MASTERARBEIT / MASTER’S THESIS

Titel der Masterarbeit / Title of the Master's Thesis

,Characterization of potential cancer initiating cells in
breast cancer cell lines”

verfasst von / submitted by

Timo Hagen, BSc

angestrebter akademischer Grad / in partial fulfilment of the requirements for the degree of

Master of Science (MSc)

Wien, 2015/ Vienna 2015

Studienkennzahl It. Studienblatt /
degree programme code as it appears on
the student record sheet:

Studienrichtung It. Studienblatt /
degree programme as it appears on
the student record sheet:

Betreut von / Supervisor:

Mitbetreut von / Co-Supervisor:

A 066 863

Masterstudium Biologische Chemie UG2002

Univ.-Prof. Dipl.-Ing. Dr. Manfred Ogris

Julia Maier, MSc






Thanks to all members of the MMCT laboratory who supported me over the last half year.
Especially | want to thank my advisor Julia Maier for her guidance in all matters.
| also want to thank Prof. Ogris for facilitating me to join his lab and for his kind support.

3



Table of Contents

O 1) { o Yo [0 4T o KOOSO P PP P PO PPRRPPROPP 6
1.1  Cancer stem cells (CSCs) as key components in malignant disease.........ccccceevveennee. 6
1.2 Salinomycin @s CSC iNNIDItOr....ccuiii i e e e 9
1.3 Non-adherent colony formation @ssays ......ccccoveueeeiiriiieeiiniiiee e 10

2. AIM OF the thesis ..ooniiiie e 12

3. Material and Methods .......cccceiiiiiiiiiiiii e 13
7% R |V =T [ - DO PSP RUPTORRRPROPRO 13
3.2 REAEENES it e e et ettt e e e e e e ea e eeeeeeeeeraaan 13
3.3 Cell MAINTENANCE . it s 15
3.4 ANTIDOIES ..ot s 16
3.5  CSCmarker eValuation ........coocueiiiiiiiiiieeee e 16
3.6 Chemotherapeutic treatMeNts.....cccccuiieiiiiiiei e e e 17
3.7 Non-adherent colony formation @ssay......cccccceeeeieciiiiiiiee e 17
3.8  Cell VIability StAiN ..cceeieeeicciiiee e e e e e e e eaes 18

A, RESUILS .ttt st nes 19
4.1  Optimization of the CSC marker staining ........cccceeeeeeiecciiiiiiee e 19
4.2 Distribution of CSC Marker .........coceiiiiiiiiierecree e 20
4.3  Salinomycin’s dose-dependent effect on highly CSC marker expressing cells.......... 27
4.4  Salinomycin does not affect the CSC marker profile........ccveeiiieicciiiieee e, 28
4.5  Soft agar colony formation @SSAY .....eeeiieieiiiciiiieiiee e e 34

45.1 Optimization of soft agar colony formation assay......ccccccceeecciviieeeeeeeeccccineeen, 34
45.2 High variation of spheroid number and Siz€.........cccoeeeevvveeeiiiiieiiciiireeeee e, 36

4.6  The methyl cellulose assay for faster production of multicellular aggregates.......... 39
TN B T o 1Y o o F PSP PPPPPOPI 40



6.

7.

Y oY o T=] o Lo L P PPPPPRRUPPPPPRN 44
6.1 ADSTIACT..cc i e 44
6.2 ZUSAMMENTASSUNE .c.uiiiiiiiiiiiee ittt ee s ettt e e e st e e s s tee e e s s abae e e e s bbeeeesnsbaeeesssraeesennns 45
6.3 CUITICUIUM ViITA@ ..t 46

REFEIENCES ...ttt ettt e bt e e s b e e et b e e eb e e e s bt e e saneeeans 48



1. Introduction

1.1 Cancer stem cells (CSCs) as key components in

malignant disease

Cancer is the second most common cause of death in Europe after circulatory disease
(Eurostat Database, 2015). Breast cancer alone caused a high death rate of 33.3 per 100 000
female EU-28 inhabitants in 2012 and was the type of cancer with the highest incidence as
well as the second highest mortality rate after lung cancer (Eurostat). Considering these facts,

metastasizing breast cancer is a very important field of research.

Recurrent and metastatic breast cancer present the most common breast cancer-
related deaths (O’Shaughnessy, 2005). Only 6% of newly diagnosed cases present metastatic
breast cancer, however, approximately 30% of early stage diagnosed women with breast
cancer develop metastatic or recurrent advanced disease (National Institute of Health,
seer.cancer.gov, 2015). To understand metastasizing breast cancer we have to take a look at
the cellular-level. First a few important terms in cancer biology have to be explained:
transformed cells/cancer cells and cancer stem cells or tumor-initiating cells. Transformed
cells arise through several alterations (Ruddon, 2003). Cells undergo cytologic changes
including increased number and size of nuclei, increased nucleus:cytoplasmic ratio, and
formation of clusters and cords of cells (Ruddon, 2003). Transformed cells become immortal,
meaning that they can passaged indefinitely (Ruddon, 2003). Also, they lose their anchorage
dependence and acquire the ability to grow in non-adherent environment like soft agar

(Ruddon, 2003). This malignant transformation facilitates the formation of a cancer cell.

Cancer stem cells (CSCs) are a novel subclass of neoplastic cells within tumors
(Hanahan and Weinberg, 2011). Studies over the last years have proposed that the
characteristics of CSCs are immortality, tumor-initiation, self-renewing and pluripotency (Reya
et al., 2001). These characteristics are supposed to lead to tumor development, metastasis

and recurrence (Chen et al., 2013). CSCs have been identified in various solid tumors, such as



breast cancer, colon cancer or lung cancer (Chen et al., 2013). The presence of CSCs in primary
lesions from breast cancer patients after the application of neoadjuvant chemotherapy has
shown to predict poor survival (Sakakibara et al., 2012). Considering the mentioned facts
about CSCs, the research on them is essential and they could display an attractive target for

clinical cancer treatments.

Several intrinsic mechanisms of chemoresistance confer CSCs an integral role in
recurrence following chemotherapy (Abdullah and Chow, 2013). ABC transporter expression,
such as P-glycopotein (MDR1) and breast cancer resistance protein (ABCG2) is one mechanism
providing chemoresistance in CSCs (Chow et al., 2012; Scharenberg et al., 2002; Shapiro et al.,
1997). Doxorubicin and related drugs are effluxed by both of these ABC transporters (Abdullah
and Chow, 2013). Some other drugs like paclitaxel are only effluxed by MDR1 and not ABCG2
(Chow et al., 2012; Litman et al., 2000). Another ability of CSCs providing chemoresistance is
aldehyde dehydrogenase (ALDH) activity (Abdullah and Chow, 2013). ALDH expression confers
resistance to the cytostatic cyclophosphamide in CSCs (Sreerama and Sladek, 1997). Several
signaling pathways like Wnt/B-catenin, Hedgehog or Notch also contribute to CSC biology
including chemoresistance (Abdullah and Chow, 2013). For instance, the Wnt/B-catenin
signaling pathway enables chemoresistance to 5-fluoruracil and doxorubicin in CSCs (Flahaut
et al., 2009; Noda et al., 2009). Due to the numerous intrinsic mechanisms of resistance in
CSCs it is likely necessary to target more than one of these pathways operating in CSCs
(Naujokat and Steinhart, 2012). Such a treatment approach could eradicate all CSCs and
decrease the probability of escape mutants (Liu and Wicha, 2010; Mueller et al., 2009; Park et
al., 2009; Zhou et al., 2009).

In order to study CSCs in detail, the isolation of this cell subpopulation is necessary
(Chen et al., 2013). Surface biomarker phenotypes can be used to differentiate between CSCs,
other tumor cells or normal stem cells (Chen et al., 2013). The isolation of CSCs by
fluorescence-activated cell sorting (FACS) based on cell surface markers or intracellular
molecules is applied most frequently at the moment (Chen et al., 2013). The CD44*/CD24'"w/-
subpopulation of breast cancer cells in solid tumors was proposed to comprise a population
containing breast cancer stem cells (BCSCs) (Al-Hajj et al., 2003). This was indicated by a
greater capacity for tumor formation in NOD/SCID mice (Al-Hajj et al., 2003). Since the finding

of Al-Hajj and colleagues, sorting of breast cancer cells by their CD24/CD44 surface phenotype
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has been used to isolate or enrich for tumorigenic BCSCs (Grimshaw et al., 2008). More
recently the overexpression of a promising CSC marker, adhesion molecule a-6 integrin
(CDA49f), was detected in a stem cell-like subpopulation of breast cancer cell lines (Cariati et
al.,, 2008). Owing to the findings in the literature, the relatively novel CD49f BCSC surface
marker was selected in addition to the established marker combination CD24/CD44 for this
master’s thesis. To analyze the described surface marker profile, it was aimed at establishing

a time-efficient and reproducible flow-cytometry-based method.

