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1. ABSTRACT - ENGLISH

Since cancer is one of the most common causes of death worldwide alongside
cardiovascular diseases, itis important to find new therapeutic approaches and further
improve existing therapies. Breast cancer is one of the most widespread and most
common types of cancer in women, which is why it deserves special attention.

This work focuses on the optimisation of 3D triple negative breast cancer (TNBC)
spheroid models in order to develop more complex and suitable in vitro models for
further research.

The Human TNBC cell line MDA-MB-231 and its lung metastasis cell line MDA-MB-231
LM2-4 were seeded in ultra-low attachment plates. Different protocols with the addition
of collagen | or Geltrex® were tested to promote spheroid formation. Additionally, both
cell lines were seeded together with human mammary fibroblast cell line (HMF3S) to
mimic the tumour microenvironment of TNBC. Phase contract imaging, viability assays
and necrotic core staining was carried out to analyse the morphology and growth of the
spheroids, as well as the distribution of dead cells within.

Phase contrast photos showed that both cell lines do not form true spheroids on their
own or when collagen was added. Only loose aggregates could be achieved. With the
addition of Geltrex, compact spheroids could be achieved with both cell lines, which
additional formed a strong necrotic core. When co-seeded with HMF3S cells, compact
spheroids could be generated, resulting in a 3D models that resembles the tumour
microenvironment better than monocellular spheroids.
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2. ZUSAMMENFASSUNG - DEUTSCH

Da Krebs neben Herzkreislauferkrankungen zu den haufigsten Todesursachen weltweit
gehort, ist es wichtig, neue Therapieansatze zu finden und bestehende Therapien weiter
zu verbessern. Brustkrebs ist eine der am weitesten verbreiteten und bei Frauen am
haufigsten vorkommende Krebsarten, und verdient daher besondere Aufmerksamkeit.

Diese Arbeit konzentriert sich auf die Optimierung von 3D Spharoid-Modelle des
dreifach negativen Brustkrebs (TNBC), um geeignetere und komplexere in vitro Modelle
far weitere Forschungen zu entwickeln.

Die humane TNBC-Zelllinie MDA-MB-231 und ihre Lungenmetastasen-Zelllinie MDA-MB-
231 LM2-4 wurden in ,,Ultra-Low-Attachment“-Platten ausgesat. Verschiedene
Protokolle mit der Zugabe von Kollagen | oder Geltrex wurden getestet, um die Spharoid-
Bildung zu fordern. Zusatzlich wurden beide Zelllinien zusammen mit der humanen
Mamma-Fibroblasten-Zelllinie (HMF3S) ausgesat, um die Tumormikroumgebung von
TNBC nachzubilden. Phasenkontrast-Bildgebung, Viabilitatstests und nekrotische
Kernfarbung wurden durchgefuhrt, um die Morphologie und das Wachstum der
Sphéaroide sowie die Verteilung abgestorbener Zellen im Inneren zu analysieren.

Phasenkontrast-Aufnahmen zeigten, dass beide Zelllinien weder allein noch unter der
Zugabe von Kollagen echte Spharoide bilden. Es konnten lediglich lose Aggregate
gebildet werden. Durch die Zugabe von Geltrex konnten mit beiden Zelllinien kompakte
Sphéaroide erzeugt werden, die zusatzlich einen starken nekrotischen Kern bildeten.
Durch die gleichzeitige Aussaat mit HMF3S-Zellen konnten kompakte Spharoide erzeugt
werden. Diese resultierenden 3D-Modellen bilden die Tumormikroumgebung besser ab
als monozelluléare Sphéaroide.
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3. ABBREVIATION

CAFs Cancer-associated fibroblasts

CTLA-4 cytotoxic T-lymphocyte-associated
Protein 4

DAPI 4',6-Diamidin-2-phenylindol

DMEM Dulbeccos Modified Eagle Medium

ECM Extracellular matric

eGFP Enhanced Ggreen Ffluorescent pProtein

ER Estrogen receptor

FCS Fetal calf serum

FLM Fluorescent microscopy

H/E Haematoxylin/eosin

HER2 Human epidermal growth factor
receptor 2

HR+ Hormone receptor-positive

IHC Immunohistochemical

LM2-4 Lung Metastatic 2 number 4

luc Luciferase

MDA-MB-231 MD Anderson Metastatic Breast 231

PBS Dulbecco’s phosphate buffered saline

PD-L1 Programmed Cell Death Protein 1

PFA Paraformaldehyde

PGK Phosphoglyceratkinase
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Pl Propidium iodide

PR Progesteron receptor

RFU Relative fluorescence unit

RSZ Resazurin

TAM Tumour-associated macrophages
TME Tumour microenvironment

TNBC Triple negative breast cancer
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4. INTRODUCTION

4.1. Breastcancer

Breast cancer is the most common malighancy and the leading cause of cancer-related
death in women worldwide (1-3). It is a highly heterogeneous disease involving several
tumour subtypes that differ in their morphology, gene expression profiles, clinical
behaviour and response to treatment (1,2,4). This diversity is reflected in the
classification of breast cancers based on the presence or absence of key biomarkers, in
particular the estrogen receptor (ER), the progesterone receptor (PR) and the human
epidermal growth factor receptor 2 (HER2) (1,2,5-7) . These markers are crucial for
prognosis, predicting recidivism, and defining the treatment strategy.

The molecular subtypes of breast cancer - like hormone receptor-positive (HR+), HER2-
positive and triple-negative breast cancer (TNBC) - result from different biological
signalling pathways and have different clinical outcomes (1,2,7,8). For example, HR+
tumours generally respond better to endocrine therapies, while HER2-positive cancers
benefit from specific anti-HER2 treatments. TNBC, in which all three important
receptors are absent, is often more aggressive and less responsive to targeted
treatments (1,2,8,9).

The clinical complexity of breast cancer is closely related to the essential
characteristics of cancer. These characteristics — originally described by Hanahan and
Weinberg - include the maintenance of proliferation signals, the avoidance of growth
inhibitors, the resistance to cell death, enabling replicative immortality, the induction of
angiogenesis, the initiation of invasion and metastasis, the alteration of cellular
metabolism and resistance to immune destruction, all supported by enabling
characteristics such as genomic instability and cancer-promoting inflammation, which
together facilitate the acquisition of these hallmark capabilities (1,2,10-12). In breast
cancer, certain characteristics are particularly prominent depending on the molecular
subtype. For example, the preservation of proliferative signalling is essential for
hormone receptor-positive tumours, while invasion, metastasis, and immune evasion
are particularly relevant in triple-negative breast cancers. The interaction of these
characteristics not only promotes tumour development and progression, but also
reinforces the ongoing challenges in the diagnosis, classification and treatment of
breast cancer. As research moves forward, a deeper understanding of how these
features show up in different subtypes of breast cancer keeps bringing insights for
developing more accurate and effective therapies (7).

4.1.1. Environmental challenges
Environmental factors play a complex and increasing well-recognised role in the
development of breast cancer. Among these, exposure to ionising radiation is the best-
documented environmental risk factor, with the risk being highest when exposure
occurs at ayoung age. Even low-dose medical radiation, as found in CT scans and
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mammograms, has been shown to increase the risk of breast cancer and is believed to
be responsible for an estimated 1 % of cases (13). Air pollution, in particular higher
concentrations of nitrogen dioxide (NO,), a traffic-related substance, is also associated
with an elevated risk of breast cancer (14,15) . In addition, chronic exposure to overall
low environmental quality—including soil contamination, air and water pollution, and
the urban environment—is related to higher breast cancer rates, especially in places like
cities. In such regions, studies have observed an average increase of about 10.8
additional breast cancer cases per 100 000 people compared to areas with better
environmental quality (16).

The possible effects of chemicals in the environment are currently being investigated,
specifically those with estrogen-like properties, such as certain pesticides,
polychlorinated biphenyls (PCBs) and chemicals found in plastics and body care
products (17). Although the clear connection between these chemicals and breast
cancer risk is still unclear at this point in human studies, the ability of these chemicals
to mimic hormones raises concerns about their potential role in tumour development
(18). Other environmental influences that have been studied are tobacco smoke, with
some evidence indicating that long-term heavy smoking may be associated with a slight
increase in breast cancer risk, especially if smoking begins before a woman's first
pregnancy. But the evidence for both direct and passive smoking remains suggestive but
inconclusive (19). Lifestyle-related environmental factors such as alcohol consumption
(20), lack of exercise and exposure to light at night (e.g. due to shift work) (21) have also
been associated with an elevated risk of breast cancer, although the mechanisms and
degree of these effects are still being investigated (22,23).

Overall, certain environmental influences are clearly associated with breast cancer,
while others are still the subject of ongoing research. The time of exposure, genetic
predisposition and the cumulative effect of several environmental factors add to the
complexity of breast cancer risk evaluation(16,22).

4.1.2. Breast cancer microenvironment
The tumour microenvironment (TME) of breast cancer has unique pathophysiological
characteristics that promote tumour initiation, progression and metastasis due to
complexinteractions between malignant cells and stromal elements (24). This dynamic
ecosystem includes immune cells, adipocytes, endothelial cells, cancer-associated
fibroblasts (CAFs) and the extracellular matrix (ECM), which together create an
immunosuppressive, tumour-promoting niche (25-27). Key mechanisms include
immune evasion, hypoxia-induced adaptations, and ECM remodeling, all of which
contribute to therapy resistance and aggressive phenotypes (24,25,27).

Components and dynamics of the breast cancer microenvironment
The TME is subject to significant changes during the progression of breast cancer:

e Transition from in situ to invasive carcinoma: The destruction of the basement

membrane and the loss of myoepithelial cells allow tumour cells to invade the
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surrounding stromal tissue (24,28). This process includes increased secreted
proteolytic enzymes (e.g., matrix metalloproteinases) by tumours and stromal
cells, which makes it easier to destroy the ECM and spread locally (27-29).
Recruiting immuno- and stromal cells: Tumour cells recruit tumour-associated
macrophages (TAMs), CAFs and lymphocytes, thereby creating a cytokine-rich
environment which promotes proliferation and metastasis (24-26). CAFs, the
dominant stromal cell type, secrete growth factors and ECM-modifying proteins
that enhance tumour aggressiveness .

Hypoxia and acidosis: Hypoxia develops in areas with poor blood supply,
inducing aggressive phenotypes (e.g. estrogen receptor negative) and metastatic
spread (24,27). In addition, acidic conditions increase invasion by modifying the
ECM architecture and interfering with the uptake of chemotherapeutic agents
(24,27).

Role in tumour progression and immune evasion

Breast cancer utilises specific mechanisms to suppress anti-tumour immunity:

Expression of immune checkpoints: Tumour cells overexpress CTLA-4 and PD-L1

to suppress cytotoxic T cell activity, creating an immunosuppressive milieu
(25,26).

Unique evasion pathways: TNBC uses the Lgals2-CSF1-CSF1R pathway to avoid
immune detection while mimicking anti-inflammatory neuronal mechanisms
(25,30,31).

Stromalimmunosuppression: M2-polarised TAMs and regulatory T cells
dominate the TNBC microenvironment, correlate with poor prognosis(27,31,32).
These cells secrete IL-10 and TGF-3, suppressing effective immune responses
(26,31,32).

Implications for therapy and prognosis

The tumour microenvironment affects response to treatment and disease progression:

Biomarker potential: Stromal cell compositional characteristics (e.g., tumour
infiltrating lymphocytes density in TNBC) can predict response to therapy and
survival . Hypoxia markers are linked to radiation resistance (27).

Therapeutic targets: The strategies include interrupting the communication
between CAF and tumour, the repolarisation of TAMs and the combining of
immune checkpoint inhibitors with microenvironment modulators (e.g. VEGF
inhibitors) (26,27,30,33). Synergistic approaches like JAK inhibitors (Ruxolitinib)
with Calcitriol are showing promise in TNBC models (33).

Metastatic niche: Circulating tumour cells use VEGF-C to interact with
endothelial cells, which helps lymphangiogenesis and distant metastasis (27).

In summary, the microenvironment of breast cancer represents a key

pathophysiological interface where stroma-tumour interactions mediate disease
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progression, immune escape, and therapeutic resistance. Therapeutically targeting
its unique characteristics opens new avenues for precision oncology (24).

