontiers in Genetics (Vol. 6, p. 352).
https://www.frontiersin.org/article/10.3389/fgene.2015.00352

Barnawi, R., Al-Khaldi, S., Majed Sleiman, G., Sarkar, A., Al-Dhfyan, A., Al-Mohanna, F.,
Ghebeh, H., & Al-Alwan, M. (2016). Fascin Is Critical for the Maintenance of Breast
Cancer Stem Cell Pool Predominantly via the Activation of the Notch Self-Renewal
Pathway. Stem Cells (Dayton, Ohio), 34(12), 2799-2813.
https://doi.org/10.1002/stem.2473

Bartel, D. P. (2009). MicroRNAs: target recognition and regulatory functions. Cell, 136(2),
215-233. https://doi.org/10.1016/j.cell.2009.01.002

Bartlett, R. S., Jetté, M. E., King, S. N., Schaser, A., & Thibeault, S. L. (2012). Fundamental
approaches in molecular biology for communication sciences and disorders. Journal of
Speech, Language, and Hearing Research : JSLHR, 55(4), 1220-1231.
https://doi.org/10.1044/1092-4388(2011/11-0152)

Basu, A., & Krishnamurthy, S. (2010). Cellular responses to Cisplatin-induced DNA damage.
Journal of Nucleic Acids, 2010. https://doi.org/10.4061/2010/201367

Benedito, R., Roca, C., Sérensen, I., Adams, S., Gossler, A., Fruttiger, M., & Adams, R. H.
(2009). The notch ligands DI14 and Jagged1 have opposing effects on angiogenesis.
Cell, 137(6), 1124-1135. https://doi.org/10.1016/j.cell.2009.03.025

Binder, B. J., & Landman, K. A. (2009). Exclusion processes on a growing domain. Journal
of Theoretical Biology, 259(3), 541-551. https://doi.org/10.1016/j.jtbi.2009.04.025

Bonner, W. A., Hulett, H. R., Sweet, R. G., & Herzenberg, L. A. (1972). Fluorescence
activated cell sorting. The Review of Scientific Instruments, 43(3), 404-409.

149



https://doi.org/10.1063/1.1685647

Boo, L., Ho, W. Y., Ali, N. M., Yeap, S. K., Ky, H., Chan, K. G., Yin, W. F., Satharasinghe,
D. A, Liew, W. C., Tan, S. W., Ong, H. K., & Cheong, S. K. (2016). MiRNA
Transcriptome Profiling of Spheroid-Enriched Cells with Cancer Stem Cell Properties
in Human Breast MCF-7 Cell Line. International Journal of Biological Sciences, 12(4),
427-445. https://doi.org/10.7150/ijbs.12777

Boo, L., Ho, W. Y., Mohd Ali, N,, Yeap, S. K., Ky, H., Chan, K. G., Yin, W. F.,
Satharasinghe, D. A., Liew, W. C., Tan, S. W., Cheong, S. K., & Ong, H. K. (2017).
Phenotypic and microRNA transcriptomic profiling of the MDA-MB-231 spheroid-
enriched CSCs with comparison of MCF-7 microRNA profiling dataset. PeerJ, 5,
e3551. https://doi.org/10.7717/peerj.3551

Borchert, G. M., Lanier, W., & Davidson, B. L. (2006). RNA polymerase Il transcribes
human microRNAs. Nature Structural & Molecular Biology, 13(12), 1097-1101.
https://doi.org/10.1038/nsmb1167

BOYDEN, S. (1962). The chemotactic effect of mixtures of antibody and antigen on
polymorphonuclear leucocytes. The Journal of Experimental Medicine, 115, 453-466.
https://doi.org/10.1084/jem.115.3.453

Brabletz, T., Jung, A., Spaderna, S., Hlubek, F., & Kirchner, T. (2005). Opinion: migrating
cancer stem cells - an integrated concept of malignant tumour progression. Nature
Reviews. Cancer, 5(9), 744-749. https://doi.org/10.1038/nrc1694

Bray, F., Ferlay, J., Soerjomataram, 1., Siegel, R. L., Torre, L. A., & Jemal, A. (2018). Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: A Cancer Journal for Clinicians, 68(6), 394-424.
https://doi.org/10.3322/caac.21492

Britton, K M, Eyre, R., Harvey, I. J., Stemke-Hale, K., Browell, D., Lennard, T. W. J., &
Meeson, A. P. (2012). Breast cancer, side population cells and ABCG2 expression.
Cancer Letters, 323(1), 97-105. https://doi.org/10.1016/j.canlet.2012.03.041

Britton, Kelly M, Kirby, J. A., Lennard, T. W. J., & Meeson, A. P. (2011). Cancer Stem Cells
and Side Population Cells in Breast Cancer and Metastasis. Cancers, 3(2), 2106-2130.
https://doi.org/10.3390/cancers3022106

Bussolati, B., Bruno, S., Grange, C., Ferrando, U., & Camussi, G. (2008). Identification of a
tumor-initiating stem cell population in human renal carcinomas. The FASEB Journal,
22(10), 3696-3705. https://doi.org/https://doi.org/10.1096/fj.08-102590

Byrski, T., Huzarski, T., Dent, R., Marczyk, E., Jasiowka, M., Gronwald, J., Jakubowicz, J.,
Cybulski, C., Wisniowski, R., Godlewski, D., Lubinski, J., & Narod, S. A. (2014).
Pathologic complete response to neoadjuvant cisplatin in BRCAZ1-positive breast cancer
patients. Breast Cancer Research and Treatment, 147(2), 401-405.
https://doi.org/10.1007/s10549-014-3100-x

Cailleau, R., Olive, M., & Cruciger, Q. V. (1978). Long-term human breast carcinoma cell
lines of metastatic origin: preliminary characterization. In Vitro, 14(11), 911-915.
https://doi.org/10.1007/bf02616120

Calin, G. A., Dumitru, C. D., Shimizu, M., Bichi, R., Zupo, S., Noch, E., Aldler, H., Rattan,
S., Keating, M., Rai, K., Rassenti, L., Kipps, T., Negrini, M., Bullrich, F., & Croce, C.
M. (2002). Frequent deletions and down-regulation of micro- RNA genes miR15 and
miR16 at 13914 in chronic lymphocytic leukemia. Proceedings of the National Academy
of Sciences of the United States of America, 99(24), 15524-15529.
https://doi.org/10.1073/pnas.242606799

150



Camussi, G., Deregibus, M. C., Bruno, S., Cantaluppi, V., & Biancone, L. (2010).
Exosomes/microvesicles as a mechanism of cell-to-cell communication. Kidney
International, 78(9), 838-848. https://doi.org/10.1038/ki.2010.278

Carter, B. Z., Qiu, Y., Huang, X., Diao, L., Zhang, N., Coombes, K. R., Mak, D. H.,
Konopleva, M., Cortes, J., Kantarjian, H. M., Mills, G. B., Andreeff, M., & Kornblau, S.
M. (2012). Survivin is highly expressed in CD34(+)38(—) leukemic stem/progenitor
cells and predicts poor clinical outcomes in AML. Blood, 120(1), 173-180.
https://doi.org/10.1182/blood-2012-02-409888

Casciano, J. C., Perry, C., Cohen-Nowak, A. J., Miller, K. D., Vande Voorde, J., Zhang, Q.,
Chalmers, S., Sandison, M. E., Liu, Q., Hedley, A., McBryan, T., Tang, H.-Y., Gorman,
N., Beer, T., Speicher, D. W., Adams, P. D., Liu, X., Schlegel, R., McCarron, J. G., ...
Schug, Z. T. (2020). MYC regulates fatty acid metabolism through a multigenic
program in claudin-low triple negative breast cancer. British Journal of Cancer, 122(6),
868-884. https://doi.org/10.1038/s41416-019-0711-3

Casciola-Rosen, L., Rosen, A., Petri, M., & Schlissel, M. (1996). Surface blebs on apoptotic
cells are sites of enhanced procoagulant activity: implications for coagulation events and
antigenic spread in systemic lupus erythematosus. Proceedings of the National Academy
of Sciences of the United States of America, 93(4), 1624-1629.
https://doi.org/10.1073/pnas.93.4.1624

Caussinus, E., & Gonzalez, C. (2005). Induction of tumor growth by altered stem-cell
asymmetric division in Drosophila melanogaster. Nature Genetics, 37(10), 1125-1129.
https://doi.org/10.1038/ng1632

Cha, D. J., Franklin, J. L., Dou, Y., Liu, Q., Higginbotham, J. N., Demory Beckler, M.,
Weaver, A. M., Vickers, K., Prasad, N., Levy, S., Zhang, B., Coffey, R. J., & Patton, J.
G. (2015). KRAS-dependent sorting of miRNA to exosomes. ELife, 4, e07197—e07197.
https://doi.org/10.7554/eLife.07197

Chacén, R. D., & Costanzo, M. V. (2010). Triple-negative breast cancer. Breast Cancer
Research, 12(2), S3. https://doi.org/10.1186/bcr2574

Chaffer, C. L., & Weinberg, R. A. (2011). A perspective on cancer cell metastasis. Science
(New York, N.Y.), 331(6024), 1559-1564. https://doi.org/10.1126/science.1203543

Challagundla, K. B., Wise, P. M., Neviani, P., Chava, H., Murtadha, M., Xu, T., Kennedy, R.,
Ivan, C., Zhang, X., Vannini, I., Fanini, F., Amadori, D., Calin, G. A., Hadjidaniel, M.,
Shimada, H., Jong, A., Seeger, R. C., Asgharzadeh, S., Goldkorn, A., & Fabbri, M.
(2015). Exosome-Mediated Transfer of microRNAs Within the Tumor
Microenvironment and Neuroblastoma Resistance to Chemotherapy. JNCI: Journal of
the National Cancer Institute, 107(7). https://doi.org/10.1093/jnci/djv135

Chan, M., Liaw, C. S., Ji, S. M., Tan, H. H., Wong, C. Y., Thike, A. A., Tan, P. H., Ho, G. H.,
& Lee, A. S.-G. (2013). Identification of circulating microRNA signatures for breast
cancer detection. Clinical Cancer Research : An Official Journal of the American
Association for Cancer Research, 19(16), 4477-4487. https://doi.org/10.1158/1078-
0432.CCR-12-3401

Chang, C.-H., Zhang, M., Rajapakshe, K., Coarfa, C., Edwards, D., Huang, S., & Rosen, J. M.
(2015). Mammary Stem Cells and Tumor-Initiating Cells Are More Resistant to
Apoptosis and Exhibit Increased DNA Repair Activity in Response to DNA Damage.
Stem Cell Reports, 5(3), 378-391. https://doi.org/10.1016/j.stemcr.2015.07.009

Chanmee, T., Ontong, P., Kimata, K., & Itano, N. (2015). Key Roles of Hyaluronan and Its
CD44 Receptor in the Stemness and Survival of Cancer Stem Cells. Frontiers in
Oncology, 5, 180. https://doi.org/10.3389/fonc.2015.00180

151



Chavez, K. J., Garimella, S. V, & Lipkowitz, S. (2010). Triple negative breast cancer cell
lines: one tool in the search for better treatment of triple negative breast cancer. Breast
Disease, 32(1-2), 35-48. https://doi.org/10.3233/BD-2010-0307

Chen, D., Milacic, V., Frezza, M., & Dou, Q. P. (2009). Metal complexes, their cellular
targets and potential for cancer therapy. Current Pharmaceutical Design, 15(7), 777—
791. https://doi.org/10.2174/138161209787582183

Chen, Q.-Y., Jiao, D.-M., Wang, J., Hu, H., Tang, X., Chen, J., Mou, H., & Lu, W. (2016).
miR-206 regulates cisplatin resistance and EMT in human lung adenocarcinoma cells
partly by targeting MET. Oncotarget, 7(17), 24510-24526.
https://doi.org/10.18632/oncotarget.8229

Chen, W.-L., Kuo, K.-T., Chou, T.-Y., Chen, C.-L., Wang, C.-H., Wei, Y.-H., & Wang, L.-S.
(2012). The role of cytochrome c oxidase subunit Va in non-small cell lung carcinoma
cells: association with migration, invasion and prediction of distant metastasis. BMC
Cancer, 12, 273. https://doi.org/10.1186/1471-2407-12-273

Chen, Wanyin, Dong, J., Haiech, J., Kilhoffer, M.-C., & Zeniou, M. (2016). Cancer Stem Cell
Quiescence and Plasticity as Major Challenges in Cancer Therapy. Stem Cells
International, 2016, 1740936. https://doi.org/10.1155/2016/1740936

Chen, Wei-xian, Liu, X., Lv, M., Chen, L., Zhao, J., Zhong, S., Ji, M., Hu, Q., Luo, Z., Wu,
J., & Tang, J. (2014). Exosomes from Drug-Resistant Breast Cancer Cells Transmit
Chemoresistance by a Horizontal Transfer of MicroRNAs. PLOS ONE, 9(4), €95240.
https://doi.org/10.1371/journal.pone.0095240

Chen, Weijie, Cai, F., Zhang, B., Barekati, Z., & Zhong, X. Y. (2013). The level of
circulating miRNA-10b and miRNA-373 in detecting lymph node metastasis of breast
cancer: potential biomarkers. Tumour Biology : The Journal of the International Society
for Oncodevelopmental Biology and Medicine, 34(1), 455-462.
https://doi.org/10.1007/s13277-012-0570-5

Chen, X., Ba, Y., Ma, L., Cai, X., Yin, Y., Wang, K., Guo, J., Zhang, Y., Chen, J., Guo, X.,
Li, Q., Li, X., Wang, W., Zhang, Y., Wang, J., Jiang, X., Xiang, Y., Xu, C., Zheng,
P., ... Zhang, C.-Y. (2008). Characterization of microRNAs in serum: a novel class of
biomarkers for diagnosis of cancer and other diseases. Cell Research, 18(10), 997—
1006. https://doi.org/10.1038/cr.2008.282

Chen, Z. F., & Behringer, R. R. (1995). twist is required in head mesenchyme for cranial
neural tube morphogenesis. Genes & Development, 9(6), 686—699.
https://doi.org/10.1101/gad.9.6.686

Chendrimada, T. P., Gregory, R. ., Kumaraswamy, E., Norman, J., Cooch, N., Nishikura, K.,
& Shiekhattar, R. (2005). TRBP recruits the Dicer complex to Ago2 for microRNA
processing and gene silencing. Nature, 436(7051), 740-744.
https://doi.org/10.1038/nature03868

Cheung, S. T., Cheung, P. F. Y., Cheng, C. K. C.,, Wong, N. C. L., & Fan, S. T. (2011).
Granulin-epithelin precursor and ATP-dependent binding cassette (ABC)B5 regulate
liver cancer cell chemoresistance. Gastroenterology, 140(1), 344-355.
https://doi.org/10.1053/j.gastro.2010.07.049

Chung, H. H., Mireles, M., Kwarta, B. J., & Gaborski, T. R. (2018). Use of porous
membranes in tissue barrier and co-culture models. Lab on a Chip, 18(12), 1671-1689.
https://doi.org/10.1039/c71c01248a

Ciccone, V., Terzuoli, E., Donnini, S., Giachetti, A., Morbidelli, L., & Ziche, M. (2018).
Stemness marker ALDH1A1 promotes tumor angiogenesis via retinoic acid/HIF-

152



10/VEGEF signalling in MCF-7 breast cancer cells. Journal of Experimental & Clinical
Cancer Research, 37(1), 311. https://doi.org/10.1186/s13046-018-0975-0

Cimmino, A., Calin, G. A., Fabbri, M., lorio, M. V, Ferracin, M., Shimizu, M., Wojcik, S. E.,
Ageilan, R. ., Zupo, S., Dono, M., Rassenti, L., Alder, H., Volinia, S., Liu, C.-G.,
Kipps, T. J., Negrini, M., & Croce, C. M. (2005). miR-15 and miR-16 induce apoptosis
by targeting BCL2. Proceedings of the National Academy of Sciences of the United
States of America, 102(39), 13944-13949. https://doi.org/10.1073/pnas.0506654102

Clevers, H. (2005). Stem cells, asymmetric division and cancer. Nature Genetics, 37(10),
1027-1028. https://doi.org/10.1038/ng1005-1027

Clevers, H. (2006). Wnt/beta-catenin signaling in development and disease. Cell, 127(3),
469-480. https://doi.org/10.1016/j.cell.2006.10.018

Coenen-Stass, A. M. L., Magen, 1., Brooks, T., Ben-Dov, I. Z., Greensmith, L., Hornstein, E.,
& Fratta, P. (2018). Evaluation of methodologies for microRNA biomarker detection by
next generation sequencing. RNA Biology, 15(8), 1133-1145.
https://doi.org/10.1080/15476286.2018.1514236

Comanescu, M. (2013). Profiling Stem Cells in Triple Negative Breast Cancer - A PCR-
Array-Based Study. Annals of Oncology, 24, iii22.
https://doi.org/10.1093/annonc/mdt082.6

Cooper Geoffrey M. (2000). The Cell: A Molecular Approach. (2nd ed.). Sinauer Associates.
https://www.ncbi.nlm.nih.gov/books/NBK9963/

Cotter, G., Verhaegen, S., Clynes, M., & Kavanagh, K. (1997). Membrane changes associated
with the early stages of apoptosis in HEp-2 cells decrease susceptibility to adherence by
Candida albicans. Journal of Medical and Veterinary Mycology : Bi-Monthly
Publication of the International Society for Human and Animal Mycology, 35(3), 219—
224, https://doi.org/10.1080/02681219780001171

Coumans, F. A. W, Brisson, A. R., Buzas, E. |, Dignat-George, F., Drees, E. E. E., El-
Andaloussi, S., Emanueli, C., Gasecka, A., Hendrix, A., Hill, A. F., Lacroix, R., Lee, Y.,
van Leeuwen, T. G., Mackman, N., Mager, I., Nolan, J. P., van der Pol, E., Pegtel, D.
M., Sahoo, S., ... Nieuwland, R. (2017). Methodological Guidelines to Study
Extracellular Vesicles. Circulation Research, 120(10), 1632-1648.
https://doi.org/10.1161/CIRCRESAHA.117.309417

Crabtree, J. S., & Miele, L. (2018). Breast Cancer Stem Cells. Biomedicines, 6(3).
https://doi.org/10.3390/biomedicines6030077

Cui, Y., Kobnig, J., Buchholz, J. K., Spring, H., Leier, I., & Keppler, D. (1999). Drug
resistance and ATP-dependent conjugate transport mediated by the apical multidrug
resistance protein, MRP2, permanently expressed in human and canine cells. Molecular
Pharmacology, 55(5), 929-937.

Cuk, K., Zucknick, M., Madhavan, D., Schott, S., Golatta, M., Heil, J., Marme, F.,
Turchinovich, A., Sinn, P., Sohn, C., Junkermann, H., Schneeweiss, A., & Burwinkel,
B. (2013). Plasma microRNA panel for minimally invasive detection of breast cancer.
PloS One, 8(10), e76729. https://doi.org/10.1371/journal.pone.0076729

D’Angelo, R. C., Ouzounova, M., Davis, A., Choi, D., Tchuenkam, S. M., Kim, G., Luther,
T., Quraishi, A. A., Senbabaoglu, Y., Conley, S. J., Clouthier, S. G., Hassan, K. A.,
Wicha, M. S., & Korkaya, H. (2015). Notch reporter activity in breast cancer cell lines
identifies a subset of cells with stem cell activity. Molecular Cancer Therapeutics,
14(3), 779-787. https://doi.org/10.1158/1535-7163.MCT-14-0228

153



Dai, G, Yu, L., Yang, J., Xia, K., Zhang, Z., Liu, G., Gao, T., & Guo, W. (2017). The
synergistic antitumor effect of cinobufagin and cisplatin in human osteosarcoma cell
line in vitro and in vivo. Oncotarget, 8(49), 85150-85168.
https://doi.org/10.18632/oncotarget. 19554

Damaghi, M., Wojtkowiak, J. W., & Gillies, R. J. (2013). pH sensing and regulation in
cancer. Frontiers in Physiology, 4, 370. https://doi.org/10.3389/fphys.2013.00370

Damia, G., Filiberti, L., Vikhanskaya, F., Carrassa, L., Taya, Y., D’incalci, M., & Broggini,
M. (2001). Cisplatinum and taxol induce different patterns of p53 phosphorylation.
Neoplasia (New York, N.Y.), 3(1), 10-16. https://doi.org/10.1038/sj.ne0.7900122

De, A. (2011). Wnt/Ca2+ signaling pathway: a brief overview. Acta Biochimica et Biophysica
Sinica, 43(10), 745-756. https://doi.org/10.1093/abbs/gmr079

de Waard, N. E., Kolovou, P. E., McGuire, S. P., Cao, J., Frank, N. Y., Frank, M. H., Jager,
M. J., & Ksander, B. R. (2015). Expression of Multidrug Resistance Transporter
ABCBS in a Murine Model of Human Conjunctival Melanoma. Ocular Oncology and
Pathology, 1(3), 182-189. https://doi.org/10.1159/000371555

Dean, M. (2009). ABC Transporters, Drug Resistance, and Cancer Stem Cells. Journal of
Mammary Gland Biology and Neoplasia, 14(1), 3-9. https://doi.org/10.1007/s10911-
009-9109-9

Dean, S. J. R., & Rhodes, A. (2014). Triple negative breast cancer: the role of metabolic
pathways. The Malaysian Journal of Pathology, 36(3), 155-162.

Dejmek, J., S&fholm, A., Kamp Nielsen, C., Andersson, T., & Leandersson, K. (2006). Wnt-
5a/Ca2+-induced NFAT activity is counteracted by Wnt-5a/Yes-Cdc42-casein kinase
lalpha signaling in human mammary epithelial cells. Molecular and Cellular Biology,
26(16), 6024-6036. https://doi.org/10.1128/MCB.02354-05

Demarcq, C., Bunch, R. T., Creswell, D., & Eastman, A. (1994). The role of cell cycle
progression in cisplatin-induced apoptosis in Chinese hamster ovary cells. Cell Growth
Differentiation, 5(9), 983-993.