The antigenic phenotype has been shown to correlate with the cell morphology. A
relationship between CD24 antigenic phenotype and cell morphology, meaning a luminal-like
appearance for CD24* cell lines and a basal/mesenchymal appearance for CD24 cell lines, has
been documented (Fillmore and Kuperwasser, 2008). As such, breast cancer cell lines
exhibiting different cell morphologies were analyzed with respect to their CD24 antigenic

profile in this master’s thesis.

Another important characteristic of BCSCs is the transition between alternative states,
distinct epithelial-like (mesenchymal-epithelial transition, MET) and mesenchymal-like
(epithelial-mesenchymal transition, EMT) states (Liu et al., 2014). Depending on the state
BCSCs can perform various functions, epithelial-like BCSCs are centrally located proliferative
cells, whereas mesenchymal-like BCSCs are mainly quiescent cells which are located at the
tumor invasive front (Liu et al., 2014). The transition between EMT- and MET-like states
confers the BCSCs with properties important for disease progression, like tissue invasion,

dissemination, and growth at metastatic sites (Liu et al., 2014).

Based on molecular profiling breast cancers are subdivided into categories with distinct
biological and clinical characteristics (Riaz et al., 2009). Luminal breast cancers, which express
the steroid hormone receptors progesterone receptor (PR) and estrogen receptor (ER), HER2
positive breast cancers and basal breast cancers that are triple negative (TN) (Riaz et al., 2009).
TN means that they do not express hormone receptors or show amplification of the HER2 gene
(Riaz et al., 2009). Depending on this classification the therapy approach, such as hormone
therapy, HER2 blockade, or chemotherapy is chosen (Liu et al., 2014). From a clinical point of
view the triple negative or HER-2 positive breast cancers have a poorer prognosis than

hormone receptor expressing breast cancers (Brenton et al., 2005). Liu and co-workers found



that similar gene-expression profiles in BCSCs across molecular subtypes of breast cancer are
present, which suggests that BCSCs targeting drugs could be used across molecular subtypes

of cancer (Liu et al., 2014).

1.2 Salinomycin as CSC inhibitor

The seminal study of Gupta and co-workers showing that the antibiotic salinomycin
preferentially targets the viability of CSCs within CD44"8"/CD24'"°% antigenic phenotype
subpopulation in breast cancer cells in mice aroused worldwide interest to perform further
research on this drug (Gupta et al., 2009). Additionally CSC-associated genes correlating with
poor-prognosis tumors have been shown to be lost upon salinomycin treatment (Gupta et al.,
2009). Further studies have documented that salinomycin effectively kill CSCs in different
types of human cancers in vitro and in xenograft mice bearing human cancers (Basu et al.,
2011; Zhang et al.,, 2011, 2012). Treatment of CD44*/CD24/ALDH1* human BCSCs with
salinomycin, as well as the combination of salinomycin with the chemotherapeutic
doxorubicin, markedly increased apoptosis (Gong et al., 2010). In addition the eradication of
human breast cancer in xenograft mice was significantly enhanced by combination of
salinomycin with the conventional anticancer drug paclitaxel while reducing the number of
CD44*/CD24 BCSCs in tumors (Zhang et al., 2012). Due to this promising studies salinomycin
was therapeutically applied in a pilot clinical trial with a small group of metastatic cancers
(Steinhart et al., 2012). The outcome was a partial regression of tumor metastasis and minor
side effects together with conventional chemotherapeutics (Steinhart et al., 2012). As a
consequence Verastem Inc. was envisioned to start a phase I/Il clinical trial using the
proprietary formulation of salinomycin termed VS-507 in patients with triple negative breast
cancer in 2013 (Naujokat and Steinhart, 2012). However, the outcome of this clinical trial is
not yet clear. Taken together, strong evidence has been accumulated that salinomycin alone
and particularly in combination with conventional cytostatic drugs effectively targets CSCs

(Naujokat and Steinhart, 2012).

In this master’s thesis the doxorubicin related drug daunorubicin of the anthracycline

family was used in addition to the CSC-targeting drug salinomycin. Similar to doxorubicin,
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daunorubicin is capable of DNA intercalation and stops the DNA replication as well as the DNA
transcription by inhibiting topoisomerase Il (Pang et al., 2013). Based on the literature, it was
expected that the application of the combination of daunorubicin with salinomycin reveals

higher cytotoxicity than the drugs alone.

In the last years several studies were aiming at the discovery of the mechanisms of
salinomycin’s effect against human CSCs (Naujokat and Steinhart, 2012). These studies have
contributed to a basic understanding of some mechanisms, however to uncover the exact
mechanisms further studies are needed (Naujokat and Steinhart, 2012). It has been shown
that salinomycin can induce apoptosis in human BCSCs (Gong et al., 2010), is a potent inhibitor
of ABC transporters in different cancer cells (Kim et al., 2012; Riccioni et al., 2010), and is
unlikely to become a substrate of ABC transporters because it is rapidly embedded in
biological membranes (Mitani et al., 1976). Furthermore salinomycin has been documented
to downregulate the Hedgehog-Glil self-renewal pathway in CD44*/CD24" human BCSCs (Lu
et al., 2015). Salinomycin promotes the K* efflux from mitochondria and cytoplasm because it
acts as K* ionophore (Mitani et al., 1976, 1975; Pressman and Lattanzio, 1978). Considering
that pharmacological induction of K* efflux leads to apoptosis and cytotoxicity in cancer cells
(Andersson et al., 2006; Bortner et al., 1997), it can be assumed that mitochondrial and
cytoplasmic K* efflux induced by salinomycin (Li et al., 2008; Park et al., 2010) results in the
apoptosis of CSCs (Naujokat and Steinhart, 2012). Considering the mentioned characteristics
of salinomycin, we decided to test the effect of this CSC-targeting drug on cancer cell lines

exhibiting different degrees of CSC properties in this master’s thesis.

1.3 Non-adherent colony formation assays

To understand the principle behind non-adherent colony formation assays, anoikis has
to be explained. When apoptosis is induced by the lack of a correct cell/ECM (extracellular
matrix) attachment it is termed anoikis (Gilmore, 2005). Due to anoikis normal cells are not
able to grow anchorage-independent, whereas transformed cells can grow and divide
irrespective of their surrounding environment (Borowicz et al., 2014). The capability to grow

in non-adherent environment can be evaluated with different non-adherent colony formation
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assays using semi-solid material such as soft agar, methyl cellulose or matrigel. In this semi-
solid environment visible colonies called spheroids or multicellular aggregates can only form
when originating from a transformed cell (Borowicz et al.,, 2014). Non-adherent
mammospheres of transformed cells, formed when cells possess the ability to proliferate in
suspension, are even mainly composed of the cancer stem cell subpopulation (Hirsch et al.,
2009). The high capability of CSCs to grow in non-adherent environment (Hirsch et al., 2009)
represents a key principle for this master’s thesis. Non-adherent colony formation assays
facilitate the assignment of CSC properties depending on the growth capability of the tested

cells.

The selection of material depends on the type of application. Matrigel is a basement
membrane-like extracellular matrix extract which contains various growth factors, including
fibroblast growth factor, transforming growth factor beta and epidermal growth factor
(Benton et al., 2011). Especially during metastasis most epithelial originating tumors interact
with the basement membrane matrix (Benton et al., 2011). That is why colony formation
assays using matrigel are usually aiming at a more physiological environment than other
assays using other materials, such as soft agar or methyl cellulose. Due to the batch variations
of matrigel, it is very difficult to maintain exactly the same environment among the
experiments leading to problems with reproducibility. The purpose of our assay was to
examine basic CSC properties, leading us to assume that a reductionist approach without

surplus growth factors would be best suited.