4.1.3. Triple negative breast cancer
TNBC is an aggressive subtype of breast cancer characterized by the absence of ER, PR,
and HER2 expression. TNBC makes up about 15-20 % of all breast cancer cases and is
associated with a higher risk of distant metastases and poorer clinical outcomes
compared to other breast cancer subtypes (8,34). With all the different places TNBC can
spread to, the lungs are one of the most common and medically important for
metastases (34-37). Patients with TNBC are more likely to develop lung metastases than
patients with other types of breast cancer, and lung metastases are linked to a
particularly poor prognosis (34,37). Studies show the median survival time for TNBC
patients with lung metastases is about 18 months, which is significantly shorter than the
survival time for metastases in other organs like bones or liver . The chance of getting
TNBC lung metastases is affected by age, tumour size, and stage at diagnosis (35,37).
Biologically, TNBC tumours that metastasise to the lungs have some unique features.
Research has shown that lung metastases from TNBC are diverse, with a more varied
population of cancer cells than metastases in other organs like liver (37). This difference
might be part of why lung metastases are often more aggressive and difficult to treat. In
addition, the microenvironment of the lung itself seems to play an important role in the
growth of metastatic TNBC cells. For example, lung-derived selectins — cell adhesion
molecules - can increase the migration and metastatic behaviour of TNBC cells,
indicating that interactions between tumour cells and lung specific factors are
important for the development and progression of metastases (36,37).
Recent studies also identified metabolic changes in TNBC cells that end up in the lungs.
These cancer cells often upregulate genes involved with fatty acid metabolism, boosting
their energy production and supporting their rapid growth in the lung environment (39).
This type of metabolic reprogramming could lead to new ways for targeted therapy (39).
In summary, TNBC shows a strong tendency to metastasise to the lungs, where the
results are biologically diverse and metabolically adaptable tumours that are linked to
poor survival rates. The unique interacting between TNBC cells and the lung
microenvironment continues to be an important focus of research, which aims to
improve prognosis and develop more effective treatments for these challenging forms of
breast cancer (8).

4.1.3.1. MDA-MB-231
The MDA-MB-231 cell line is one of the most common in vitro models used to study
TNBC (40). MDA-MB-231 cells were collected in 1976 from the pleural effusion of a 51-
year-old woman with metastatic breast cancer and are known for not having ER, PR, or
HER2 expression, calling them ‘triple negative’ (40-42). This receptor profile is linked to
resistance to hormone therapies and HER2-targeted treatments, highlighting the clinical
challenges of TNBC (40,41).

18



Morphologically, MDA-MB-231 cells appear epithelial-like, somewhat fusiform in
appearance, and show features of epithelial-mesenchymal transition (EMT), a process
that is associated with increased invasion and metastatic potential (40,41,43). The cells
are both highly migratory and invasive in the two-dimensional (2D) and three-
dimensional (3D) culture systems and, when implanted in animal models, tend to
metastasise, making their use valuable for studying the mechanisms behind cancer cell
invasion and spreading (40,41,44). At the molecular level, MDA-MB-231 cells are E-
cadherin-negative, overexpress mutant p53, and have high levels of mesenchymal
markers like vimentin and the stem cell surface marker profile CD44+/CD24low/-, that
is present in over 90 % of the population (40,43). This phenotypic profile is associated
with low differentiation and aggressive tumour behaviour (40,43).

Recently, studies using 3D spheroid cultures have shown that MDA-MB-231 cells
maintain their viability and exhibit zoning characteristics in this configuration and even
greater resistance to chemotherapeutic agents than in standard 2D cultures (40,41,43).
The spheroids also express increased EMT markers and migratory ability, providing a
promising preclinical model for studying breast cancer progression and drug resistance
(40,41,43).

While MDA-MB-231 is characterised as a basal-like, triple-negative cell line, genomic
analyses showed that their profile differs a lot from primary basal-like metastatic breast
cancer in patients, which highlights the important role of choosing the right model for
translation research (43). Still, MDA-MB-231 cells remain an important part of breast
cancer research because of its aggressive phenotype, its stem cell-like properties, and
its high potential for metastasis, specifically for studying the biology and therapeutic
targets of triple-negative disease (40,41,43).

4.1.3.2. LM2-4

The LM2-4 cell line is a high-metastatic variant that was derived from the parental triple-
negative human breast cancer cell line MDA-MB-231. It was obtained through multiple
rounds of in vivo selection in mice. Because of its ability to metastasise to the lungs, itis
considered to be a lung-selective metastatic derivative (42,45,46). LM2-4 cells maintain
the triple-negative phenotype - lacking ER, PR and HER2 expression — characterised by
aggressive breast cancers with limited treatment options (42,45).

Functionally, the LM2-4 cells are known for their increased potential to cause
metastasis compared to the initial MDA-MB-231 cells (42,47). They are often used in
preclinical research, to model the spontaneous metastasis process, specifically to the
lungs, to investigate the mechanisms that drive metastasis in triple-negative breast
cancer (42,45,47). Animal models show that LM2-4 cells develop lung metastasis
quickly and robustly once the primary tumour is removed, which mirrors the aggressive
behaviour of the disease in humans (42,47). Additionally, a rapid onset of tumour growth
could be observed when implanted orthotopically in SCID mice, where tumours reached
a size > 500 mm?® within three weeks. In contrast, the original cell line MDA-MB-231

grows slowly over months in the same animal model. (48). Research has shown that
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LM2-4 cells need certain pathways to grow and survive. The sphingosine kinase (SphK)
and sphingosine-1-phosphate (S1P) signalling pathways are critical for the proliferation
and survival of LM2-4 cells, since inhibition of these pathways significantly affects their
viability, a phenomenon not found in the original MDA-MB-231 cell line (45). These
findings highlight the unique biology of LM2-4 cells and the value of this model for
investigating lung-specific metastasis, tumour progression, as well as drug resistance in
triple-negative breast cancer (45).

4.2. 2D cell culture vs. 3D cell culture

2D cell cultures are a fundamental toolin biomedical research, specifically in cancer
biology. In these cultures, cells grow as a single layer on flat, solid plastic surfaces, such
as the bottom of culture plates or flasks. This approach offers multiple advantages: it
has low technical complexity, is inexpensive, and allows simple observation,
manipulation, and analyzation of cell behaviour (49,50). For these reasons, 2D-cell
cultures have become the standard model for in vitro experiments, such as drug
screening, mechanistic studies, and genetic manipulations (49,50). Despite being
widely used, 2D cell cultivation has some serious limitations. This flat, two-dimensional
setting can't replicate the complex three-dimensional architecture, cell-cell
interactions, or microenvironment gradients that are presentin living tissues and
tumours (50,51) . This lack of physiological relevancy can result in inconsistencies
between experimental in vitro results and in vivo or clinical settings. As an example,
cancer cells grown in 2D commonly exhibit altered morphology, gene expression, and
drug sensitivity compared to cells in 3D cultures or actual tumours (50-52).

These limitations are particularly obvious in drug development: many drug candidates
that appear promising in 2D cell culture models fail in animal testing or clinical trials,
partly due to the fact that 2D cultures do not precisely mimic the tumour
microenvironment and the lack of physical barriers to drug penetration found in real
tumours (50,51) . Therefore, while 2D cell cultures remain essential for basic research
and high-throughput screening, there is an increasing focus on the development and
application of more physiologically relevant 3D culture systems to narrow the gap
between in vitro studies and the clinical reality(51) (50,51). The 3D cell culture is a
significant improvement over traditional 2D culture systems, particularly in cancer
research. In 3D cultures, the cells are grown in an environment that mimics the
architecture, complexity, and microenvironment of real tissues and tumours better. This
can also be achieved by various methods, including scaffold-based systems, hydrogels
and, most commonly, the creation of spheroids — dense, spherical cell aggregates that
self-organise and are interactive in all three dimensions (49-51).

20



4.2.1. Spheroids
Spheroids are three-dimensional cell clusters that form naturally in culture
environments in which cell-cell and cell-extracellular matrix (ECM) interactions are
prioritised over cell-substrate adhesion (53-55). These structures mimic the
architecture, microenvironment, and functional properties of avascular tumour sites,
which makes them highly relevant models for investigating cancer biology and drug
responses.

Formation and structure

Initially, individual cells assemble into loose clusters, a process that is mediated by
long-chain ECM fibres binding to integrins on the cell membrane.

This aggregation induces high cadherin expression, causing cadherins to accumulate at
the cell membrane.

Homophilic cadherin-cadherin bonding is then used to pack the cells into solid, stable
spheroids(53).

The nature and concentration of ECM fibres and cadherins are different depending on
the cell type. For example, E-cadherin is important for the tight packing in some breast
cancer cell lines, whereas other lines like MDA-MB-231 form spheres mostly through
collagen l/integrin B interactions instead of cadherin (53). Additional adhesive proteins,
such as connexins and pannexins, and the remodelling of the cytoskeleton (especially
actin filaments) are also involved in spheroid formation and stability (53).

Physiological zoning
Spheroids typically have a layered structure:
e An external proliferative zone, in which the cells are highly active and have access
to nutrients and oxygen.
¢ A middle resting zone, in whom the limited diffusion of nutrients and growth
factors leads to the cells to slow down their proliferation.
* Aninternal necrotic core, especially in bigger spheroids, caused by hypoxia and
nutrient deficiency (54,56).
These zones reflect in vivo gradients found in solid tumours, like oxygen and nutrient
gradients, waste accumulation, and changes in pH, causing changes in gene expression
and metabolic adaptation (e.g., the Warburg effect in hypoxic centres) (54).

Biological and research relevance
Spheroids replicate many in vivo tumour characteristics:
¢ Dynamic cell-cell and cell-ECM interactions
¢ Gradients of nutrients, oxygen and signalling molecules
e Different proliferation, resting and necrosis zones
* More physiologically relevant gene expression and signal transduction compared
to 2D cultures (53,54,56)

21



These properties make spheroids useful for studying tumour growth, invasion,
metastasis, and drug resistance. They are also used for studying the tumour
microenvironment, including the interactions between cancer cells and stromal or
immune cells, as well as for testing the efficacy and penetrability of cancer drugs in an
setting that better reflects in vivo responses (53,54).

In summary, spheroids are a robust and physiologically relevant 3D culture model,
bridging the gap between simple cell monolayers and complex animal models and
allowing deeper insights in tumour biology and the response to therapies (53,54).

4.2.2. Multicellular spheroids
Spheroids containing both cancer cells and fibroblasts are an advanced 3D co-culture
model that replicate the tumour microenvironment more accurately than monocultures
of cancer cells. Fibroblasts, especially CAFs, the most common stromal cell type in
breast tumours, take on a dynamic role in tumour progression, invasion, and therapy
resistance (57,58).

Formation and structure

Cancer cells and fibroblasts are mixed in these co-culture spheroids, allowing direct
cell-cell contact and complex paracrine signalling. The fibroblasts can be either normal
fibroblasts or CAFs, the last ones having a phenotype that actively supports tumour
growth (58). The inclusion of fibroblasts results in the formation of a more
physiologically relevant ECM, including compounds such as fibronectin and collagen,
further supporting tumour-like structure and behaviour (58).

Biological interactions and impacts

Fibroblasts in spheroids secrete chemokines like CXCL12, that interact with receptors
like CXCR4 on TNBC cells, boosting their proliferation and metabolism a lot (57,59). This
chemokine signal axis is also involved in promoting the invasive behaviour of cancer
cells in the surrounding matrix, as seen when spheroids are embedded in collagen gels
(59). The activity of oncogenic pathways, like MAPK/ERK and PI3K/AKT, is higher in these
co-cultures, which makes them more resistant to chemo drugs like paclitaxel (57).

Specific reactions for each subtype

The impact of fibroblasts on the way cancer cells act in spheroids is specific to the
subtype. Basal breast cancer cells (including TNBC) show increased motility and
invasive behaviour in co-cultures with fibroblasts, whereas luminal cells tend to keep a
non-invasive, benign structure even when fibroblasts are present (60). This indicates
that the microenvironmental signalling provided by fibroblasts is particularly effective in
promoting invasion in aggressive breast cancer subtypes.
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Therapeutic implications

The interaction between cancer cells and fibroblasts in spheroids could make cancer
cells more resistant to therapy, which highlights the importance of targeting not just the
cancer cells, but also their supporting stroma components and signalling pathways
(57,61,62). Disrupting important signalling axes such as CXCL12-CXCR4 or blocking
activated pathways such as MAPK/ERK and PI3K/AKT can lower the proliferation and
survivability of cancer cells in these models (57).

Summary

Cancer fibroblast spheroids provide a robust platform for studying tumour-stromal
interactions, invasion, drug resistance and the molecular mechanics behind cancer
progression. These models are essential for preclinical testing of therapeutics that target
both cancer cells and their microenvironment, offering insights into in vivo tumour
behaviour that are more accurate than those provided by conventional monoculture
systems (57,58,60).

