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ABSTRACT 
Isolation and analysis of a E0771 breast cancer subline with specific 
metastatic abilities to the lungs 
Background: Today, one of the biggest challenges in breast cancer treatment is 

metastasis formation in other organs, such as the lungs. Development of models that 

mimic the biomolecular environment of metastatic breast cancers can help metastasis 

research and eventually lead to the discovery of genes that can be used for further 

development of breast cancer treatment in the future. Since the E0771 cell line in 

genomically unstable it shows the ability to metastasize to various organs of different 

extent. By establishing a lung specific subline of the E0771 cell line, genes involved 

only with lung metastasis can be discovered. 
 

Objective: The aim of this research was to isolate a specific E0771 breast cancer 

subline with high organotropism to the lungs that could be used to identify key steps in 

the metastatic progression to the lungs. 
 

Methods: The E0771 cell line, a luminal A breast cancer cell line with metastatic ability 

to the lungs was used. A specified subline was isolated by using in vivo image-guided 

screening method. In this method, E0771 parental cells with constitutive expression of 

firefly luciferase were injected via tail vein into C57BL/6 mice and cells metastasized 

and proliferated in the lung were harvested following the guide of bioluminescence 

imaging. After three rounds of in vivo image-guided screening, the obtained E0771 

subline was evaluated with in vitro assays. 
 

Results: In vivo results showed significantly higher growth signals in lungs of the 

established E0771 subline compared to the parental E0771 cell line. Additonally, 

metastatic formation of the subline was limited to the lungs while tropism of the parental 

line was nonspecific. 
 

Conclusion: The isolation of a specific E0771 subline with high tropism to the lungs 

was successful resulting a novel lung metastatic breast cancer model. The future use 

of this model could provide key findings regarding metastatic behavior of luminal A 

breast cancers and thus aid in the discovery of new cancer treatments. 



	
	

ÁGRIP 
Eingangrun og greining á undirstofni E0771 brjóstakrabbameins 
frumulínunnar með sérstaka hæfni til að meinvarpa til lungna 

Bakgrunnur: Í dag er helsta vandamál meðferðar við brjóstakrabbameini 

meinvarpamyndun til annarra líffæra, þar á meðal til lungna. Þróun á módelum sem 

líkja eftir meinvarpandi brjóstakrabbameinum auðveldar rannsóknir á meinvörpum og 

getur í framhaldinu leitt til uppgötvunar á genum sem geta nýst til þróunar á nýjum 

krabbameinsmeðferðum. Þar sem E0771 frumulínan býr yfir gena óstöðugleika hefur 

hún þann eiginleika að meinvarpa til ólíkra líffæra í misjöfnum mæli. Þróun á undirgerð 

frumulínunnar sem hefur sérstaka sækni í lungu getur því leitt til uppgötvunar á genum 

sem eru ábyrg fyrir meinvarpamyndun í lungum. 
 

Markmið: Markmið rannsóknarinnar var að einangra sértækan undirstofn E0771 

brjóstakrabbameins með mikla sækni í lungu sem gæti nýst til að bera kennsl á 

lykilskref meinvarpamyndunar til lungna. 
 

Aðferðir: E0771 frumulína, luminal A brjóstakrabbameins frumulína sem getur 

myndað meinvörp í lungum var notuð. Frumuundirgerðir E0771 voru einangraðar með 

notkun in vivo myndrannsóknaraðferða. Með þessari aðferð var upphaflegu frumulínu 

stofnsins, E0771, sem tjáir gen fyrir lúsíferasa sprautað í rófubláæð C57BL/6 músa og 

frumur sem meinvörpuðu til lungna voru einangraðar samkvæmt leiðbeiningum 

lífljómunarmælinga. Eftir þrjár umferðir af in vivo myndrannsóknum voru frekari 

greiningar gerðar á sértæka E0771 undirstofninum in vitro.  
 

Niðurstöður: In vivo prófanir sýndu tölfræðilega aukinn vöxt undirstofnsins í lungum 

samanborið við upphaflegu frumulínu stofnsins, E0771. Þar að auki var 

meinvarpamyndun undirstofnsins einöngruð við lungun en sækni upphaflegu 

frumulínunnar var ósértæk með vöxt í nokkrum líffærum til viðbótar við lungun.  
 