The soft agar colony formation assay is a well-established method to monitor
anchorage-independent growth and is quick and easy to perform (Borowicz et al., 2014). In
the soft agar colony formation assay spheroids form from single cells, mimicking tumor
development. The methyl cellulose assay represents a faster method for obtaining
multicellular aggregates than with the soft agar colony formation assay (Bilandzic and
Stenvers, 2014). However, spheroids form from more than one cell disabling the monitoring
of tumor development. The methyl cellulose assay has the ability to provide multicellular
aggregates in a more rapid fashion than its single-cell-based counterparts, ideally suited for
testing out multistep processing methods such as histological cryosections that allow antigen
determination. For the mentioned reasons it was decided to use soft agar as well as methyl

cellulose for the non-adherent colony formation assay in this work.
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2. Aim of the thesis

In this master’s thesis our intention was to establish a method for the antigenic
phenotype determination of breast cancer cell lines. We were aiming at a convenient, time-
efficient, antibody-amount-saving and reproducible flow cytometry-based method which can

be carried out in a 96-well plate format.

CSC surface marker were used, as we focused on the verification of CSC properties.
Owing to the findings in the literature, the relatively novel CD49f BCSC surface marker was

selected in addition to the established marker combination CD24/CD44.

We chose the two basal type triple negative MDA-MB-231 and MDA-MB-436, as well
as the luminal type ER-HER2-PR positive breast cancer cell line MCF7 for our experiments. All
three tested breast cancer cell lines resemble breast cancers with poor prognosis, and there

is an urgent need to perform research on them.

We also wanted to test the effect of chemotherapeutic treatments to the breast cancer
cell lines. In addition to the CSC-targeting drug salinomycin, doxorubicin related drug
daunorubicin of the anthracycline family was used for the treatment. Based on the literature,
we expected that the application of the combination of daunorubicin with salinomycin reveals

higher cytotoxicity than the drugs alone.

Non-adherent colony formation assays were introduced to test the growth ability of
breast cancer cells in non-adherent environment. The high capability of CSCs to grow in non-
adherent environment (Hirsch et al., 2009) represents a key principle for this master’s thesis.
The purpose of our assay was to examine basic CSC properties, leading us to assume that a
reductionist approach without surplus growth factors would be best suited. Therefore we
decided to use soft agar as well as methyl cellulose for the non-adherent colony formation
assay instead of matrigel. Furthermore we intended to test the growth ability of salinomycin

pre-treated breast cancer cells in non-adherent environment.
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3. Material and Methods

3.1 Maedia

DMEM high glucose 10% FBS:

Dulbecco's Modified Eagle's Medium — low glucose (Sigma-Aldrich®, D5546, St. Louis, MO,
USA)

10% Fetal Bovine Serum (Sigma-Aldrich®, F7524, St. Louis, MO, USA)
Addition of 3.5 g/l D(+)-Glucose (Merck Millipore®, 346351, Darmstadt, GER)

0.584 g/l L-Glutamin by addition of 200 mM L-Glutamin solution (Sigma-Aldrich®, G7513, St.
Louis, MO, USA)

3.2 Reagents

Table 1. List of reagents.

Name Product number, supplier, location

Agarose, low gelling temperature A9414, Sigma-Aldrich®, St. Louis, MO,
USA

Bovine Serum Albumin (BSA) A9647, Sigma-Aldrich®, St. Louis, MO,
USA

Crystal Violet C3886, Sigma-Aldrich®, St. Louis, MO,
USA

Daunorubicin D8809, Sigma-Aldrich®, St. Louis, MO,
USA

Dimethyl sulfoxide (DMSO) D8418, Sigma-Aldrich®, St. Louis, MO,
USA
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Dulbecco's Modified Eagle's Medium — low

glucose

D5546, Sigma-Aldrich®, St. Louis, MO,
USA

Dulbecco’s Modified Eagle’s Medium - low

glucose (powder)

D5523, Sigma-Aldrich®, St. Louis, MO,
USA

Dulbecco's Phosphate Buffered Saline

D8537, Sigma-Aldrich®, St. Louis, MO,
USA

Ethylenediaminetetraacetic acid (EDTA)

E6758, Sigma-Aldrich®, St. Louis, MO, USA

Electran® Agarose DNA Pure Grade

443666A, VWR®, Radnor, PA, USA

Fetal Bovine Serum (FBS)

F7524, Lot No. 064M3396, Sigma-
Aldrich®, St. Louis, MO, USA

D(+)-Glucose

Merck Millipore®, 346351, Darmstadt,
GER

L-Glutamine solution 200 mM

G7513, Sigma-Aldrich®, St. Louis, MO,
USA

Hoechst 34580

63493, Sigma-Aldrich®, St. Louis, MO,
USA

Methyl cellulose

MO0512, Sigma-Aldrich®, St. Louis, MO,
USA

Paraformaldehyde

A3813.1000, VWR®, Radnor, PA, USA

4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid (HEPES)

A3724.0500, VWR®, Radnor, PA, USA

Salinomycin

S4526, Sigma-Aldrich®, St. Louis, MO, USA

Sodium bicarbonate

S5761, Sigma-Aldrich®, St. Louis, MO, USA

Sodium chloride

A2942.500, VWR®, Radnor, PA, USA

Thiazolyl Blue Tetrazolium Bromide (MTT)

M2128, Sigma-Aldrich®, St. Louis, MO,
USA

TrypLE™ Express (1X)

12605010, Gibco®, Grand Island, NY, USA

Versene™ 1:5000 (1X)

15040033, Gibco®, Grand Island, NY, USA
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3.3 Cell maintenance

For our experiments we used three two human breast cancer cell lines from the
American Type Culture Collection (ATCC®, Manassas, VA, USA) and one human breast cancer
cell line from the European Collection of Cell Cultures (ECACC®, Salisbury, UK) . All three cell
lines stem from the mammary gland/breast and were derived from the metastatic site of
adenocarcinomas via pleural effusion. MDA-MB-231 cell line (ATCC®, Lot/Batch No. 62235654,
Original passage from manufacturer: 38; PO No. 710405391) is classified as mesenchymal,
MDA-MB-436 cell line (ATCC®, Lot/Batch No. 61331460, Original passage from manufacturer:
19, PO No. 710405391) as myoepithelial and MCF7 cell line (ECACC®, Original passage from
manufacturer: 18, Product No. 86012803 Sigma-Aldrich®) as luminal cell type. Cell lines with
passage numbers of 44-58 for MDA-MB-231, 26-36 for MDA-MB-436 and 14-21 for MCF7 were

used in our experiments.

All three cell lines were cultured in 25/75/150 cm?3 cell culture flasks (USA Scientific,
CC7682-4825/75/15, Ocala, FL, USA) with DMEM high glucose 10% FBS in humidified
incubator at 37 °C and 5% CO,. Upon confluency, the spent medium was discarded and the
cells were washed with PBS (Sigma-Aldrich®, D8537, St. Louis, MO, USA). The MCF7 cell line
was incubated with TrypLE™ Express (Gibco®, 12605010, Grand Island, NY, USA) for 5 minutes
in humidified incubator at 37°C and 5% CO,. The MDA-MB-231 and MDA-MB-436 cell line was
incubated with Versene™ (Gibco®, 15040033, Grand Island, NY, USA) for 3 minutes in
humidified incubator at 37°C and 5% CO,. The three cell lines were detached by gently tapping,
collected with DMEM high glucose 10% FBS and transferred into a centrifuge tube for
centrifugation for 5 minutes at 200 xG. The obtained pellet was resuspended in DMEM high
glucose 10% FBS and the desired fraction was added to the new cell culture flask containing

DMEM high glucose 10% FBS.
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3.4 Antibodies

Table 2. Primary antibodies used for CSC characterization.