4.2.2.1. HME3S

The HMF3S cell line contains immortalised human breast fibroblasts that were taken
from healthy breast tissue. This cell line is frequently used in breast cancer research as
an appropriate model for the breast stroma environment (63-65). It plays a critical role
in studies investigating the interactions between fibroblasts and breast cancer cells,
especially in relation to tumour growth and invasion (63,64). Interestingly, when co-
cultured or co-injected with breast cancer cells, HMF3S fibroblasts enhance cancer cell
invasion, tumour growth, and stroma activation, partially through increased cytokine
secretion and remodelling of extracellular matrix proteins (64). Their sensitivity to
factors such as TGF-B1 also makes them valuable for researching the mechanisms
behind the activation of cancer-associated fibroblasts (CAFs) (63,65).
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5. AIM OF MASTER THESIS

The main aim of this thesis was to optimize the generation of monocellular spheroids of
TNBC cell lines MDA-MB-231 PGK eGFP luc and MDA-MB-231 LM2-4 eGFP luc and
multicellular spheroids together with human breast fibroblasts HMF3S.

The first goal of the work was to produce monocellular spheroids from the above-
mentioned cell lines. To this end, different collagen concentrations were initially used,
followed by additional centrifugation. Cell growth and behaviour were examined using
phase contrast photos and resazurin assays. Hoechst/Pl staining was also performed to
identify and observe the necrotic nucleus and dead cells in the cell aggregates. Later,
Geltrex was used as a substitute for collagen to see how growth and spheroid formation
changed at different concentrations.

The second objective of the work was to produce multicellular spheroids in co-culture
from breast cancer cells by adding the human mammary fibroblast cell line HMF3S to

create an in vitro breast cancer model similar to the in vivo pathophysiology. Similarly,

spheroid formation and growth was documented on a daily basis using phase contrast
photos and viability assays. Live-dead staining was performed again to document cell

death and to enable comparison of the different models.
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6. MATERIAL

6.1.

Materials

All used Materials are shown in Table 1 below.

Table 1: List of used materials, including manufacturer and Reference-numbers

Materials

Manufactorer

Reference-Numbers

COSTAR @ ultra-low
attachment 96-well

plate, round bottom

Corning Incorporated

Ref.: 7007

flat 96 well plate

CELLSTAR 96-well, cell | Greiner BioOne Ref: 655098
culture-treated,

F-bottom microplate

(white)

Nunclon delta surface, | ThermoScientific Ref.: 167008

25mL

CT15 tubes Sarstedt Ref.: 62.554.502
CT50 tubes Sarstedt Ref.: 62.548.004
Cell culture T75 flask Sarstedt Ref.: 83.3911.002
Smalltubes (0.5, 1.5, Eppendorf

2.0mL)

Serological Pipettes, Sarstedt Ref.: 86.1253.001
5mL

Serological Pipettes, Sarstedt Ref.: 86.1254.001
10mL

Serological Pipettes, Sarstedt Ref.: 86.1685.001

Pipette boy

VWR International

Pipette tips (10, 200,

Nerbe plus GmbH/

300, 1000 uL) Eppendorf
Pipette (2.5, 10, 100, Eppendorf and/or
200,1000 pl) Sarstedt
Syringe filter, PES 0.2ul | fisherbrand Ref.: 15206869
Inject Luer Solo, 10mL | Braun Ref.: 4606108V
Ref.:
BB02400500A113MNZ0
Coverslips, 24x50mm | Epredia / Carl Roth
Superfrost Microscope Ref.:
Slides Epredia AA00008032E01MNZ10
Superfrost Plus Ref.: J1800AMNZ
Adhesion Microscope
Slides Epredia
Tissue tek O.C.T. Ref.: 4583
Compund Sakura
Disposable base mold | EMS Ref.: 62352-07
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6.2. Celllines

The used cell lines are shown in Table 2 below.

Table 2: List of used cell lines, including manufacturer

Cells Manufacturer
LM2-4 eGFP luc MMCT
MDA-MB-231 PGK eGFP luc MMCT

HMF3S

Ludwig Institute for Cancer Research
Ltd

Both TNBC cell lines MDA-MB-231/LM2-4 were transduced with a lentiviral vector
encoding for PGK-eGFP luc. After the transduction, cells were fluorescently sorted to
obtain only eGFP luc positive cells for further cultivation (48,66) .

6.3. Medium

The used Media is shown in Table 3 below.

Table 3: List of used Media, including Manufacturer, reference- and LOT-number

Material Manufacturer Reference- and LOT-
Number

DMEM high glucose Sigma-Aldrich Ref.: D5671
LOT.: RNBM4850

6.4. Liquids and powders

The used liquids and powders are shown in Table 4 below.

Table 4: List of used liquids and powders, including Manufacturer and Reference number or LOT-number

Material Manufacturer Reference-/ LOT-
Number

Fetal calf serum (FCS), BioWest Ref.:

heatinactivated

Penicillin-Streptomycin | Sigma Ref.: P0781

L-Glutamine 200mM Sigma Ref.: G7513

solution

TrypLE Express enzyme | Gibco
w/o phenolred

Ref.: 12604021

sodium salt, pure

Dulbecco “s Phosphate | Sigma-Aldrich Ref.: D8537
Buffered Saline Modified LOT: RNBM5276
(PBS)

Resazurine powder, ThermoScientific Ref.: 418900050

LOT: A0464132

28




Hoechst (10mg/mL) Sigma-Aldrich Ref.: 33342

Propidium iodide Sigma-Aldrich CAS.: 25535-16-4

(1.0mg/mL)

Collagen from calf skin | Sigma-Aldrich LOT: SLCD5043

Geltrex Gibco Ref.: A14132-01
LOT: 1008585A

PFA 4% in HBS pH 7,4 BioChemica LOT: 4v008654 PanReac
LOT: 7E011523 PanReac

Triton-X-100: Laboratory | Sigma-Aldrich LOT: SLBM3864V

grade

DAPI Staining Solution Sigma Ref.: D9542

(Tmg/mL)

SmartBlockTM, 10mL LOT:113E040r

Harris haematoxylin Carl Roth Ref.: X903.2

solution

Vectashield Antifade Vectashield Ref.: H1900

Mounting Medium

6.5. Antibodies

All antibodies used in this work are listed in Table 5 below.

Table 5: List of used antibodies, including manufacturer and reference- or LOT-number

Antibody Manufacturer Reference-/ LOT-
number

Ki-67 Recombinant Invitrogen Ref.: MA-5-14520

Rabbit Monoclonal LOT: ZG4390031

Antibody (0,031mg/ml)

Rabbit 1gG Isotype Ctrl proteintech LOT: XK366556

(Smg/mL)

NanoSecAB anti-rabbit Proteintech Ref.: SrbAF647-01

647(0,5g/L) LOT: 110082-01

6.6. Devices

All used devices are listed in Table 6 below.

Table 6: List of all used devices, including specification and manufacturer

Specification Manufacturer Device
WNB29 MEMMERT Waterbath
IX73 Olympus Microscope
HerasafeTM KS (NSF) Thermo Scientific™ Sterile Hood
Class I, Type A2

Biological Saf ~abi

HeracellTM 150i CO2 Thermo Scientific™ Incubator
Incubator
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Heraeus Megafuge 16R Thermo Scientific™ Centrifuge

Centrifuge

Serial number: Starlab Vortex

VB201AL0000198

ABP 100-5DM Kern Scale

Mini fuge plus (Ref.: Starlab Ep centrifuge

N2631-0017)

Infinite 200Pro Tecan Plate reader

0.0025mm2, 0.Tmm Marienfeld Brand GmbH | Counting chamber

depth

BX53F Olympus Microscope
Microtom Cryostat

6.7. Software

All used software including the usage is shown in Table 7 below.

Table 7: List of used software, including their usage

Software Usage

cellSens 2.2, Olympus Phase contrast (PH) / Flurescence
microscopy (FLM)

cellSens, Olympus Haematoxylin/Eosin (H/E) imaging
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7. METHODS

7.1. General Methods
7.1.1.  Preparation of different solutions
7.1.1.1. Cell media

To prepare the medium for the cells, 50 mL of DMEM high glucose were first removed
from the bottle. Then 50 mL of FCS and 5 mL each of penicillin-streptomycin and L-
glutamine were added to the medium. Finally, the bottle was mixed well, and the
prepared medium was aliquoted (CT-50 tubes). This medium was used for all cell lines.

7.1.1.2. Resazurin

The resazurin solution is required for the cell viability assay. As resazurin is overly
sensitive to light, all work steps must be conducted with minimal exposure to light. All
tubes and Eppendorf tubes (eppis) used were covered with aluminium foil or placed in
the cabinet to protect them from light. Preparation began by weighing at least 5 mg of
resazurin powder into an eppi (1.5 mL). The same amount of PBS in mL was prepared in
a CT-15 for the dissolving step of the resazurin powder. A smaller amount of the prepared
PBS was transferred to the eppi dissolving the resazurin powder and then transferred
back to the CT-15. To ensure that the resazurin has completely dissolved, the tube must
be vortexed for about ten seconds. Another CT15 tube containing 4500 yL PBS was
prepared and 500 pL of the vortexed resazurin solution was added to gain a final
concentration of 0.1 mg/mL. To ensure that the solution is homogeneously mixed, it
must be vortexed again for a few seconds. A third CT15 tube, a sterile 10 mL syringe and
a 0.2 pm PES sterile filter were then prepared for sterile filtration. The syringe was placed
on the filter and held over the third CT15 tube while the freshly mixed resazurin solution
was poured into the syringe and filtered. The concentration of the freshly prepared
resazurin solution was 0.1 mg/mL. The tube must be protected from light until use.

7.1.1.3. Hoechst

This solution is required for live-dead staining and is very light-sensitive, which is why
work must be done with minimal exposure to light.

The Hoechst stock solution (10 mg/mL) was taken from the -80°C freezer. For the
Hoechst staining solution, a 160 pg/mL solution was prepared by transferring 300 pL of
PBS to a 500 pL eppi and replacing 9.6 uL of the PBS by 9.6 pL of the stock solution. The
solution was mixed before use and stored in the refrigerator when not in use.
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7.1.1.4. Propidium iodide

This solution is also required for live-dead staining and is very light-sensitive, which is
why work must be done with minimal exposure to light.

The propidium iodide (PI) stock solution (1 mg/mL) was taken from the refrigerator. A
dilution of 1:2 is required for the PI staining solution. To prepare this solution, 150 pL of
PBS was transferred to a 500 pyL eppi and mixed with 150 pL of PI (in total 300 pL). This
solution should also be stored in the refrigerator when notin use.

7.1.1.5. Antibodies

The antibodies were required for immunohistochemical (IHC) staining of spheroid
sections.

Ki-67

Ki-67 was used as primary antibody and was prepared in two concentrations, 1:100 and
1:200. For this, 300 pL of blocking buffer were first added to a 500 pL eppi and 3 pL
removed again. Subsequently, 3 pL of the Ki-67 stock solution (concentration

0.031 mg/mL) were added to achieve a concentration of 0.3 pg/mL (=1:100). For the
1:200 dilution, 100 pL of the 1:100 dilution were diluted further with 100 pL of blocking
buffer.

Isotype-Control IgG

As a control for Ki-67, rat-1gG isotype control was used as a primary antibody and was
required in a concentration of 1:10,000 to match the concentration of the Ki-67 antibody.
The dilution was carried out in 2 steps. First, 500 yL of a 1:1000 dilution were prepared
by adding 500 L of blocking buffer and replacing 0.5 yL with the IgG stock solution

(5 mg/ml) to obtain the 1:1000 dilution (5 pg/mL). To produce the required dilution, a
1:10 dilution of the previously prepared solution was made. For this, 20 puL of the 1:1000
dilution were diluted in 180 pL blocking buffer.

AlexaFluor 647 labelled secondary Antibody
NanoSecAB anti-rabbit AlexaFluor 647 was used as secondary antibody in a dilution of

1:1000. For this, 500 pL blocking buffer were added in a 500 pL eppi and 0.5 puL were
replaced with 0.5uL of the secondary antibody AF 647.

Before the antibodies were used, they were first vortexed and then briefly spinned down
to obtain a homogeneous solution.

32



7.1.2. Cellcultivation and seeding of Spheroids

7.1.2.1. Maintaining cells

The following steps were performed to maintain the cells in culture: Cells were cultured
ina T75 cell culture flask and passaged twice a week (normally Mondays and Fridays).
Under normal circumstances, the cells had a confluence of 80-95 % before passaging.
For passaging, the old medium was first removed, and the cells were washed with PBS
(5 mL). Tryp-LE (1.5 mL) was added to detach the cells, and the flask was incubated in
the incubator (37°C) for 4 minutes. After incubation, the flask was washed a few times
with fresh complete medium (7,5 mL in total). On the one hand, the medium is required
to neutralise the Tryp-LE, and on the other hand, the cells are then brought into higher
volume which can be further transferred. The cell suspension was transferred to a CT15
tube, which was then centrifuged for 5 minutes (200xg, RT). At the same time, a new T75
flask was labelled and filled with fresh, prewarmed-complete medium (12.5 mL). The
supernatant was then discarded, and the cell pellet resuspended in 1 mL of fresh
medium. Based on the cell line, a splitting ratio was estimated and according to this
ratio a certain volume of the cell suspension was added to the new flask. A °-movement
was performed to evenly distribute the cells in the new T75 flask, and the flask was
placed back in the incubator until the next split.