Deshmukh, A., Kumar, S., Arfuso, F., Newsholme, P., & Dharmarajan, A. (2017). Secreted
Frizzled-related protein 4 (SFRP4) chemo-sensitizes cancer stem cells derived from
human breast, prostate, and ovary tumor cell lines. Scientific Reports, 7(1), 2256.
https://doi.org/10.1038/s41598-017-02256-4

Dontu, G., Abdallah, W. M., Foley, J. M., Jackson, K. W., Clarke, M. F., Kawamura, M. J., &
Wicha, M. S. (2003). In vitro propagation and transcriptional profiling of human
mammary stem/progenitor cells. Genes & Development, 17(10), 1253-1270.
https://doi.org/10.1101/gad.1061803

Dontu, G., Jackson, K. W., McNicholas, E., Kawamura, M. J., Abdallah, W. M., & Wicha, M.
S. (2004). Role of Notch signaling in cell-fate determination of human mammary
stem/progenitor cells. Breast Cancer Researc/ : BCR, 6(6), R605-R615.
https://doi.org/10.1186/bcr920

Doyle, L. M., & Wang, M. Z. (2019). Overview of Extracellular Vesicles, Their Origin,
Composition, Purpose, and Methods for Exosome Isolation and Analysis. Cells, 8(7),
727. https://doi.org/10.3390/cells8070727

Dreyer, F., & Baur, A. (2016). Biogenesis and Functions of Exosomes and Extracellular
Vesicles. Methods in Molecular Biology (Clifton, N.J.), 1448, 201-216.
https://doi.org/10.1007/978-1-4939-3753-0_15

Drummen, G. P. C. (2012). Fluorescent probes and fluorescence (microscopy) techniques--

154



illuminating biological and biomedical research. Molecules (Basel, Switzerland), 17(12),
14067-14090. https://doi.org/10.3390/molecules171214067

Dufourd, T., Robil, N., Mallet, D., Carcenac, C., Boulet, S., Brishoual, S., Rabois, E., Houeto,
J.-L., de la Grange, P., & Carnicella, S. (2019). Plasma or serum? A qualitative study on
rodents and humans using high-throughput microRNA sequencing for circulating
biomarkers. Biology Methods and Protocols, 4(1).
https://doi.org/10.1093/biomethods/bpz006

Eastman, A. (1983). Characterization of the adducts produced in DNA by cis-
diamminedichloroplatinum(l1) and cis-dichloro(ethylenediamine)platinum(ll).
Biochemistry, 22(16), 3927-3933. https://doi.org/10.1021/bi00285a031

Ebrahimkhani, S., Vafaee, F., Hallal, S., Wei, H., Lee, M. Y. T., Young, P. E., Satgunaseelan,
L., Beadnall, H., Barnett, M. H., Shivalingam, B., Suter, C. M., Buckland, M. E., &
Kaufman, K. L. (2018). Deep sequencing of circulating exosomal microRNA allows
non-invasive glioblastoma diagnosis. NPJ Precision Oncology, 2, 28.
https://doi.org/10.1038/s41698-018-0071-0

Eichelser, C., Flesch-Janys, D., Chang-Claude, J., Pantel, K., & Schwarzenbach, H. (2013).
Deregulated serum concentrations of circulating cell-free microRNAs miR-17, miR-34a,
miR-155, and miR-373 in human breast cancer development and progression. Clinical
Chemistry, 59(10), 1489-1496. https://doi.org/10.1373/clinchem.2013.205161

El Helou, R., Pinna, G., Cabaud, O., Wicinski, J., Bhajun, R., Guyon, L., Rioualen, C.,
Finetti, P., Gros, A., Mari, B., Barbry, P., Bertucci, F., Bidaut, G., Harel-Bellan, A.,
Birnbaum, D., Charafe-Jauffret, E., & Ginestier, C. (2017). miR-600 Acts as a Bimodal
Switch that Regulates Breast Cancer Stem Cell Fate through WNT Signaling. Cell
Reports, 18(9), 2256-2268. https://doi.org/10.1016/j.celrep.2017.02.016

Elmore, S. (2007). Apoptosis: a review of programmed cell death. Toxicologic Pathology,
35(4), 495-516. https://doi.org/10.1080/01926230701320337

Espinoza, 1., Pochampally, R., Xing, F., Watabe, K., & Miele, L. (2013). Notch signaling:
targeting cancer stem cells and epithelial-to-mesenchymal transition. OncoTargets and
Therapy, 6, 1249-1259. https://doi.org/10.2147/0TT.S36162

Fan, M., Sethuraman, A., Brown, M., Sun, W., & Pfeffer, L. M. (2014). Systematic analysis
of metastasis-associated genes identifies miR-17-5p as a metastatic suppressor of basal-
like breast cancer. Breast Cancer Research and Treatment, 146(3), 487-502.
https://doi.org/10.1007/s10549-014-3040-5

Fan, Y., Siklenka, K., Arora, S. K., Ribeiro, P., Kimmins, S., & Xia, J. (2016). miRNet -
dissecting miRNA-target interactions and functional associations through network-
based visual analysis. Nucleic Acids Research, 44(W1), W135-41.
https://doi.org/10.1093/nar/gkw288

Fang, X., Cai, Y., Liu, J., Wang, Z., Wu, Q., Zhang, Z., Yang, C. J., Yuan, L., & Ouyang, G.
(2011). Twist2 contributes to breast cancer progression by promoting an epithelial-
mesenchymal transition and cancer stem-like cell self-renewal. Oncogene, 30(47),
4707-4720. https://doi.org/10.1038/onc.2011.181

Fani, S., Kamalidehghan, B., Lo, K. M., Nigjeh, S. E., Keong, Y. S., Dehghan, F., Soori, R.,
Abdulla, M. A, Chow, K. M., Ali, H. M., Hajiaghaalipour, F., Rouhollahi, E., &
Hashim, N. M. (2016). Anticancer activity of a monobenzyltin complex C1 against
MDA-MB-231 cells through induction of Apoptosis and inhibition of breast cancer stem
cells. Scientific Reports, 6(1), 38992. https://doi.org/10.1038/srep38992

Felipe Lima, J., Nofech-Mozes, S., Bayani, J., & Bartlett, J. M. S. (2016). EMT in Breast

155



Carcinoma-A Review. Journal of Clinical Medicine, 5(7).
https://doi.org/10.3390/jcm5070065

Feng, R., Chen, X., Yu, Y., Su, L., Yu, B., Li, J., Cai, Q., Yan, M., Liu, B., & Zhu, Z. (2010).
miR-126 functions as a tumour suppressor in human gastric cancer. Cancer Letters,
298(1), 50-63. https://doi.org/10.1016/j.canlet.2010.06.004

Ferretti, E., De Smaele, E., Miele, E., Laneve, P., Po, A., Pelloni, M., Paganelli, A., Di
Marcotullio, L., Caffarelli, E., Screpanti, I., Bozzoni, I., & Gulino, A. (2008). Concerted
microRNA control of Hedgehog signalling in cerebellar neuronal progenitor and
tumour cells. The EMBO Journal, 27(19), 2616-2627.
https://doi.org/10.1038/emb0j.2008.172

Fitzgerald, K. A., O’Neill, L. A. J., Gearing, A. J. H., & Callard, R. E. (2001). PDGF. In K.
A. Fitzgerald, L. A. J. O’Neill, A. J. H. Gearing, & R. E. B. T.-T. C. F. and W. (Second
E. Callard (Eds.), Factsbook (pp. 426-435). Academic Press.
https://doi.org/https://doi.org/10.1016/B978-012155142-1/50093-2

Foye, C., Yan, I. K., David, W., Shukla, N., Habboush, Y., Chase, L., Ryland, K., Kesari, V.,
& Patel, T. (2017). Comparison of miRNA quantitation by Nanostring in serum and
plasma samples. PLOS ONE, 12(12), e0189165.
https://doi.org/10.1371/journal.pone.0189165

Fragomeni, S. M., Sciallis, A., & Jeruss, J. S. (2018). Molecular Subtypes and Local-Regional
Control of Breast Cancer. Surgical Oncology Clinics of North America, 27(1), 95-120.
https://doi.org/10.1016/j.s0¢.2017.08.005

Frank, N. Y., Margaryan, A., Huang, Y., Schatton, T., Waaga-Gasser, A. M., Gasser, M.,
Sayegh, M. H., Sadee, W., & Frank, M. H. (2005). ABCB5-mediated doxorubicin
transport and chemoresistance in human malignant melanoma. Cancer Research,
65(10), 4320-4333. https://doi.org/10.1158/0008-5472.CAN-04-3327

Fu, J., Qin, L., He, T., Qin, J., Hong, J., Wong, J., Liao, L., & Xu, J. (2011). The
TWIST/Mi2/NuRD protein complex and its essential role in cancer metastasis. Cell
Research, 21(2), 275-289. https://doi.org/10.1038/cr.2010.118

Fuchs Wightman, F., Giono, L. E., Fededa, J. P., & de la Mata, M. (2018). Target RNAs
Strike Back on MicroRNAs. Frontiers in Genetics, 9, 435.
https://doi.org/10.3389/fgene.2018.00435

Gao, J., Wu, H., Shi, X., Huo, Z., Zhang, J., & Liang, Z. (2016). Comparison of Next-
Generation Sequencing, Quantitative PCR, and Sanger Sequencing for Mutation
Profiling of EGFR, KRAS, PIK3CA and BRAF in Clinical Lung Tumors. Clinical
Laboratory, 62(4), 689-696. https://doi.org/10.7754/clin.lab.2015.150837

Gao, S., Wang, Y., Wang, M., Li, Z., Zhao, Z., Wang, R. X., Wu, R., Yuan, Z., Cui, R., Jiao,
K., Wang, L., Ouyang, L., & Liu, R. (2017). MicroRNA-155, induced by FOXP3
through transcriptional repression of BRCA1, is associated with tumor initiation in
human breast cancer. Oncotarget, 8(25), 41451-41464.
https://doi.org/10.18632/oncotarget.17816

Garcia-Vazquez, R., Ruiz-Garcia, E., Meneses Garcia, A., Astudillo-de la Vega, H., Lara-
Medina, F., Alvarado-Miranda, A., Maldonado-Martinez, H., Gonzalez-Barrios, J. A.,
Campos-Parra, A. D., Rodriguez Cuevas, S., Marchat, L. A., & Lopez-Camarillo, C.
(2017). A microRNA signature associated with pathological complete response to novel
neoadjuvant therapy regimen in triple-negative breast cancer. Tumour Biology : The
Journal of the International Society for Oncodevelopmental Biology and Medicine,
39(6), 1010428317702899. https://doi.org/10.1177/1010428317702899

156



Ghebeh, H., Sleiman, G. M., Manogaran, P. S., Al-Mazrou, A., Barhoush, E., Al-Mohanna, F.
H., Tulbah, A., Al-Fageeh, K., & Adra, C. N. (2013). Profiling of normal and malignant
breast tissue show CD44high/CD24lowphenotype as a predominant stem/progenitor
marker when used in combination with Ep-CAM/CD49f markers. BMC Cancer, 13(1),
289. https://doi.org/10.1186/1471-2407-13-289

Ghildiyal, M., & Zamore, P. D. (2009). Small silencing RNAs: an expanding universe. Nature
Reviews. Genetics, 10(2), 94-108. https://doi.org/10.1038/nrg2504

Gibbings, D. J., Ciaudo, C., Erhardt, M., & Voinnet, O. (2009). Multivesicular bodies
associate with components of miRNA effector complexes and modulate miRNA
activity. Nature Cell Biology, 11(9), 1143-1149. https://doi.org/10.1038/nch1929

Ginestier, C., Hur, M. H., Charafe-Jauffret, E., Monville, F., Dutcher, J., Brown, M.,
Jacquemier, J., Viens, P., Kleer, C. G, Liu, S., Schott, A., Hayes, D., Birnbaum, D.,
Wicha, M. S., & Dontu, G. (2007). ALDH1 is a marker of normal and malignant human
mammary stem cells and a predictor of poor clinical outcome. Cell Stem Cell, 1(5), 555—
567. https://doi.org/10.1016/j.stem.2007.08.014

Gluz, O, Liedtke, C., Gottschalk, N., Pusztai, L., Nitz, U., & Harbeck, N. (2009). Triple-
negative breast cancer—current status and future directions. Annals of Oncology,
20(12), 1913-1927.

Goetz, S. C., & Anderson, K. V. (2010). The primary cilium: a signalling centre during
vertebrate development. Nature Reviews. Genetics, 11(5), 331-344.
https://doi.org/10.1038/nrg2774

Gonzalez, M. E., Moore, H. M., Li, X., Toy, K. A., Huang, W., Sabel, M. S., Kidwell, K. M.,
& Kleer, C. G. (2014). EZH2 expands breast stem cells through activation of NOTCH1
signaling. Proceedings of the National Academy of Sciences of the United States of
America, 111(8), 3098-3103. https://doi.org/10.1073/pnas.1308953111

Gottesman, M. M., Fojo, T., & Bates, S. E. (2002). Multidrug resistance in cancer: role of
ATP-dependent transporters. Nature Reviews Cancer, 2(1), 48-58.
https://doi.org/10.1038/nrc706

Graner, M. W., Cumming, R. I., & Bigner, D. D. (2007). The heat shock response and
chaperones/heat shock proteins in brain tumors: surface expression, release, and possible
immune consequences. The Journal of Neuroscience : The Official Journal of the
Society for Neuroscience, 27(42), 11214-11227.
https://doi.org/10.1523/JNEUROSCI.3588-07.2007

Grimolizzi, F., Monaco, F., Leoni, F., Bracci, M., Staffolani, S., Bersaglieri, C., Gaetani, S.,
Valentino, M., Amati, M., Rubini, C., Saccucci, F., Neuzil, J., Tomasetti, M., &
Santarelli, L. (2017). Exosomal miR-126 as a circulating biomarker in non-small-cell
lung cancer regulating cancer progression. Scientific Reports, 7(1), 15277.
https://doi.org/10.1038/s41598-017-15475-6

Gross, J. C., Chaudhary, V., Bartscherer, K., & Boutros, M. (2012). Active Wnt proteins are
secreted on exosomes. Nature Cell Biology, 14(10), 1036-1045.
https://doi.org/10.1038/nch2574

Grudzien, P., Strack, P., Golde, T., Miele, L., & Foreman, K. E. (2009). Inhibition of Notch
signaling reduces the stem-like cell population in T47D breast cancer cells and prevents
mammaosphere formation. Cancer Research, 69(2 Supplement), 106.
https://doi.org/10.1158/0008-5472.SABCS-106

Gumireddy, K., Li, A., Gimotty, P. A., Klein-Szanto, A. J., Showe, L. C., Katsaros, D.,
Coukos, G., Zhang, L., & Huang, Q. (2009). KLF17 is a negative regulator of epithelial-

157



mesenchymal transition and metastasis in breast cancer. Nature Cell Biology, 11(11),
1297-1304. https://doi.org/10.1038/ncb1974

Guo, W. (2014). Concise review: breast cancer stem cells: regulatory networks, stem cell
niches, and disease relevance. Stem Cells Translational Medicine, 3(8), 942-948.
https://doi.org/10.5966/sctm.2014-0020

Habas, R., Kato, Y., & He, X. (2001). Wnt/Frizzled activation of Rho regulates vertebrate
gastrulation and requires a novel Formin homology protein Daam1. Cell, 107(7), 843-
854. https://doi.org/10.1016/s0092-8674(01)00614-6

Habib, J. G., & O’Shaughnessy, J. A. (2016). The hedgehog pathway in triple-negative breast
cancer. Cancer Medicine, 5(10), 2989-3006. https://doi.org/10.1002/cam4.833

Hamam, R., Ali, A. M., Alsaleh, K. A., Kassem, M., Alfayez, M., Aldahmash, A., & Alajez,
N. M. (2016). microRNA expression profiling on individual breast cancer patients
identifies novel panel of circulating microRNA for early detection. Scientific Reports,
6(1), 25997. https://doi.org/10.1038/srep25997

Hambley, T. W. (2007). Developing new metal-based therapeutics: challenges and
opportunities. Dalton Transactions (Cambridge, England : 2003), 43, 4929-4937.
https://doi.org/10.1039/b706075k

Han, Jeonghun, Lim, W., You, D., Jeong, Y., Kim, S,, Lee, J. E., Shin, T. H,, Lee, G., & Park,
S. (2019). Chemoresistance in the Human Triple-Negative Breast Cancer Cell Line
MDA-MB-231 Induced by Doxorubicin Gradient Is Associated with Epigenetic
Alterations in Histone Deacetylase. Journal of Oncology, 2019, 1345026.
https://doi.org/10.1155/2019/1345026

Han, Jinju, Lee, Y., Yeom, K.-H., Kim, Y.-K., Jin, H., & Kim, V. N. (2004). The Drosha-
DGCRS8 complex in primary microRNA processing. Genes & Development, 18(24),
3016-3027. https://doi.org/10.1101/gad.1262504

Han, Z.-B., Ren, H., Zhao, H., Chi, Y., Chen, K., Zhou, B., Liu, Y., Zhang, L., Xu, B., Liu,
B., Yang, R., & Han, Z.-C. (2008). Hypoxia-inducible factor (HIF)-1a directly enhances
the transcriptional activity of stem cell factor (SCF) in response to hypoxia and
epidermal growth factor (EGF). Carcinogenesis, 29(10), 1853-1861.
https://doi.org/10.1093/carcin/bgn066

Hanahan, D., & Weinberg, R. A. (2000). The Hallmarks of Cancer. Cell, 100(1), 57-70.
https://doi.org/10.1016/S0092-8674(00)81683-9

Hannafon, B. N., Trigoso, Y. D., Calloway, C. L., Zhao, Y. D., Lum, D. H., Welm, A. L.,
Zhao, Z. J., Blick, K. E., Dooley, W. C., & Ding, W. Q. (2016). Plasma exosome
microRNAs are indicative of breast cancer. Breast Cancer Research : BCR, 18(1), 90.
https://doi.org/10.1186/s13058-016-0753-x

Hansel, T. T., De Vries, I. J., Iff, T., Rihs, S., Wandzilak, M., Betz, S., Blaser, K., & Walker,
C. (1991). An improved immunomagnetic procedure for the isolation of highly purified
human blood eosinophils. Journal of Immunological Methods, 145(1-2), 105-110.
https://doi.org/10.1016/0022-1759(91)90315-7

Hansen, C., Greengard, P., Nairn, A. C., Andersson, T., & VVogel, W. F. (2006).
Phosphorylation of DARPP-32 regulates breast cancer cell migration downstream of the
receptor tyrosine kinase DDR1. Experimental Cell Research, 312(20), 4011-4018.
https://doi.org/10.1016/j.yexcr.2006.09.003

Hasanovic, A., & Mus-Veteau, I. (2018). Targeting the Multidrug Transporter Ptchl
Potentiates Chemotherapy Efficiency. Cells, 7(8), 107.

158



https://doi.org/10.3390/cells7080107

Hastings, J., & Kenealey, J. (2017). Avenanthramide-C reduces the viability of MDA-MB-
231 breast cancer cells through an apoptotic mechanism. Cancer Cell International,
17(1), 93. https://doi.org/10.1186/s12935-017-0464-0

Hata, T., Rajabi, H., Yamamoto, M., Jin, C., Ahmad, R., Zhang, Y., Kui, L., Li, W.,
Yasumizu, Y., Hong, D., Miyo, M., Hiraki, M., Maeda, T., Suzuki, Y., Takahashi, H.,
Samur, M., & Kufe, D. (2019). Targeting MUCL1-C Inhibits TWIST1 Signaling in
Triple-Negative Breast Cancer. Molecular Cancer Therapeutics, 18(10), 1744 LP —
1754, https://doi.org/10.1158/1535-7163.MCT-19-0156

Heneghan, H. M., Miller, N., Kelly, R., Newell, J., & Kerin, M. J. (2010). Systemic miRNA-
195 differentiates breast cancer from other malignancies and is a potential biomarker
for detecting noninvasive and early stage disease. The Oncologist, 15(7), 673-682.
https://doi.org/10.1634/theoncologist.2010-0103

Herzenberg, L. A., Parks, D., Sahaf, B., Perez, O., Roederer, M., & Herzenberg, L. A. (2002).
The history and future of the fluorescence activated cell sorter and flow cytometry: a
view from Stanford. In Clinical chemistry (\Vol. 48, Issue 10, pp. 1819-1827).

Hessvik, N. P., & Llorente, A. (2018). Current knowledge on exosome biogenesis and release.
Cellular and Molecular Life Sciences : CMLS, 75(2), 193-208.
https://doi.org/10.1007/s00018-017-2595-9

Hessvik, N. P., Phuyal, S., Brech, A., Sandvig, K., & Llorente, A. (2012). Profiling of
microRNAs in exosomes released from PC-3 prostate cancer cells. Biochimica et
Biophysica Acta (BBA) - Gene Regulatory Mechanisms, 1819(11), 1154-1163.
https://doi.org/https://doi.org/10.1016/j.bbagrm.2012.08.016

Higby, D. J., Higby, D. J., Wallace Jr., H. J., Albert, D. J., & Holland, J. F. (1974).
Diaminodichloroplatinum: A phase | study showing responses in testicular and other
tumors. Cancer, 33(5), 1219-1225. https://doi.org/10.1002/1097-
0142(197405)33:5<1219::AID-CNCR2820330505>3.0.CO;2-U

Hill, D. P., Harper, A., Malcolm, J., McAndrews, M. S., Mockus, S. M., Patterson, S. E.,
Reynolds, T., Baker, E. J., Bult, C. J., Chesler, E. J., & Blake, J. A. (2019). Cisplatin-
resistant triple-negative breast cancer subtypes: multiple mechanisms of resistance.
BMC Cancer, 19(1), 1039. https://doi.org/10.1186/s12885-019-6278-9

Hirschmann-Jax, C., Foster, A. E., Wulf, G. G., Nuchtern, J. G., Jax, T. W., Gobel, U.,
Goodell, M. A., & Brenner, M. K. (2004). A distinct “side population” of cells with high
drug efflux capacity in human tumor cells. Proceedings of the National Academy of
Sciences of the United States of America, 101(39), 14228 LP — 14233.
https://doi.org/10.1073/pnas.0400067101

Holzer, A. K., Manorek, G. H., & Howell, S. B. (2006). Contribution of the major copper
influx transporter CTR1 to the cellular accumulation of cisplatin, carboplatin, and
oxaliplatin. Molecular Pharmacology, 70(4), 1390-1394.
https://doi.org/10.1124/mol.106.022624

Hong, J.-Y., Chung, H.-J., Bae, S. Y., Trung, T. N., Bae, K., & Lee, S. K. (2014). Induction
of Cell Cycle Arrest and Apoptosis by Physcion, an Anthraquinone Isolated From
Rhubarb (Rhizomes of Rheum tanguticum), in MDA-MB-231 Human Breast Cancer
Cells. Journal of Cancer Prevention, 19(4), 273-278.
https://doi.org/10.15430/JCP.2014.19.4.273

Hong, Z., Hong, C., Ma, B., Wang, Q., Zhang, X., Li, L., Wang, C., & Chen, D. (2019).
MicroRNA1263p inhibits the proliferation, migration, invasion, and angiogenesis of

159



triplenegative breast cancer cells by targeting RGS3. Oncology Reports, 42(4), 1569—
1579. https://doi.org/10.3892/0r.2019.7251

Honoki, K., Fujii, H., Kubo, A., Kido, A., Mori, T., Tanaka, Y., & Tsujiuchi, T. (2010).
Possible involvement of stem-like populations with elevated ALDH1 in sarcomas for
chemotherapeutic drug resistance. Oncology Reports, 24(2), 501-505.
https://doi.org/10.3892/or_00000885

Hoshino, D., Kirkbride, K. C., Costello, K., Clark, E. S., Sinha, S., Grega-Larson, N., Tyska,
M. J., & Weaver, A. M. (2013). Exosome secretion is enhanced by invadopodia and
drives invasive behavior. Cell Reports, 5(5), 1159-1168.
https://doi.org/10.1016/j.celrep.2013.10.050

Howell, S. B., Safaei, R., Larson, C. A., & Sailor, M. J. (2010). Copper Transporters and the
Cellular Pharmacology of the Platinum-Containing Cancer Drugs. Molecular
Pharmacology, 77(6), 887 LP — 894. https://doi.org/10.1124/mol.109.063172

Huang, J., Cao, D., Sha, J., Zhu, X., & Han, S. (2019). DLL3 is regulated by LIN28B and
miR-518d-5p and regulates cell proliferation, migration and chemotherapy response in
advanced small cell lung cancer. Biochemical and Biophysical Research
Communications, 514(3), 853-860. https://doi.org/10.1016/j.bbrc.2019.04.130

Huang, Q., Yang, J., Zheng, J., Hsueh, C., Guo, Y., & Zhou, L. (2018). Characterization of
selective exosomal microRNA expression profile derived from laryngeal squamous cell
carcinoma detected by next generation sequencing. Oncology Reports, 40(5), 2584—
2594, https://doi.org/10.3892/0r.2018.6672

Hulett, H. R., Bonner, W. A., Sweet, R. G., & Herzenberg, L. A. (1973). Development and
application of a rapid cell sorter. Clinical Chemistry, 19(8), 813-816.