Target, label Product number, manufacturer
CD24, PE 555428, BD Biosciences®
CD44, Alexa Fluor 647 103018, BioLegend®
CDA49f, Brilliant Violet 421 562582, BD Biosciences®
CD24-isotype, PE 555574, BD Biosciences®
CDA44-isotype, Alexa Fluor 647 400626, BioLegend®
CD49f-isotype, Brilliant Violet 421 562602, BD Biosciences®

3.5 CSC marker evaluation

The cells were detached with Versene™ according to chapter 3.3, resuspended in 5 ml
DMEM high glucose 10% FBS and 10 pl of the cell suspension were diluted 1:10 with PBS to
determine the cell number using haemocytometer (Marienfeld-Superior®, 0640010, Lauda-
Konigshofen, GER). The cells were spun down at 200 xG for 5 minutes, the medium was
aspirated and the remaining pellet was resuspended in the amount of PBS needed to obtain
2.86 x 10° cells/ml. To seed 200 000 cells per well of a 96 V-bottom plate, 70 pl of cell
suspension were deposited in each well. The cells were spun down at 600 xG for 5 minutes
and the PBS was aspirated. The reagent PEB was prepared with PBS, 2mM EDTA (Sigma-
Aldrich®, E6758, St. Louis, MO, USA) and 0.5% BSA (A9647, Sigma-Aldrich®, St. Louis, MO,
USA). The antibody master mix (isotype or target antibodies (AB)) was freshly compounded
on ice in the dark. Each antibody staining was performed as singlet. The composition for one
treatment was as follows: 4.0 ul CD24 (PE), 1.0 ul (1:10 in PEB) CD44 (Alexa Fluor 647), 1.0 pl
CDA9f (Brilliant Violet 421) and 14.0 pl PEB. 20 ul of appropriate antibody master mix were
added per well. After thoroughly suspending the plate was incubated for 30 minutes at 4 °C
with a lid. The cells were spun down at 600 xG 4 °C for 5 minutes, the liquid was aspirated and
the pellet was washed once with ice-cold PBS. The cells were spun down at 600 xG 4 °C for 5
minutes, the PBS was aspirated and the pellet was resuspended well in 100 pul ice-cold PEB.
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The measurement was performed using MACSQuant® Analyzer 10 with the following
settings: FSC: 236 V; SSC: 306 V; B2 (CD24): 360 V; V1 (CD49f): 308 V; R1 (CD44): 360 V; sample
volume 100 pl; uptake volume 90 pul. The obtained data was analyzed with FlowJo™ V.10.0.8.
In all plots debris was gated out before subsequent analysis. Through the gating strategy only

single cells were considered (Figure 2).

3.6 Chemotherapeutic treatments

The cells (MCF7, MDA-MB-231) were treated with 0.2% (v/v) DMSO (Sigma-Aldrich®,
D8418, St. Louis, MO, USA), daunorubicin (Sigma-Aldrich®, D8809, St. Louis, MO, USA) or
salinomycin (Sigma-Aldrich®, S4526, St. Louis, MO, USA) at doses of 0.5, 1.0 and 2.0 uM. The
treatments were prepared from the following stock solutions: 1.0 mM salinomycin in DMSO
(stored at 4 °C) and 12 mM daunorubicin in ddH;0 (stored at 4 °C). The combination of
salinomycin and daunorubicin was also tested at 2.0 uM. Each condition was tested as singlet.
After 4 days of treatment the cells were passaged in an adjusted ratio and allowed to recover
for 4 days in the absence of compound (Gupta et al., 2009). Thus it was ensured that any
further toxicity in the continued presence of compound would not confound the results (Dong
et al., 2011). The medium was renewed every day during the recovery phase. After the
determination of the cell number with a haemocytometer, CSC marker evaluation (Chapter
3.5) and soft agar colony formation assay (Chapter 3.7) was carried out with all conditions

where enough viable cells were left.

3.7 Non-adherent colony formation assay

For the soft agar colony formation assay a modified protocol of Borowicz et al. was
used (Borowicz et al., 2014). The assay was carried out in non-adherent 6-well plates (USA
Scientific, CC7672-7506, Ocala, FL, USA). The untreated cells were seeded in duplicates, pre-
treated cells in singlets. The bottom layer was set to 0.5% normal agarose (VWR®, 443666A,

Radnor, PA, USA) and the top layer to 0.3% low melting point agarose (Sigma-Aldrich®, A9414,
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St. Louis, MO, USA). After pouring the bottom layer the agarose was allowed to gel at 4 °C for
45 minutes. For all three cell lines (MDA-MB-231, MDA-MB-436, MCF7) 5000 cells per well
were seeded. After the standard growth time of 21 days (Borowicz et al., 2014) in humidified
incubator (37 °C, 5% COz), the spheroids were fixed with 4% (w/v) formaldehyde in HBS for 60
minutes at 37 °C. To prepare the 4% (w/v) formaldehyde fixation solution, paraformaldehyde
(VWR®, A3813.1000, Radnor, PA, USA) was dissolved at 60 °C under magnetic stirring in HBS
(20 mM HEPES, 150 mM NaCl, pH 7.1). After adjusting pH to 7.0-7.5, the mixture was filtered
through a pleated filter and stored at 4 °C. After that the spheroids were stained with 0.005%
crystal violet in PBS for 30 minutes at room temperature. To count the spheroids photos were
taken with a camera. In order to determine the size of the spheroids, 4x magnified images
using Motic AE31 series microscope with Moticam 3.0MP (Motic Electric, Xiamen, China) were

taken of spheroid samples and evaluated in Imagel®.

For the methyl cellulose assay a protocol of Bilandzic and Stenvers was used (Bilandzic
and Stenvers, 2014). The methyl cellulose stock solution was prepared according to the
protocol (Bilandzic and Stenvers, 2014) and diluted 1:5 with DMEM high glucose 10% FBS. To
this mixture the appropriate amount of MDA-MB-231 single cell suspension was added. 150
ul of cell containing methyl cellulose-media-mixture were pipetted into each well of a 96 well
U-bottom microplate (greiner bio-one™, 650101, Frickenhausen, GER). Cell number of 1000,
2500 and 4167 was tested in the pilot assay. Each cell number was tested in octets. After 24
hours of growing in humidified incubator (37 °C, 5% CO;) images were taken using Motic AE31
series microscope with Moticam 3.0MP (Motic Electric, Xiamen, China) at 4x magnification.

The size of the multicellular aggregates was determined in ImageJ®.

3.8 Cell viability stain

In a 96-well plate (greiner bio-one™, 655180, Frickenhausen, GER) 7500 cells per well
were seeded and cultured overnight in humidified incubator 37 °C 5% CO,. On the next day
the spent medium was discarded and the cells treated with different conditions. For each cell
line the following treatments were tested: Solvent control 0.2% (v/v) DMSO (duplicates),

2.0/1.0/0.5 uM salinomycin (triplicates). The cells were cultured for 72 h in humidified
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incubator (37 °C, 5% CO3z) and photos taken at 4x or 10x magnification. The live-dead
determination was carried out using a Pl staining solution and MACSQuant® Analyzer 10 in a
96-well V-bottom plate format. The total concentration of Pl was 0.005 mg/ml. Pl staining
solution was added directly prior to the measurement on ice. The obtained data was analyzed
with FlowJo™ V.10.0.8. In all plots debris was gated out before subsequent analysis. Through
the gating strategy only single cells were considered (Figure 2). The threshold for PI positive
cells was set to > 17 on logarithmic scale of B3 PerCP-Vio700-A channel. The statistical
evaluation was performed with Microsoft Excel®. The bars represent the arithmetic mean of

the measurements and the error bars the standard deviation (SD).

4. Results

4.1 Optimization of the CSC marker staining

First, an antibody titration using the breast cancer cell line MDA-MB-231 was
performed. The goal was to find the right amount of antibodies needed for each marker.
Therefore 25%, 50% or 100% of manufacturers’ recommendations were tested. The results
revealed a distinct peak separation of the different concentrations concerning the markers
CD44 and CD49f where a positive signal was expected. Thus it was decided to use the total

amount (100%) of antibody for each specific CSC marker in all further experiments.
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Figure 1. Antibody titration of breast cancer cell line MDA-MB-231. 25%, 50% and 100%
amount of antibodies (CD24, CD44, CD49f) regarding the manufacturers’ recommendations
were tested. That is equivalent to an antibody working concentration of 20%, 10% and 5%
(v/v) for CD24-AB, 0.5%, 0.25% and 0.125% (v/v) for CD44-AB, as well as 5%, 2.5% and 1.25%
(v/v) for CD49f-AB. Light grey peak indicates 25%, grey peak 50% and dark grey peak 100%
amount of antibody regarding the manufacturers’ recommendations. The dotted peak
indicates the untreated control sample.