Ályktanir: Einangrun sértæks undirstofns E0771 frumulínunnar með mikla sækni í 

lungu reyndist árangursrík og því er komið fram nýtt brjóstakrabbameins módel sem 

meinvarpar til lungna. Í framtíðinni gæti módelið nýst til uppgötvunar á lykilþáttum 

tengdum hegðun luminal A brjóstakrabbameina og aðstoðað við frekar þróun á nýjum 

krabbameinsmeðferðum.  



	
	

ABBREVIATIONS 
 

B6 mice  Spontaneous albino mutant coisogenic B57BL/6 strain  

bEnd3 cells  Brain endothelial 3 cells 

BLI   Bioluminescence imaging 

BMDC   Bone marrow-derived cell 

CD11c+  CD11c positive 

CD11b+  CD11b positive 

CTC   Circulating tumor cells 

C57BL/6 mice C57 black 6 mice 

DMEM  Dulbecco’s modified eagle’s medium 

DNA   Deoxyribonucleic acid 

EDTA   Ethylenediaminetetraacetic acid 

EMT   Epithelial-to-mesenchymal transition 

ER   Estrogen receptor 

ER+   Estrogen receptor positive 

FBS   Fetal bovine serum 

G418   Geneticin 

HER2   Human epidermal growth factor receptor 

HER2+  Human epidermal growth factor receptor positive 

HR   Hormone receptor 

HR+   Hormone receptor positive 

i.p.    Intraperitoneally 

IVIS   In vivo imaging system 

LAR   Luciferase assay reagent 

LOX   Lysyl oxidase 

MET   Mesenchymal-to-epithelial transition 

mKO2   monomeric Kusabira-Orange 2 

PBS   Phosphate-buffered saline 

PLB   Passive lysis buffer 

PR   Progesterone receptor 



	
	

PR+   Progesterone receptor positive 

RNA   Ribonucleic acid  

ROI   Region of interest 

RPMI   Roswell Park Memorial Institute 

TAM   Tumor associated macrophage 

TDSF   Tumor-derived secreted factor 

TNC   Tenascin C 

TF   Transcription factor 

WST-1  Water soluble Tetrazolium salt 1 
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1. INTRODUCTION 
	

1.1  Breast cancer 
Breast cancer is the most common cancer affecting women around the world with over 

250.000 new cases diagnosed in the U.S. and over 40.000 deaths in 2017 (DeSantis 

et al., 2017). The prevalence in men is lower with one male diagnosed with every 100 

diagnosed women (Krabbameinsfélagið, 2017; Kruger et al., 2014). Several risk 

factors for breast cancer development have been reported, such as ageing, inherited 

mutations in breast cancer related genes, estrogen exposure and lifestyle patterns 

such as alcohol consumption, obesity, cigarette smoking, sun exposure, environmental 

pollutants, diet, infections and physical inactivity (Anand et al., 2008; Klevos et al., 

2016; Krabbameinsfélagið, 2017) as a result of their contribution to gene expression 

abnormalities.  

Metastatic formation is responsible for over 80% of cancer related deaths 

(Gupta et al., 2006; Liu et al., 2016; Seyfried et al., 2013). Major treatments for breast 

cancer involve surgery, chemotherapy, radiotherapy, immunotherapy and hormone 

therapy (Klevos et al., 2016). Adjuvant therapy is also applied to minimize side effects, 

discomfort and risk of metastasis. Current optimization of anticancer therapies are 

known to be involved in finding of the genes that regulate metastasis or act as 

biomarkers for metastatic cells to eliminate the risk of metastasis growth later on 

(Eckhardt et al., 2012; Seyfried et al., 2013). 

 

1.1.1 Breast cancer subtypes 
Up to ten subtypes of breast cancer have been detected (Curtis et al., 2012; Lehmann 

et al., 2011; Perou et al., 2000; Sorlie et al., 2001; The Cancer Genome Atlas Network, 