7.1.2.2. Counting cells

For cell seeding, the same steps were carried out as described above. The resulting cell
suspension was further diluted in fresh complete medium (1:20) for counting and two
times 10 yL were then transferred to a Neubauer improved counting chamber. For
accurate counting, it is important that each square contains at least 30 cells. The grid

_l.-‘- P — J Rl

1

Figure 1: counting scheme

engraved in the counting chamber was used for orientation when counting. The counting
was carried out as shown in Figure 1: Only the cells in the 4 corner chambers and the
chamber in the middle were considered. Cells located on the orange lines were taken
into consideration, while cells located on the other lines were excluded from the count.
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The results of the individual chambers were then added together and multiplied by 20
(due to the 1:20 dilution). In this way, the cell concentration per mL is obtained. This
allows to calculate the volume of the desired number of cells as indicated:

D/Z*C=N

D... desired cell counts per well
Z... calculated cells per mL in original dilution
C...Dilution needed to reach more than 20 pL

N... Volume needed per well

7.1.2.3. Seeding Spheroids

For seeding spheroids, 96-well round bottom ultra low attachment plates (BIOFLOAT
Sarstedt) were used for each experiment. Before the cell suspension is added to the
wells, the wells were filled with fresh prewarmed medium. The required volume is
calculated as follows:

100pL - Volume cell suspension = needed Volume Medium

After the fresh medium was placed in the wells, the desired volume of cell suspension
was added to the wells. Depending on what was planned for the experiment, either
another 100 pL of medium or 100 pL of a collagen suspension were added (in total
200 pL). In the outer wells of the plate, 200 uL PBS were added to ensure the same
conditions for each well.

The day on which the spheroids were seeded is called day 0 (DO0).

7.1.3. Viability assay
The resazurin solution was prepared as described above in 7.1.1.2.

In the selected wells, all of the old medium was first removed and 108 pL of fresh
medium were added. Subsequently, 12 uL of resazurin solution were added to each well
(concentration of 0.01 mg/mL = 10 % resazurin/well) To distinguish the background
signal from cell viability, the same was done in a control group of three wells containing

34



only media. Afterwards, the plate was placed back in the incubator for 4 h. After the
incubation period, 100 L of the supernatant were transferred to a clear 96 standard F-
well plate, which was then covered with aluminium foil until readout. When the
spheroids were reused, the resazurin supernatant remaining in the wells was removed
and 200 pL of fresh medium were added.

A Tecan plate reader was used for the readout. The resazurin-based cell viability assay
was generally performed every other day in the selected experiments.

7.1.4. Phase contrast microscopy

The spheroids in the wells were checked after seeding or at the latestonday 1 (D1). A
10x magnification and an exposure time of 15-20 ms were used on an epifluorescence
microscope. Photos of the spheroids were taken and processed with the software
cellSens 2.0.

Phase contrast photos were taken on the same days as resazurin assays were
performed.

7.1.5. Live-dead staining and microscopy

7.1.5.1. Staining procedure

The required Hoechst and Pl solutions were prepared according to 7.1.1.3. and Error!
Reference source not found...

Hoechst was used as it stains all cell nuclei and is visible in the FLM as a blue colour
(emission wavelength = 461 nm) after excitation with fluorescent light.

The actual necrotic core of the spheroids was stained with Pl, as it is not permeable to
living cells and only affects the dead cells. In the FLM it appears as a yellow colour
(emission wavelength = 617 nm) after stimulation.

The staining procedure was as follows: In the designated wells, 20 pL of the old medium
were removed and discarded. Then 10 pL of the prepared Hoechst solution and 10 pL of
the Pl dilution were added to the wells, resulting in a total of 200 pL. The plate was then
placed in the incubator for 2 h. After the incubation time, the stained spheroids were
washed 3 times with PBS. To minimize the loss of spheroids, only 150 uL of the medium
were discarded and 150 yL PBS were added for the washing steps. This must be done
another 2 times to minimize a background signal when performing the readout.

35



7.1.5.2. Fluorescence microscopy

The readout was performed on a FLM. For Hoechst, the DAPI filter with an exposure time
of 20 ms and a gain of 4.0 was used both for 2D images and for creating Z-stacks
(images of the layers of the spheroids are taken at intervals of 5 um). For PI, the Cy-3
filter with an exposure time of 10 ms and a gain of 4.0 was used for both. The captured
images were also further processed with the cellSens 2.0 software. The necrotic core
was stained and visualized on predetermined days.

7.1.6. Harvesting and embedding

To harvest spheroids, the medium was first removed from selected wells and spheroids
were washed by adding approximately 200 uyL of PBS. This process was repeated two
more times, and the spheroids were then carefully transferred to prepared eppis using a
1 mL micropipette.

For embedding, the molds were first labelled and filled with a drop of tissue tek. The
spheroids were then carefully removed from the eppi using a micropipette, placed in the
tissue tek and excess PBS was carefully removed from the mold. The filled molds were
then placed on dry ice until the tissue tek solidified. Once this was done, the molds were
filled with tissue tek and allowed to harden again. Until the embedded spheroids were
cut, they were stored in a -20°C freezer.

7.1.7. Sectioning of spheroids

When the embedded spheroids were to be cut, the desired spheroids were first removed
from the freezer, the stamp was glued on to the samples with tissue tek and left to
harden in the cryostat at -21°C. Once the tissue tek was solid, the spheroid was carefully
removed from the mold and clamped in the cryostat. The settings for cutting were 6 pm
cut and 20 um for trim. Once everything was clamped and adjusted, the blade was
carefully moved in the direction of the spheroid until an even piece of the surface was
cut off. This may require further adjustment of the angle of the stamp.

The sections were carefully removed from the cut surface with a brush and picked up
with a microscope slide. Up to 8 sections from one spheroid were placed on one
microscope slide. Afterwards, the slides were labelled and stored in a -20°C freezer until
needed for staining.
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7.1.8. Haematoxylin and Eosin Staining

Haematoxylin/eosin staining should be performed to better visualize the cells and
morphology of the spheroid sections on the slides.

For this purpose, the slides were first taken out of the freezer, placed on a piece of
kitchen towel and the spheroids were circled with a histo-pen. Then the sections were
covered with 4 % PFA for 7 minutes (not directly pipetted onto the spheroid) to fix the
spheroids on the slides. The PFA was then removed without leaving any residue and the
sections were washed twice with PBS for 3 minutes each to remove any remaining tissue
embedding agent. For this purpose, the sections were placed in a small transparent
container, which was carefully filled with PBS. After the 3 minutes, the PBS was poured
away, the container was refilled with fresh PBS and left for another 3 minutes.

Before staining, the slides were placed in a slide holder and washed in a gentle stream
of tap water for approximately one minute. Then the slides were stained with Mayer's
haematoxylin for 30 seconds, followed by washing again with tap water for 20 seconds.
In the next step, the slides were placed in NH,OH for 20 seconds and then washed again
with tap water for 1 minute. The resulting increase in pH causes the haematoxylin to turn
blue. Furthermore, the sections were placed in eosin for about 30 seconds, which stains
the acidophilic cell structures in different shades of red/pink. Finally, the excess eosin
was washed off with tap water for about 10 seconds.

A series with ascending alcohol concentrations was used for dehydration. The slides
were firstimmersed three times in 70 % ethanol, followed by three times in 96 % ethanol
and finally three times in 100 % ethanol, each time for about one second. Afterwards,
slides were immersed twice in xylene for one minute each time, then removed and
allowed to dry. When the slides were completely dry, they were embedded with
Entellan® to preserve the stained sections for light microscopy. Brightfield images of the
stained spheroid sections were acquired using an Olympus microscope IX73 equipped
with an Olympus DP-73 colour camera.

7.1.9. FL-labelled secondary Antibody Staining

Similar to the haematoxylin/eosin staining, the desired slides were first taken out of the
freezer, placed on a paper towel and the spheroids circled with the histo pen (grease
pencil). The sections were then covered with 4 % PFA for 7 minutes to fix them to the
slides. The PFA was carefully pipetted into the circled areas. After the 7 minutes of
incubation, PFA was carefully removed by pouring it into the waste CT-50 and tapping
the edge on the paper towel to remove the remaining drops.

The slides were rinsed twice for 3 minutes by placing them in a container filled with PBS
+0.025 % Triton-x-100 to remove the tissue embedding medium and permeabilise the
cell membranes. After the 3 minutes, the liquid was poured away, the container was
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refilled slowly and left again for 3 minutes. After the second 3 minutes, the PBS was
removed, and the slides were ready for staining.

For staining, the hydrophobic barriers were carefully dried with a Kimtech towel, and the
slides were placed in a moist chamber lined with paper towels. Then 25 pl of blocking
buffer was added to each spheroid and covered with an aluminium foil-wrapped lid for
60 minutes (to protect the sections from light). After the 60 minutes, the blocking buffer
was tipped off and 25 pl of primary antibody dilutions were added on to the spheroid
sections, which were prepared as described in chapter 7.1.1.5. The sections were then
left for 120 minutes at room temperature or overnight at 4°C to allow the antibodies to
bind.

After the incubation, the slides were washed twice for 3 minutes with PBS (without
Triton) by pipetting the PBS onto the circled sections, tipping off after 3 minutes and
repeating the procedure. Before adding the secondary antibody, the edges of the
hydrophobic pencil were dried again if necessary. Afterwards, the secondary antibody
was applied to each section and incubated again for 2 hours at room temperature. As
the slides were stained with fluorescent dyes, work should be carried out as far as
possible in the absence of light and the sections stored in the dark

After these 2 hours, the slides were washed again twice for 3 minutes, and the fat
barriers were carefully dried again. Then 25 pL of 1:1000 DAPI dilution (stock conc. 1
mg/mL) were applied to each spheroid and left to incubate for 15-20 minutes at room
temperature.

Finally, the sections were washed one last time with PBS twice for 3 minutes each and
covered with Vectashield® mounting media and a coverslip. The edges were sealed with
nail polish to avoid leakage of Vectashield®. The slides were stored in the dark at 4°C to
prevent the fluorescent dye from burning out.
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7.2. Optimization of monocellular breast cancer spheroids
7.2.1. MDA-MB-231-LM2-4 spheroid formation optimisation

7.2.1.1. Spheroid formation optimisation with collagen

First, MDA-MB-231 PGK eGFP luc cells were split and counted as described in chapter
7.1.2. The cells were then seeded as shown in Figure 2.
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Figure 2: Seeding scheme of MDA-MB-231 PGK eGFP luc
spheroids with collagen addition in different
concentrations.
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The cells were seeded in 100 L medium and then incubated. On day 1, 100 pL of a

6 pg/mL collagen | solution was added to rows B and C. 100 pL medium was added to
the remaining wells. From day 4 onwards, the medium was changed every 2nd day.

100 pL of medium were removed from all wells and replaced with new medium.
Collagen was only added to rows B and C in the first week as shown below (Figure 3). In
addition, viability assay was carried out on D4, D8, D11 and D15 as described in 7.1.3.
100 pL of transferred supernatant was then measured using the Tecan plate reader
(Gain: 170). The empty wells containing spheroids were filled with fresh medium before
the readout to protect them.
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o Day4:

=  Green:50uL 6pug/mL collagen

=  Violet: 100pL 6pg/mL collagen

= Blue: just medium

= Yellow: 50uL 6ug/mL collagen
o Day 6:

= Green: 1:8 6ug/mL collagen

= Violet: 100uL 6ug/mL collagen

= Blue: just medium

= Yellow: 50uL 6ug/mL collagen
o Day 8:

=  Green: just medium

= Violet: 100uL 6ug/mL collagen
= Blue: just medium

=  Yellow: 50uL 6ug/mL collagen

Figure 3: Different collagen additions each day for MDA-MB-231 PGK eGFP luc spheroids.

Daily phase-contrast images were taken with a light microscope as described in chapter
7.1.4. to record the growth.