4.2 Distribution of CSC marker

The CD44/CD24/CD49f surface expression profile was analyzed for the three breast
cancer cell lines MDA-MB-231, MDA-MB-436 and MCF7 using flow cytometry. Deduced from
the high frequency (> 90%) of CD24°/CD44* cell subpopulation, the cell lines MDA-MB-231 and
MDA-MB-436 exhibited extensive tumor-initiating properties (Figure 2). In contrast the MCF7
cell line was almost lacking of CD247/CD44"* cell subpopulation (about 1%), suggesting the
exhibition of much less tumor-initiating properties (Figure 2). Therefore the MCF7 cell line

seemed to be an appropriate counterpart concerning the assignment of CSC properties.
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Figure 2. Expression analysis of CD24 (PE), CD44 (Alexa Fluor 647) and CD49f (Brilliant Violet
421) markers of MDA-MB-231 (A), MDA-MB-436 (B) and MCF7 (C) cell line by flow
cytometry. First row: gating strategy applied for the evaluation of specified cell line. Second

row: comparison of isotype control (grey peak) and normal primary antibody (black peak) for
each marker for specified cell line.



The detailed evaluation of the CD24/CD44, CD24/CDA49f as well as CD44/CD49f
antigenic phenotype was accomplished with 2D dot-plots where the x-axes displayed the
CD24 or CD44 and the y-axes displayed the CD44 or CD49f expression of the specified breast
cancer cell line. The setting of thresholds for each marker resulted in deviation of the single
gated cell populations into four quadrants (Q1-Q4, Q5-Q8 or Q9-Q12). Q1/Q5/Q9 equaled a
CD24*/CD44, CD24*/CD49f or CD44*/CD49f, Q2/Q6/Q10 a CD24*/CD44*, CD24*/CD49f* or
CD24*/CD49f*, Q3/Q7/Q11 a CD247/CD44*, CD24°/CD49f* or CD24°/CD49f and Q4/Q8/Q12 a
CD24°/CD44°, CD247/CD49f or CD24°/CD49f surface marker specification of the cells within

this quadrant.

Regarding the CD24/CD44 surface marker combination the following results were
obtained: For MDA-MB-231 Q1(CD24'/CD44)=0.0%, Q2(CD24'/CD44%)=6.6%, Q3(CD24
/CD44%)=93.2% and Q4(CD247/CD44)=0,1%; for MDA-MB-436 Q1(CD24*/CD447)=0.0%,
Q2(CD24*/CD44%)=7.7%, Q3(CD247/CD44*)=92.3% and Q4(CD24°/CD44)=0,1%; and for MCF7
Q1(CD24*/CD447)=0.4%, Q2(CD24*/CD44*)=98.0%, Q3(CD247/CD44*)=1.3% and Q4(CD24
/CD44°)=0,3%. These results are also summarized in a bar graph (Figure 3-B). The two major
antigenic phenotypes in the single gated subpopulation of MDA-MB-231 as well as MDA-MB-
436 cell line were CD24%/CD44* with about 7% and CD247/CD44* with about 93% of the entire
single gated cell population. In contrast the two major antigenic phenotypes in the single
gated subpopulation of MCF7 cell line were CD24*/CD44* with about 98% and CD24°/CD44*
with about 1% of the entire single gated cell population. In addition images of the three cell
lines were taken at 10x magnification to observe potential relationships between antigenic
phenotype and cell morphology (Figure 3-C). In this way a correlation between CD24 prevalent
antigenic phenotype and cell morphology was identified. A luminal-like appearance for
prevalent CD24" cell line MCF7 and a basal/mesenchymal appearance for mainly CD24 cell

lines MDA-MB-436 and MDA-MB-231 was observed (Figure 3).
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Figure 3. Evaluation of CD24/CD44 phenotype in MDA-MB-436, MCF7 and MDA-MB-231
human breast cancer cell lines. A) The expression of CD24 and CD44 markers was tested by
flow cytometry for each cell line. The percentage of each population within the gated single
cells is shown. B) Summarized results are represented in bar graph. C) Images taken at 10x
magnification (Motic AE31 Series, Moticam 3.0MP). Scale bar is 100 um. Luminal-like cell
morphology exhibited by MCF7 human breast cancer cell line; basal/mesenchymal cell
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morphology exhibited by MDA-MB-231 and MDA-MB-436 human breast cancer cell lines.
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Concerning the CD24/CD49f surface marker combination the following results were
obtained: For MDA-MB-436 Q5(CD24*/CD49f)=0.1%, Q6(CD24*/CD49f*)=8.0%, Q7(CD24
/CD49f*)=88.0% and Q8(CD247/CD49f)=3.9%; for MDA-MB-231 Q5(CD24*/CD49f)=0.0%,
Q6(CD24%/CD49f*)=6.6%, Q7(CD24-/CD49f*)=93.2% and Q8(CD247/CD49f)=0,1%; and for
MCF7 Q5(CD24*/CD49f)=28.2%, Q6(CD24'/CD49f*)=70.2%, Q7(CD24/CD49f*)=0.3% and
Q8(CD24°/CD49f)=1.3%. These results are also summarized in a bar graph (Figure 4-B). With
respect to these results the two major antigenic phenotypes in the single gated subpopulation
of MDA-MB-231 as well as MDA-MB-436 cell line were CD24*/CD49f* and CD247/CD49f*. In
contrast the two major antigenic phenotypes in the single gated subpopulation of MCF7 cell
line were CD24*/CD49f*with about 70% and CD24*/CD49f with about 28% of the entire single
gated cell population. So, the antigenic phenotypes CD24°/CD49f* and CD247/CD44* showed
similar frequencies (ca. 90%) in the single gated cell population of MDA-MB-231 and MDA-
MB-436 breast cancer cell lines (Figure 3,4). For the MCF7 cell line the surface marker
exchange from CD44 to CD49f revealed changes in the evaluation of the abundance of the
antigenic phenotypes. CD24*/CD44* was the major antigenic phenotype with 98%, whereas
CD24*/CD49f* showed less abundance of 70%, followed by CD24*/CD49f with 28% of single

gated cell population (Figure 3,4,5).
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Figure 4. Evaluation of CD24/CD49f phenotype in MDA-MB-436, MCF7 and MDA-MB-231
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Concerning the CD44/CD49f surface marker combination the following results were
obtained: For MDA-MB-436 Q9(CD44*/CD49f)=3.6%, Q10(CD44*/CD49f*)=96.3%, Q11(CD44
/CD49f*)=0.0% and Q12(CD447/CD49f)=0.1%; for MDA-MB-231 Q9(CD44*/CD49f)=0.1%,
Q10(CD44*/CD49f*)=99.7%, Q11(CD44-/CD49f*)=0.2% and Q12(CD44/CD49f)=0.1%; and for
MCF7 Q9(CD44*/CD49f)=29.1%, Q10(CD44*'/CD49f*)=70.0%, Q11(CD44/CD49f*)=0.2% and
Q12(CD447/CD49f)=0.8%. With respect to these results the major antigenic phenotype in the
single gated subpopulation of MDA-MB-231 as well as MDA-MB-436 cell line was
CD44*/CDA49f*. In contrast the MCF7 cell line exhibited two major antigenic phenotypes,
CD44*/CDA9f* with about 70% and CD44*/CD49f with about 29% of the entire single gated cell
population. So, the antigenic phenotype CD44*/CD49f* showed similar frequencies (ca. 90%)
to CD24°/CD49f* and CD247/CD44* in the single gated cell population of MDA-MB-231 and
MDA-MB-436 breast cancer cell lines (Figure 3,4,6). Similar to CD24/CD49f, the surface marker
combination CD44/CD49f revealed two major phenotypes of gated subpopulation in MCF7
cell line. CD44*/CD49f* (70%) and CD44*/CD49f (29%) antigenic phenotype resembled the
results for CD24*/CD49* (70%) and CD24*/CDA49f (28%) in MCF7 cell line (Figure 4,6).
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4.3 Salinomycin’s dose-dependent effect on highly CSC

marker expressing cells

In a next step, the cytotoxic effects of different concentrations of salinomycin on the
breast cancer cell lines were tested. The experiment was combined with a flow-cytometry-

based live-dead staining using propidium iodide (PI).