Hulkower, K. I., & Herber, R. L. (2011). Cell migration and invasion assays as tools for drug
discovery. Pharmaceutics, 3(1), 107-124.
https://doi.org/10.3390/pharmaceutics3010107

Humke, E. W., Dorn, K. V, Milenkovic, L., Scott, M. P., & Rohatgi, R. (2010). The output of
Hedgehog signaling is controlled by the dynamic association between Suppressor of
Fused and the Gli proteins. Genes & Development, 24(7), 670-682.
https://doi.org/10.1101/gad.1902910

Huo, D., Clayton, W. M., Yoshimatsu, T. F., Chen, J., & Olopade, O. I. (2016). Identification
of a circulating microRNA signature to distinguish recurrence in breast cancer patients.
Oncotarget, 7(34), 55231-55248. https://doi.org/10.18632/oncotarget.10485

Husain, A., He, G., Venkatraman, E. S., & Spriggs, D. R. (1998). BRCA1 up-regulation is
associated with repair-mediated resistance to cis-diamminedichloroplatinum(Il). Cancer
Research, 58(6), 1120-1123.

Isakoff, S. J. (2010). Triple-negative breast cancer: role of specific chemotherapy agents.
Cancer Journal (Sudbury, Mass.), 16(1), 53-61.
https://doi.org/10.1097/PPO.0b013e3181d24ff7

Ishida, S., Lee, J., Thiele, D. J., & Herskowitz, 1. (2002). Uptake of the anticancer drug
cisplatin mediated by the copper transporter Ctrl in yeast and mammals. Proceedings of
the National Academy of Sciences of the United States of America, 99(22), 14298—
14302. https://doi.org/10.1073/pnas.162491399

Ishikawa, T., Wright, C. D., & Ishizuka, H. (1994). GS-X pump is functionally overexpressed
in cis-diamminedichloroplatinum (11)-resistant human leukemia HL-60 cells and down-
regulated by cell differentiation. The Journal of Biological Chemistry, 269(46), 29085—

160



29093.

Jamieson, E. R., & Lippard, S. J. (1999). Structure, Recognition, and Processing of Cisplatin-
DNA Adducts. Chemical Reviews, 99(9), 2467-2498. https://doi.org/10.1021/cr980421n

Jang, G.-B., Kim, J.-Y., Cho, S.-D., Park, K.-S., Jung, J.-Y., Lee, H.-Y., Hong, |.-S., & Nam,
J.-S. (2015a). Blockade of Wnt/beta-catenin signaling suppresses breast cancer
metastasis by inhibiting CSC-like phenotype. Scientific Reports, 5, 12465.
https://doi.org/10.1038/srep12465

Jang, G.-B., Kim, J.-Y., Cho, S.-D., Park, K.-S., Jung, J.-Y., Lee, H.-Y., Hong, |.-S., & Nam,
J.-S. (2015b). Blockade of Wnt/p-catenin signaling suppresses breast cancer metastasis
by inhibiting CSC-like phenotype. Scientific Reports, 5, 12465.

Jansson, S., Aaltonen, K., Bendahl, P.-O., Falck, A.-K., Karlsson, M., Pietras, K., & Rydén,
L. (2018). The PDGF pathway in breast cancer is linked to tumour aggressiveness,
triple-negative subtype and early recurrence. Breast Cancer Research and Treatment,
169(2), 231-241. https://doi.org/10.1007/s10549-018-4664-7

Jia, Yanfei, Wang, Y., & Xie, J. (2015). The Hedgehog pathway: role in cell differentiation,
polarity and proliferation. Archives of Toxicology, 89(2), 179-191.
https://doi.org/10.1007/s00204-014-1433-1

Jia, Yunlu, Chen, Y., Wang, Q., Jayasinghe, U., Luo, X., Wei, Q., Wang, J., Xiong, H., Chen,
C., Xu, B., Hu, W., Wang, L., Zhao, W., & Zhou, J. (2017). Exosome: emerging
biomarker in breast cancer. Oncotarget, 8(25), 41717-41733.
https://doi.org/10.18632/oncotarget.16684

Jiang, Y., Ji, F., Liu, Y., He, M., Zhang, Z., Yang, J., Wang, N., Zhong, C., Jin, Q., Ye, X., &
Chen, T. (2017). Cisplatin-induced autophagy protects breast cancer cells from
apoptosis by regulating yes-associated protein. Oncol Rep, 38(6), 3668—-3676.
https://doi.org/10.3892/0r.2017.6035

Jin, F., Zhao, L., Zhao, H.-Y., Guo, S.-G., Feng, J., Jiang, X.-B., Zhang, S.-L., Wei, Y.-J., Fu,
R., & Zhao, J.-S. (2008). Comparison between cells and cancer stem-like cells isolated
from glioblastoma and astrocytoma on expression of anti-apoptotic and multidrug
resistance—associated protein genes. Neuroscience, 154(2), 541-550.
https://doi.org/https://doi.org/10.1016/j.neuroscience.2008.03.054

Jing, H., Song, J., & Zheng, J. (2018). Discoidin domain receptor 1: New star in cancer-
targeted therapy and its complex role in breast carcinoma. Oncology Letters, 15(3),
3403-3408. https://doi.org/10.3892/01.2018.7795

Johnstone, R. M. (1992). The Jeanne Manery-Fisher Memorial Lecture 1991. Maturation of
reticulocytes: formation of exosomes as a mechanism for shedding membrane proteins.
Biochemistry and Cell Biology = Biochimie et Biologie Cellulaire, 70(3—4), 179-190.
https://doi.org/10.1139/092-028

Johnstone, R. M., Adam, M., Hammond, J. R., Orr, L., & Turbide, C. (1987). Vesicle
formation during reticulocyte maturation. Association of plasma membrane activities
with released vesicles (exosomes). The Journal of Biological Chemistry, 262(19), 9412—
9420.

Joosse, S. A., Miller, V., Steinbach, B., Pantel, K., & Schwarzenbach, H. (2014). Circulating
cell-free cancer-testis MAGE-A RNA, BORIS RNA, let-7b and miR-202 in the blood
of patients with breast cancer and benign breast diseases. British Journal of Cancer,
111(5), 909-917. https://doi.org/10.1038/bjc.2014.360

Jung, M. K., & Mun, J. Y. (2018). Sample Preparation and Imaging of Exosomes by

161



Transmission Electron Microscopy. Journal of Visualized Experiments : JOVE, 131,
56482. https://doi.org/10.3791/56482

Justus, C. R., Leffler, N., Ruiz-Echevarria, M., & Yang, L. V. (2014). In vitro cell migration
and invasion assays. Journal of Visualized Experiments : JoVE, 88, 51046.
https://doi.org/10.3791/51046

Kahlert, C., & Kalluri, R. (2013). Exosomes in tumor microenvironment influence cancer
progression and metastasis. Journal of Molecular Medicine (Berlin, Germany), 91(4),
431-437. https://doi.org/10.1007/s00109-013-1020-6

Kahn, M. (2014). Can we safely target the WNT pathway? Nature Reviews. Drug Discovery,
13(7), 513-532. https://doi.org/10.1038/nrd4233

Kajstura, M., Halicka, H. D., Pryjma, J., & Darzynkiewicz, Z. (2007). Discontinuous
fragmentation of nuclear DNA during apoptosis revealed by discrete “sub-G1” peaks on
DNA content histograms. Cytometry Part A, 71A(3), 125-131.
https://doi.org/10.1002/cyt0.a.20357

Kamentsky, L. A., Melamed, M. R., & Derman, H. (1965). Spectrophotometer: new
instrument for ultrarapid cell analysis. Science (New York, N.Y.), 150(3696), 630-631.
https://doi.org/10.1126/science.150.3696.630

Kanapathy Pillai, S. K., Tay, A., Nair, S., & Leong, C.-O. (2012). Triple-negative breast
cancer is associated with EGFR, CK5/6 and c-KIT expression in Malaysian women.
BMC Clinical Pathology, 12(1), 18. https://doi.org/10.1186/1472-6890-12-18

Karamboulas, C., & Ailles, L. (2013). Developmental signaling pathways in cancer stem cells
of solid tumors. Biochimica et Biophysica Acta, 1830(2), 2481-2495.
https://doi.org/10.1016/j.bbagen.2012.11.008

Kauffman, G., Pentimalli, R., Doldi, S., & Hall, M. (2010). Michele Peyrone (1813-1883),
Discoverer of Cisplatin. Platinum Metals Review, 54, 250-256.
https://doi.org/10.1595/147106710X534326

Kehl, T., Backes, C., Kern, F., Fehlmann, T., Ludwig, N., Meese, E., Lenhof, H.-P., & Keller,
A. (2017). About miRNAs, miRNA seeds, target genes and target pathways.
Oncotarget, 8(63), 107167-107175. https://doi.org/10.18632/oncotarget.22363

Keller, S., Rupp, C., Stoeck, A., Runz, S., Fogel, M., Lugert, S., Hager, H.-D., Abdel-Bakky,
M. S., Gutwein, P., & Altevogt, P. (2007). CD24 is a marker of exosomes secreted into
urine and amniotic fluid. Kidney International, 72(9), 1095-1102.
https://doi.org/10.1038/sj.ki.5002486

Kenis, H., van Genderen, H., Bennaghmouch, A., Rinia, H. A., Frederik, P., Narula, J.,
Hofstra, L., & Reutelingsperger, C. P. M. (2004). Cell surface-expressed
phosphatidylserine and annexin A5 open a novel portal of cell entry. The Journal of
Biological Chemistry, 279(50), 52623-52629. https://doi.org/10.1074/jbc.M409009200

Kim, J.-G., Kim, T.-O., Bae, J.-H., Shim, J.-W., Kang, M. J,, Yang, K., Ting, A. H., & Yi, J.
M. (2014). Epigenetically regulated MIR941 and MIR1247 target gastric cancer cell
growth and migration. Epigenetics, 9(7), 1018-1030. https://doi.org/10.4161/epi.29007

King, H. W., Michael, M. Z., & Gleadle, J. M. (2012). Hypoxic enhancement of exosome
release by breast cancer cells. BMC Cancer, 12(1), 421. https://doi.org/10.1186/1471-
2407-12-421

Kleivi Sahlberg, K., Bottai, G., Naume, B., Burwinkel, B., Calin, G. A., Barresen-Dale, A.-L.,
& Santarpia, L. (2015). A serum microRNA signature predicts tumor relapse and
survival in triple-negative breast cancer patients. Clinical Cancer Research : An Official

162



Journal of the American Association for Cancer Research, 21(5), 1207-1214.
https://doi.org/10.1158/1078-0432.CCR-14-2011

Klymiuk, M. C., Balz, N., Elashry, M. 1., Heimann, M., Wenisch, S., & Arnhold, S. (2019).
Exosomes isolation and identification from equine mesenchymal stem cells. BMC
Veterinary Research, 15(1), 42. https://doi.org/10.1186/s12917-019-1789-9

Kodahl, A. R., Lyng, M. B., Binder, H., Cold, S., Gravgaard, K., Knoop, A. S., & Ditzel, H. J.
(2014). Novel circulating microRNA signature as a potential non-invasive multi-marker
test in ER-positive early-stage breast cancer: a case control study. Molecular Oncology,
8(5), 874-883. https://doi.org/10.1016/j.molonc.2014.03.002

Koh, J., & Kim, M. J. (2019). Introduction of a New Staging System of Breast Cancer for
Radiologists: An Emphasis on the Prognostic Stage. Korean Journal of Radiology,
20(1), 69-82. https://doi.org/10.3348/kjr.2018.0231

Koike, Y., Ohta, Y., Saitoh, W., Yamashita, T., Kanomata, N., Moriya, T., & Kurebayashi, J.
(2017). Anti-cell growth and anti-cancer stem cell activities of the non-canonical
hedgehog inhibitor GANT61 in triple-negative breast cancer cells. Breast Cancer
(Tokyo, Japan), 24(5), 683-693. https://doi.org/10.1007/s12282-017-0757-0

Kong, X., Zhang, J., Li, J., Shao, J., & Fang, L. (2018). MiR-130a-3p inhibits migration and
invasion by regulating RAB5B in human breast cancer stem cell-like cells. Biochemical
and Biophysical Research Communications, 501(2), 486-493.
https://doi.org/10.1016/j.bbrc.2018.05.018

Konge, J., Leteurtre, F., Goislard, M., Biard, D., Morel-Altmeyer, S., Vaurijoux, A., Gruel,
G., Chevillard, S., & Lebeau, J. (2018). Breast cancer stem cell-like cells generated
during TGFp-induced EMT are radioresistant. Oncotarget; Vol 9, No 34.
https://www.oncotarget.com/article/25240/text/

Kosaka, N., Iguchi, H., Yoshioka, Y., Takeshita, F., Matsuki, Y., & Ochiya, T. (2010).
Secretory mechanisms and intercellular transfer of microRNAs in living cells. The
Journal of Biological Chemistry, 285(23), 17442-17452.
https://doi.org/10.1074/jbc.M110.107821

Koshy, N., Quispe, D., Shi, R., Mansour, R., & Burton, G. V. (2010). Cisplatin—gemcitabine
therapy in metastatic breast cancer: Improved outcome in triple negative breast cancer
patients compared to non-triple negative patients. The Breast, 19(3), 246-248.
https://doi.org/https://doi.org/10.1016/j.breast.2010.02.003

Krishnamurthy, S., Poornima, R., Challa, V. R., & Goud, Y. G. B. (2012). Triple Negative
Breast Cancer - Our Experience and Review. Indian Journal of Surgical Oncology, 3(1),
12-16. https://doi.org/10.1007/s13193-012-0138-2

Kugimiya, N., Nishimoto, A., Hosoyama, T., Ueno, K., Enoki, T., Li, T.-S., & Hamano, K.
(2015). The c-MYC-ABCBS axis plays a pivotal role in 5-fluorouracil resistance in
human colon cancer cells. Journal of Cellular and Molecular Medicine, 19(7), 1569—
1581. https://doi.org/10.1111/jcmm.12531

Lagadec, C., Vlashi, E., Alhiyari, Y., Phillips, T. M., Bochkur Dratver, M., & Pajonk, F.
(2013). Radiation-induced Notch signaling in breast cancer stem cells. International
Journal of Radiation Oncology, Biology, Physics, 87(3), 609-618.
https://doi.org/10.1016/j.ijrobp.2013.06.2064

Lagos-Quintana, M., Rauhut, R., Lendeckel, W., & Tuschl, T. (2001). Identification of novel
genes coding for small expressed RNAs. Science (New York, N.Y.), 294(5543), 853-858.
https://doi.org/10.1126/science.1064921

163



Lambert, L., & Mulvey, T. (1996). Ernst Ruska (1906-1988), Designer Extraordinaire of the
Electron Microscope: A Memoir (P. W. B. T.-A. in |. and E. P. Hawkes (ed.); Vol. 95,
pp. 2-62). Elsevier. https://doi.org/https://doi.org/10.1016/S1076-5670(08)70155-1

Lan, D., Wang, L., He, R., Ma, J., Bin, Y., Chi, X., Chen, G., & Cai, Z. (2018). Exogenous
glutathione contributes to cisplatin resistance in lung cancer A549 cells. American
Journal of Translational Research, 10(5), 1295-1309.
https://pubmed.ncbi.nim.nih.gov/29887946

Lane, R. E., Korbie, D., Anderson, W., Vaidyanathan, R., & Trau, M. (2015). Analysis of
exosome purification methods using a model liposome system and tunable-resistive
pulse sensing. Scientific Reports, 5(1), 7639. https://doi.org/10.1038/srep07639

Langevin, S., Kuhnell, D., Parry, T., Biesiada, J., Huang, S., Wise-Draper, T., Casper, K.,
Zhang, X., Medvedovic, M., & Kasper, S. (2017). Comprehensive microRNA-
sequencing of exosomes derived from head and neck carcinoma cells in vitro reveals
common secretion profiles and potential utility as salivary biomarkers. Oncotarget,
8(47), 82459-82474. https://doi.org/10.18632/oncotarget.19614

Lathia, J. D., & Liu, H. (2017). Overview of Cancer Stem Cells and Stemness for Community
Oncologists. Targeted Oncology, 12(4), 387-399. https://doi.org/10.1007/s11523-017-
0508-3

Lau, N. C, Lim, L. P., Weinstein, E. G., & Bartel, D. P. (2001). An abundant class of tiny
RNAs with probable regulatory roles in Caenorhabditis elegans. Science (New York,
N.Y.), 294(5543), 858-862. https://doi.org/10.1126/science.1065062

Lawson, J. C., Blatch, G. L., & Edkins, A. L. (2009). Cancer stem cells in breast cancer and
metastasis. Breast Cancer Research and Treatment, 118(2), 241-254.
https://doi.org/10.1007/s10549-009-0524-9

Le, M. T. N., Hamar, P., Guo, C., Basar, E., Perdigao-Henriques, R., Balaj, L., & Lieberman,
J. (2014). miR-200-containing extracellular vesicles promote breast cancer cell
metastasis. The Journal of Clinical Investigation, 124(12), 5109-5128.
https://doi.org/10.1172/JCI75695

Lee, J. O., Kang, M. J., Byun, W. S., Kim, S. A, Seo, I. H., Han, J. A., Moon, J. W., Kim, J.
H., Kim, S. J., Lee, E. J., InPark, S., Park, S. H., & Kim, H. S. (2019). Metformin
overcomes resistance to cisplatin in triple-negative breast cancer (TNBC) cells by
targeting RAD51. Breast Cancer Research, 21(1), 115. https://doi.org/10.1186/s13058-
019-1204-2

Lee, K.-S,, Lee, D.-H., Chun, S.-Y., & Nam, K.-S. (2014). Metastatic potential in MDA-MB-
231 human breast cancer cells is inhibited by proton beam irradiation via the
Akt/nuclear factor-kB signaling pathway. Molecular Medicine Reports, 10(2), 1007—
1012. https://doi.org/10.3892/mmr.2014.2259

Lee, R. C., & Ambros, V. (2001). An extensive class of small RNAs in Caenorhabditis
elegans. Science (New York, N.Y.), 294(5543), 862-864.
https://doi.org/10.1126/science.1065329

Lee, R. C., Feinbaum, R. L., & Ambros, V. (1993). The C. elegans heterochronic gene lin-4
encodes small RNAs with antisense complementarity to lin-14. Cell, 75(5), 843-854.
https://doi.org/10.1016/0092-8674(93)90529-y

Lee, Y., Kim, M., Han, J., Yeom, K.-H., Lee, S., Baek, S. H., & Kim, V. N. (2004).
MicroRNA genes are transcribed by RNA polymerase Il. The EMBO Journal, 23(20),
4051-4060. https://doi.org/10.1038/sj.emboj.7600385

164



Lefevre, G., Glotin, A.-L., Calipel, A., Mouriaux, F., Tran, T., Kherrouche, Z., Maurage, C.-
A., Auclair, C., & Mascarelli, F. (2004). Roles of stem cell factor/c-Kit and effects of
Glivec/STI571 in human uveal melanoma cell tumorigenesis. The Journal of Biological
Chemistry, 279(30), 31769-31779. https://doi.org/10.1074/jbc.M403907200

Leong, C.-O., Vidnovic, N., DeYoung, M. P., Sgroi, D., & Ellisen, L. W. (2007). The
p63/p73 network mediates chemosensitivity to cisplatin in a biologically defined subset
of primary breast cancers. Journal of Clinical Investigation, 117(5), 1370-1380.
https://doi.org/10.1172/JCI130866

Levina, V., Marrangoni, A., Wang, T., Parikh, S., Su, Y., Herberman, R., Lokshin, A., &
Gorelik, E. (2010). Elimination of human lung cancer stem cells through targeting of the
stem cell factor-c-kit autocrine signaling loop. Cancer Research, 70(1), 338-346.
https://doi.org/10.1158/0008-5472.CAN-09-1102

Li, J., Lai, Y., Ma, J,, Liu, Y., Bi, J., Zhang, L., Chen, L., Yao, C., Lv, W,, Chang, G., Wang,
S., Ouyang, M., & Wang, W. (2017). miR-17-5p suppresses cell proliferation and
invasion by targeting ETV1 in triple-negative breast cancer. BMC Cancer, 17(1), 745.
https://doi.org/10.1186/s12885-017-3674-x

Li, L, Yuan, H., Xie, W., Mao, J., Caruso, A. M., McMahon, A., Sussman, D. J., & Wu, D.
(1999). Dishevelled proteins lead to two signaling pathways. Regulation of LEF-1 and
c-Jun N-terminal kinase in mammalian cells. The Journal of Biological Chemistry,
274(1), 129-134. https://doi.org/10.1074/jbc.274.1.129

Li, Ling, Kang, L., Zhao, W., Feng, Y., Liu, W., Wang, T., Mai, H., Huang, J., Chen, S.,
Liang, Y., Han, J., Xu, X., & Ye, Q. (2017). miR-30a-5p suppresses breast tumor
growth and metastasis through inhibition of LDHA-mediated Warburg effect. Cancer
Letters, 400, 89-98. https://doi.org/10.1016/j.canlet.2017.04.034

Li, M., Zhou, Y., Xia, T., Zhou, X., Huang, Z., Zhang, H., Zhu, W., Ding, Q., & Wang, S.
(2018). Circulating microRNAs from the miR-106a-363 cluster on chromosome X as
novel diagnostic biomarkers for breast cancer. Breast Cancer Research and Treatment,
170(2), 257-270. https://doi.org/10.1007/s10549-018-4757-3

Li, Q., Hou, L., Ding, G., Li, Y., Wang, J., Qian, B., Sun, J., & Wang, Q. (2015). KDM6B
induces epithelial-mesenchymal transition and enhances clear cell renal cell carcinoma
metastasis through the activation of SLUG. International Journal of Clinical and
Experimental Pathology, 8(6), 6334—-6344. https://pubmed.ncbi.nlm.nih.gov/26261509

Li, S., & Li, Q. (2014). Cancer stem cells and tumor metastasis (Review). International
Journal of Oncology, 44(6), 1806-1812. https://doi.org/10.3892/ij0.2014.2362

Li, V.S. W., Ng, S. S., Boersema, P. J., Low, T. Y., Karthaus, W. R., Gerlach, J. P.,
Mohammed, S., Heck, A. J. R., Maurice, M. M., Mahmoudi, T., & Clevers, H. (2012).
Whnt signaling through inhibition of B-catenin degradation in an intact Axinl complex.
Cell, 149(6), 1245-1256. https://doi.org/10.1016/j.cell.2012.05.002

Li, W., Ma, H., Zhang, J., Zhu, L., Wang, C., & Yang, Y. (2017). Unraveling the roles of
CD44/CD24 and ALDHZ1 as cancer stem cell markers in tumorigenesis and metastasis.
Scientific Reports, 7(1), 13856. https://doi.org/10.1038/s41598-017-14364-2

Li, X.-M., Wang, A.-M., Zhang, J., & Yi, H. (2011). Down-regulation of miR-126 expression
in colorectal cancer and its clinical significance. Medical Oncology (Northwood,
London, England), 28(4), 1054-1057. https://doi.org/10.1007/s12032-010-9637-6

Li, X.-X., Gao, S.-Y., Wang, P.-Y., Zhou, X,, Li, Y.-J., Yu, Y., Yan, Y.-F., Zhang, H.-H., Lv,
C.-J., Zhou, H.-H., & Xie, S.-Y. (2015). Reduced expression levels of let-7¢ in human
breast cancer patients. Oncology Letters, 9(3), 1207-1212.