Secondly, MDA-MB-231 LM2-4 eGFP luc cells were seeded the same way in the lower
half of the plate as shown in Figure 4.
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Figure 4: Seeding scheme of MDA-MB-231 LM2-4 eGFP luc

spheroids with collagen addition in different concentrations.
The cells were also seeded in 100 L medium and then incubated. On day 1, 100 pyL of a
6 pg/mL collagen | solution was added to rows F and G. 100 pL medium was added to
the remaining wells in row E. From day 4 onwards, the medium was changed every 2nd
day. 100 pl of medium was removed from all wells and replaced with new medium.
Collagen was only added to rows F and G in the first week as shown below (Figure 5). In
addition, viability assay was carried out on D4, and D8, as described in 7.1.3. 100 yL of
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transferred supernatant was then measured using the Tecan plate reader (Gain:170).
The empty wells containing spheroids were filled again with fresh medium before the

readout.
G
o Day4:
= Green:50uL 6ug/mL collagen
*  Violet: 100uL 6pg/mL collagen
*  Blue: just medium
= Yellow: 50uL 6pg/mL collagen
o Day6:
= Green: 1:8 6ug/mL collagen
= Violet: 100pL 6pg/mL collagen
= Blue: just medium
»  Yellow: 50uL 6pg/mL collagen
o Day 8:

= Green: just medium

*  Violet: 100uL 6pg/mL collagen
= Blue: just medium

»  Yellow: 50pL 6pg/mL collagen

Figure 5: Different collagen addition each day for MDA-MB-231 LM2-4 eGFP luc spheroids

As described in Chapter 7.1.4, phase-contrast photos were taken daily with a light
microscope to record the growth.

7.2.1.2. Comparison of LM2-4 eGFP luc spheroids with its wild-type cell line

In this experiment, the MDA-MB-231 LM2-4 eGFP luc was compared with its wildtype for
which the cells were prepared for seeding as described in chapter 0. The two cell lines
were seeded into a plate according to the scheme (Figure 6).
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Figure 6: Seeding scheme der MDA-MB-231 LM2-4 eGFP luc and MDA-
MB-231 LM2-4 wildtype spheroids with collagen addition in different
concentrations.
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From day 4 onwards, the viability assay was performed every second day as described in
chapter 7.1.3. For this purpose, the resazurin solution was prepared as described in
chapter 7.1.1.2. The entire rows B and E were used for the assay. Tecan read out was
performed with optimal gain, gain 170 and 150. The later two were used to analyse the
results of the assay. Medium was changed each time after the resazurin assay. In doing
so, 100 uL medium was removed from the wells and replaced with 100 pL fresh medium.

In addition, before each resazurin assay, phase contrast images were taken as described
in chapter 7.1.4 to record the growth.

7.2.2. Optimisations of MDA-MB-231 spheroids

7.2.2.1. MDA-MB-231 PGK eGEP luc spheroids with different collagen
. | if .

MDA-MB-231 PGK eGFP luc cells were prepared for seeding as described in chapter 0.
and then 5,000 cells per well were seeded in 100 pL medium into the entire plate,
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excluding the outer wells. The wells at the very edges were filled with 200 yL PBS to give
all spheroids the same conditions.
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Figure 7: Scheme of collagen addition in different

concentrations and on different days.
Afterwards, on the day of seeding (DO), 100 pL of 6 yg/mL, 12 ug/mL or only medium
were added to rows B, C and D, as shown in Figure 7. 2.5 hours after the addition, the
plate was centrifuged for 3 minutes at 300g. On day 1, the different collagen
concentrations were added to the remaining lower 3 rows (E, F and G) and the plate was
again centrifuged for 3 minutes at 300g.

From day 4 onwards, a resazurin assay was performed every other day, as described in
section 7.1.3. The resazurin solution was prepared as described in section 7.1.1.2. The
wells of the complete rows B and E were used for the assay. For the read-out with the
plate reader, optimal gain was used first, followed by gain 170. The medium was
changed every other day after the resazurin assay by removing 100 L of the old medium
and replacing it with fresh medium. After each medium change, the plate was
centrifuged at 300 g for 3 minutes.

Ondays 0 and 1, as well as before each resazurin assay, phase contrast photos were
taken as described in section 7.1.4..

To see whether the results of this experiment in Chapter 7.1.5 are reliable, this
experiment was repeated a second time exactly as described above.

MDA-MB-231 PGK eGFP luc cells were prepared for seeding as described in chapter 0.
and 5000 cells per well seeded in the entire plate, excluding only the outer wells. The
wells at the very edge of the plate were filled with 200 pL PBS to ensure uniform
conditions.
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The different collagen concentrations were then added to the wells similarly as
described previously (Figure 8). The plate was then centrifuged at 300g for 3 minutes and
incubated afterwards.
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Figure 8: Schematic representation of the addition of different
collagen concentrations.

On day 1, the staining solutions were prepared as described in sections 7.1.1.3 and
Error! Reference source not found.. and the selected wells, as illustrated in Figure 9,
were stained as described in chapter 7.1.1.5.
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Figure 9: Schematic representation of the wells used for
live/dead staining on different days.

After the 2 hour incubation period, the stained spheroids/cell aggregates were washed
with PBS as described in chapter 7.1.5.1. The wells were then analysed and
photographed using a fluorescence microscope as described in section 7.1.5.2.

The live-dead assay was repeated on days 2, 4, 8, and 10.

45



MDA-MB-231 PGK eGFP luc cells were seeded in a count of 5000 cells perwell in 100 pL
as described in chapter 0. The wells at the very edge were again filled with 200 mL PBS.

Different Geltrex® concentrations were then added to the wells, as shown in the diagram
below (Figure 10). The Geltrex® was compared with 6 ug/mL collagen to determine direct
differences. Afterwards, the plate was centrifuged for 3 minutes at 300 g. The next day,

Geltrex® was again added to the lower left area and the plate was gently shaken for 15

minutes (at around 100 rpm).
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Figure 10: Schematic of the different Geltrex concentrations.

After a short waiting period, the live-dead staining was started immediately as described

in chapter 7.1.5. For this, two spheroids per concentration were always used as shown
in Figure 11. Life dead staining was repeated on days 4, 8 and 11.
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Figure 11: Graphic illustration of the use of wells.
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From day 4 onwards, a resazurin assay was also performed every 2nd day as described
in chapter 7.1.3. and phase contrast photos were taken as described in chapter 7.1.4.

After analysing the life dead staining, the spheroids used were harvested and embedded
in tissue tek as described in chapter 7.1.6. The embedded spheroids were later cut as
described in chapter 7.1.7. and placed on slides for subsequent H/E staining (chapter
0.).

In a second experiment, cell lines MDA-MB-231 PGK eGFP luc and additionally MDA-
MB-231 LM2-4 eGFP luc were prepared for seeding as described in section 0. Half of the
plate was seeded with 5000 cells perwellin 100 pL of the first cell line and the other half
with 5,000 cells per wellin 100 pL of the second cell line. This time, lower
concentrations of Geltrex® were added to the plate (Figure 12). The plate was then
centrifuged for 3 minutes at 300g. The next day, Geltrex® was added again, and the plate
was shaken gently for 15 minutes (around 100 rpm). All following steps including viability
assay, live-dead staining, cryo-sectioning and H/E staining were carried out the same
way as described above.

Additional sections were also stained with fluorescent secondary antibodies as
described in section 7.1.9 and then analysed using FLM. Cy5 (50 ms), Cy3 (200 ms),
DAPI (200 ms), and PH (20 ms) filters were used, and the images of the channels were
then overlaid.
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Figure 12: Scheme of the Geltrex addition.

7.3. Multicellular breast cancer spheroids

Another way to optimize the spheroid formation of the cell lines MDA-MB-231 PGK eGFP
luc and MDA-MB-231 LM2-4 eGFP luc is to co-culture them with fibroblasts. The
fibroblast cell line HMF3S was used for this purpose. For multicellular breast cancer
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spheroid model, MDA-MB-231 PGK eGFP luc or MDA-MB-231 LM2-4 eGFP luc were
seeded with human mammary fibroblast cell line HMF3S. All three cell lines were
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Figure 13: Schematic representation of the distribution

of different cell lines in the plate.
prepared for seeding as described in section 0. They were then added into the wells of
the plate consecutively (one cell line at the time) as shown in Figure 13. From day 4
onwards, a viability assay was performed every other day (chapter 7.1.3). On days 4, 7,
10, 12, and 14, live-dead staining was also performed (see chapter 7.1.5) (Figure 14).
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HQ ®= Phase contrast
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Figure 14: Scheme of the use of wells for live-dead staining, resazurin assay, and

phase contrast photos.
After evaluating the live-dead staining, the spheroids used were harvested and
embedded as described in chapter 7.1.6. Since the spheroids had already been washed
with PBS before the L/D staining was evaluated, this step could be skipped during
harvesting. After embedding, the spheroids were cut as described in chapter 7.1.7 and
selected sections of each cell combination were stained with haematoxylin/eosin
(chapter 0). These H/E-stained sections were then photographed with a light
microscope.

Further cuts were stained immunohistochemically for Ki-67 with a fluorescence-
labelled secondary antibody as described in chapter 7.1.9. The stained sections were
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then analysed and imaged using a FLM. For this purpose, the filters Cy5 (50 ms; range 0-
7,000), Cy3 (200 ms; range 0-10,000), DAPI (200 ms; range 0-7,000), and PH (20 ms;
range 0-7,000) were used, and the respective photos were overlaid.
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8. RESULTS AND DISCUSSION

The results of the experiments in this master's thesis were structured according to the
experimental setup.

8.1. Optimization of monocellular breast cancer spheroids
8.1.1. MDA-MB-231-LM2-4 spheroid formation optimisation

8.1.1.1. Spheroid formation optimisation with collagen

The aim of this experiment was to optimize spheroid formation of the cell line MDA-MB-
231 LM2-4 by adding collagen. For this purpose, MDA-MB-231 PGK eGFP luc cells (as a
“positive” control”) and MDA-MB-231 LM2-4 eGFP luc cells were seeded into a plate in
densities of 5,000 and 10,000 cells per well. Collagen at a concentration of 6 pg/mL was
then added to half of the wells per cell population (final concentration of 3 pg/mL).
Phase contrast photos were taken every day to document cell growth.

As it can be seen in Figure 15, collagen has no effect on the compactness of cell
aggregation in MDA-MB-231 LM2-4 eGFP luc cells. Both the cell clusters with 5,000 and
10,000 cells are too large to be completely captured in the phase contrast photo within a
very short time. It also appears that these cell clusters form a blanket at the bottom of
the well rather than a spheroid or cell aggregate.

D1 D4 D5 D6 D7 D8 D11

5.000 cells +
collagen

5.000 cells -
collagen

10.000 cells +
collagen

10.000 cells -
collagen

Figure 15: Phase contrast microscope images of MDA-MB-231 LM2-4 eGFP luc spheroids from two cell counts (5,000
and 10,000) at different growth times, according to the specified time points. One spheroid per cell concentration

+/- collagen is shown as an example of n=5 spheroids. D=day; images were taken with exposure of 15 ms,

10x magnification, scale bar: 100 um

Figure16 shows that the MDA-MB-231 PGK eGFP luc cells to which collagen was added
form a slightly more compact cell cluster in the first week than the cells without
collagen. After this week, the collagen probably has been diluted to such an extent that
it has lost its effect on the cells. However, true spheroids are not formed for neither of
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the cell lines because the cells are too loosely connected to each other, both with and
without collagen.

5.000 cells +
collagen

5.000 cells -
collagen

10.000 cells
+ collagen
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Figure 16: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc spheroids from two cell counts (5,000
and 10,000) at different growth times, according to the specified time points. One spheroid per cell concentration
+/- collagen is shown as an example of n=5 spheroids; D=day; images were taken with exposure of 15 ms,

10x maghnification, scale bar: 100 um.

In addition to the photo documentation, a viability assay was planned to be performed
every other day starting on day 4. Due to problems with resazurin production, the data
from day 6 could not be included.

Figure 17 shows that the cell aggregates from the cell line MDA-MB-231 PGK eGFP luc
without collagen seem to have a slightly higher growth rate than the cells with collagen
from the outset. As already seen in Figure 16, the resazurin assay also shows that the
cells grow more strongly from day 11 onwards. This applies to both seeding
concentrations and to cells with and without collagen addition. The fact that the
collagen group showed slightly less viability signal than those without collagen could be
due to the collagen addition.
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Figure 17: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-231
PGK eGFP luc spheroids with an initial seed count of 5K (=5,000) and 10K (= 10,000) cells.
The RFU shown is the average of N=5 spheroids (one measurement per spheroid) and
normalised to the first measurement (=D4). D=day.