Salinomycin showed a dose-dependent cytotoxic effect on the human breast cancer
cell lines with highly expressed CSC markers MDA-MB-436 and MDA-MB-231 (Figure 7). The
higher the concentration of salinomycin was applied to these breast cancer cell lines, the
higher was the number of Pl positive cells detected. However, this dose-dependent tendency
was not observed for the breast cancer cell line MCF7, which features less CSC properties as
determined earlier. For the MCF7 cell line, most Pl positive cells were measured for the solvent
control (0.2% (v/v) DMSO) with more than 20%, followed by 1.0, 0.5 and 2.0 uM salinomycin
application (Figure 7). Comparing the three cell lines, MCF7 indicated the highest percentage
of Pl positive cells for all tested conditions, followed by MDA-MB-231 and MDA-MB-436 cell

line (Figure 7).
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Figure 7. Percentage of Pl positive breast cancer cells after 72 h of salinomycin treatment.
The breast cancer cell lines MDA-MB-231, MDA-MB-436 and MCF7 were treated with
different concentrations of salinomycin (abbreviated as salino), as well as a solvent control
(0.2% (v/v) DMSO). After 72 h of treatment a live-dead staining with Pl was measured by flow

cytometry. Bars represent mean values. Error bars represent the standard deviation (SD).

4.4 Salinomycin does not affect the CSC marker profile

The next experiment was conducted to investigate the effects of salinomycin on the
antigenic phenotype of breast cancer cell lines. For this experiment the mesenchymal breast
cancer cell line MDA-MB-231 which indicated a high degree of CSC properties (Chapter 4.2),
and the luminal breast cancer cell line MCF7 as a counterpart, was used. Furthermore the
chemotherapeutic daunorubicin was tested, and the combination of salinomycin and
daunorubicin without CSC marker determination. The applied concentrations were 0.5 uM
salinomycin/daunorubicin, 1.0 Y salinomycin/daunorubicin, 2.0 UM

salinomycin/daunorubicin and 1.0 uM salinomycin-daunorubicin.

Images taken after 4 days of treatment revealed the increase of cytotoxic effect of
salinomycin with higher concentrations. In comparison with the chemotherapeutic
daunorubicin and the combination of salinomycin with daunorubicin, salinomycin alone

appeared to be less cytotoxic with regard to the images (Figure 8). Comparing the breast
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cancer cell lines MCF7 and MDA-MB-231 no differences occurred concerning cytotoxic effects
of the drugs on the basis of the images regardless of whether before or after the recovery

phase (Figure 8).
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Figure 8. MCF7 or MDA-MB-231 breast cancer cells after 4 days of specified treatment and
after 4 days of recovery phase. The cells were first treated with specified doses of
daunorubicin (abbreviated as dauno) and salinomycin (abbreviated as salino) for 4 days,
passaged in adjusted ratio and then allowed to recover for 4 days. The medium was renewed
every day during the recovery phase. Images were taken at 10x magnification (Motic AE31
Series, Moticam 3.0MP). Scale bar is 200 um.

30



For the CSC marker evaluation of the pre-treated cells the data was analyzed in the
same manner as in Chapter 4.2 yielding dot-plots divided into four quadrants (Q1-Q4 or Q5-
Q8). The results of the CSC evaluation after 4 days of recovery revealed that salinomycin did
not induce a shift of the population from CD24°/CD44" antigenic phenotype towards other
antigenic phenotypes in MDA-MB-231 cell line. The cell line MCF7 was also not affected by
salinomycin with respect to the antigenic phenotype. MCF7 cell population remained in
CD24*/CD44* antigenic phenotype (Figure 9). Analyzing of the CD24/CD49f antigenic
phenotype showed similar results, meaning no shift of the cell populations for neither MCF7
nor MDA-MB-231 cell line (Figure 10). These findings were reflected in the images taken after
4 days of recovery, meaning that no phenotypic differences between the conditions were
observed for both breast cancer cell lines. Salinomycin treated MCF7 or MDA-MB-231 breast
cancer cells were able to recover well, whereas daunorubicin or daunorubicin-salinomycin

treated cells were almost eliminated after 4 days of recovery phase (Figure 8).
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4 days. The percentage of each population is shown.
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Figure 10. Influence of salinomycin treatment on CD24/CD49f antigenic phenotype of MCF7
and MDA-MB-231 breast cancer cell lines. The expression of CD24 and CD49f markers upon
salinomycin treatment was tested by flow cytometry for each cell line. The cells were treated
at the specified doses for 4 days, and then allowed to recover in the absence of treatment for

4 days. The percentage of each population is shown.
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4.5 Soft agar colony formation assay

4.5.1 Optimization of soft agar colony formation assay

The soft agar colony formation assay was used to assess the stemness of the tested
human breast cancer cell lines in vitro. Soft agar colony formation assay in 96-well plate format
aiming at a high throughput strategy was attempted, but handling and evaluation were
deemed unsatisfactory. The well shadow perturbed the quantitative evaluation of the images

(Figure 11-A).

In the course of the optimization different endpoint evaluation procedures were
tested. The cell viability dye thiazolyl blue tetrazolium bromide (MTT), the dye crystal violet,
and the fluorescence dye Hoechst 34580 were compared. Formaldehyde fixation with
subsequent crystal violet staining yielded satisfactorily stained spheroids which contrasted
well (Figure 11-A,C). Once fixed and stained, plates could be stored in the fridge (4 °C) for
months keeping its shape. The cell viability dye thiazolyl blue tetrazolium bromide (MTT) also
achieved satisfactorily staining results (Figure 11-B,D), but failed since the combination with
formaldehyde fixation did not work. The utilization of Hoechst 34580 did not achieve a
sufficient contrast under fluorescence microscope owing to the background originating from

agarose.

Therefore a prior formaldehyde fixation with subsequent crystal violet staining turned
out to be the most convenient procedure. This evaluation procedure was maintained for
further experiments in 6-well plate format. ImagelJ® was used to quantify the clearly visible

spheroids manually (Figure 12).
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Figure 11. Endpoint evaluation tests of soft agar colony formation assay in 96-well plate
format. 1000 MDA-MB-436 breast cancer cells per well were initially seeded. A, C)
Formaldehyde fixed and crystal violet (CV) stained well. A) Well shadow perturbs the
guantitative analysis of the spheroids. 4x magnification (EVOS FL Thermo Fisher Scientific®,
Waltham, MA, USA). C) 20x magnified CV stained spheroid (Motic AE31 Series, Moticam
3.0MP). B, D) Thiazolyl blue tetrazolium bromide (MTT) stained spheroid without
formaldehyde fixation. B) 10x magnification with EVOS FL. D) 20x magnification (Motic AE31
Series, Moticam 3.0MP).

Figure 12. Evaluation approach for soft agar colony formation assay. A) Wells were fixed
(formaldehyde) and stained (crystal violet). B) To simplify counting Images were converted
into 16-bit format using Imagel®. C) Spheroids were counted manually with the help of

multipointer tool in Imagel®.
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4.5.2 High variation of spheroid number and size

The soft agar colony formation assay for the three breast cancer cell lines revealed a
high variation in spheroid size and number. After 21 days of growing the biggest spheroids
were obtained for the MCF7 cell line with about 29 x 10° um? followed by the MDA-MB-231
cell line with about 18 x 103 um? and the MDA-MB-436 cell line with about 9 x 103 um? (Figure
13). Mean spheroid numbers per well were 271 for MCF7, 64 for MDA-MB-436 and 40 for
MDA-MB-231 cell line (Figure 13). In summary, MCF7 cell line exhibited enhanced growth
ability of spheroids in comparison with the other cell lines MDA-MB-231 and MDA-MB-436,

reflected in higher spheroid numbers and sizes.
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Figure 13. Evaluation of soft agar colony formation assay after 21 days. The initial cell
number was 5000 cells per well. The wells were fixed and stained, then photos were taken
with a camera. 4x magnification (Motic AE31 Series, Moticam 3.0MP) was applied to
determine the spheroid size. Imagel)® was used to count the spheroids. Bars represent the
mean spheroid size, line indicates the number of spheroids counted. Error bars represent the