165



https://doi.org/10.3892/01.2015.2877

Li, Z., & Chen, J. (2011). In vitro functional study of miR-126 in leukemia. Methods in
Molecular Biology (Clifton, N.J.), 676, 185-195. https://doi.org/10.1007/978-1-60761-
863-8 13

Liang, L., Wong, C.-M., Ying, Q., Fan, D. N.-Y., Huang, S., Ding, J., Yao, J., Yan, M., Li, J.,
Yao, M., Ng, I. O.-L., & He, X. (2010). MicroRNA-125b suppressesed human liver
cancer cell proliferation and metastasis by directly targeting oncogene LIN28B2.
Hepatology, 52(5), 1731-1740. https://doi.org/https://doi.org/10.1002/hep.23904

Liao, H.-Y., Zhang, W.-W., Sun, J.-Y., Li, F.-Y., He, Z.-Y., & Wu, S.-G. (2018). The
Clinicopathological Features and Survival Outcomes of Different Histological Subtypes
in Triple-negative Breast Cancer. Journal of Cancer, 9(2), 296-303.
https://doi.org/10.7150/jca.22280

Liedtke, C., Mazouni, C., Hess, K. R., André, F., Tordai, A., Mejia, J. A., Symmans, W. F.,
Gonzalez-Angulo, A. M., Hennessy, B., Green, M., Cristofanilli, M., Hortobagyi, G. N.,
& Pusztai, L. (2008). Response to Neoadjuvant Therapy and Long-Term Survival in
Patients With Triple-Negative Breast Cancer. Journal of Clinical Oncology, 26(8),
1275-1281. https://doi.org/10.1200/JC0O.2007.14.4147

Lim, S., & Kaldis, P. (2013). Cdks, cyclins and CKIs: roles beyond cell cycle regulation.
Development (Cambridge, England), 140(15), 3079-3093.
https://doi.org/10.1242/dev.091744

Lin, X., Okuda, T., Holzer, A., & Howell, S. B. (2002). The copper transporter CTR1
regulates cisplatin uptake in Saccharomyces cerevisiae. Molecular Pharmacology,
62(5), 1154-1159. https://doi.org/10.1124/mol.62.5.1154

Liou, G.-Y., & Storz, P. (2010). Reactive oxygen species in cancer. Free Radical Research,
44(5), 479-496. https://doi.org/10.3109/10715761003667554

Liu, B., Peng, X.-C., Zheng, X.-L., Wang, J., & Qin, Y.-W. (2009). MiR-126 restoration
down-regulate VEGF and inhibit the growth of lung cancer cell lines in vitro and in
vivo. Lung Cancer (Amsterdam, Netherlands), 66(2), 169-175.
https://doi.org/10.1016/j.lungcan.2009.01.010

Liu, C.-L., Chen, M.-J., Lin, J.-C., Lin, C.-H., Huang, W.-C., Cheng, S.-P., Chen, S.-N., &
Chang, Y.-C. (2019). Doxorubicin Promotes Migration and Invasion of Breast Cancer
Cells through the Upregulation of the RhoA/MLC Pathway. Journal of Breast Cancer,
22(2), 185-195. https://doi.org/10.4048/jbc.2019.22.e22

Liu, G., Yuan, X., Zeng, Z., Tunici, P., Ng, H., Abdulkadir, I. R., Lu, L., Irvin, D., Black, K.
L., & Yu, J. S. (2006). Analysis of gene expression and chemoresistance of
CD133(+ )cancer stem cells in glioblastoma. Molecular Cancer, 5, 67.
https://doi.org/10.1186/1476-4598-5-67

Liu, H, Zang, C., Fenner, M. H., Possinger, K., & Elstner, E. (2003). PPARgamma ligands
and ATRA inhibit the invasion of human breast cancer cells in vitro. Breast Cancer
Research and Treatment, 79(1), 63—74. https://doi.org/10.1023/a:1023366117157

Liu, Huiping, Patel, M. R., Prescher, J. A., Patsialou, A., Qian, D., Lin, J., Wen, S., Chang,
Y.-F., Bachmann, M. H., Shimono, Y., Dalerba, P., Adorno, M., Lobo, N., Bueno, J.,
Dirbas, F. M., Goswami, S., Somlo, G., Condeelis, J., Contag, C. H., ... Clarke, M. F.
(2010). Cancer stem cells from human breast tumors are involved in spontaneous
metastases in orthotopic mouse models. Proceedings of the National Academy of
Sciences of the United States of America, 107(42), 18115-18120.
https://doi.org/10.1073/pnas.1006732107

166



Liu, J., Sato, C., Cerletti, M., & Wagers, A. (2010). Notch signaling in the regulation of stem
cell self-renewal and differentiation. Current Topics in Developmental Biology, 92,
367-4009. https://doi.org/10.1016/S0070-2153(10)92012-7

Liu, T., Li, B, Jiang, Y., Zheng, C., Zhang, L., & Wang, Y. (2019). Screening and
identification of novel specific markers of breast cancer stem cells. Oncology Letters,
18(3), 2262—-2269. https://doi.org/10.3892/01.2019.10535

Liu, X., & Wang, H.-W. (2011). Single particle electron microscopy reconstruction of the
exosome complex using the random conical tilt method. Journal of Visualized
Experiments : JoVE, 49. https://doi.org/10.3791/2574

Logozzi, M., De Milito, A., Lugini, L., Borghi, M., Calabro, L., Spada, M., Perdicchio, M.,
Marino, M. L., Federici, C., lessi, E., Brambilla, D., Venturi, G., Lozupone, F.,
Santinami, M., Huber, V., Maio, M., Rivoltini, L., & Fais, S. (2009). High levels of
exosomes expressing CD63 and caveolin-1 in plasma of melanoma patients. PloS One,
4(4), €5219. https://doi.org/10.1371/journal.pone.0005219

Loh, H.-Y., Norman, B. P., Lai, K.-S., Rahman, N. M. A. N. A., Alitheen, N. B. M., &
Osman, M. A. (2019). The Regulatory Role of MicroRNAs in Breast Cancer.
International Journal of Molecular Sciences, 20(19), 4940.
https://doi.org/10.3390/ijms20194940

Loken, M. R., Parks, D. R., & Herzenberg, L. A. (1977). Two-color immunofluorescence
using a fluorescence-activated cell sorter. The Journal of Histochemistry and
Cytochemistry : Official Journal of the Histochemistry Society, 25(7), 899-907.
https://doi.org/10.1177/25.7.330738

Lombardo, Y., de Giorgio, A., Coombes, C. R., Stebbing, J., & Castellano, L. (2015).
Mammaosphere formation assay from human breast cancer tissues and cell lines. Journal
of Visualized Experiments : JoVE, 97, 52671. https://doi.org/10.3791/52671

Lopresti, A., Malergue, F., Bertucci, F., Liberatoscioli, M. L., Garnier, S., DaCosta, Q.,
Finetti, P., Gilabert, M., Raoul, J. L., Birnbaum, D., Acquaviva, C., & Mamessier, E.
(2019). Sensitive and easy screening for circulating tumor cells by flow cytometry. JCI
Insight, 5(14), e128180. https://doi.org/10.1172/jci.insight.128180

Lu, J., Getz, G., Miska, E. A., Alvarez-Saavedra, E., Lamb, J., Peck, D., Sweet-Cordero, A.,
Ebert, B. L., Mak, R. H., Ferrando, A. A., Downing, J. R., Jacks, T., Horvitz, H. R., &
Golub, T. R. (2005). MicroRNA expression profiles classify human cancers. Nature,
435(7043), 834-838. https://doi.org/10.1038/nature03702

Lv, C., Li, F, Li, X, Tian, Y., Zhang, Y., Sheng, X., Song, Y., Meng, Q., Yuan, S., Luan, L.,
Andl, T., Feng, X., Jiao, B., Xu, M., Plikus, M. V, Dai, X., Lengner, C., Cui, W., Ren,
F.,... Yu, Z. (2017). MiR-31 promotes mammary stem cell expansion and breast
tumorigenesis by suppressing Wnt signaling antagonists. Nature Communications, 8(1),
1036. https://doi.org/10.1038/s41467-017-01059-5

Ly, D., Forman, D., Ferlay, J., Brinton, L. A., & Cook, M. B. (2013). An international
comparison of male and female breast cancer incidence rates. International Journal of
Cancer, 132(8), 1918-1926. https://doi.org/10.1002/ijc.27841

Ma, Y., Erkner, A., Gong, R., Yao, S., Taipale, J., Basler, K., & Beachy, P. A. (2002).
Hedgehog-Mediated Patterning of the Mammalian Embryo Requires Transporter-like
Function of Dispatched. Cell, 111(1), 63-75.
https://doi.org/https://doi.org/10.1016/S0092-8674(02)00977-7

Maas, S. L. N., Breakefield, X. O., & Weaver, A. M. (2017). Extracellular Vesicles: Unique
Intercellular Delivery Vehicles. Trends in Cell Biology, 27(3), 172-188.

167



https://doi.org/10.1016/j.tcb.2016.11.003

Mangolini, A., Ferracin, M., Zanzi, M. V., Saccenti, E., Ebnaof, S. O., Poma, V. V., Sanz, J.
M., Passaro, A., Pedriali, M., Frassoldati, A., Querzoli, P., Sabbioni, S., Carcoforo, P.,
Hollingsworth, A., & Negrini, M. (2015). Diagnostic and prognostic microRNAs in the
serum of breast cancer patients measured by droplet digital PCR. Biomarker Research,
3, 12. https://doi.org/10.1186/s40364-015-0037-0

Mao, Liang, Li, X., Gong, S., Yuan, H., Jiang, Y., Huang, W., Sun, X., & Dang, X. (2018).
Serum exosomes contain ECRG4 mRNA that suppresses tumor growth via inhibition of
genes involved in inflammation, cell proliferation, and angiogenesis. Cancer Gene
Therapy, 25(9-10), 248-259. https://doi.org/10.1038/s41417-018-0032-3

Mao, Ling, Li, J., Chen, W.-X_, Cai, Y.-Q., Yu, D.-D., Zhong, S.-L., Zhao, J.-H., Zhou, J.-W.,
& Tang, J.-H. (2016). Exosomes decrease sensitivity of breast cancer cells to adriamycin
by delivering microRNAs. Tumour Biology : The Journal of the International Society
for Oncodevelopmental Biology and Medicine, 37(4), 5247-5256.
https://doi.org/10.1007/s13277-015-4402-2

Marcotte, R., Sayad, A., Brown, K. R., Sanchez-Garcia, F., Reimand, J., Haider, M.,
Virtanen, C., Bradner, J. E., Bader, G. D., Mills, G. B., Pe’er, D., Moffat, J., & Neel, B.
G. (2016). Functional Genomic Landscape of Human Breast Cancer Drivers,
Vulnerabilities, and Resistance. Cell, 164(1-2), 293-3009.
https://doi.org/10.1016/j.cell.2015.11.062

Marotta, L. L. C., Almendro, V., Marusyk, A., Shipitsin, M., Schemme, J., Walker, S. R.,
Bloushtain-Qimron, N., Kim, J. J., Choudhury, S. A., Maruyama, R., Wu, Z., Gonen,
M., Mulvey, L. A., Bessarabova, M. O., Huh, S. J., Silver, S. J., Kim, S. Y., Park, S. Y.,
Lee, H. E., ... Polyak, K. (2011). The JAK2/STAT3 signaling pathway is required for
growth of CD44(+)CD24(-) stem cell-like breast cancer cells in human tumors. The
Journal of Clinical Investigation, 121(7), 2723-2735. https://doi.org/10.1172/JC144745

Marshall, J. (2011). Transwell((R)) invasion assays. Methods in Molecular Biology (Clifton,
N.J.), 769, 97-110. https://doi.org/10.1007/978-1-61779-207-6_8

Martinez-Gutierrez, A. D., Catalan, O. M., Vazquez-Romo, R., Porras Reyes, F. I., Alvarado-
Miranda, A., Lara Medina, F., Bargallo-Rocha, J. E., Orozco Moreno, L. T., Cantt De
Leodn, D., Herrera, L. A., Lopez-Camarillo, C., Pérez-Plasencia, C., & Campos-Parra, A.
D. (2019). miRNA profile obtained by next-generation sequencing in metastatic breast
cancer patients is able to predict the response to systemic treatments. International
Journal of Molecular Medicine, 44(4), 1267-1280.
https://doi.org/10.3892/ijmm.2019.4292

Masters, B. R. (2010). The Development of Fluorescence Microscopy. In eLS.
https://doi.org/doi:10.1002/9780470015902.a0022093

Matamala, N., Vargas, M. T., Gonzalez-Campora, R., Mifiambres, R., Arias, J. I., Menéndez,
P., Andrés-Ledn, E., Gbmez-L6pez, G., Yanowsky, K., Calvete-Candenas, J., Inglada-
Pérez, L., Martinez-Delgado, B., & Benitez, J. (2015). Tumor microRNA expression
profiling identifies circulating microRNAs for early breast cancer detection. Clinical
Chemistry, 61(8), 1098-1106. https://doi.org/10.1373/clinchem.2015.238691

Matsui, W. H. (2016). Cancer stem cell signaling pathways. Medicine, 95(1 Suppl 1), S8—
S19. https://doi.org/10.1097/MD.0000000000004765

Mazzeo, C., Canas, J. A., Zafra, M. P., Rojas Marco, A., Fernandez-Nieto, M., Sanz, V.,
Mittelbrunn, M., I1zquierdo, M., Baixaulli, F., Sastre, J., & Del Pozo, V. (2015).
Exosome secretion by eosinophils: A possible role in asthma pathogenesis. The Journal
of Allergy and Clinical Immunology, 135(6), 1603-1613.

168



https://doi.org/10.1016/j.jaci.2014.11.026

Mehanna, J., Haddad, F. G., Eid, R., Lambertini, M., & Kourie, H. R. (2019). Triple-negative
breast cancer: current perspective on the evolving therapeutic landscape. International
Journal of Women’s Health, 11, 431-437. https://doi.org/10.2147/IJWH.S178349

Melo, S. A., & Esteller, M. (2011). Dysregulation of microRNAs in cancer: playing with fire.
FEBS Letters, 585(13), 2087-2099. https://doi.org/10.1016/j.febslet.2010.08.009

Meyer, M. J., Fleming, J. M., Lin, A. F., Hussnain, S. A., Ginsburg, E., & Vonderhaar, B. K.
(2010). CD44posCD49fhiCD133/2hi defines xenograft-initiating cells in estrogen
receptor-negative breast cancer. Cancer Research, 70(11), 4624-4633.
https://doi.org/10.1158/0008-5472.CAN-09-3619

Michael, A., Bajracharya, S. D., Yuen, P. S. T., Zhou, H., Star, R. A, lllei, G. G., & Alevizos,
I. (2010). Exosomes from human saliva as a source of microRNA biomarkers. Oral
Diseases, 16(1), 34-38. https://doi.org/10.1111/j.1601-0825.2009.01604.x

Mirmalek, S. A., Azizi, M. A., Jangholi, E., Yadollah-Damavandi, S., Javidi, M. A., Parsa,
Y., Parsa, T., Salimi-Tabatabaee, S. A., Ghasemzadeh Kolagar, H., & Alizadeh-Navaei,
R. (2016). Cytotoxic and apoptogenic effect of hypericin, the bioactive component of
Hypericum perforatum on the MCF-7 human breast cancer cell line. Cancer Cell
International, 16, 3. https://doi.org/10.1186/s12935-016-0279-4

Mitchell, P. S., Parkin, R. K., Kroh, E. M., Fritz, B. R., Wyman, S. K., Pogosova-
Agadjanyan, E. L., Peterson, A., Noteboom, J., O’Briant, K. C., Allen, A., Lin, D. W.,
Urban, N., Drescher, C. W., Knudsen, B. S., Stirewalt, D. L., Gentleman, R., Vessella,
R. L., Nelson, P. S., Martin, D. B., & Tewari, M. (2008). Circulating microRNAs as
stable blood-based markers for cancer detection. Proceedings of the National Academy
of Sciences of the United States of America, 105(30), 10513-10518.
https://doi.org/10.1073/pnas.0804549105

Mohammed, M. K., Shao, C., Wang, J., Wei, Q., Wang, X., Collier, Z., Tang, S., Liu, H.,
Zhang, F., Huang, J., Guo, D., Lu, M., Liu, F., Liu, J., Ma, C., Shi, L. L., Athiviraham,
A., He, T.-C., & Lee, M. J. (2016). Wnt/B-catenin signaling plays an ever-expanding
role in stem cell self-renewal, tumorigenesis and cancer chemoresistance. Genes &
Diseases, 3(1), 11-40. https://doi.org/10.1016/j.gendis.2015.12.004

Monteiro, J., Gaspar, C., Richer, W., Franken, P. F., Sacchetti, A., Joosten, R., Idali, A.,
Brandao, J., Decraene, C., & Fodde, R. (2014). Cancer stemness in Wnt-driven
mammary tumorigenesis. Carcinogenesis, 35(1), 2-13.
https://doi.org/10.1093/carcin/bgt279

Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. Journal of Immunological Methods, 65(1-2), 55—
63. https://doi.org/10.1016/0022-1759(83)90303-4

Moutasim, K. A., Nystrom, M. L., & Thomas, G. J. (2011). Cell migration and invasion
assays. Methods in Molecular Biology (Clifton, N.J.), 731, 333-343.
https://doi.org/10.1007/978-1-61779-080-5_27

Mueller, S., Schittenhelm, M., Honecker, F., Malenke, E., Lauber, K., Wesselborg, S.,
Hartmann, J. T., Bokemeyer, C., & Mayer, F. (2006). Cell-cycle progression and
response of germ cell tumors to cisplatin in vitro. International Journal of Oncology,
29(2), 471-479.