Furthermore, the viability assay was discontinued after day 8 at the cell line MDA-MB-
231 LM2-4 eGFP luc because the cell clusters became too large and exceeded the upper
measurement limit of the evaluation at gain 170. The gain refers to the signal
amplification factor in the used Tecan reader's detector and determines the sensitivity

and dynamic measurement range.

Figure 18 shows, just like the phase contrast photos before, the huge growth of the cells
(normalised to the first measurement). The cell clusters with 5,000 cells per well grow a
more than the cell aggregates with 10,000 cells per well within four days, which is

3

2,5

1,5

RFU normalised

0,5

D4 D8
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el 5K+ === 5K QK+ =1 0K

Figure 18: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-231
PGK eGFP luc spheroids with an initial seed count of 5K (=5,000) and 10K (=10,000) cells. The
RFU shown is the average of N=5 spheroids (one measurement per spheroid) and normalised
to the first measurement (=D4). D=day.
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illustrated in the graph. The MDA-MB-231 LM2-4 eGFP luc cell aggregates with collagen
show no difference in growth or compactness compared to the ones without addition of
collagen.

8.1.1.2. Comparison of LM2-4 eGFP luc spheroids with its wild-type cell line

In this experiment, the aim was to compare the MDA-MB-231-LM2-4 eGFP luc cell line
with its wildtype to exclude any malfunction in spheroid formation due to the genetic
modification. The MDA-MB-231 LM2-4 eGFP luc cells were transduced with lentiviruses
encoding eGFP luc (48). However, not all cells in this culture are transfected with eGFP
luc. Both cell lines were seeded in the same way simultaneously, and the resazurin
assay and phase contrast imaging were performed.

The phase contrast photos (Figure19) show that the cell aggregates grew rapidly in a very
short time. However, both cell lines show a similar density of cell clusters, suggesting
that this species does not voluntarily form spheroids and the insertion of eGFP luc has
no effect on that. The only difference that can be seenis that the cell clusters seeded
with 5,000 cells are more densely packed than those with 2,500 cells.

D1 D4 D7 D9 D11 D14 D15

2.500 cells of
LM2-4 eGFP
luc

5.000 cells of
LM2-4 eGFP
luc

2.500 cells of
LmM2-4
wildtype

5.000 cells of
LM2-4
wildtype

Figure 19: Phase contrast microscope images of MDA-MB-231 LM2-4 eGFP luc spheroids and MDA-MB-231 LM2-4
wildtype from two cell counts (2,500 + 5,000) at different growth times, according to the specified time points. One
spheroid per cell concentration +/- collagen is shown as an example of n=5 spheroids. D=day; images were taken with
exposure of 15 ms, 10x magnification, scale bar: 100 um.

The evaluation of the viability assay (Figure 20) also clearly shows the rapid growth of
these cell lines. However, the growth of the groups seeded with 5,000 cells is both
slower and, in the case of the MDA-MB-231 LM2-4 eGFP luc spheroids, also slightly
decreases towards the end, suggesting a plateau in growth.
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Figure 20: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-231
LM2-4 eGFP luc (=eGFP luc) and MDA-MB-231 LM2-4 wildtype (=wt) spheroids with an initial
seed count of 2,500 (=2.5K) and 5,000 (=5K) cells. The RFU shown is the average of N=5
spheroids (one measurement per spheroid) and normalised to the first measurement (=D4).
D=days.

8.1.2. Optimisations of MDA-MB-231 spheroids

As the MDA-MB-231 cell line and their derivates did not form proper spheroids even
though the used protocols suggested otherwise (67,68), the following experiments were
focused on the establishment of proper spheroids from this cell line.

8.1.2.1. MDA-MB-231 PGK eGFP luc spheroids with different collagen
. | if .

The aim of these experiments was to determine whether different concentrations of
collagen and the timing of its addition have an influence on spheroid formation of MDA-
MB-231 PGK eGFP luc. Additionally, centrifugation of the plate was introduced, as it was
found in a protocol (69). For this purpose, 6 ug/mL or 12 ug/mL collagen were added to
the cells either on day 0 or day 1 and then centrifuged. Phase contrast photos were
takenondays0,1,2,4,7,9, 12, 14, and 16 to document spheroid formation and growth
(Figure 21).

Figure 21 shows that the cell aggregates remain relatively compact until around day 9,
afterwards the compact cell clusters begin to loosen up again. The addition of collagen
directly on day 0 results in longer-lasting compactness of the cells than the addition on
day 1. The spheroids that received only medium were also more compact on day 0 than
those receiving the second half of media on day 1.
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Figure 21: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc spheroids from one cell count (5,000) at
different growth times, according to the specified time points. One spheroid per collagen concentration (+ 6 ug/mL or
12 ug/mL collagen) or only medium (D0 and D1) is shown as an example n=5 spheroids. D=day; images are taken
with exposure of 15 ms, 10x magnification, scale bar: 100 um.

The evaluated resazurin assays also show linear cell growth until day 9, after which the
signal begins to decline in all cases (Figure 22). The loosening of the spheroids may
therefore be due to the cells slowly beginning to die off, forming a corona of dead cells.

RFU normalised
o

D4 D7 D9 D11 D14 D16
DAYS

=== Gpg/mL collagen DO ==@=12pg/mL collagen DO ==@=Medium DO
==@==0GLg/mL collagen D1 ==@=12,0/mL collagen D1 ==@==Medium D1
Figure 22: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-231
PGK eGFP luc spheroids with an initial seed count of 5,000 cells and different collagen
concentration at different addition times. The RFU shown is the average of N=4 (only medium
n=2) spheroids (one measurement per spheroid) and normalised to the first measurement
(=D4). D=day.
Both Figure 21 and Figure 22 show images from the first attempt of the experiment, as
the days of the second experiment do not correspond exactly to the days of the first
experiment. The images from the second experiment can be found in the appendix.
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The aim of this experiment was to document the progression of cell death over the time
using live-dead staining. For this purpose, two different concentrations (6 pg/mL or

12 ug/mL) of collagen were used again and compared with cells treated with medium
only. Figure 23 shows that all cell nuclei were stained blue using Hoechst. The
propidium iodide only stained the dead cells orange-red viusalised in yellow, as their cell
membranes are permeable for Pl compared to those of living cells. The cells can be
visualised with FLM (shown in green) as they have been previously stably transduced
with eGFP luc as described in Billerhart et. al and Wang et. al (48,66) . Until about day 8,
only a few dead cells can be found. On day 11, there are already quite a few more. Itis
interesting to note that the dead cells are more prevalent among the eGFP-labelled
cells. This may indicate that these modified cells have a shorter lifespan than the
unlabelled ones. Furthermore, these images also suggest that the cells grow ratherin a
2D sheet than a spheroid, as the typical necrotic core cannot be observed.

D1 D2 D4 D8 D10

+6ug/mL
Collagen

+12pg/mL
Collagen

Only
medium

Figure 23: Necrotic core staining of 5K (=5,000) MDA-MB-231 PGK eGFP luc spheroids via fluorescence
microscopy (FLM). Spheroids were stained with Hoechst and Pl (2 hour incubation time). Images were captured
as Z-stacks (exposure time for Hoechst=20 ms with DAPI filter, conc. 16 ug/mL; exposure time for PI=10 ms with
Cy3 filter, conc. 0.5 mg/mL; exposure time for the FITC filter =20 ms to visualise the eGFP labelled cells) and the
maximum projection was extracted. The shown images show one out of n=3 spheroids. D=day. Scale bar:

100 um.

As the addition of collagen | did not lead to sufficient spheroid formation, Geltrex® was

used as a basement membrane matrix in the next approach (70). Unlike collagen I,

Geltrex® consists of a complex, gel-like mixture of various extracellular matrix proteins

(e.g. laminin, collagen IV, enactin/nidogen and heparan sulphate proteoglycans). This
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allows it to simulate a natural basal lamina matrix and support cell adhesion in 3D
cultures (71). For this, the entire plate was seeded and then mixed with a specific
concentration of Geltrex® or Collagen | (as a control). The plate was then centrifuged
and incubated. The next day, Geltrex® was added to some of the wells again and the
plate was gently shaken shortly.

Phase contrast photos were taken ondays 1, 4, 6, 8, 11, 13, 15 and 18 to document
spheroid formation and cell growth (Figure 24). The addition of Geltrex® in all
concentrations leads to compact spheroids with a clear border up to day 11. After that,
a corona of not very compact cell aggregates forms around the spheroids. In
comparison, collagen | only leads to a loose cell aggregate with a slightly more compact
core, which lasts until day 8.
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Figure 24: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc spheroids from one cell count (5,000) at
different growth times, according to the specified time points. One spheroid of each Geltrex® concentration (2 %,

2x2 %, 4 %) and +6 ug/mL collagen I is shown as an example n=5 spheroids. D=day; images with exposure of 15 ms,
10x magnification, scale bar: 100 uym.

The experiment was repeated with lower Geltrex concentrations and additionally with
the cell line MDA-MB-231 LM2-4 eGFP luc. Phase contrast photos were also taken here
(Figure 25) show that adding 1 % Geltrex twice to both cell lines results in compact
spheroids with a clear border that persist until day 6. From day 8 onwards, as explained
above, a corona of cells forms and the spheroid loosens its shape. In wells to which only
0.5 % Geltrex was added twice, a slightly denser core forms in the cell aggregate from
day 6 onwards, which dissolves again from day 11 onwards. However, no proper
spheroid are formed with this lower concentration.
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Figure 25: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc and MDA-MB-231 LM2-4 eGFP luc
spheroids from one cell count (5,000) at different growth times, according to the specified time points. One spheroid
of each Geltrex® concentration (2x1 % and 2x0,5 %) is shown as an example n=5 spheroids. D=day; images with
exposure of 15 ms, 10x magnification, scale bar: 100 um.

In addition, a viability assay was performed every other day starting on day 4 to
document cell growth for both experiments (Figure 26 and Figure 27).
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Figure 26: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-231 PGK eGFP
luc spheroids with an initial seed count of 5,000 cells and addition of different Geltrex concentrations or
Collagen I. Read out was performed at different time points. The RFU shown is the average of N=5
spheroids (one measurement per spheroid) and normalised to the first measurement (=D4). D=day.
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The spheroids initially grow quite rapidly and then remain virtually unchanged. Only
when the corona forms to increase cell growth become apparent again. This could be
attributed to the fact that, from this day onwards, the Geltrex® concentration is too low
to keep the cells in their dense spheroid form. After day 13, cell growth largely stagnates.

The evaluation of the resazurin assays from the second experiment also shows similar
behaviour, strong initial growth from day4 to day 6, which then remains constant. Only
when the corona forms the cell growth increases again. Additionally, similar behaviour
can be observed between the different concentrations and cell lines. (Figure 27)

Aside from the viability assay, a necrotic core assay was also conducted on days 1, 4, 8,
and 11. Figure 28 shows the results of the necrotic core staining. Unfortunately, the
spheroids were lost during the washing process on day 1. On day 4, very few dead cells
(ilustrated in yellow) can still be seen, mainly located inside the spheroids. From day 8
onwards, the proportion of dead cells increased significantly. Spheroids receiving
collagen | also showed a sharp increase in dead cells from day 8 onwards, which were
increasingly found in the eGFP-labelled cells. This could be because the labelled cells
may have a slightly shorter lifespan than the unlabelled cells.
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Figure 27: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-231 PGK eGFP luc
spheroids with an initial seed count of 5,000 cells and addition of different Geltrex concentrationor
collagen I. Read out was perfomed at different addition times. The RFU shown is the average of N=5
spheroids (one measurement per spheroid) and normalised to the first measurement (=D4). D=day.
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Figure 28: Necrotic core staining of 5,000 MDA-MB-231 PGK eGFP luc spheroids with collagen and different
Geltrex concentrations via fluorescence microscopy (FLM). Spheroids were stained with Hoechst and Pl (2
hours incubation time). Images were captured as Z-stacks (exposure time for Hoechst=20 ms with DAPI filter,
conc. 16 ug/mL; exposure time for PI=10 ms with Cy3 filter, conc. 0.5 mg/mL; exposure time for the FITC filter
=20 ms to see the eGFP labelled cells) and the maximum projection was extracted. The shown images show
one out of n=3 spheroids. D=day. Scale bar =100 um.

Figure 29 shows the live-dead staining from the second experiment. It is interesting to
note that the green signals (eGFP positive cells) have all gathered around the outside of
the spheroid. Furthermore, the eGFP-labelled cells appear to have no nucleus (blue).
Therefore, the signal could be caused by dead cells or some component in the matrix.
Dead cells (yellow) are initially located around the compact core of the spheroid and
near the labelled cells. From day 8 onwards, as in the first experiment, an accumulation
of dead cells can be seen in the core of the spheroids, which continues to grow.