standard deviation (SD) of the spheroid size. SD was calculated for samples with n > 3.
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The remaining viable cells after chemotherapeutic treatment (Chapter 4.4) were
seeded into soft agar to test their ability to grow in non-adherent environment. Based on the
high capability of CSCs to grow in non-adherent environment, it was expected that cell
populations treated with the CSC targeting drug salinomycin would exhibit less ability to form
spheroids. For the pre-treated MCF7 as well as the MDA-MB-231 cell lines a high variation for
spheroid numbers and sizes of the different conditions was obtained (Figure 13). Therefore
the pre-treated cells indicated no dose-dependent correlation between the specific
salinomycin treatment and the spheroid number or size. Remaining cells after daunorubicin
or salinomycin-daunorubicin treatment also showed spheroid growth in soft agar (data not
shown). Spheroid numbers and sizes of these spheroids were similar to those of the

salinomycin treatments.
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Figure 14. Soft agar colony formation assay of pre-treated cells. 5000 cells (MCF7 or MDA-
MB-231) per well were seeded into soft agar. Prior cells were pre-treated with specified doses
for 4 days, then allowed to recover for 4 days in the absence of any treatment. After fixation
and staining on day 20, photos were taken with a camera. 4x magnification was applied to
determine the size of the spheroids (Motic AE31 Series, Moticam 3.0MP). ImageJ® was used
to count the spheroids. Bars indicate the mean spheroid size, line indicates the number of
spheroids counted. For 0.5 uM salinomycin (MCF7) only one spheroid was counted which is
not enough to obtain statistically significant results. Error bars represent the standard

deviation (SD) of the spheroid size. SD was calculated for samples with n > 3.
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In about half of the wells, problems with the two soft agar layers occurred. In the assay
without treatment the distinction between top- and bottom layer disappeared as the agar
turned into a more liquid state. Moreover cells sank to the bottom of the well exhibiting 2D
phenotype and massive growing in the assay with treatment. Subsequently, statistical
evaluation was not possible. In an optimization experiment, the plate was put into the fridge
(4 °C) for 45 minutes after pouring the bottom layer, alleviating the problem of agar

liguefaction.

4.6 The methyl cellulose assay for faster production of

multicellular aggregates

The methyl cellulose assay was introduced to establish a faster method for obtaining
multicellular aggregates than with the soft agar colony formation assay. Thousands of cells are
deposited in each U-bottom well, sink down and attach each other to form a multicellular
aggregate. This multicellular aggregates can then be left to grow until isolation. As such, this
method represents a fast way to produce multicellular aggregates. Additionally, methyl
cellulose represents a quasi-liquid system facilitating easy spheroid retrieval, contrary to
approaches including matrigel and soft agar. As a result, the methyl cellulose assay can provide
easier accessible multicellular aggregates in a more rapid fashion, ideal for testing novel

downstream methods such as histological cryosectioning.

In an optimization experiment, the initial cell number of breast cancer cell line MDA-

MB-231 was varied and images were taken after 24 hours of growing (Figure 15).
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Figure 15. Multicellular aggregates after 24 h of growing obtained by the methyl cellulose
assay. Human breast cancer cell line MDA-MB-231 was used. A) Initial cell number was 1000
cells per well. Size measured was 18.9 x 103 um?. B) Initial cell number was 2500 cells per well.
Size measured was 48.9 x 10° um?. C) Initial cell number was 4167 cells per well. Size measured
was 61.1 x 103 um?. All images were taken at 4x magnification (Motic AE31 Series, Moticam

3.0MP). Spheroid sizes were determined in ImageJ®.

5. Discussion

In this work we established a method for the antigenic phenotype determination of
breast cancer cell lines with focus on CSC markers. In principle the method was based on
primary fluorophore conjugated antibodies facilitating a flow cytometry-based measurement.
Our optimized procedure fulfilled our aims to establish a convenient, time-efficient, antibody-
amount-saving and reproducible method which can be carried out in a 96-well plate format.
The nature of the primary antibodies allowed a parallel application, thus contributing to time-
efficiency. We concentrated on the CD24 (PE), CD44 (Alexa Fluor 647) and CD49f (Brilliant
Violet 421) markers. CD24 and CD44 markers have been demonstrated to be the most
important CSC markers in the last years (Al-Hajj et al., 2003). CD49f marker is in comparison a

relatively unknown marker for CSCs (Cariati et al., 2008).

Using our optimized antibody staining method we started with the characterization of
the human breast cancer cell lines MDA-MB-231, MDA-MB-436 and MCF7. Mainly CD24"
/CD44* subpopulation (>90%) of cells was detected for the two basal/mesenchymal cell lines
MDA-MB-231 and MDA-MB-436. In contrast the luminal-like MCF7 cell line exhibited the
CD24*/CD44* antigenic phenotype (98%) most prevalently. With regard to CD247/CD44*

40



antigenic phenotype our results resembled those found in the literature (Figure 16, Fillmore

and Kuperwasser, 2008; Keller et al., 2010; Manuel Iglesias et al., 2013).
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Figure 16. Accordance of CD24°/CD44* marker expression with literature. The expression of
CD24 and CD44 markers was tested by flow cytometry for each cell line. Bars represent
percentage of CD247/CD44* subpopulation within single gated cell population. Black bars

represent our results, grey bars the findings in the literature.

It was demonstrated that the additional CD49f marker was similarly frequent (>90%)
within the single gated cell population as the CD44 marker in the two basal/mesenchymal cell
lines MDA-MB-231 and MDA-MB-436. However in the MCF7 cell line the CD24*/CD49f*
antigenic phenotype was less abundant (70%) than the CD24*/CD44* antigenic phenotype
(98%). The distribution of the two main cell subpopulations in the MCF7 cell line,
CD24*/CDA9f* (ca. 70%) and CD24*/CD49f (ca. 28%), resembled the findings in the literature
of about 64% CD24*/CD49f* and 34% CD24*/CD49f cell population (Keller et al., 2010). For the
surface marker combination CD44/CD49f mainly CD44*/CD49f* subpopulation (>95%) of cells
was detected for the two basal/mesenchymal cell lines MDA-MB-231 and MDA-MB-436. In
the MCF7 cell line CD44/CD49f surface marker combination revealed the two main cell
populations of 70% CD44*/CD49f* and 29% CD44*/CD49f . These results were similar to those
of the CD24/CD49f surface marker combination.
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The CD24 prevalent antigenic phenotype exhibited a correlation with cell morphology.
A luminal-like appearance for prevalent CD24* cell line MCF7 and a basal/mesenchymal
appearance for prevalent CD24 cell lines MDA-MB-436 and MDA-MB-231 was observed,
which also has been documented in literature (Fillmore and Kuperwasser, 2008). The high
abundance of CD24°/CD44" surface marker profile (>90%) in the MDA-MB-231 and MDA-MB-
436 breast cancer cell lines was assumed to assign CSC properties to these cell lines. However,
according to selected literature these marker combination is not sufficient to determine CSC
subpopulation within cell lines. The additional utilization of the ESA (epithelial-specific
antigen) marker has been documented to more specifically detail the CSC subpopulation,
resulting in about 2% of CD247/CD44*/ESA* subpopulation in MDA-MB-231 cell line (Fillmore

and Kuperwasser, 2008).

We performed a salinomycin treatment to compare the effects of this CSC targeting
drug on the cell lines MCF7, MDA-MB-231 and MDA-MB-436. In addition we treated the cell
lines with the chemotherapeutic drug daunorubicin and the combination of salinomycin with
daunorubicin. A Pl-based live-dead staining after 72 h of treatment detected that salinomycin
eliminates the basal/mesenchymal cell lines MDA-MB-231 and MDA-MB-436 in a dose-
dependent manner. For the luminal-like MCF7 cell line these dose-dependent effects were
not observed, reflected in the highest value for Pl positive cells of more than 20% for the
solvent control. The evaluation after 72 h of treatment represented a snapshot, where the
current percentage of Pl positive cells was analyzed. Using this evaluation method, the
recording of growth curves was omitted. The above-mentioned curious result for the MCF7
cell line could be defective. The finding that salinomycin (together with 0.05%-0.2% (v/v)
DMSO) eradicated cell lines with high amount of CSC subpopulation in a dose-dependent
manner, underlined the presumed CSC killing ability of salinomycin (Gupta et al., 2009).
However, images of treated cells revealed similar dose-dependent cytotoxic effects for MCF7
and MDA-MB-231 cell line. Therefore the applicability of the Pl-based live-dead staining on
MCF7 cells will have to be confirmed in further experiments. The different cell morphology of
MCF7 cells could cause difficulties in this Pl-based approach. Considering the images after
treatment, daunorubicin and the combination of salinomycin with daunorubicin eliminated
more of the cells than salinomycin alone. This finding underlines the tenor in the literature to

combine salinomycin with conventional anticancer drugs in order to enhance the ability to

42



effectively treat cancer (Naujokat and Steinhart, 2012). Daunorubicin was able to eradicate
almost all MDA-MB-231 cells, with strongest cytotoxicity for the two highest applied
concentrations of 1.0 and 2.0 uM with regard to the images of the treated cells. In accordance
with our results, the daunorubicin-related drug doxorubicin has been documented to induce
apoptosis in the MDA-MB-231 cell line at similar concentrations of about 1.5 uM (Ghebeh et
al., 2010).