Munchausen, L. L., & Rahn, R. O. (1975). Physical studies on the binding of cis-
dichlorodiamine platinum (11) to DNA and homopolynucleotides. Biochimica et
Biophysica Acta, 414(3), 242-255. https://doi.org/10.1016/0005-2787(75)90163-x

169



Murad, H., Hawat, M., Ekhtiar, A., AlJapawe, A., Abbas, A., Darwish, H., Sbenati, O., &
Ghannam, A. (2016). Induction of G1-phase cell cycle arrest and apoptosis pathway in
MDA-MB-231 human breast cancer cells by sulfated polysaccharide extracted from
Laurencia papillosa. Cancer Cell International, 16(1), 39.
https://doi.org/10.1186/s12935-016-0315-4

Nalla, L. V., Kalia, K., & Khairnar, A. (2019). Self-renewal signaling pathways in breast
cancer stem cells. The International Journal of Biochemistry & Cell Biology, 107, 140—
153. https://doi.org/10.1016/j.biocel.2018.12.017

Naseri, Z., Oskuee, R. K., Jaafari, M. R., & Forouzandeh Moghadam, M. (2018). Exosome-
mediated delivery of functionally active miRNA-142-3p inhibitor reduces
tumorigenicity of breast cancer in vitro and in vivo. International Journal of
Nanomedicine, 13, 7727-7747. https://doi.org/10.2147/1JN.S182384

Naumov, G. N., Townson, J. L., MacDonald, I. C., Wilson, S. M., Bramwell, V. H. C.,
Groom, A. C., & Chambers, A. F. (2003). Ineffectiveness of doxorubicin treatment on
solitary dormant mammary carcinoma cells or late-developing metastases. Breast
Cancer Research and Treatment, 82(3), 199-206.
https://doi.org/10.1023/B:BREA.0000004377.12288.3c

Nguyen, L. V, Vanner, R., Dirks, P., & Eaves, C. J. (2012). Cancer stem cells: an evolving
concept. In Nature reviews. Cancer (Vol. 12, Issue 2, pp. 133-143).
https://doi.org/10.1038/nrc3184

Ni, Q., Stevic, I., Pan, C., Muller, V., Oliveira-Ferrer, L., Pantel, K., & Schwarzenbach, H.
(2018). Different signatures of miR-16, miR-30b and miR-93 in exosomes from breast
cancer and DCIS patients. Scientific Reports, 8(1), 12974.
https://doi.org/10.1038/s41598-018-31108-y

O’Neill, C. F., Urs, S., Cinelli, C., Lincoln, A., Nadeau, R. J., Leon, R., Toher, J., Mouta-
Bellum, C., Friesel, R. E., & Liaw, L. (2007). Notch2 signaling induces apoptosis and
inhibits human MDA-MB-231 xenograft growth. The American Journal of Pathology,
171(3), 1023-1036. https://doi.org/10.2353/ajpath.2007.061029

O’Toole, S. A., Machalek, D. A., Shearer, R. F., Millar, E. K. A., Nair, R., Schofield, P.,
McLeod, D., Cooper, C. L., McNeil, C. M., McFarland, A., Nguyen, A., Ormandy, C. J.,
Qiu, M. R., Rabinovich, B., Martelotto, L. G., Vu, D., Hannigan, G. E., Musgrove, E.
A., Christ, D., ... Swarbrick, A. (2011). Hedgehog overexpression is associated with
stromal interactions and predicts for poor outcome in breast cancer. Cancer Research,
71(11), 4002-4014. https://doi.org/10.1158/0008-5472.CAN-10-3738

Oakman, C., Moretti, E., Galardi, F., Biagioni, C., Santarpia, L., Biganzoli, L., & Di Leo, A.
(2011). Adjuvant systemic treatment for individual patients with triple negative breast
cancer. Breast (Edinburgh, Scotland), 20 Suppl 3, S135-41.
https://doi.org/10.1016/S0960-9776(11)70311-3

Oakman, C., Viale, G., & Di Leo, A. (2010). Management of triple negative breast cancer.
Breast (Edinburgh, Scotland), 19(5), 312-321.
https://doi.org/10.1016/j.breast.2010.03.026

Oez, S., Platzer, E., & Welte, K. (1990). A quantitative colorimetric method to evaluate the
functional state of human polymorphonuclear leukocytes. Blut, 60(2), 97-102.
https://doi.org/10.1007/bf01720515

Ohata, H., Ishiguro, T., Aihara, Y., Sato, A., Sakai, H., Sekine, S., Taniguchi, H., Akasu, T.,
Fujita, S., Nakagama, H., & Okamoto, K. (2012). Induction of the stem-like cell
regulator CD44 by Rho kinase inhibition contributes to the maintenance of colon
cancer-initiating cells. Cancer Research, 72(19), 5101-5110.

170



https://doi.org/10.1158/0008-5472.CAN-11-3812

Orozco, A. F., Jorgez, C. J., Ramos-Perez, W. D., Popek, E. J., Yu, X., Kozinetz, C. A.,
Bischoff, F. Z., & Lewis, D. E. (2009). Placental release of distinct DNA-associated
micro-particles into maternal circulation: reflective of gestation time and preeclampsia.
Placenta, 30(10), 891-897. https://doi.org/10.1016/j.placenta.2009.06.012

Overbergh, L., Giulietti, A., Valckx, D., Decallonne, R., Bouillon, R., & Mathieu, C. (2003).
The use of real-time reverse transcriptase PCR for the quantification of cytokine gene
expression. Journal of Biomolecular Techniques : JBT, 14(1), 33-43.
https://pubmed.ncbi.nim.nih.gov/12901609

Ozkan, M., Berk, V., Kaplan, M. A., Benekli, M., Coskun, U., Bilici, A., Gumus, M., Alkis,
N., Dane, F., Ozdemir, N. Y., Colak, D., & Dikilitas, M. (2012). Gemcitabine and
cisplatin combination chemotherapy in triple negative metastatic breast cancer
previously treated with a taxane/anthracycline chemotherapy; multicenter experience.
Neoplasma, 59(1), 38-42. https://doi.org/10.4149/nec_2012_005

Padovan-Merhar, O., & Raj, A. (2013). Using variability in gene expression as a tool for
studying gene regulation. Wiley Interdisciplinary Reviews. Systems Biology and
Medicine, 5(6), 751-759. https://doi.org/10.1002/wsbm.1243

Pan, B. T., Teng, K., Wu, C., Adam, M., & Johnstone, R. M. (1985). Electron microscopic
evidence for externalization of the transferrin receptor in vesicular form in sheep
reticulocytes. The Journal of Cell Biology, 101(3), 942-948.
https://doi.org/10.1083/jcb.101.3.942

Park, E. (2016). Data on cell cycle in breast cancer cell line, MDA-MB-231 with ferulic acid
treatment. Data in Brief, 7, 107-110.
https://doi.org/https://doi.org/10.1016/j.dib.2016.02.001

Park, S. Y., Lee, H. E., Li, H., Shipitsin, M., Gelman, R., & Polyak, K. (2010). Heterogeneity
for Stem Cell-Related Markers According to Tumor Subtype and Histologic Stage in
Breast Cancer. Clinical Cancer Research, 16(3), 876 LP — 887.

Parolini, 1., Federici, C., Raggi, C., Lugini, L., Palleschi, S., De Milito, A., Coscia, C., lessi,
E., Logozzi, M., Molinari, A., Colone, M., Tatti, M., Sargiacomo, M., & Fais, S. (2009).
Microenvironmental pH is a key factor for exosome traffic in tumor cells. The Journal
of Biological Chemistry, 284(49), 34211-34222.
https://doi.org/10.1074/jbc.M109.041152

Parr, C., Watkins, G., & Jiang, W. G. (2004). The possible correlation of Notch-1 and Notch-
2 with clinical outcome and tumour clinicopathological parameters in human breast
cancer. International Journal of Molecular Medicine, 14(5), 779-786.
https://doi.org/10.3892/ijmm.14.5.779

Paszek, S., Gablo, N., Barnas, E., Szybka, M., Morawiec, J., Kolacinska, A., & Zawlik, I.
(2017). Dysregulation of microRNAs in triple-negative breast cancer. Ginekologia
Polska, 88(10), 530-536. https://doi.org/10.5603/GP.a2017.0097

Patrawala, L., Calhoun, T., Schneider-Broussard, R., Zhou, J., Claypool, K., & Tang, D. G.
(2005). Side population is enriched in tumorigenic, stem-like cancer cells, whereas
ABCG2+ and ABCG2- cancer cells are similarly tumorigenic. Cancer Research,
65(14), 6207-6219. https://doi.org/10.1158/0008-5472.CAN-05-0592

Pece, S., Tosoni, D., Confalonieri, S., Mazzarol, G., Vecchi, M., Ronzoni, S., Bernard, L.,
Viale, G., Pelicci, P. G., & Di Fiore, P. P. (2010). Biological and molecular
heterogeneity of breast cancers correlates with their cancer stem cell content. Cell,
140(1), 62—73. https://doi.org/10.1016/j.cell.2009.12.007

171



Peitsch, M. C., Miller, C., & Tschopp, J. (1993). DNA fragmentation during apoptosis is
caused by frequent single-strand cuts. Nucleic Acids Research, 21(18), 4206-4209.
https://doi.org/10.1093/nar/21.18.4206

Peng, D., Tanikawa, T., Li, W., Zhao, L., Vatan, L., Szeliga, W., Wan, S., Wei, S., Wang, Y.,
Liu, Y., Staroslawska, E., Szubstarski, F., Rolinski, J., Grywalska, E., Stanistawek, A.,
Polkowski, W., Kurylcio, A., Kleer, C., Chang, A. E., ... Kryczek, 1. (2016). Myeloid-
Derived Suppressor Cells Endow Stem-like Qualities to Breast Cancer Cells through
IL6/STAT3 and NO/NOTCH Cross-talk Signaling. Cancer Research, 76(11), 3156—
3165. https://doi.org/10.1158/0008-5472.CAN-15-2528

Perou, C. M., Sgrlie, T., Eisen, M. B., van de Rijn, M., Jeffrey, S. S., Rees, C. A., Pollack, J.
R., Ross, D. T., Johnsen, H., Akslen, L. A., Fluge, O., Pergamenschikov, A., Williams,
C., Zhu, S. X,, Lanning, P. E., Barresen-Dale, A. L., Brown, P. O., & Botstein, D.
(2000). Molecular portraits of human breast tumours. Nature, 406(6797), 747-752.
https://doi.org/10.1038/35021093

Persons, D. L., Yazlovitskaya, E. M., & Pelling, J. C. (2000). Effect of extracellular signal-
regulated kinase on p53 accumulation in response to cisplatin. The Journal of
Biological Chemistry, 275(46), 35778-35785. https://doi.org/10.1074/jbc.M004267200

Pigati, L., Yaddanapudi, S. C. S., lyengar, R., Kim, D.-J., Hearn, S. A., Danforth, D.,
Hastings, M. L., & Duelli, D. M. (2010). Selective release of microRNA species from
normal and malignant mammary epithelial cells. PloS One, 5(10), e13515.
https://doi.org/10.1371/journal.pone.0013515

Podo, F., Buydens, L. M. C., Degani, H., Hilhorst, R., Klipp, E., Gribbestad, I. S., Van
Huffel, S., van Laarhoven, H. W. M., Luts, J., Monleon, D., Postma, G. J.,
Schneiderhan-Marra, N., Santoro, F., Wouters, H., Russnes, H. G., Sgrlie, T., Tagliabue,
E., & Barresen-Dale, A.-L. (2010). Triple-negative breast cancer: present challenges and
new perspectives. Molecular Oncology, 4(3), 209-229.
https://doi.org/10.1016/j.molonc.2010.04.006

Pogribny, I. P., Filkowski, J. N., Tryndyak, V. P., Golubov, A., Shpyleva, S. I., & Kovalchuk,
0. (2010). Alterations of microRNAs and their targets are associated with acquired
resistance of MCF-7 breast cancer cells to cisplatin. International Journal of Cancer,
127(8), 1785-1794. https://doi.org/10.1002/ijc.25191

Pong, S. K., & Gullerova, M. (2018). Noncanonical functions of microRNA pathway
enzymes - Drosha, DGCRS, Dicer and Ago proteins. FEBS Letters, 592(17), 2973—
2986. https://doi.org/10.1002/1873-3468.13196

Prabhakaran, P., Hassiotou, F., Blancafort, P., & Filgueira, L. (2013). Cisplatin Induces
Differentiation of Breast Cancer Cells. Frontiers in Oncology, 3, 134.
https://doi.org/10.3389/fonc.2013.00134

Prado, N., Marazuela, E. G., Segura, E., Fernandez-Garcia, H., Villalba, M., Thery, C.,
Rodriguez, R., & Batanero, E. (2008). Exosomes from bronchoalveolar fluid of tolerized
mice prevent allergic reaction. Journal of Immunology (Baltimore, Md. : 1950), 181(2),
1519-1525. https://doi.org/10.4049/jimmunol.181.2.1519

Prat, A., Parker, J. S., Karginova, O., Fan, C., Livasy, C., Herschkowitz, J. I., He, X., &
Perou, C. M. (2010). Phenotypic and molecular characterization of the claudin-low
intrinsic subtype of breast cancer. Breast Cancer Research : BCR, 12(5), R68.
https://doi.org/10.1186/bcr2635

Qadir, F., Aziz, M. A., Sari, C. P., Ma, H., Dai, H., Wang, X., Raithatha, D., Da Silva, L. G.
L., Hussain, M., Poorkasreiy, S. P., Hutchison, I. L., Waseem, A., & Teh, M.-T. (2018).
Transcriptome reprogramming by cancer exosomes: identification of novel molecular

172



targets in matrix and immune modulation. Molecular Cancer, 17(1), 97.
https://doi.org/10.1186/s12943-018-0846-5

Rane, S. G., & Reddy, E. P. (2000). Janus kinases: components of multiple signaling
pathways. Oncogene, 19(49), 5662-5679. https://doi.org/10.1038/sj.onc.1203925

Razak, N. A., Abu, N., Ho, W. Y., Zamberi, N. R., Tan, S. W., Alitheen, N. B., Long, K., &
Yeap, S. K. (2019). Cytotoxicity of eupatorin in MCF-7 and MDA-MB-231 human
breast cancer cells via cell cycle arrest, anti-angiogenesis and induction of apoptosis.
Scientific Reports, 9(1), 1514. https://doi.org/10.1038/s41598-018-37796-w

Reedijk, M. (2012). Notch signaling and breast cancer. Advances in Experimental Medicine
and Biology, 727, 241-257. https://doi.org/10.1007/978-1-4614-0899-4_18

Reinhart, B. J., Slack, F. J., Basson, M., Pasquinelli, A. E., Bettinger, J. C., Rougvie, A. E.,
Horvitz, H. R., & Ruvkun, G. (2000). The 21-nucleotide let-7 RNA regulates
developmental timing in Caenorhabditis elegans. Nature, 403(6772), 901-906.
https://doi.org/10.1038/35002607

Reynolds, B. A., & Weiss, S. (1992). Generation of neurons and astrocytes from isolated cells
of the adult mammalian central nervous system. Science (New York, N.Y.), 255(5052),
1707-1710. https://doi.org/10.1126/science.1553558

Riaz, N., Idress, R., Habib, S., Azam, I., & Lalani, E.-N. M. (2018). Expression of Androgen
Receptor and Cancer Stem Cell Markers (CD44(+)/CD24(-) and ALDH1(+)):
Prognostic Implications in Invasive Breast Cancer. Translational Oncology, 11(4), 920—
929. https://doi.org/10.1016/j.tranon.2018.05.002

Ricci-Vitiani, L., Lombardi, D. G., Pilozzi, E., Biffoni, M., Todaro, M., Peschle, C., & De
Maria, R. (2007). Identification and expansion of human colon-cancer-initiating cells.
Nature, 445(7123), 111-115. https://doi.org/10.1038/nature05384

Roberts, C. M., Tran, M. A,, Pitruzzello, M. C., Wen, W., Loeza, J., Dellinger, T. H., Mor,
G., & Glackin, C. A. (2016). TWIST1 drives cisplatin resistance and cell survival in an
ovarian cancer model, via upregulation of GAS6, LLCAM, and Akt signalling. Scientific
Reports, 6(1), 37652. https://doi.org/10.1038/srep37652

Rocha, C R R, Garcia, C. C. M., Vieira, D. B., Quinet, A., de Andrade-Lima, L. C., Munford,
V., Belizério, J. E., & Menck, C. F. M. (2014). Glutathione depletion sensitizes
cisplatin- and temozolomide-resistant glioma cells in vitro and in vivo. Cell Death &
Disease, 5(10), e1505—e1505. https://doi.org/10.1038/cddis.2014.465

Rocha, Clarissa Ribeiro Reily, Kajitani, G. S., Quinet, A., Fortunato, R. S., & Menck, C. F.
M. (2016). NRF2 and glutathione are key resistance mediators to temozolomide in
glioma and melanoma cells. Oncotarget, 7(30), 48081-48092.
https://doi.org/10.18632/oncotarget.10129

Rodriguez-Martinez, A., de Miguel-Pérez, D., Ortega, F. G., Garcia-Puche, J. L., Robles-
Fernandez, ., Exposito, J., Martorell-Marugan, J., Carmona-Séaez, P., Garrido-Navas,
M. del C., Rolfo, C., llyine, H., Lorente, J. A., Legueren, M., & Serrano, M. J. (2019).
Exosomal miRNA profile as complementary tool in the diagnostic and prediction of
treatment response in localized breast cancer under neoadjuvant chemotherapy. Breast
Cancer Research, 21(1), 21. https://doi.org/10.1186/513058-019-1109-0

Roose, J., Molenaar, M., Peterson, J., Hurenkamp, J., Brantjes, H., Moerer, P., van de
Wetering, M., Destrée, O., & Clevers, H. (1998). The Xenopus Wnt effector XTcf-3
interacts with Groucho-related transcriptional repressors. Nature, 395(6702), 608—612.
https://doi.org/10.1038/26989

173



Rosenberg, B., & VanCamp, L. (1970). The Successful Regression of Large Solid Sarcoma
180 Tumors by Platinum Compounds. Cancer Research, 30(6), 1799 LP — 1802.
http://cancerres.aacrjournals.org/content/30/6/1799.abstract

Ross, J. S., Linette, G. P., Stec, J., Ross, M. S., Anwar, S., & Boguniewicz, A. (2003). DNA
Ploidy and Cell Cycle Analysis in Breast Cancer. Pathology Patterns Reviews,
120(suppl_1), S72-S84. https://doi.org/10.1309/QD096UGF70T5H46G

Rost, F. (2017). Fluorescence Microscopy, Applications (J. C. Lindon, G. E. Tranter, & D. W.
B. T.-E. of S. and S. (Third E. Koppenaal (eds.); pp. 627-631). Academic Press.
https://doi.org/https://doi.org/10.1016/B978-0-12-803224-4.00147-3

Roth, B. M., Ishimaru, D., & Hennig, M. (2013). The core microprocessor component
DiGeorge syndrome critical region 8 (DGCRS8) is a nonspecific RNA-binding protein.
The Journal of Biological Chemistry, 288(37), 26785-26799.
https://doi.org/10.1074/jbc.M112.446880

Roth, C., Rack, B., Muller, V., Janni, W., Pantel, K., & Schwarzenbach, H. (2010).
Circulating microRNAs as blood-based markers for patients with primary and metastatic
breast cancer. Breast Cancer Research : BCR, 12(6), R90.
https://doi.org/10.1186/bcr2766

Saito, T., Dai, T., & Asano, R. (2013). The hyaluronan synthesis inhibitor 4-
methylumbelliferone exhibits antitumor effects against mesenchymal-like canine
mammary tumor cells. Oncology Letters, 5(3), 1068-1074.
https://doi.org/10.3892/01.2013.1124

Saito, Y., Friedman, J. M., Chihara, Y., Egger, G., Chuang, J. C., & Liang, G. (2009).
Epigenetic therapy upregulates the tumor suppressor microRNA-126 and its host gene
EGFL7 in human cancer cells. Biochemical and Biophysical Research Communications,
379(3), 726—731. https://doi.org/10.1016/j.bbrc.2008.12.098

Sales-Dias, J., Silva, G., Lamy, M., Ferreira, A., & Barbas, A. (2019). The Notch ligand
DLL1 exerts carcinogenic features in human breast cancer cells. PloS One, 14(5),
e0217002-e0217002. https://doi.org/10.1371/journal.pone.0217002

Santangelo, L., Giurato, G., Cicchini, C., Montaldo, C., Mancone, C., Tarallo, R., Battistelli,
C., Alonzi, T., Weisz, A., & Tripodi, M. (2016). The RNA-Binding Protein SYNCRIP
Is a Component of the Hepatocyte Exosomal Machinery Controlling MicroRNA
Sorting. Cell Reports, 17(3), 799-808. https://doi.org/10.1016/j.celrep.2016.09.031

Sari, I. N., Phi, L. T. H., Jun, N., Wijaya, Y. T., Lee, S., & Kwon, H. Y. (2018). Hedgehog
Signaling in Cancer: A Prospective Therapeutic Target for Eradicating Cancer Stem
Cells. Cells, 7(11). https://doi.org/10.3390/cells7110208

Sasaki, A., Tsunoda, Y., Furuya, K., Oyamada, H., Tsuji, M., Udaka, Y., Hosonuma, M.,
Shirako, H., Ichimura, N., & Kiuchi, Y. (2018). Cancer stem-like cells have cisplatin
resistance and miR-93 regulate p21 expression in breast cancer. Cancer Translational
Medicine, 4(2), 48-53. https://doi.org/10.4103/ctm.ctm_41 17

Sato, H., Shien, K., Tomida, S., Okayasu, K., Suzawa, K., Hashida, S., Torigoe, H.,
Watanabe, M., Yamamoto, H., Soh, J., Asano, H., Tsukuda, K., Miyoshi, S., &
Toyooka, S. (2017). Targeting the miR-200c/LIN28B axis in acquired EGFR-TKI
resistance non-small cell lung cancer cells harboring EMT features. Scientific Reports,
7, 40847. https://doi.org/10.1038/srep40847

Schanen, B. C., & Li, X. (2011). Transcriptional regulation of mammalian miRNA genes.
Genomics, 97(1), 1-6. https://doi.org/10.1016/j.ygeno.2010.10.005

174



Schmitz, B., Radbruch, A., Kimmel, T., Wickenhauser, C., Korb, H., Hansmann, M. L.,
Thiele, J., & Fischer, R. (1994). Magnetic activated cell sorting (MACS)--a new
immunomagnetic method for megakaryocytic cell isolation: comparison of different
separation techniques. European Journal of Haematology, 52(5), 267-275.
https://doi.org/10.1111/j.1600-0609.1994.tb00095.x

Schmitz, J., Petrasch, S., van Lunzen, J., Racz, P., Kleine, H. D., Hufert, F., Kern, P.,
Schmitz, H., & Tenner-Racz, K. (1993). Optimizing follicular dendritic cell isolation by
discontinuous gradient centrifugation and use of the magnetic cell sorter (MACS).
Journal of Immunological Methods, 159(1-2), 189-196. https://doi.org/10.1016/0022-
1759(93)90157-3

Schwarzenbach, H., Milde-Langosch, K., Steinbach, B., Muller, V., & Pantel, K. (2012).
Diagnostic potential of PTEN-targeting miR-214 in the blood of breast cancer patients.
Breast Cancer Research and Treatment, 134(3), 933-941.
https://doi.org/10.1007/s10549-012-1988-6

Sedletska, Y., Giraud-Panis, M.-J., & Malinge, J.-M. (2005). Cisplatin is a DNA-damaging
antitumour compound triggering multifactorial biochemical responses in cancer cells:
importance of apoptotic pathways. Current Medicinal Chemistry. Anti-Cancer Agents,
5(3), 251-265. https://doi.org/10.2174/1568011053765967

Semple, J. W., Allen, D., Chang, W., Castaldi, P., & Freedman, J. (1993). Rapid separation of
CD4+ and CD19+ lymphocyte populations from human peripheral blood by a magnetic
activated cell sorter (MACS). Cytometry, 14(8), 955-960.
https://doi.org/10.1002/cyt0.990140816