The spheroids used for live-dead staining were then harvested, cut and stained with
both H/E for general evaluation of the morphology and for proliferative cells using anti
KI-67 antibody and a FL-labelled secondary antibody.
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Figure 29: Necrotic core staining of 5,000 MDA-MB-231 PGK eGFP luc spheroids and MDA-MB-231 LM2-4 eGFP
luc Spheroids with different Geltrex concentrations via fluorescence microscopy (FLM). Spheroids were stained
with Hoechst and Pl (2 hours incubation time). Images were captured as Z-stacks (exposure time for
Hoechst=20 ms with DAPI filter, conc. 16 ug/mL; exposure time for PI=10 ms with Cy3 filter, conc. 0.5 mg/mL;
exposure time for the FITC filter =20 ms to visualise the eGFP labelled cells) and the assumed maximum
projection was extracted. The shown images show one out of n=3 spheroids. 2 h incubation time for the staining
solutions; D=day.

Figure 30 shows a haematoxylin/eosin-stained section of MDA-MB-231 PGK eGFP luc
and MDA-MB-231 LM2-4 eGFP luc from days 4 and 8. The spheroids are not stable
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enough to withstand sectioning with the cryostat without damage. All cell nuclei are
shown in blue, and the cytoplasm of the cells is stained pink.
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Figure 30: Photos of histological sections of MDA-MB-231 PGK eGFP luc and MDA-MB-231LM2-
4 eGFP luc spheroids, each with 2x1% Geltrex, stained with haematoxylin and eosin on days 4
(=D4) and 8 (=D8). Scale bar= 100 um.

Similarly, when stained with the anti Ki-67 antibody and FL-labelled secondary antibody,
the spheroids did not remain compact (Figure 31). However, it can be observed that the
different concentrations of the antibody show different signal intensities in the Ki-67
filter. Furthermore, since these are sections from day 4, there are hardly any dead cells
visible in the Pl filter. As with necrotic core staining, the DAPI filter shows all cell nuclei
of the spheroids. The overlay of all filters clearly shows where exactly the secondary
antibody has bound in the spheroid. Overall, high number of proliferative cells can be
seen for both cell lines, but especially for MDA-MB-231 PGK eGFP luc. Interestingly, the
proliferating cells can be found all over the surface of the spheroid section. This also fits
to the result of the necrotic core staining, as at the earlier time point (D4) no pronounced
necrotic core could be observed.
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Figure 31:Images of sections stained with FL-labelled secondary antibodies from the cell lines MDA-MB-
231 PGK eGFP luc and MDA-MB-231 LM2-4 eGFP luc, each with 2x 1% Geltrex on day 4. Ki-67 is shown
with the Cys5 filter. The Cy3 filter shows the cells stained with Pl (from the live-dead staining) and DAPI
shows the cell nuclei. Scale bar: 50 um.
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8.2. Multicellular breast cancer spheroids

The aim of this experiment was to form multicellular spheroids of the cell lines MDA-MB-
231 PGK eGFP luc or MDA-MB-231 LM2-4 eGFP luc with a human mammary fibroblast
cell line to mimic TNBC in a 3D in vitro model. For this purpose, the cells were seeded
into a plate according to the scheme shown in Figure 13. Phase contrast photos were
taken ondays 4, 7, 10, 12 and 14 to document cell growth and spheroid formation.

Figure 32 shows that HMF3S cells produce compact spheroids with both 2,500 and
5,000 cells. When combined with MDA-MB-231 PGK eGFP luc or MDA-MB-231 LM2-4
also reasonably compact spheroids are formed. However, these only last for about a
week, as a corona around the spheroid can be seen from day 7 onwards. The compact
core also becomes smaller from day 7 onwards, while the looser part surrounding the
spheroid becomes larger.
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Figure 32: Phase contrast microscope images of HMF3S spheroids seeded with 2,500 (=2.5K) or
5,000 (=5K) cells, HMF3S with MDA-MB-231 PGK eGFP luc spheroids (2.5K and 2.5K) and HMF3S
with MDA-MB-231 LM2-4 eGFP luc spheroids (2.5K and 2.5K). MDA-MB-231 PGK eGFP luc and
MDA-MB-231 LM2-4 eGFP luc were seeded alone as a negative control (2,5K each). Pictures were
taken at different growth times, according to the specified time points. One spheroid is shown as
an example of n=5 spheroids. D=day; images were taken with exposure of 15 ms, 10x
maghnification, scale bar: 100um

From day 4 onwards, a resazurin assay was also performed every other day to document
cell growth.

Figure 33 shows that both the fibroblast mono-spheroids and the multicellular
spheroids exhibit continuous growth. Itis interesting to note that the two different

64



seeding counts of the fibroblast spheroids exhibit almost identical growth, which peaks
on day 12, as the signal drops in all four by day 14.

In addition, live-dead staining was performed on days 4, 7, 10, 12 and 14 to see how
many cells died over time and if a necrotic core is formed. Figure 34 shows that a small
necrotic body can be found in the compact core of the spheroids as early as day 4. This
necrotic core grows in the fibroblast mono-spheroids(HMF3S) over the entire period.
The results are different for the multicellular spheroids, where only a small necrotic core
can be seen on day 4, which increases further in a moderate way.. This indicates, that
the monocellular spheroids are quite dense and form tight cell-cell connections, which
hinders nutrients to penetrate into the inner part of the sphere. However, when
combining them with the two TNBC cell lines, it seems that the construct gets less
dense, but still enough cell-cell interactions are formed to result in a stable spheroid.
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Figure 33: Necrotic core staining of spheroids seeded with 2,500 (=2.5K) or 5,000 (=5K) HMF3S cellsas well as
multicellular spheroids with HMF3S (2,5K) and MDA-MB-231 PGK eGFP luc (2,5) or MDA-MB-231 LM2-4 eGFP luc
(2.5).Spheroids were stained with Hoechst and Pl (2 hours incubation time). Images were captured as Z-stacks
(exposure time for Hoechst=20 ms with DAPI filter, conc. 16 ug/mL; exposure time for PI=10 ms with Cya3 filter, conc.
0,5 mg/mL; exposure time for the FITC filter =20 ms to visualise the eGFP labelled cells) and maximum projection
image wasextracted. The shown images show one out of n=3 spheroids.D=day. Scale bar: 100 ym

With the mono-spheroids of the two cell lines, a similar strong necrotic core could only
be shown with the addition of Geltrex®. This suggests, that those cells lines are not able
to form sufficient cell-cell connections alone and need the help by either adding
membrane matrix or co-cultivating them with fibroblasts. It is particularly interesting
that although the fibroblasts are not labelled with eGFP, a green signal can be found. Itis
also interesting that the e GFP-labelled cells of the multicellular spheroids are mainly
found outside the compact core. This indicates that either cells were transferred into the
wrong wells accidentally or something in the media causes this strong fluorescent

signal.
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The spheroids used for live-dead staining were then harvested and stained with both H/E
and FL-labelled secondary antibodies. Figure 35 shows the H/E-stained sections of the
HMF3S and multicellular spheroids with additional MDA-MB-231 PGK eGFP luc or MDA-
MB-231 LM2-4 eGFP luc. The fibroblasts have a major influence on the compactness of
the multicellular spheroids. On their own, the HMF3S show a compact spheroid in both
seeding counts of 2,500 K or 5,000 cells, which lasts for several days. The spheroids with
HMF3S and MDA-MB-231 PGK eGFP luc are still very compact on day 4, but become
looser again by day 7, although this could also be due to destruction by the section. The
multicellular spheroids with MDA-MB-231 LM2-4 eGFP luc also have a compact
structure. In both multicellular spheroids, it can be seen on day 7 that the cells on the
outside are slightly larger than those on the inside, indicating that those are the tumour
cells. However, the two cell types can not be distinguished with that staining and no
clear structural organisation can be observed.
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Figure 34: Photos of histological sections of HMF3S (2.5K and 5K) spheroids as well as
multicellular spheroids with MDA-MB-231 PGK eGFP luc or MDA-MB-231LM2-4 eGFP luc,
stained with haematoxylin and eosin on days 4 and 7. Scale bar: 100 um
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Figure 36 shows photos taken with a fluorescence microscope of 4 days old HMF3S
spheroids with 2,500 or 5,000 cells seeded. The good density of the cell nuclei with DAPI
is clearly visible. It is also clear to see that the different concentrations of KI-67 also
produce signals of varying intensity in the spheroids. The location where the antibodies
have bound is also clearly visible, as is the necrotic core inside the spheroid.
Interestingly, proliferative cells can be detected across the section overlapping with the
necrotic zone and not only on the outer rim.
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Figure 35: Images of sections stained with anti-Ki-67 antibody from the cell line HMF3S (2,500 = 2.5K and 5,000=5K
cells seeded initially) on day 4. Ki-67 is shown with the Cy5 filter. The Cy3 filter shows the cells stained with Pl and
DAPI shows the cell nuclei. Scale bar: 50 ym

Figure 37 also shows photos from the IHC staining for proliferative cells of the
multicellular spheroids taken with a fluorescence microscope. Above are the
multicellular spheroids of HMF3S with MDA-MB-231 PGK eGFP luc cell lines, and below
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Figure 36: Images of sections stained with anti-Ki-67 antibody from the multicellular spheroids with HMF3S and MDA-MB-
231 PGK eGFP luc (named as MDA-MB-231) or with MDA-MB-231 LM2-4 eGFP luc (named as LM2-4) on day 7 (initial
seeding count 2,500 cells for each cell line = 2x2,5K). Ki-67 is shown with the Cy5 filter. The Cy3 filter shows the cells
stained with Pl and DAPI shows the cell nuclei. Scale bar: 50 um

are the multicellular spheroids of HMF3S with MDA-MB-231 LM2-4 eGFP luc. The
concentration-dependent staining of the Ki-67 antibody with the secondary antibody is
clearly visible here, as well as the good density of the cell nuclei with DAPI. The signal for
proliferative cells is stronger in intensity as well as in quantity when comparing it to the
HMF3S mono-spheroids, which could be because both breast cancer cell lines prefer a
loose cell structure. Unlike the HMF3S spheroids, the Pl-stained cells are not located
inside the core but are distributed throughout the spheroid, which may be because the
dead cells in the breast cancer cells tend to occur in the eGFP-labelled cells, and these
are distributed throughout the spheroid. Additionally, more cells are Pl positive in the
HMF3S monospheroids compared to when combined with the tumour cell lines, which
aligns with the results from the necrotic core staining and live imaging.
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9. CONCLUSION

Neither the MDA-MB-231 PGK eGFP luc cell line nor the MDA-MB-231 LM2-4 eGFP luc
cell line formed spheroids on their own, although this was reported in various literature
sources (67,68). The addition of collagen | alone did not result in the formation of
spheroids, although Daniela Gruber's work ‘Optimisation of firefly luciferase assay in
spheroid cell culture models’ was followed.

The addition of collagen | and subsequent centrifugation resulted in more compact cell
aggregates, but these were too fragile to harvest. They also showed less cell death within
the cell cluster during necrotic core staining. These cell aggregates could be used for all
experiments that are only performed in the plate and require a small number of dying
cells.

The addition of Geltrex resulted in compact spheroids that could also be harvested
Howeverthey also showed a large necrotic core early on in the necrotic core staining.
Therefore, this variant is a good option if the aim is to harvest spheroids and it does not
matter if they form a large necrotic core.

Co-cultivation with the fibroblast cell line HMF3S shows an in vitro model that is very
similar to the in vivo models. They showed compact spheroids up to day seven and a
smaller necrotic core compared to the HMF3S mono-spheroids. The model needs to be
further optimised to obtain compact spheroids for longer, especially regarding the ratio
of the two cell types to come close to the actual tumour microenvironment.

Depending on the requirements of the experiment, the different variants of the MDA-MB-
231 PGK eGFP luc and MDA-MB-231 LM2-4 eGFP luc cell lines can be used for
cultivation, as they have different advantages and disadvantages.