In our main experiment we proved whether the treatment with salinomycin has an
impact on the CD24/CD44/CD49f antigenic profile of the luminal-like MCF7 cell line and the
basal/mesenchymal MDA-MB-231 cell line. Furthermore we tested the ability of this pre-
treated cells to form spheroids in non-adherent environment using the soft agar colony
formation assay. Based on one hand that salinomycin represents a CSC targeting drug and on
the other hand that CSCs are able to grow in soft agar, it was expected that salinomycin
treated cells exhibit less ability to grow in soft agar. The results of the antigenic phenotype
evaluation for CD24, CD44 and CD49f markers did not show any changes forced by the
salinomycin treatment in MDA-MB-231 or MCF7 cells. Therefore the finding of Gupta and co-
workers, that salinomycin decreased the proportion of CD44*/CD24 breast cancer cells by 20-
fold relative to vehicle control in SUM159 or HMLER (human mammary epithelial cells) cells,
was not reproduced for our cell lines (Gupta et al., 2009). In the soft agar colony formation
assay of the pre-treated MCF7 and MDA-MB-231 cells any correlation between the spheroid
formation (quantity, size) and the applied treatment was missing. Related studies showed that
salinomycin treatment induced a 10-fold decrease in the number of spheroids for other cell
lines (Gupta et al., 2009). These results have been detected by a different tumor-sphere assay
using ultralow attachment plates (Dontu, 2003). Further experiments in the same
experimental layout will have to be carried out in order to confirm our results for the cell lines
MDA-MB-231 and MCF7. Problems with agarose liquefaction complicated the evaluation of
the soft agar colony formation assay. In an optimization experiment we managed to solve the

problem. Our optimized method can be used for further experiments.

The methyl cellulose assay is a fast method to obtain multicellular aggregates (Bilandzic
and Stenvers, 2014). Therefore we attempted an optimization experiment for this assay where

we tested different MDA-MB-231 cell numbers. The generation of multicellular aggregates
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was successful. Based on this method multicellular aggregates could be isolated, enabling easy

generation of spheroids for testing of novel methods for spheroid analysis.

In summary we were able to set up appropriate versatile combination of methods to
analyze breast cancer cell lines for their CSC properties including antigenic phenotype, effects
on drug treatment and the ability to form spheroids in non-adherent environment. Our work
provides the basis for further experiments on the clinically relevant subpopulation of CSCs

within breast cancer cell lines.

6. Appendix

6.1 Abstract

Cancer stem cells (CSCs) represent an important subclass of neoplastic cells with high
clinical relevance. In this work we established methods for time-efficient and reproducible
analysis of CSC properties, namely a cell surface marker based flow-cytometry based
identification method and a soft agar colony formation assay. The three surface marker CD24,
CD44 and CD49f were selected. We focused on the basal/mesenchymal human breast cancer
cell lines MDA-MB-231 and MDA-MB-436, as well as the luminal-like human breast cancer cell
line MCF7. Using the optimized evaluation method, the cell lines were characterized for their
CD24/CD44/CDA9f antigenic surface profile. The characterization revealed that the two
basal/mesenchymal-like cell lines MDA-MB-231 and MDA-MB-436 predominantly exhibited
CD24°/CD44*/CDA49f* antigenic phenotype, whereas the luminal-like cell line MCF7 exhibited
the CD24*/CD44*/CD49f* antigenic phenotype most frequently. In a next step, we utilized the
promising CSC targeting drug salinomycin. We tested the cytotoxic effects of salinomycin and
the chemotherapeutic daunorubicin on the three cell lines. Using a live-dead staining based
approach coupled with flow cytometry we found that salinomycin eliminated the cell lines
MDA-MB-231 and MDA-MB-436 in a dose-dependent manner. For the cell line MCF7 this

tendency was not observed. Furthermore we examined the effects of salinomycin to the CSC-

44



associated properties of surface marker identity and non-adherent growth of the cell lines
MDA-MB-231 and MCF7. The CD24/CD44/CD49f antigenic phenotype was not affected by
drug treatment in any of the two cell lines tested. Moreover the spheroid formation in non-
adherent environment did not result in treatment-dependent effects on spheroid size or
spheroid number. In an additional step, we optimized the soft agar colony formation assay.
Finally we successfully tested the methyl cellulose assay, which represents a faster method to
produce multicellular aggregates ideal for testing of further downstream spheroid analysis

methods.

6.2 Zusammenfassung

Krebsstammzellen (CSCs) stellen eine wichtige Subklasse von neoplastischen Zellen dar
und sind von hoher Bedeutung fiir die Klinik. In dieser Masterarbeit etablierten wir Methoden
fliir die zeitsparende, reproduzierbare Analyse von CSC Eigenschaften, namlich eine
zelloberflachenmarker-basierte, durchflusszytometrische ldentifikationsmethode und den
Soft-Agar-Koloniebildungs-Test. Es wurden die Oberflachenmarker CD24, CD44 und CD49f
ausgewahlt und die beiden basalen/mesenchymalen humanen Brustkrebszelllinien MDA-MB-
231 und MDA-MB-436 sowie die luminale Brustkrebszelllinie MCF7 verwendet. Mittels der
optimierten Bestimmungsmethode wurden die Brustkrebszelllinien beziiglich ihres
CD24/CD44/CDA49f antigenen Phanotyps charakterisiert. Die Charakterisierung ergab, dass die
zwei basal/mesenchymalen Zelllinien MDA-MB-231 und MDA-MB-436 vorwiegend den CD24
/CD44*/CD49f* antigenen Phanotyp aufwiesen. Die luminale Zelllinie MCF7 wies jedoch den
CD24*/CD44*/CD49f* antigenen Phanotyp am haufigsten auf. In einem nachsten Schritt wurde
der vielversprechende, auf CSC abzielende Wirkstoff Salinomycin verwendet. Die Zytotoxizitat
von Salinomycin sowie dem Chemotherapeutika Daunorubicin auf die drei Brustkrebszelllinien
wurde getestet. Durch eine durchflusszytometrische lebend-tot-Bestimmung wurde gezeigt,
dass die Zelllinien MDA-MB-231 und MDA-MB-436 konzentrationsabhangig von Salinomycin
getotet wurden. Diese Tendenz konnte aber bei der Zelllinie MCF7 nicht festgestellt werden,
wenngleich ein hoherer Prozentsatz an toten Zellen als in den anderen Zelllinien
nachgewiesen werden konnte. Des Weiteren wurde der Einfluss von Salinomycin auf die mit

CSC verbundenen Eigenschaften des Oberflachenmarkerprofils und des nicht-adharenz
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basierten Wachstums der Zelllinien MDA-MB-231 und MCF7 untersucht. Der dominante
CD24/CD44/CDA9f antigene Phanotyp wurde durch die Behandlung mit Salinomycin in keiner
der beiden getesteten Zelllinien beeinflusst. Darliber hinaus konnte kein Zusammenhang
zwischen der Fahigkeit der Spheroidbildung (Anzahl, Grofe) und den verschiedenen
Konditionen festgestellt werden. In einem weiteren Schritt wurde der Soft-Agar-Test
optimiert. Als Letztes wurde der alternativ einsetzbare Methylcellulose-Test durchgefiihrt,
welcher eine schnellere Methode zur Generierung von multizellularen Aggregaten darstellt.
Dieser Test offnet die Tlren zu Kryoschnitten und Histologie von isolierten multizellularen

Aggregaten.
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