Seyfried, T. N., & Huysentruyt, L. C. (2013). On the origin of cancer metastasis. Critical
Reviews in Oncogenesis, 18(1-2), 43—73. https://doi.org/10.1615/critrevoncog.v18.il-
2.40

Seymour, L., Dajee, D., & Bezwoda, W. R. (1993). Tissue platelet derived-growth factor
(PDGF) predicts for shortened survival and treatment failure in advanced breast cancer.
Breast Cancer Research and Treatment, 26(3), 247-252.
https://doi.org/10.1007/bf00665802

Shafee, N., Smith, C. R., Wei, S., Kim, Y., Mills, G. B., Hortobagyi, G. N., Stanbridge, E. J.,
& Lee, E. Y.-H. P. (2008). Cancer Stem Cells Contribute to Cisplatin Resistance in
Brcal/p53—-Mediated Mouse Mammary Tumors. Cancer Research, 68(9), 3243-3250.
https://doi.org/10.1158/0008-5472.CAN-07-5480

Shapiro, G. I., & Harper, J. W. (1999). Anticancer drug targets: cell cycle and checkpoint
control. The Journal of Clinical Investigation, 104(12), 1645-1653.
https://doi.org/10.1172/JCI19054

Sharma, A., Paranjape, A. N., Rangarajan, A., & Dighe, R. R. (2012). A monoclonal antibody
against human Notchl ligand-binding domain depletes subpopulation of putative breast
cancer stem-like cells. Molecular Cancer Therapeutics, 11(1), 77-86.
https://doi.org/10.1158/1535-7163.MCT-11-0508

Shen, D.-W., Pouliot, L. M., Hall, M. D., & Gottesman, M. M. (2012). Cisplatin Resistance:
A Cellular Self-Defense Mechanism Resulting from Multiple Epigenetic and Genetic
Changes. Pharmacological Reviews, 64(3), 706—721.
https://doi.org/10.1124/pr.111.005637

Shen, H., Li, L., Yang, S., Wang, D., Zhong, S., Zhao, J., & Tang, J. (2016). MicroRNA-29a
contributes to drug-resistance of breast cancer cells to adriamycin through
PTEN/AKT/GSK3beta signaling pathway. Gene, 593(1), 84-90.
https://doi.org/10.1016/j.gene.2016.08.016

175



Shen, H., Wang, D., Li, L., Yang, S., Chen, X., Zhou, S., Zhong, S., Zhao, J., & Tang, J.
(2017). MiR-222 promotes drug-resistance of breast cancer cells to adriamycin via
modulation of PTEN/Akt/FOXO1 pathway. Gene, 596, 110-118.
https://doi.org/10.1016/j.gene.2016.10.016

Shen, J., Hu, Q., Schrauder, M., Yan, L., Wang, D., Medico, L., Guo, Y., Yao, S., Zhu, Q.,
Liu, B., Qin, M., Beckmann, M. W., Fasching, P. A., Strick, R., Johnson, C. S.,
Ambrosone, C. B., Zhao, H., & Liu, S. (2014). Circulating miR-148b and miR-133a as
biomarkers for breast cancer detection. Oncotarget, 5(14), 5284-5294.
https://doi.org/10.18632/oncotarget.2014

Shen, M., Dong, C., Ruan, X,, Yan, W., Cao, M., Pizzo, D., Wu, X,, Yang, L., Liu, L., Ren,
X., & Wang, S. E. (2019). Chemotherapy-induced extracellular vesicle miRNAs
promote breast cancer stemness by targeting ONECUT2. Cancer Research,
canres.4055.2018. https://doi.org/10.1158/0008-5472.CAN-18-4055

Sheridan, C., Kishimoto, H., Fuchs, R. K., Mehrotra, S., Bhat-Nakshatri, P., Turner, C. H.,
Goulet, R. J., Badve, S., & Nakshatri, H. (2006). CD44+/CD24- breast cancer cells
exhibit enhanced invasive properties: an early step necessary for metastasis. Breast
Cancer Research : BCR, 8(5), R59. https://doi.org/10.1186/bcr1610

Shi, L., Nishioka, W. K., Th&#039;ng, J., Bradbury, E. M., Litchfield, D. W., & Greenberg,
A. H. (1994). Premature p34cdc?2 activation required for apoptosis. Science, 263(5150),
1143 LP — 1145. https://doi.org/10.1126/science.8108732

Shimomura, A., Shiino, S., Kawauchi, J., Takizawa, S., Sakamoto, H., Matsuzaki, J., Ono,
M., Takeshita, F., Niida, S., Shimizu, C., Fujiwara, Y., Kinoshita, T., Tamura, K., &
Ochiya, T. (2016). Novel combination of serum microRNA for detecting breast cancer
in the early stage. Cancer Science, 107(3), 326-334. https://doi.org/10.1111/cas.12880

Shimono, Y., Mukohyama, J., Nakamura, S.-I., & Minami, H. (2015). MicroRNA Regulation
of Human Breast Cancer Stem Cells. Journal of Clinical Medicine, 5(1), 2.
https://doi.org/10.3390/jcm5010002

Si, H., Sun, X,, Chen, Y., Cao, Y., Chen, S., Wang, H., & Hu, C. (2013). Circulating
microRNA-92a and microRNA-21 as novel minimally invasive biomarkers for primary
breast cancer. Journal of Cancer Research and Clinical Oncology, 139(2), 223-229.
https://doi.org/10.1007/s00432-012-1315-y

Si, M.-L., Zhu, S., Wu, H., Lu, Z., Wu, F., & Mo, Y.-Y. (2007). miR-21-mediated tumor
growth. Oncogene, 26(19), 2799-2803. https://doi.org/10.1038/sj.0nc.1210083

Siddik, Z. H. (2003). Cisplatin: mode of cytotoxic action and molecular basis of resistance.
Oncogene, 22(47), 7265-7279. https://doi.org/10.1038/sj.0nc.1206933

Silva, M. M., Rocha, C. R. R., Kinker, G. S., Pelegrini, A. L., & Menck, C. F. M. (2019). The
balance between NRF2/GSH antioxidant mediated pathway and DNA repair modulates
cisplatin resistance in lung cancer cells. Scientific Reports, 9(1), 17639.
https://doi.org/10.1038/s41598-019-54065-6

Simmons, M. J,, Serra, R., Hermance, N., & Kelliher, M. A. (2012). NOTCHL1 inhibition in
vivo results in mammary tumor regression and reduced mammary tumorsphere-forming
activity in vitro. Breast Cancer Research : BCR, 14(5), R126.
https://doi.org/10.1186/bcr3321

Simoes, B. M., O’Brien, C. S., Eyre, R., Silva, A., Yu, L., Sarmiento-Castro, A., Alferez, D.
G., Spence, K., Santiago-Gomez, A., Chemi, F., Acar, A., Gandhi, A., Howell, A,
Brennan, K., Ryden, L., Catalano, S., Ando, S., Gee, J., Ucar, A., ... Clarke, R. B.
(2015). Anti-estrogen Resistance in Human Breast Tumors Is Driven by JAG1-

176



NOTCH4-Dependent Cancer Stem Cell Activity. Cell Reports, 12(12), 1968-1977.
https://doi.org/10.1016/j.celrep.2015.08.050

Sims-Mourtada, J., Opdenaker, L. M., Davis, J., Arnold, K. M., & Flynn, D. (2015). Taxane-
induced hedgehog signaling is linked to expansion of breast cancer stem-like
populations after chemotherapy. Molecular Carcinogenesis, 54(11), 1480-1493.
https://doi.org/10.1002/mc.22225

Singh, R., Pochampally, R., Watabe, K., Lu, Z., & Mo, Y.-Y. (2014). Exosome-mediated
transfer of miR-10b promotes cell invasion in breast cancer. Molecular Cancer, 13, 256.
https://doi.org/10.1186/1476-4598-13-256

Slack, F. J., Basson, M., Liu, Z., Ambros, V., Horvitz, H. R., & Ruvkun, G. (2000). The lin-
41 RBCC gene acts in the C. elegans heterochronic pathway between the let-7
regulatory RNA and the LIN-29 transcription factor. Molecular Cell, 5(4), 659-6609.
https://doi.org/10.1016/s1097-2765(00)80245-2

Sochor, M., Basova, P., Pesta, M., Dusilkova, N., Bartos, J., Burda, P., Pospisil, V., & Stopka,
T. (2014). Oncogenic microRNAs: miR-155, miR-19a, miR-181b, and miR-24 enable
monitoring of early breast cancer in serum. BMC Cancer, 14, 448.
https://doi.org/10.1186/1471-2407-14-448

Sorenson, C. M., & Eastman, A. (1988). Mechanism of &It;em&gt;cis&lIt;/em&gt;-
Diamminedichloroplatinum(ll)-induced Cytotoxicity: Role of
G&lt;sub&gt;2&It;/sub&gt; Arrest and DNA Double-Strand Breaks. Cancer Research,
48(16), 4484 LP — 4488.

Spyratos, F. (1993). DNA content and cell cycle analysis by flow cytometry in clinical
samples: application in breast cancer. Biology of the Cell, 78(1-2), 69-72.
https://doi.org/10.1016/0248-4900(93)90116-v

Staud, F., & Pavek, P. (2005). Breast cancer resistance protein (BCRP/ABCG2). The
International Journal of Biochemistry & Cell Biology, 37(4), 720-725.
https://doi.org/10.1016/j.biocel.2004.11.004

Stetefeld, J., McKenna, S. A., & Patel, T. R. (2016). Dynamic light scattering: a practical
guide and applications in biomedical sciences. Biophysical Reviews, 8(4), 409-427.
https://doi.org/10.1007/s12551-016-0218-6

Stine, R. R., & Matunis, E. L. (2013). JAK-STAT signaling in stem cells. Advances in
Experimental Medicine and Biology, 786, 247-267. https://doi.org/10.1007/978-94-007-
6621-1 14

Sueta, A., Yamamoto, Y., Tomiguchi, M., Takeshita, T., Yamamoto-lbusuki, M., & Iwase, H.
(2017). Differential expression of exosomal miRNAs between breast cancer patients
with and without recurrence. Oncotarget, 8(41), 69934-69944.
https://doi.org/10.18632/oncotarget.19482

Suetsugu, A., Honma, K., Saji, S., Moriwaki, H., Ochiya, T., & Hoffman, R. M. (2013).
Imaging exosome transfer from breast cancer cells to stroma at metastatic sites in
orthotopic nude-mouse models. Advanced Drug Delivery Reviews, 65(3), 383-390.
https://doi.org/10.1016/j.addr.2012.08.007

Sugden, D., & Winter, P. de. (2008). Quantification of mRNA Using Real Time RT-PCR BT -
Molecular Biomethods Handbook (J. M. Walker & R. Rapley (eds.); pp. 149-168).
Humana Press. https://doi.org/10.1007/978-1-60327-375-6_11

Suman, S., Das, T. P., & Damodaran, C. (2013). Silencing NOTCH signaling causes growth
arrest in both breast cancer stem cells and breast cancer cells. British Journal of Cancer,

177



109(10), 2587—2596. https://doi.org/10.1038/bjc.2013.642

Sun, L., Hui, A.-M., Su, Q., Vortmeyer, A., Kotliarov, Y., Pastorino, S., Passaniti, A., Menon,
J., Walling, J., Bailey, R., Rosenblum, M., Mikkelsen, T., & Fine, H. A. (2006).
Neuronal and glioma-derived stem cell factor induces angiogenesis within the brain.
Cancer Cell, 9(4), 287-300. https://doi.org/10.1016/j.ccr.2006.03.003

Sun, Y.-L., Patel, A., Kumar, P., & Chen, Z.-S. (2012). Role of ABC transporters in cancer
chemotherapy. Chinese Journal of Cancer, 31(2), 51-57.
https://doi.org/10.5732/cjc.011.10466

Sun, Y., Wang, M., Lin, G,, Sun, S., Li, X,, Qi, J., & Li, J. (2012). Serum MicroRNA-155 as
a Potential Biomarker to Track Disease in Breast Cancer. PLOS ONE, 7(10), e47003.
https://doi.org/10.1371/journal.pone.0047003

Sutermaster, B. A., & Darling, E. M. (2019). Considerations for high-yield, high-throughput
cell enrichment: fluorescence versus magnetic sorting. Scientific Reports, 9(1), 227.
https://doi.org/10.1038/s41598-018-36698-1

Takebe, N., Harris, P. J.,, Warren, R. Q., & lvy, S. P. (2011). Targeting cancer stem cells by
inhibiting Wnt, Notch, and Hedgehog pathways. Nature Reviews. Clinical Oncology,
8(2), 97-106. https://doi.org/10.1038/nrclinonc.2010.196

Takebe, N., Miele, L., Harris, P. J., Jeong, W., Bando, H., Kahn, M., Yang, S. X., & lvy, S. P.
(2015). Targeting Notch, Hedgehog, and Wnt pathways in cancer stem cells: clinical
update. Nature Reviews. Clinical Oncology, 12(8), 445-464.
https://doi.org/10.1038/nrclinonc.2015.61

Takino, T., Sato, H., & Seiki, M. (2018). Simple and cost-effective assay for isolating
invasive living cells. BioTechniques, 65(3), 137-142. https://doi.org/10.2144/btn-2018-
0036

Tamai, Keiichi, Tanaka, N., Nakano, T., Kakazu, E., Kondo, Y., Inoue, J., Shiina, M.,
Fukushima, K., Hoshino, T., Sano, K., Ueno, Y., Shimosegawa, T., & Sugamura, K.
(2010). Exosome secretion of dendritic cells is regulated by Hrs, an ESCRT-0 protein.
Biochemical and Biophysical Research Communications, 399(3), 384-390.
https://doi.org/10.1016/j.bbrc.2010.07.083

Tamai, Keiko, Zeng, X., Liu, C., Zhang, X., Harada, Y., Chang, Z., & He, X. (2004). A
mechanism for Wnt coreceptor activation. Molecular Cell, 13(1), 149-156.
https://doi.org/10.1016/s1097-2765(03)00484-2

Tan, G. H., Taib, N. A., Choo, W. Y., Teo, S. H., & Yip, C. H. (2009). Clinical characteristics
of triple-negative breast cancer: experience in an Asian developing country. Asian
Pacific Journal of Cancer Prevention : APJCP, 10(3), 395-398.

Tang, L.-C., Jin, X., Yang, H.-Y., He, M., Chang, H., Shao, Z.-M., & Di, G.-H. (2015).
Luminal B subtype: A key factor for the worse prognosis of young breast cancer patients
in China. BMC Cancer, 15(1), 201. https://doi.org/10.1186/s12885-015-1207-z

Tanida, S., Mizoshita, T., Ozeki, K., Tsukamoto, H., Kamiya, T., Kataoka, H., Sakamuro, D.,
& Joh, T. (2012). Mechanisms of Cisplatin-Induced Apoptosis and of Cisplatin
Sensitivity: Potential of BIN1 to Act as a Potent Predictor of Cisplatin Sensitivity in
Gastric Cancer Treatment. International Journal of Surgical Oncology, 2012, 862879.
https://doi.org/10.1155/2012/862879

Tao, K., Fang, M., Alroy, J., & Sahagian, G. G. (2008). Imagable 4T1 model for the study of
late stage breast cancer. BMC Cancer, 8, 228. https://doi.org/10.1186/1471-2407-8-228

Taverna, S., Amodeo, V., Saieva, L., Russo, A., Giallombardo, M., De Leo, G., &

178



Alessandro, R. (2014). Exosomal shuttling of miR-126 in endothelial cells modulates
adhesive and migratory abilities of chronic myelogenous leukemia cells. Molecular
Cancer, 13, 169. https://doi.org/10.1186/1476-4598-13-169

Taylor, D. D., & Gercel-Taylor, C. (2008). MicroRNA signatures of tumor-derived exosomes
as diagnostic biomarkers of ovarian cancer. Gynecologic Oncology, 110(1), 13-21.
https://doi.org/10.1016/j.ygyno.2008.04.033

Taylor, D. D., & Gercel-Taylor, C. (2018). MicroRNA signatures of tumor-derived exosomes
as diagnostic biomarkers of ovarian cancer. Gynecologic Oncology, 110(1), 13-21.
https://doi.org/10.1016/j.ygyno.2008.04.033

Theodoropoulos, P. A., Polioudaki, H., Agelaki, S., Kallergi, G., Saridaki, Z., Mavroudis, D.,
& Georgoulias, V. (2010). Circulating tumor cells with a putative stem cell phenotype in
peripheral blood of patients with breast cancer. Cancer Letters, 288(1), 99-106.
https://doi.org/10.1016/j.canlet.2009.06.027

Thery, C., Amigorena, S., Raposo, G., & Clayton, A. (2006). Isolation and characterization of
exosomes from cell culture supernatants and biological fluids. Current Protocols in Cell
Biology, Chapter 3, Unit 3.22. https://doi.org/10.1002/0471143030.cb0322s30

Théry, C., Zitvogel, L., & Amigorena, S. (2002). Exosomes: compaosition, biogenesis and
function. Nature Reviews Immunology, 2(8), 569-579. https://doi.org/10.1038/nri855

Thiagarajan, P. S., Zheng, Q., Bhagrath, M., Mulkearns-Hubert, E. E., Myers, M. G., Lathia,
J. D., & Reizes, O. (2017). STATS3 activation by leptin receptor is essential for TNBC
stem cell maintenance. Endocrine-Related Cancer, 24(8), 415-426.
https://doi.org/10.1530/ERC-16-0349

Thomas, P. D., Campbell, M. J., Kejariwal, A., Mi, H., Karlak, B., Daverman, R., Diemer, K.,
Muruganujan, A., & Narechania, A. (2003). PANTHER: a library of protein families
and subfamilies indexed by function. Genome Research, 13(9), 2129-2141.
https://doi.org/10.1101/gr.772403

Tian, D., Li, Y., Li, X., & Tian, Z. (2018). Aloperine inhibits proliferation, migration and
invasion and induces apoptosis by blocking the Ras signaling pathway in human breast
cancer cells. Mol Med Rep, 18(4), 3699-3710. https://doi.org/10.3892/mmr.2018.9419

Tsai, J. H., & Yang, J. (2013). Epithelial-mesenchymal plasticity in carcinoma metastasis.
Genes & Development, 27(20), 2192-2206. https://doi.org/10.1101/gad.225334.113

Turner, N., Tutt, A., & Ashworth, A. (2004). Hallmarks of “BRCAness” in sporadic cancers.
Nat Rev Cancer, 4(10), 814-8109.

Twentyman, P. R., & Luscombe, M. (1987). A study of some variables in a tetrazolium dye
(MTT) based assay for cell growth and chemosensitivity. British Journal of Cancer,
56(3), 279-285. https://doi.org/10.1038/bjc.1987.190

Uchino, M., Kojima, H., Wada, K., Imada, M., Onoda, F., Satofuka, H., Utsugi, T., &
Murakami, Y. (2010). Nuclear B-catenin and CD44 upregulation characterize invasive
cell populations in non-aggressive MCF-7 breast cancer cells. BMC Cancer, 10(1), 414.
https://doi.org/10.1186/1471-2407-10-414

Val, S., Jeong, S., Poley, M., Krueger, A., Nino, G., Brown, K., & Preciado, D. (2017).
Purification and characterization of microRNAs within middle ear fluid exosomes:
implication in otitis media pathophysiology. Pediatric Research, 81(6), 911-918.
https://doi.org/10.1038/pr.2017.25

Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J. J., & Lotvall, J. O. (2007).
Exosome-mediated transfer of mMRNAs and microRNAs is a novel mechanism of genetic

179



exchange between cells. Nature Cell Biology, 9(6), 654-659.
https://doi.org/10.1038/nch1596

Van Deun, J., Mestdagh, P., Agostinis, P., Akay, O., Anand, S., Anckaert, J., Martinez, Z. A.,
Baetens, T., Beghein, E., Bertier, L., Berx, G., Boere, J., Boukouris, S., Bremer, M.,
Buschmann, D., Byrd, J. B., Casert, C., Cheng, L., Cmoch, A., ... Hendrix, A. (2017).
EV-TRACK: transparent reporting and centralizing knowledge in extracellular vesicle
research. Nature Methods, 14(3), 228-232. https://doi.org/10.1038/nmeth.4185

Van Dilla, M. A, Trujillo, T. T., Mullaney, P. F., & Coulter, J. R. (1969). Cell
microfluorometry: a method for rapid fluorescence measurement. Science (New York,
N.Y.), 163(3872), 1213-1214. https://doi.org/10.1126/science.163.3872.1213

van Engeland, M., Ramaekers, F. C., Schutte, B., & Reutelingsperger, C. P. (1996). A novel
assay to measure loss of plasma membrane asymmetry during apoptosis of adherent
cells in culture. Cytometry, 24(2), 131-139. https://doi.org/10.1002/(SICI)1097-
0320(19960601)24:2<131::AID-CYT05>3.0.CO;2-M

van Velthoven, C. T. J., & Rando, T. A. (2019). Stem Cell Quiescence: Dynamism, Restraint,
and Cellular Idling. Cell Stem Cell, 24(2), 213-225.
https://doi.org/10.1016/j.stem.2019.01.001

Vassalli, G. (2019). Aldehyde Dehydrogenases: Not Just Markers, but Functional Regulators
of Stem Cells. Stem Cells International, 2019, 3904645.
https://doi.org/10.1155/2019/3904645

Velasco-Velazquez, M. A., Popov, V. M., Lisanti, M. P., & Pestell, R. G. (2011). The Role of
Breast Cancer Stem Cells in Metastasis and Therapeutic Implications. The American
Journal of Pathology, 179(1), 2-11. https://doi.org/10.1016/j.ajpath.2011.03.005

Vermes, I., Haanen, C., Steffens-Nakken, H., & Reutelingsperger, C. (1995). A novel assay
for apoptosis. Flow cytometric detection of phosphatidylserine expression on early
apoptotic cells using fluorescein labelled Annexin V. Journal of Immunological
Methods, 184(1), 39-51. https://doi.org/10.1016/0022-1759(95)00072-i

Vikram, R., Chou, W. C., Hung, S.-C., & Shen, C.-Y. (2020). Tumorigenic and Metastatic
Role of CD44(-/low)/CD24(-/low) Cells in Luminal Breast Cancer. Cancers, 12(5),
1239. https://doi.org/10.3390/cancers12051239

Viktorsson, K., Ekedahl, J., Lindebro, M. C., Lewensohn, R., Zhivotovsky, B., Linder, S., &
Shoshan, M. C. (2003). Defective stress kinase and Bak activation in response to
ionizing radiation but not cisplatin in a non-small cell lung carcinoma cell line.
Experimental Cell Research, 289(2), 256-264. https://doi.org/10.1016/s0014-
4827(03)00264-7