Further optimisation steps must be carried out to obtain an ideal model of the MDA-MD-
231 spheroids that can be harvested, does not have an excessively large necrotic core
and nevertheless remains compact for a longer period of time.
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10. APPENDIX
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Figure 37: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc spheroids from cell countof 5K (5K) at
different growth times, according to the specified time points. One spheroid per collagen concentration (+ 6 ug/mL
or 12 ug/mL collagen) or only medium (DO and D1) is shown as an example n=5 spheroids. D=day; images with
exposure of 15 ms, 10x magnification, scale bar: 100um
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Figure 38: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-231
PGK eGFP luc spheroids with an initial seed count of 5,000 (=5K) cells and different collagen
concentration at different addition times. The RFU shown is the average of N=4 (only medium
n=2) spheroids (one measurement per spheroid), normalised to the first measurement
(=D4). D=day.
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Figure 39: Images of sections stained with FL-labelled secondary antibodies from the cell lines MDA-MB-231 PGK
eGFP luc and MDA-MB-231 LM2-4 eGFP luc, each with 2x 1% Geltrex on day 4. Ki-67 is shown with the Cy5 filter. The
Cya3 filter shows the cells stained with Pl and Dapi shows the cell nuclei. Scale bar: 50 um.
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10.2. Multicellular breast cancer spheroids
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Figure 40: Images of sections stained with FL-labelled secondary antibodies from D4 multicellular spheroids with
HMF3S and MDA-MB-231 PGK eGFP luc (named as MDA-MB-231) or with MDA-MB-231 LM2-4 eGFP luc (named as
LM2-4) seeded 2,500 cells each (=2y2,5K). Ki-67 is shown with the Cy5 filter. The Cy3 filter shows the cells stained
with Pl and Dapi shows the cell nuclei. Scale bar: 50 um.
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Figure 41: Images of sections stained with FL-labelled secondary antibodies from D4 spheroids ofthe cell line HMF3S
seeded with 2,500 (=2.5K) or 5,000 (=5K) cells. Ki-67 is shown with the Cy5 filter. The Cy3 filter shows the cells stained
with Pl and Dapi shows the cell nuclei. Scale bar: 50 um.
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Figure 17: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-
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Figure 18: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-
231 PGK eGFP luc spheroids with an initial seed count of 5K (=5,000) and 10K (=10,000)
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Figure 19: Phase contrast microscope images of MDA-MB-231 LM2-4 eGFP luc
spheroids and MDA-MB-231 LM2-4 wildtype from two cell counts (2,500 + 5,000) at
different growth times, according to the specified time points. One spheroid per cell
concentration +/- collagen is shown as an example of n=5 spheroids. D=day; images
were taken with exposure of 15 ms, 10x magnification, scale bar: 100 pm. ................. 52
Figure 20: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-
231 LM2-4 eGFP luc (=eGFP luc) and MDA-MB-231 LM2-4 wildtype (=wt) spheroids with
an initial seed count of 2,500 (=2.5K) and 5,000 (=5K) cells. The RFU shown is the
average of N=5 spheroids (one measurement per spheroid) and normalised to the first
MEeasUremMENT (SD4). Dm0ay S i iiiiiiiiiiiiiireee e et e raeeeteteteeeensasasasassasasasnennn 53
Figure 21: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc spheroids
from one cell count (5,000) at different growth times, according to the specified time
points. One spheroid per collagen concentration (+ 6 pg/mL or 12 pg/mL collagen) or
only medium (DO and D1) is shown as an example n=5 spheroids. D=day; images are
taken with exposure of 15 ms, 10x magnification, scale bar: 100 pm. ........ccoceevenennen.. 54
Figure 22: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-
231 PGK eGFP luc spheroids with an initial seed count of 5,000 cells and different
collagen concentration at different addition times. The RFU shown is the average of N=4
(only medium n=2) spheroids (one measurement per spheroid) and normalised to the
first measurement (ED4). D=day. oeeeiiiiiiiiiiiii e e e e e aas 54
Figure 23: Necrotic core staining of 5K (=5,000) MDA-MB-231 PGK eGFP luc spheroids
via fluorescence microscopy (FLM). Spheroids were stained with Hoechst and PI (2 hour
incubation time). Images were captured as Z-stacks (exposure time for Hoechst=20 ms
with DAPI filter, conc. 16 pg/mL; exposure time for PI=10 ms with Cy3 filter, conc.

0.5 mg/mL; exposure time for the FITC filter =20 ms to visualise the eGFP labelled cells)
and the maximum projection was extracted. The shown images show one out of n=3
spheroids. D=day. Scale bar: TO0 M. ..o e e e e e ae e e e e ens 55
Figure 24: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc spheroids
from one cell count (5,000) at different growth times, according to the specified time
points. One spheroid of each Geltrex® concentration (2 %, 2x2 %, 4 %) and +6 pg/mL
collagen Iis shown as an example n=5 spheroids. D=day; images with exposure of

15 ms, 10x magnification, scale bar: T00 M. ...oiuiiiiiiiii e e e aees 56
Figure 25: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc and MDA-
MB-231 LM2-4 eGFP luc spheroids from one cell count (5,000) at different growth times,
according to the specified time points. One spheroid of each Geltrex® concentration

(2x1 % and 2x0,5 %) is shown as an example n=5 spheroids. D=day; images with
exposure of 15 ms, 10x magnification, scale bar: 100 Pm. ....ccoiiiiiiiiiiiiiiiiiirreeeeee, 57

75



Figure 26: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-
231 PGK eGFP luc spheroids with an initial seed count of 5,000 cells and addition of
different Geltrex concentrations or Collagen I. Read out was performed at different time
points. The RFU shown is the average of N=5 spheroids (one measurement per spheroid)
and normalised to the first measurement (=D4). D=day. .....ccceuiiiiiiiiiiiiiiiiiiiiiineennnes 57
Figure 27: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-
231 PGK eGFP luc spheroids with an initial seed count of 5,000 cells and addition of
different Geltrex concentrationor collagen I. Read out was perfomed at different addition
times. The RFU shown is the average of N=5 spheroids (one measurement per spheroid)
and normalised to the first measurement (=D4). D=day. .....cccoeveviiiiiiiiiniiiiiiiiiinneeeenens 58
Figure 28: Necrotic core staining of 5,000 MDA-MB-231 PGK eGFP luc spheroids with
collagen and different Geltrex concentrations via fluorescence microscopy (FLM).
Spheroids were stained with Hoechst and Pl (2 hours incubation time). Images were
captured as Z-stacks (exposure time for Hoechst=20 ms with DAPI filter, conc. 16 pg/mL;
exposure time for PI=10 ms with Cy3 filter, conc. 0.5 mg/mL; exposure time for the FITC
filter =20 ms to see the eGFP labelled cells) and the maximum projection was extracted.
The shown images show one out of n=3 spheroids. D=day. Scale bar =100 pm. .......... 59
Figure 29: Necrotic core staining of 5,000 MDA-MB-231 PGK eGFP luc spheroids and
MDA-MB-231 LM2-4 eGFP luc Spheroids with different Geltrex concentrations via
fluorescence microscopy (FLM). Spheroids were stained with Hoechst and Pl (2 hours
incubation time). Images were captured as Z-stacks (exposure time for Hoechst=20 ms
with DAPI filter, conc. 16 pg/mL; exposure time for PI=10 ms with Cy3 filter, conc. 0.5
mg/mL; exposure time for the FITC filter =20 ms to visualise the eGFP labelled cells) and
the assumed maximum projection was extracted. The shown images show one out of
n=3 spheroids. 2 h incubation time for the staining solutions; D=day.........c..cccceeueune.. 60
Figure 30: Photos of histological sections of MDA-MB-231 PGK eGFP luc and MDA-MB-
231LM2-4 eGFP luc spheroids, each with 2x1% Geltrex, stained with haematoxylin and
eosin on days 4 (=D4) and 8 (=D8). Scale bar= 100 HM...cccveiiiiiiiiiiiiiiiiiiiiiieieeeeeenene, 61
Figure 31:Images of sections stained with FL-labelled secondary antibodies from the
cell lines MDA-MB-231 PGK eGFP luc and MDA-MB-231 LM2-4 eGFP luc, each with 2x
1% Geltrex on day 4. Ki-67 is shown with the Cy5 filter. The Cy3 filter shows the cells
stained with Pl (from the live-dead staining) and DAPI shows the cell nuclei. Scale bar:
LT V1o o DO PP PP PP PPPPPTIN 62
Figure 32: Phase contrast microscope images of HMF3S spheroids seeded with 2,500
(=2.5K) or 5,000 (=5K) cells, HMF3S with MDA-MB-231 PGK eGFP luc spheroids (2.5K
and 2.5K) and HMF3S with MDA-MB-231 LM2-4 eGFP luc spheroids (2.5K and 2.5K).
MDA-MB-231 PGK eGFP luc and MDA-MB-231 LM2-4 eGFP luc were seeded alone as a
negative control (2,5K each). Pictures were taken at different growth times, according to
the specified time points. One spheroid is shown as an example of n=5 spheroids.
D=day; images were taken with exposure of 15 ms, 10x magnification, scale bar: 100pm



Figure 34: Necrotic core staining of spheroids seeded with 2,500 (=2.5K) or 5,000 (=5K)
HMEF3S cellsas well as multicellular spheroids with HMF3S (2,5K) and MDA-MB-231 PGK
eGFP luc (2,5) or MDA-MB-231 LM2-4 eGFP luc (2.5).Spheroids were stained with
Hoechst and PI (2 hours incubation time). Images were captured as Z-stacks (exposure
time for Hoechst=20 ms with DAPI filter, conc. 16 pg/mL; exposure time for PI=10 ms
with Cy3 filter, conc. 0,5 mg/mL; exposure time for the FITC filter =20 ms to visualise the
eGFP labelled cells) and maximum projection image wasextracted. The shown images
show one out of n=3 spheroids.D=day. Scale bar: 100 PM ....cceceriiiriieriieieieneriereenenes 64
Figure 35: Photos of histological sections of HMF3S (2.5K and 5K) spheroids as well as
multicellular spheroids with MDA-MB-231 PGK eGFP luc or MDA-MB-231LM2-4 eGFP
luc, stained with haematoxylin and eosin on days 4 and 7. Scale bar: 100 pm.............. 65
Figure 36: Images of sections stained with anti-Ki-67 antibody from the cell line HMF3S
(2,500 = 2.5K and 5,000=5K cells seeded initially) on day 4. Ki-67 is shown with the Cy5
filter. The Cy3 filter shows the cells stained with Pl and DAPI shows the cell nuclei. Scale

Figure 37: Images of sections stained with anti-Ki-67 antibody from the multicellular
spheroids with HMF3S and MDA-MB-231 PGK eGFP luc (nhamed as MDA-MB-231) or
with MDA-MB-231 LM2-4 eGFP luc (named as LM2-4) on day 7 (initial seeding count
2,500 cells for each cell line = 2x2,5K). Ki-67 is shown with the Cy5 filter. The Cy3 filter
shows the cells stained with Pl and DAPI shows the cell nuclei. Scale bar: 50 pm ....... 67
Figure 38: Phase contrast microscope images of MDA-MB-231 PGK eGFP luc spheroids
from cell countof 5K (5K) at different growth times, according to the specified time
points. One spheroid per collagen concentration (+ 6 pg/mL or 12 pg/mL collagen) or
only medium (DO and D1) is shown as an example n=5 spheroids. D=day; images with
exposure of 15 ms, 10x magnification, scale bar: TO0UM ....cviniiiiiiiiiiiirr e reeeaeees 69
Figure 39: Average fluorescence signal (RFU) by resazurin cell viability assay of MDA-MB-
231 PGK eGFP luc spheroids with an initial seed count of 5,000 (=5K) cells and different
collagen concentration at different addition times. The RFU shown is the average of N=4
(only medium n=2) spheroids (one measurement per spheroid), normalised to the first
MEAasUremMENt (SD4). D=daY...cuiuiiiiiiiiiiiiiiice et ettt e e s e e e e e eaeas 69
Figure 40: Images of sections stained with FL-labelled secondary antibodies from the
cell lines MDA-MB-231 PGK eGFP luc and MDA-MB-231 LM2-4 eGFP luc, each with 2x
1% Geltrex on day 4. Ki-67 is shown with the Cy5 filter. The Cy3 filter shows the cells
stained with Pl and Dapi shows the cell nuclei. Scale bar: 50 pm. ......cooviviiiiiniinannn.. 70
Figure 41: Images of sections stained with FL-labelled secondary antibodies from D4
multicellular spheroids with HMF3S and MDA-MB-231 PGK eGFP luc (named as MDA-
MB-231) or with MDA-MB-231 LM2-4 eGFP luc (named as LM2-4) seeded 2,500 cells
each (=2y2,5K). Ki-67 is shown with the Cyb5 filter. The Cy3 filter shows the cells stained
with Pl and Dapi shows the cell nuclei. Scale bar: 50 M. cc.coiiiiiiiiiireeeens 71
Figure 42: Images of sections stained with FL-labelled secondary antibodies from D4
spheroids ofthe cell line HMF3S seeded with 2,500 (=2.5K) or 5,000 (=5K) cells. Ki-67 is
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shown with the Cy5 filter. The Cy3 filter shows the cells stained with Pl and Dapi shows

the cell nuclei. Scale bar: 50 PM. ...t e e e eane 72
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