Villarroya-Beltri, C., Gutierrez-Vazquez, C., Sanchez-Cabo, F., Perez-Hernandez, D.,
Vazquez, J., Martin-Cofreces, N., Martinez-Herrera, D. J., Pascual-Montano, A.,
Mittelbrunn, M., & Sanchez-Madrid, F. (2013). Sumoylated hnRNPA2B1 controls the
sorting of miRNAs into exosomes through binding to specific motifs. Nature
Communications, 4, 2980. https://doi.org/10.1038/ncomms3980

Vincent, K., Pichler, M., Lee, G.-W., & Ling, H. (2014). MicroRNAs, genomic instability and
cancer. International Journal of Molecular Sciences, 15(8), 14475-14491.
https://doi.org/10.3390/ijms150814475

Vlassov, A. V, Magdaleno, S., Setterquist, R., & Conrad, R. (2012). Exosomes: Current
knowledge of their composition, biological functions, and diagnostic and therapeutic
potentials. Biochimica et Biophysica Acta (BBA) - General Subjects, 1820(7), 940-948.
https://doi.org/https://doi.org/10.1016/j.bbagen.2012.03.017

180



Wahba, H. A., & El-Hadaad, H. A. (2015). Current approaches in treatment of triple-negative
breast cancer. Cancer Biology & Medicine, 12(2), 106-116.
https://doi.org/10.7497/j.issn.2095-3941.2015.0030

Wahlgren, J., De L Karlson, T., Brisslert, M., Vaziri Sani, F., Telemo, E., Sunnerhagen, P., &
Valadi, H. (2012). Plasma exosomes can deliver exogenous short interfering RNA to
monocytes and lymphocytes. Nucleic Acids Research, 40(17), e130.
https://doi.org/10.1093/nar/gks463

Wang, C.-Y., Chang, Y.-C., Kuo, Y.-L., Lee, K.-T., Chen, P.-S., Cheung, C. H. A., Chang,
C.-P., Phan, N. N., Shen, M.-R., & Hsu, H.-P. (2019). Mutation of the PTCH1 gene
predicts recurrence of breast cancer. Scientific Reports, 9(1), 16359.
https://doi.org/10.1038/s41598-019-52617-4

Wang, F., Zheng, Z., Guo, J., & Ding, X. (2010). Correlation and quantitation of microRNA
aberrant expression in tissues and sera from patients with breast tumor. Gynecologic
Oncology, 119(3), 586-593. https://doi.org/10.1016/j.ygyno.2010.07.021

Wang, G., Zhao, Y., & Zheng, Y. (2014). MiR-122/Wnt/B-catenin regulatory circuitry
sustains glioma progression. Tumour Biology : The Journal of the International Society
for Oncodevelopmental Biology and Medicine, 35(9), 8565-8572.
https://doi.org/10.1007/s13277-014-2089-4

Wang, Hongjiang, Tan, G., Dong, L., Cheng, L., Li, K., Wang, Z., & Luo, H. (2012).
Circulating MiR-125b as a marker predicting chemoresistance in breast cancer. PloS
One, 7(4), €34210. https://doi.org/10.1371/journal.pone.0034210

Wang, Hui, Tan, Z., Hu, H., Liu, H., Wu, T., Zheng, C., Wang, X., Luo, Z., Wang, J., Liu, S.,
Lu, Z., & Tu, J. (2019). microRNA-21 promotes breast cancer proliferation and
metastasis by targeting LZTFL1. BMC Cancer, 19(1), 738.
https://doi.org/10.1186/s12885-019-5951-3

Wang, J., Yao, Y., Wu, J., & Li, G. (2015). Identification and analysis of exosomes secreted
from macrophages extracted by different methods. International Journal of Clinical and
Experimental Pathology, 8(6), 6135-6142.

Wang, K., Zhang, S., Marzolf, B., Troisch, P., Brightman, A., Hu, Z., Hood, L. E., & Galas,
D. J. (2009). Circulating microRNAs, potential biomarkers for drug-induced liver
injury. Proceedings of the National Academy of Sciences of the United States of
America, 106(11), 4402-4407. https://doi.org/10.1073/pnas.0813371106

Wang, Lixia, Duan, W., Kang, L., Mao, J., Yu, X,, Fan, S., Li, L., & Tao, Y. (2014).
Smoothened activates breast cancer stem-like cell and promotes tumorigenesis and
metastasis of breast cancer. Biomedicine & Pharmacotherapy, 68(8), 1099-1104.
https://doi.org/https://doi.org/10.1016/j.biopha.2014.09.012

Wang, Lu, Li, L., Guo, R, Li, X., Lu, Y., Guan, X., Gitau, S. C., Wang, L., Xu, C., Yang, B.,
& Shan, H. (2014). miR-101 promotes breast cancer cell apoptosis by targeting Janus
kinase 2. Cellular Physiology and Biochemistry . International Journal of Experimental
Cellular Physiology, Biochemistry, and Pharmacology, 34(2), 413-422.
https://doi.org/10.1159/000363010

Wang, P.-S., Chou, C.-H., Lin, C.-H., Yao, Y.-C., Cheng, H.-C,, Li, H.-Y., Chuang, Y.-C.,
Yang, C.-N., Ger, L.-P., Chen, Y.-C.,, Lin, F.-C., Shen, T.-L., Hsiao, M., & Lu, P.-J.
(2018). A novel long non-coding RNA linc-ZNF469-3 promotes lung metastasis
through miR-574-5p-ZEBL axis in triple negative breast cancer. Oncogene, 37(34),
4662-4678. https://doi.org/10.1038/s41388-018-0293-1

Wang, P.-Y., Gong, H.-T., Li, B.-F., Lv, C.-L., Wang, H.-T., Zhou, H.-H., Li, X.-X., Xie, S.-

181



Y., & Jiang, B.-F. (2013). Higher expression of circulating miR-182 as a novel
biomarker for breast cancer. Oncology Letters, 6(6), 1681-1686.
https://doi.org/10.3892/01.2013.1593

Wang, R., Lv, Q., Meng, W., Tan, Q., Zhang, S., Mo, X., & Yang, X. (2014). Comparison of
mammaosphere formation from breast cancer cell lines and primary breast tumors.
Journal of Thoracic Disease, 6(6), 829-837. https://doi.org/10.3978/j.issn.2072-
1439.2014.03.38

Wang, T., Fahrmann, J. F., Lee, H., Li, Y.-J., Tripathi, S. C., Yue, C., Zhang, C., Lifshitz, V.,
sSong, J., Yuan, Y., Somlo, G., Jandial, R., Ann, D., Hanash, S., Jove, R., & Yu, H.
(2018). JAK/STAT3-Regulated Fatty Acid B-Oxidation Is Critical for Breast Cancer
Stem Cell Self-Renewal and Chemoresistance. Cell Metabolism, 27(1), 136-150.e5.
https://doi.org/10.1016/j.cmet.2017.11.001

Wang, X., Wang, G., Zhao, Y., Liu, X., Ding, Q., Shi, J., Ding, Y., & Wang, S. (2012).
STAT3 mediates resistance of CD44(+)CD24(-/low) breast cancer stem cells to
tamoxifen in vitro. Journal of Biomedical Research, 26(5), 325-335.
https://doi.org/10.7555/JBR.26.20110050

Wang, Y.-H., & Scadden, D. T. (2015). Harnessing the apoptotic programs in cancer stem-
like cells. EMBO Reports, 16(9), 1084-1098. https://doi.org/10.15252/embr.201439675

Wang, Y., Lam, J. B,, Lam, K. S. L., Liu, J., Lam, M. C., Hoo, R. L. C., Wu, D., Cooper, G.
J. S., & Xu, A. (2006). Adiponectin modulates the glycogen synthase kinase-3beta/beta-
catenin signaling pathway and attenuates mammary tumorigenesis of MDA-MB-231
cells in nude mice. Cancer Research, 66(23), 11462-11470.
https://doi.org/10.1158/0008-5472.CAN-06-1969

Waters, P. S., Dwyer, R. M., Brougham, C., Glynn, C. L., Wall, D., Hyland, P., Duignan, M.,
McLoughlin, M., Newell, J., & Kerin, M. J. (2014). Impact of tumour epithelial subtype
on circulating microRNAs in breast cancer patients. PloS One, 9(3), €90605-e90605.
https://doi.org/10.1371/journal.pone.0090605

Wei, Yao, Li, M., Cui, S., Wang, D., Zhang, C.-Y., Zen, K., & Li, L. (2016). Shikonin
Inhibits the Proliferation of Human Breast Cancer Cells by Reducing Tumor-Derived
Exosomes. Molecules (Basel, Switzerland), 21(6).
https://doi.org/10.3390/molecules21060777

Wei, Yifang, Lai, X., Yu, S, Chen, S., Ma, Y., Zhang, Y., Li, H., Zhu, X., Yao, L., & Zhang,
J. (2014). Exosomal miR-221/222 enhances tamoxifen resistance in recipient ER-
positive breast cancer cells. Breast Cancer Research and Treatment, 147(2), 423-431.
https://doi.org/10.1007/s10549-014-3037-0

Wicha, M. S, Liu, S., & Dontu, G. (2006). Cancer stem cells: an old idea--a paradigm shift.
Cancer Research, 66(4), 1883-1886. https://doi.org/10.1158/0008-5472.CAN-05-3153

Wimmel, A., Glitz, D., Kraus, A., Roeder, J., & Schuermann, M. (2001). Axl receptor
tyrosine kinase expression in human lung cancer cell lines correlates with cellular
adhesion. European Journal of Cancer (Oxford, England : 1990), 37(17), 2264-2274.
https://doi.org/10.1016/s0959-8049(01)00271-4

Wong, H.-C., Bourdelas, A., Krauss, A., Lee, H.-J., Shao, Y., Wu, D., Mlodzik, M., Shi, D.-
L., & Zheng, J. (2003). Direct binding of the PDZ domain of Dishevelled to a conserved
internal sequence in the C-terminal region of Frizzled. Molecular Cell, 12(5), 1251
1260. https://doi.org/10.1016/s1097-2765(03)00427-1

Wright, C., Rajpurohit, A., Burke, E. E., Williams, C., Collado-Torres, L., Kimos, M.,
Brandon, N. J., Cross, A. J., Jaffe, A. E., Weinberger, D. R., & Shin, J. H. (2019).

182



Comprehensive assessment of multiple biases in small RNA sequencing reveals
significant differences in the performance of widely used methods. BMC Genomics,
20(1), 513. https://doi.org/10.1186/s12864-019-5870-3

Wright, M. H., Calcagno, A. M., Salcido, C. D., Carlson, M. D., Ambudkar, S. V, &
Varticovski, L. (2008). Brcal breast tumors contain distinct CD44+/CD24- and CD133+
cells with cancer stem cell characteristics. Breast Cancer Research : BCR, 10(1), R10.
https://doi.org/10.1186/bcr1855

Wu, H., Wang, Q., Zhong, H., Li, L., Zhang, Q., Huang, Q., & Yu, Z. (2020). Differentially
expressed microRNAs in exosomes of patients with breast cancer revealed by
next-generation sequencing. Oncology Reports, 43(1), 240-250.
https://doi.org/10.3892/0r.2019.7401

Wuy, Q., Li, J,, Li, Z,, Sun, S., Zhu, S., Wang, L., Wu, J., Yuan, J., Zhang, Y., Sun, S., &
Wang, C. (2019). Exosomes from the tumour-adipocyte interplay stimulate beige/brown
differentiation and reprogram metabolism in stromal adipocytes to promote tumour
progression. Journal of Experimental & Clinical Cancer Research : CR, 38(1), 223.
https://doi.org/10.1186/s13046-019-1210-3

Wu, X., Somlo, G., Yu, Y., Palomares, M. R., Li, A. X., Zhou, W., Chow, A., Yen, Y., Rossi,
J. J., Gao, H., Wang, J., Yuan, Y.-C., Frankel, P., Li, S., Ashing-Giwa, K. T., Sun, G.,
Wang, Y., Smith, R., Robinson, K., ... Wang, S. E. (2012). De novo sequencing of
circulating miRNAs identifies novel markers predicting clinical outcome of locally
advanced breast cancer. Journal of Translational Medicine, 10, 42.
https://doi.org/10.1186/1479-5876-10-42

Xie, R., Wang, Y., Nie, W., Huang, W., Song, W., Wang, Z., & Guan, X. (2014). Lin28B
expression correlates with aggressive clinicopathological characteristics in breast
invasive ductal carcinoma. Cancer Biotherapy & Radiopharmaceuticals, 29(5), 215—
220. https://doi.org/10.1089/cbr.2014.1610

Xu, H., Tian, Y., Yuan, X., Wu, H., Liu, Q., Pestell, R. G., & Wu, K. (2015). The role of
CD44 in epithelial-mesenchymal transition and cancer development. OncoTargets and
Therapy, 8, 3783-3792. https://doi.org/10.2147/0TT.S95470

Yan, H., Choi, A., Lee, B. H., & Ting, A. H. (2011). Identification and Functional Analysis of
Epigenetically Silenced MicroRNAs in Colorectal Cancer Cells. PLOS ONE, 6(6),
e20628. https://doi.org/10.1371/journal.pone.0020628

Yan, M., Wang, W., Zhou, J., Chang, M., Peng, W., Zhang, G., Li, J., Li, H., & Bai, C.
(2020). Knockdown of PLAT enhances the anticancer effect of gefitinib in non-small
cell lung cancer. Journal of Thoracic Disease, 12(3), 712—723.
https://doi.org/10.21037/jtd.2019.12.106

Yan, Y., Liu, F., Han, L., Zhao, L., Chen, J., Olopade, O. I., He, M., & Wei, M. (2018). HIF-
20 promotes conversion to a stem cell phenotype and induces chemoresistance in breast
cancer cells by activating Wnt and Notch pathways. Journal of Experimental & Clinical
Cancer Research, 37(1), 256. https://doi.org/10.1186/s13046-018-0925-x

Yang, J., Mani, S. A., Donaher, J. L., Ramaswamy, S., ltzykson, R. A., Come, C., Savagner,
P., Gitelman, I., Richardson, A., & Weinberg, R. A. (2004). Twist, a master regulator of
morphogenesis, plays an essential role in tumor metastasis. Cell, 117(7), 927-9309.
https://doi.org/10.1016/j.cell.2004.06.006

Yang, M., Yao, Y., Eades, G., Zhang, Y., & Zhou, Q. (2011). MiR-28 regulates Nrf2
expression through a Keapl-independent mechanism. Breast Cancer Research and
Treatment, 129(3), 983-991. https://doi.org/10.1007/s10549-011-1604-1

183



Yang, S., Li, W., Dong, F., Sun, H., Wu, B., Tan, J., Zou, W., & Zhou, D. (2014). KITLG is a
novel target of miR-34c that is associated with the inhibition of growth and invasion in
colorectal cancer cells. Journal of Cellular and Molecular Medicine, 18(10), 2092—
2102. https://doi.org/10.1111/jcmm.12368

Yang, Z., Guo, F., Albers, A. E., Sehouli, J., & Kaufmann, A. M. (2019). Disulfiram
modulates ROS accumulation and overcomes synergistically cisplatin resistance in
breast cancer cell lines. Biomedicine & Pharmacotherapy, 113, 108727.
https://doi.org/https://doi.org/10.1016/j.biopha.2019.108727

Yerukala Sathipati, S., & Ho, S.-Y. (2018). Identifying a miRNA signature for predicting the
stage of breast cancer. Scientific Reports, 8(1), 16138. https://doi.org/10.1038/s41598-
018-34604-3

Yi, R, Qin, Y., Macara, I. G., & Cullen, B. R. (2003). Exportin-5 mediates the nuclear export
of pre-microRNAs and short hairpin RNAs. Genes & Development, 17(24), 3011-3016.
https://doi.org/10.1101/gad.1158803

Yin, S., Xu, L., Bandyopadhyay, S., Sethi, S., & Reddy, K. B. (2011). Cisplatin and TRAIL
enhance breast cancer stem cell death. International Journal of Oncology, 39(4), 891
898. https://doi.org/10.3892/ij0.2011.1085

Yip, C. H., Bhoo Pathy, N., & Teo, S. H. (2014). A review of breast cancer research in
malaysia. The Medical Journal of Malaysia, 69 Suppl A, 8-22.

Yoda, M., Kawamata, T., Paroo, Z., Ye, X., lwasaki, S., Liu, Q., & Tomari, Y. (2010). ATP-
dependent human RISC assembly pathways. Nature Structural & Molecular Biology,
17(1), 17-23. https://doi.org/10.1038/nsmb.1733

Yoshihara, S., Kon, A., Kudo, D., Nakazawa, H., Kakizaki, |., Sasaki, M., Endo, M., &
Takagaki, K. (2005). A hyaluronan synthase suppressor, 4-methylumbelliferone, inhibits
liver metastasis of melanoma cells. FEBS Letters, 579(12), 2722-2726.
https://doi.org/10.1016/j.febslet.2005.03.079

Yu, D.-D., Wu, Y., Zhang, X.-H., Lv, M.-M,, Chen, W.-X., Chen, X., Yang, S.-J., Shen, H.,
Zhong, S.-L., Tang, J.-H., & Zhao, J.-H. (2016). Exosomes from adriamycin-resistant
breast cancer cells transmit drug resistance partly by delivering miR-222. Tumour
Biology : The Journal of the International Society for Oncodevelopmental Biology and
Medicine, 37(3), 3227-3235. https://doi.org/10.1007/s13277-015-4161-0

Yu, F., Deng, H., Yao, H., Liu, Q., Su, F., & Song, E. (2010). Mir-30 reduction maintains
self-renewal and inhibits apoptosis in breast tumor-initiating cells. Oncogene, 29(29),
4194-4204. https://doi.org/10.1038/onc.2010.167

Yu, L., Chen, X., Sun, X., Wang, L., & Chen, S. (2017). The Glycolytic Switch in Tumors:
How Many Players Are Involved? Journal of Cancer, 8(17), 3430-3440.
https://doi.org/10.7150/jca.21125

Yu, W.-K., Wang, Z., Fong, C.-C., Liu, D., Yip, T.-C., Au, S.-K., Zhu, G., & Yang, M.
(2017). Chemoresistant lung cancer stem cells display high DNA repair capability to
remove cisplatin-induced DNA damage. British Journal of Pharmacology, 174(4), 302—
313. https://doi.org/10.1111/bph.13690

Yu, Z., Willmarth, N. E., Zhou, J., Katiyar, S., Wang, M., Liu, Y., McCue, P. A., Quong, A.
A., Lisanti, M. P., & Pestell, R. G. (2010). microRNA 17/20 inhibits cellular invasion
and tumor metastasis in breast cancer by heterotypic signaling. Proceedings of the
National Academy of Sciences of the United States of America, 107(18), 8231-8236.
https://doi.org/10.1073/pnas.1002080107

184



Yuan, Z. M., Shioya, H., Ishiko, T., Sun, X., Gu, J., Huang, Y. Y., Lu, H., Kharbanda, S.,
Weichselbaum, R., & Kufe, D. (1999). p73 is regulated by tyrosine kinase c-Abl in the
apoptotic response to DNA damage. Nature, 399(6738), 814-817.
https://doi.org/10.1038/21704

Zaborowski, M. P., Balaj, L., Breakefield, X. O., & Lai, C. P. (2015). Extracellular Vesicles:
Composition, Biological Relevance, and Methods of Study. Bioscience, 65(8), 783-797.
https://doi.org/10.1093/biosci/biv084

Zaharie, F., Muresan, M. S., Petrushev, B., Berce, C., Gafencu, G.-A., Selicean, S., Jurj, A.,
Cojocneanu-Petric, R., Lisencu, C.-I., Pop, L.-A., Pileczki, V., Eniu, D., Muresan, M.-
A., Zaharie, R., Berindan-Neagoe, I., Tomuleasa, C., & Irimie, A. (2015). Exosome-
Carried microRNA-375 Inhibits Cell Progression and Dissemination via Bcl-2 Blocking
in Colon Cancer. Journal of Gastrointestinal and Liver Diseases : JGLD, 24(4), 435—
443. https://doi.org/10.15403/jgld.2014.1121.244.375

Zearo, S., Kim, E., Zhu, Y., Zhao, J. T., Sidhu, S. B., Robinson, B. G., & Soon, P. S. (2014).
MicroRNA-484 is more highly expressed in serum of early breast cancer patients
compared to healthy volunteers. BMC Cancer, 14, 200. https://doi.org/10.1186/1471-
2407-14-200

Zeng, J.-S., Zhang, Z.-D., Pei, L., Bai, Z.-Z., Yang, Y., Yang, H., & Tian, Q.-H. (2018).
CBX4 exhibits oncogenic activities in breast cancer via Notchl signaling. The
International Journal of Biochemistry & Cell Biology, 95, 1-8.
https://doi.org/https://doi.org/10.1016/j.biocel.2017.12.006

Zeng, Q., Li, S., Chepeha, D. B., Giordano, T. J., Li, J., Zhang, H., Polverini, P. J., Nor, J.,
Kitajewski, J., & Wang, C.-Y. (2005). Crosstalk between tumor and endothelial cells
promotes tumor angiogenesis by MAPK activation of Notch signaling. Cancer Cell,
8(1), 13-23. https://doi.org/10.1016/j.ccr.2005.06.004

Zetter, B. R. (1998). Angiogenesis and tumor metastasis. Annual Review of Medicine, 49,
407-424. https://doi.org/10.1146/annurev.med.49.1.407

Zhang, C. C., Pavlicek, A., Zhang, Q., Lira, M. E., Painter, C. L., Yan, Z., Zheng, X., Lee, N.
V, Ozeck, M., Qiu, M., Zong, Q., Lappin, P. B., Wong, A., Rejto, P. A., Smeal, T., &
Christensen, J. G. (2012). Biomarker and pharmacologic evaluation of the y-secretase
inhibitor PF-03084014 in breast cancer models. Clinical Cancer Research : An Official
Journal of the American Association for Cancer Research, 18(18), 5008-5019.
https://doi.org/10.1158/1078-0432.CCR-12-1379

Zhang, C., Wang, H.-J., Bao, Q.-C., Wang, L., Guo, T.-K., Chen, W.-L., Xu, L.-L., Zhou, H.-
S., Bian, J.-L., Yang, Y.-R., Sun, H.-P., Xu, X.-L., & You, Q.-D. (2016). NRF2
promotes breast cancer cell proliferation and metastasis by increasing RhoA/ROCK
pathway signal transduction. Oncotarget, 7(45), 73593-73606.
https://doi.org/10.18632/oncotarget.12435

Zhang, H.-D., Jiang, L.-H., Sun, D.-W., Li, J., & Tang, J.-H. (2017). miR-30a inhibits the
biological function of breast cancer cells by targeting Notchl. International Journal of
Molecular Medicine, 40(4), 1235-1242. https://doi.org/10.3892/ijmm.2017.3084

Zhang, H.-G., & Grizzle, W. E. (2014). Exosomes: a novel pathway of local and distant
intercellular communication that facilitates the growth and metastasis of neoplastic
lesions. The American Journal of Pathology, 184(1), 28-41.
https://doi.org/10.1016/j.ajpath.2013.09.027

Zhang, H., Freitas, D., Kim, H. S., Fabijanic, K., Li, Z., Chen, H., Mark, M. T., Molina, H.,
Martin, A. B., Bojmar, L., Fang, J., Rampersaud, S., Hoshino, A., Matei, 1., Kenific, C.
M., Nakajima, M., Mutvei, A. P., Sansone, P., Buehring, W., ... Lyden, D. (2018).

185



Identification of distinct nanoparticles and subsets of extracellular vesicles by
asymmetric flow field-flow fractionation. Nature Cell Biology, 20(3), 332—-343.
https://doi.org/10.1038/s41556-018-0040-4

Zhang, M., Atkinson, R. L., & Rosen, J. M. (2010). Selective targeting of radiation-resistant
tumor-initiating cells. Proceedings of the National Academy of Sciences of the United
States of America, 107(8), 3522—-3527. https://doi.org/10.1073/pnas.0910179107

Zhang, X., Zhang, Z., Zhang, Q., Zhang, Q., Sun, P., Xiang, R., Ren, G., & Yang, S. (2018).
ZEB1 confers chemotherapeutic resistance to breast cancer by activating ATM. Cell
Death & Disease, 9(2), 57. https://doi.org/10.1038/s41419-017-0087-3

Zhao, H., Tang, H., Xiao, Q., He, M., Zhao, L., Fu, Y., Wu, H., Yu, Z., Jiang, Q., Yan, Y.,
Jin, F., & Wei, M. (2016). The Hedgehog signaling pathway is associated with poor
prognosis in breast cancer patients with the CD44+/CD24 phenotype. Molecular
Medicine Reports, 14(6), 5261-5270. https://doi.org/10.3892/mmr.2016.5856

Zhao, Z., Lu, P., Zhang, H., Xu, H., Gao, N., Li, M., & Liu, C. (2014). Nestin positively
regulates the Wnt/beta-catenin pathway and the proliferation, survival and invasiveness
of breast cancer stem cells. Breast Cancer Research : BCR, 16(4), 408.
https://doi.org/10.1186/s13058-014-0408-8

Zheng, H., Shao, F., Martin, S., Xu, X., & Deng, C.-X. (2017). WEEZ1 inhibition targets cell
cycle checkpoints for triple negative breast cancers to overcome cisplatin resistance.
Scientific Reports, 7, 43517.

Zhong, S., Chen, X., Wang, D., Zhang, X., Shen, H., Yang, S., Lv, M., Tang, J., & Zhao, J.
(2016). MicroRNA expression profiles of drug-resistance breast cancer cells and their
exosomes. Oncotarget, 7(15), 19601-19609. https://doi.org/10.18632/oncotarget. 7481

Zhong, S., Li, W., Chen, Z., Xu, J., & Zhao, J. (2013). MiR-222 and miR-29a contribute to
the drug-resistance of breast cancer cells. Gene, 531(1), 8-14.
https://doi.org/10.1016/j.gene.2013.08.062

Zhong, Y., Shen, S., Zhou, Y., Mao, F., Lin, Y., Guan, J., Xu, Y., Zhang, S., Liu, X., & Sun,
Q. (2016). NOTCHL1 is a poor prognostic factor for breast cancer and is associated with
breast cancer stem cells. OncoTargets and Therapy, 9, 6865-6871.
https://doi.org/10.2147/0OTT.S109606

Zhou, J., Wulfkuhle, J., Zhang, H., Gu, P., Yang, Y., Deng, J., Margolick, J. B., Liotta, L. A.,
Petricoin, E., & Zhang, Y. (2007). Activation of the PTEN/mTOR/STAT3 pathway in
breast cancer stem-like cells is required for viability and maintenance. Proceedings of
the National Academy of Sciences of the United States of America, 104(41), 16158
16163. https://doi.org/10.1073/pnas.0702596104

Zhu, R., Gires, O., Zhu, L., Liu, J., Li, J., Yang, H., Ju, G., Huang, J., Ge, W., Chen, Y., Lu,
Z., & Wang, H. (2019). TSPANS promotes cancer cell stemness via activation of sonic
Hedgehog signaling. Nature Communications, 10(1), 2863.
https://doi.org/10.1038/s41467-019-10739-3

Zhu, X., Feng, J., Fu, W., Shu, X., Wan, X., & Liu, J. (2020). Effects of cisplatin on the
proliferation, invasion and apoptosis of breast cancer cells following B-catenin silencing.
International Journal of Molecular Medicine, 45(6), 1838—1850.
https://doi.org/10.3892/ijmm.2020.4543

Zou, P., Yoshihara, H., Hosokawa, K., Tai, I., Shinmyozu, K., Tsukahara, F., Maru, Y.,
Nakayama, K., Nakayama, K. I., & Suda, T. (2011). p57(Kip2) and p27(Kipl) cooperate
to maintain hematopoietic stem cell quiescence through interactions with Hsc70. Cell
Stem Cell, 9(3), 247-261. https://doi.org/10.1016/j.stem.2011.07.003

186



Appendices

Appendix 1
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Dot plot of CD24 and CD44 expression in pMDA and CSC-MDA before and after cisplatin
treatment determined by FACS flow cytometry. Unstained controls for respective controls was
presented, followed by CD24 and CD44-stained controls and cisplatin-treated pMDA and CSC-MDA
where percentages of CSC-like subpopulation were presented in red. The values are represented as means
+ SEM for triplicate of independent experiments.
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Appendix 2

Control Cisplatin-treated
~ Gate: R1 «~ Gate: R1
~ ™3 !
“o 5891+0.87% % 18.64£7.02% -
pMDA a Hersies e "
Q %
< o
o % )
a % o %
oy ’ 1.80 + oy 4.45 +
92.33+0.67% | 0.28% IBREL LS | 4T3
- i i O T T
; wl w2 w ot WS B 72 wl W w3 Wt WS WS W2
= Ann V-A Ann V-A
a
o Gate: (Cis-CSC in all) o Gate: (Cis-CSC in all)
CSC- *% 1.48+0.89% “H280+1.76%
MDA 5 %
‘% ‘%
% 4 B %
< «
& - a2
o 4.46 + o 46.84 +
94.06 +2.80% | 2.27% 49.68 +1.44% | 2.75%
3 T T T "3 T T T T
w2 W ot WS B T2 W W ot WS W T2
Ann V-A ! Ann V-A
- Annexin V-FITC -

Dot plot of apoptotic event triggered by cisplatin treatment in pMDA and CSC-MDA determined
by Annexin V-FITC/PI bioassay. The values are represented as means = SEM for triplicate of
independent experiments.
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Appendix 3

Table 1: Significantly dysregulated mMRNA at least 2-fold in treated pMDA as compared to

pMDA

Refseq Symbol | Regulation | p-value
Hs.591293 ALCAM | -10.3708 0.00024
Hs.590970 AXL -3.6584 0.00028
Hs.712050 CD24 -9.2877 0.02189
Hs.374990 CD38 -4.7884 0.01792
Hs.502328 CD44 -3.366 0.00725
Hs.24529 CHEK1 |-2.1762 0.00484
Hs.129452 DACH1 | -17.2568 0.00031
Hs.631988 DDR1 -15.1365 0.0003
Hs.40499 DKK1 -12.8463 0.00707
Hs.511076 DLL4 2.7376 0.00914
Hs.419815 EGF -7.6401 0.00113
Hs.542050 EPCAM | -5.0391 0.0031
Hs.446352 ERBB2 | -5.693 0.00062
Hs.514038 FLOT2 -4.6928 0.00094
Hs.155651 FOXA2 | -4.2726 0.00171
Hs.59368 FOXP1 | -34.7805 0.00026
Hs.88556 HDAC1 | -2.4179 0.01183
Hs.504609 ID1 -16.7571 2E-06
Hs.597664 IKBKB | -10.9453 2E-06
Hs.482077 ITGA2 -36.079 0.00042
Hs.133397 ITGA6 -36.6162 0.00326
Hs.224012 JAG1 -24.2317 0.01453
Hs.656213 JAK2 -12.7849 3.2E-05
Hs.647667 KLF17 -13.3461 0.00845
Hs.631951 MAML1 | -3.6431 0.0017
Hs.306178 MERTK | -28.6492 1.1E-05
Hs.89603 MUC1 -30.6805 0.02495
Hs.202453 MYC -6.0288 0.01092
Hs.618430 NFKB1 | -5.8197 0.00738
Hs.495473 NOTCH1 | -13.0746 0.04133
Hs.491582 PLAT -91.2305 0.02992
Hs.518438 SOX2 4.3413 0.00862
Hs.463059 STAT3 -3.595 0.00095
Hs.409911 TAZ -6.6513 0.00062
Hs.494622 TGFBR1 | -5.3059 0.00377
Hs.503692 YAP1 -8.956 0.01112
Hs.124503 ZEB1 -8.2047 0.00017
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Table 2: Significantly dysregulated mRNA at least 2-fold in treated CSC-MDA as compared

to CSC-MDA

Refseq Symbol Regulation | p-value
Hs.404102 | ABCB5 2.85 0.00061
Hs.591293 | ALCAM -9.48 0.00345
Hs.76392 ALDH1A1 | 2.85 0.00061
Hs.367437 | ATM -4.69 0.00064
Hs.434961 | ATXN1 -68.11 0.00134
Hs.590970 | AXL -5.7 0.01193
Hs.473163 | BMP7 2.85 0.00061
Hs.712050 | CD24 -10.31 0.0308
Hs.374990 | CD34 2.31 0.02121
Hs.502328 | CD44 -3.04 0.02018
Hs.24529 CHEK1 -2.42 0.01395
Hs.129452 | DACH1 -6.98 0.03173
Hs.631988 | DDR1 -5.35 0.01089
Hs.40499 DKK1 -2.6 0.0053
Hs.379912 | DLL1 2.85 0.00061
Hs.511076 | DLL4 2.85 0.00061
Hs.202672 | DNMT1 -4.72 0.04223
Hs.419815 | EGF -9.96 0.00896
Hs.76753 ENG -2.83 0.04357
Hs.542050 | EPCAM -2.35 0.00779
Hs.446352 | ERBB2 -4.8 0.00333
Hs.39925 ETFA -2.35 0.01037
Hs.533683 | FGFR2 2.85 0.00061
Hs.514038 | FLOT2 -5.73 0.00489
Hs.155651 | FOXA2 -7.46 0.01132
Hs.59368 FOXP1 -19.01 0.012
Hs.445733 | GSK3B -6.32 0.01628
Hs.88556 HDAC1 -4.29 0.01772
Hs.504609 | ID1 -19.77 0.00031
Hs.597664 | IKBKB -6.47 0.00151
Hs.624 CXCL8 2.39 0.01475
Hs.482077 | ITGA2 -30.6 0.00657
Hs.440955 | ITGA4 2.85 0.00061
Hs.133397 | ITGA6 -21.37 0.00628
Hs.643813 | ITGB1 -6.59 0.00336
Hs.224012 | JAG1 -17.69 0.00359
Hs.656213 | JAK2 -6.87 0.00186
Hs.479754 | KIT 2.85 0.00061
Hs.549084 | LATS1 -3.59 0.0077
Hs.23616 LIN28B 2.85 0.00061
Hs.631951 | MAML1 | -3.7 0.00158
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Hs. 712553 | MS4A1 2.85 0.00061
Hs.89603 MUC1 -13.34 0.0064

Hs.202453 | MYC -2.57 0.02943
Hs.25960 MYCN 2.85 0.00061
Hs.635882 | NANOG -3.72 0.02943
Hs.618430 | NFKB1 -7.83 0.01179
Hs.709191 | NOS2 2.33 0.00529
Hs.495473 | NOTCH1 | -12.9 0.00707
Hs.487360 | NOTCH2 | -8.57 0.00153
Hs.514412 | PECAM1 | -9.37 0.0309

Hs.491582 | PLAT -29.21 0.01069
Hs.249184 | POUSF1 -4.33 0.02578
Hs.614734 | PROM1 2.85 0.00061
Hs.654514 | PTPRC 2.85 0.00061
Hs.642842 | SAV1 -2.31 0.04747
Hs.437846 | SMO 2.85 0.00061
Hs.48029 SNAI1 13.03 0.00139
Hs.463059 | STATS3 -4.17 0.00356
Hs.409911 | TAZ -7.18 0.01304
Hs.494622 | TGFBR1 | -5.22 0.00595
Hs.644697 | THY1 2.85 0.00061
Hs.66744 TWIST1 2.85 0.00061
Hs.745035 | TWIST?2 2.85 0.00061
Hs.249441 | WEE1 -2.94 0.03391
Hs.248164 | WNT1 2.85 0.00061
Hs.484047 | WWC1 -9.73 0.00662
Hs.503692 | YAP1 -6.04 0.02018
Hs.124503 | ZEB1 -6.07 0.01736
Hs.34871 ZEB2 -3.24 0.02951
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Table 3: Significantly dysregulated mRNA at least 2-fold in CSC-MDA as compared to

pMDA
Refseq Symbol | Regulation | p-value
Hs.480218 | ABCB5 | 2.3043 0.00528
Hs.473163 | BMP7 2.3043 0.00528
Hs.502328 | CD44 -2.0419 0.02225
Hs.631988 | DDR1 -3.5632 0.00152
Hs.533683 | FGFR2 | 2.3043 0.00528
Hs.514038 | FLOT2 | -2.2825 0.00431
Hs.504609 | ID1 2.2962 0.00223
Hs.661108 | KITLG | 16.0231 0.00651
Hs.647667 | KLF17 | -4.5738 0.01421
Hs.23616 | LIN28B | 2.3043 0.00528
Hs.631951 | MAMLL1 | -2.0023 0.00131
Hs.712553 | MS4A1 | 2.3043 0.00528
Hs.25960 | MYCN | 2.3043 0.00528
Hs.437846 | SMO 2.3043 0.00528
Hs.66744 | TWISTL1 | 2.3043 0.00528
Hs.745035 | TWIST2 | 2.3043 0.00528
Hs.248164 | WNT1 | 2.3043 0.00528
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Table 4: Significantly dysregulated mRNA at least 2-fold in treated CSC-MDA as compared
to treated pMDA

Refseq Symbol Regulation | p-value
Hs.404102 | ABCB5 2.79 0.00447
Hs.76392 | ALDH1A1 | 2.79 0.00447
Hs.434961 | ATXN1 12.97 0.004403
Hs.473163 | BMP7 2.79 0.00447
Hs.479214 | CD38 2.79 0.00447
Hs.129452 | DACH1 2.08 0.006808
Hs.40499 | DKK1 6.71 0.001043
Hs.379912 | DLL1 2.79 0.00447
Hs.533683 | FGFR2 2.79 0.00447
Hs.514038 | FLOT2 -2.05 0.035926
Hs.524134 | GATA3 2.79 0.00447
Hs.504609 | ID1 2.65 0.017791
Hs.624 CXCLS8 8.15 0.00829
Hs.440955 | ITGA4 2.79 0.00447
Hs.133397 | ITGA6 2.68 0.014163
Hs.656213 | JAK2 2.55 0.007727
Hs.479754 | KIT 2.79 0.00447
Hs.661108 | KITLG 26.08 0.00171
Hs.647667 | KLF17 2.79 0.00447
Hs.23616 | LIN28B 2.79 0.00447
Hs. 712553 | MS4Al 2.79 0.00447
Hs.89603 | MUC1 4.95 0.002944
Hs.25960 | MYCN 2.79 0.00447
Hs.635882 | NANOG 2.79 0.00447
Hs.487360 | NOTCH2 | 47.31 0.038399
Hs.514412 | PECAM1 | 2.79 0.00447
Hs.614734 | PROM1 2.79 0.00447
Hs.494538 | PTCHL1 2.79 0.00447
Hs.654514 | PTPRC 2.79 0.00447
Hs.437846 | SMO 2.79 0.00447
Hs.644697 | THY1 2.79 0.00447
Hs.66744 | TWIST1 2.79 0.00447
Hs.745035 | TWIST2 2.79 0.00447
Hs.248164 | WNT1 2.79 0.00447
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Table 5: Significantly dysregulated mRNA at least 2-fold in treated CSC-MDA as compared

to pMDA

Refseq Symbol Regulation | p-value
Hs.404102 ABCB5 6.56 0.000226
Hs.591293 ALCAM -11.41 0.000188
Hs.76392 ALDH1A1 | 4.74 0.002723
Hs.590970 AXL -7.38 0.000123
Hs.473163 BMP7 6.56 0.000226
Hs.712050 CD24 -30.01 0.015241
Hs.374990 CD34 6.33 0.00024
Hs.479214 CD38 -2.34 0.038782
Hs.502328 CD44 -6.21 0.001359
Hs.129452 DACH1 -11.33 0.000337
Hs.631988 DDR1 -19.06 0.000231
Hs.40499 DKK1 -2.61 0.025587
Hs.379912 DLL1 3.94 0.00173
Hs.511076 DLL4 2.97 0.004941
Hs.202672 DNMT1 -3.57 0.007884
Hs.419815 EGF -10.69 0.000776
Hs.542050 EPCAM -2.7 0.002837
Hs.446352 ERBB2 -8.9 0.000426
Hs.39925 ETFA -2.08 0.011455
Hs.533683 FGFR2 6.56 0.000226
Hs.514038 FLOT2 -13.08 0.00019
Hs.155651 FOXA2 -11.1 0.0004
Hs.59368 FOXP1 -23.11 0.000223
Hs.173859 FzD7 -2.75 0.002678
Hs.88556 HDAC1 -4.95 0.000383
Hs.504609 ID1 -8.61 0.000006
Hs.597664 IKBKB -11.47 0.000002
Hs.624 CXCLS8 3.02 0.01497
Hs.482077 ITGA2 -46.15 0.000401
Hs.440955 ITGA4 2.33 0.020292
Hs.133397 ITGA6 -18.62 0.003599
Hs.224012 JAG1 -13.95 0.015669
Hs.656213 JAK?2 -6.83 0.000053
Hs.479754 KIT 4.39 0.001006
Hs.661108 KITLG 14.04 0.011484
Hs.647667 KLF17 -6.52 0.010897
Hs.23616 LIN28B 6.56 0.000226
Hs.631951 MAML1 -7.41 0.000027
Hs.306178 MERTK -23.88 0.000009
Hs.712553 MS4A1 6.56 0.000226
Hs.89603 MUC1 -8.45 0.032484
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Hs.202453 MYC -4.21 0.012408
Hs.25960 MYCN 6.56 0.000226
Hs.618430 NFKB1 -13.27 0.004022
Hs.495473 NOTCH1 | -10.82 0.042265
Hs.491582 PLAT -86.64 0.029768
Hs.466871 PLAUR -3.68 0.001256
Hs.614734 PROM1 2.38 0.013502
Hs.654514 PTPRC 4.82 0.002155
Hs.437846 SMO 6.56 0.000226
Hs.48029 SNAI1 35.18 0.00174

Hs.518438 SOX2 2.12 0.028248
Hs.463059 STAT3 -5.93 0.000328
Hs.409911 TAZ -11.96 0.000153
Hs.494622 TGFBR1 | -9.12 0.000815
Hs.644697 THY1 4.88 0.00054

Hs.66744 TWIST1 6.56 0.000226
Hs.745035 TWIST?2 6.56 0.000226
Hs.248164 WNT1 6.56 0.000226
Hs.503692 YAP1 -4.13 0.008908
Hs.124503 ZEB1 -6.65 0.000135
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Appendix 4

NEG_A  ERCC_000!
NEG_B  ERCC_000-
NEG_C  ERCC_000
NEG_D  ERCC_000
NEG_E  ERCC_O00!
NEG_F  ERCC_0OL
NEG_G  ERCC_001:
NEG_H  ERCC_OOL! 1 1 1 1 1 1 1 1

Mean 18757 23757 26257 21257 2257 225 3379 257 21257 21257 23757 275

STDEV " 1.246423” 1.7677677 1.685018"0.991031" 1.38873" 1.38873 1.92261[ 2.267787” 1.885092" 1.457738" 1.767767" 2.31455
3STDEV ~ 3.73927 5303301 5.055054 2.973094 4.16619 4.16619| 5.76783| 6.803361 5.655276 4.373214 5.303301 6.943651

el N N )
B WR R Wwwo
BN WWwREn
BN S NNN W
B WU wWwN RN
B W W NN Eu
BN W N W NSO,
B R NN RN
B R R RN RS
BN R WRE W
B R, ONWR WV
B R W NP 0wWw

Mean+3STDEV 5.61427 7.678301 7.680054 5008094 6.41619 641619 9.14283] 9.303361 7.780276 6.498214 7.678301 9.693651
Appendix 5
pMDA Treated CSC- Treated
pMDA MDA CSC-
MDA
Percentage of overlapped 100 100 77.05 100

mMiRNAs excluding miRNA not
existed in Nanostring * (%0)
Percentage of overlapped top 74.29 66.67 66.67 83.33
25% miRNAs excluding miRNA
not existed in Nanostring* (%)
Percentage of overlapped for 55.56 81.82 85.71 100
highly expressed miRNAs (>100
counts) in NGS* (%)

* Percentage calculated based on overlapped detected miRNAs in NGS and Nanostring (expressed =
10 counts) as compared to total number of miRNAs detected in NGS.

Appendix 6:
Mean (10° cells)
Unsorted cells 24 /44 expressing cells 24°/44* expressing cells
Viable 16.78 + 1.85 2.77+£0.83 3.17+0.47
Dead 1.01+0.37 0.48 £0.22 0.47 £0.12
Total 17.79+£1.90 3.25+0.66 3.64 +0.59
% of viable CSC-like cells 18.73 +5.63 %

Percentage of viable CSC-like cells calculated based on viable CD24/CD44*-expressing cells as
compared to total unsorted cells. The values are represented as means = SEM for triplicate of
independent experiments.
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