2012) but in general breast cancer can be categorized into five main molecular 

subtypes: Luminal A, Luminal B, HER-2 overexpressing, basal-like/triple-negative and 

normal-breast like tumors. These subtypes are categorized by their expression of 

biological markers and can be seen in Table 1. Specifically this includes hormone 

receptors (HR); such as estrogen receptors (ER) and progesterone receptors (PR), 

and the human epidermal growth factor receptor (HER2). Tumors can be HR positive 

or negative (HR+/-), HER2 positive or negative (HER2+/-) or triple negative (ER-, PR- 

and HER2-) (Badowska-Kozakiewicz et al., 2016; Lope et al., 2017; J. B. Wilkinson et 

al., 2017). 
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Table 1 Characteristics of breast cancer molecular subtypes  
Molecular subtype Surrogate subtype ER HER2 PI (Ki-67) 

Luminal A Luminal A-like + - Low 

Luminal B Luminal B-like 
(HER2-negative) 

+ 
 

- High 

Luminal B-like 
(HER2-positive) 

+ +  High or low 

HER2-
overexpression 

HER2-positive - + High or low 

Basal-like Triple negative - - High or low 
ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; PI: Proliferation index; +: 
Positive; -: Negative.   

 

ER+ tumors are named “luminal” tumors and can be further classified into 

luminal A and luminal B tumors. Luminal A tumors do not express HER2 receptors and 

express low levels of the proliferation related gene Ki-67, a biomarker for ER positive 

tumors. Luminal B tumors are either HER2+/- and express high Ki-67 levels. 

Considering Ki-67 a proliferation gene, low levels indicate better prognosis outcome 

than high levels (Roseweir et al., 2017). Both high and low levels of Ki-67 have been 

found for luminal B (HER2-positive), HER2-overexpressing and basal-like tumors	

(Goldhirsch et al., 2011). ER- tumors are either HER2 overexpressing or triple-

negative. As the name indicates, HER2 overexpressing tumors overexpress HER2 

receptors while triple-negative tumors are HER2-. Triple-negative tumors have also 

been classified as basal-like tumors although it is debatable whether these terms 

should be distinguished as the same subtype. Research shows that not all basal-

phenotyped tumors are triple negative as well as not all triple-negative tumors are of 

basal-phenotype by gene expression (Prat et al., 2013). Tumors that cannot be 

classified into the mentioned subtypes are named normal-breast like tumors. They 

appear similar to Luminal A tumors as they are HR+ and HER2- with low levels of Ki-

67, but their gene expression pattern involves low expression of genes characteristic 

of luminal epithelial cells but with high expression of genes characteristic of basal 

epithelial cells and adipose cells (Perou et al., 2000). 

Choice of treatment is primarily based on the breast cancer subtype due to their 

differences in nature and thus it is important to classify following diagnosis. 

Subsequently, it is important to understand the different molecular backgrounds of 

these subtypes for improving diagnosis and treatment. 
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1.1.2 Cancer development and metastasis 
Healthy and functional cells proliferate by cell division. At some point, cell division can 

become uncontrolled, predisposing cancerous growth. The initial formation of a tumor 

is called the primary tumor. Primary tumors are responsible for about 10% of cancer 

related mortality. Cancer stem cells that escape the environment of the primary tumor 

and circulate to distant organs are termed metastatic stem cells (Weinberg, 2007). 

Metastatic cancers are in many cases severe, mainly because of their resistance to 

treatment (Liu et al., 2016) and their circulation to distant organs before the presence 

of a primary tumor has been discovered (Wells et al., 2013). During the discovery of 

the primary tumor, metastatic cells can not be clinically detected as they have only 

formed micrometastases which are only detectable by microscope.  

 
1.1.2.1 Gene expression in cancer progression 

All cells regulate gene expression, either upregulation or repression of specific genes, 

most favorable for their proliferation. A very brief illustration of gene expression starts 

with activation of a transmembrane receptor resulting in activation of a cytoplasmic 

transcription factor (TF). The transcription factor then moves to the nucleus where it 

starts transcription, yielding mRNA. Finally, the newly synthesized mRNA is transferred 

to the cytoplasm where it is translated into a fully functional protein (Orphanides et al., 

2002). Different tissues have different environments so they require different functions, 

forming tissue-specificity. This process is called differentiation and requires genes to 

be expressed of distinct degree by TFs. Upregulation of genes results in increased 

sensitivity to functions related to the upregulated gene while repression, or 

downregulation, of genes reduces their sensitivity enabling the cell to control its 

reactions to the surrounding environment (Lodish et al., 2000). 

Genes that decide whether a cell should divide into two daughter cells are 

sorted into proto-oncogenes on one hand and tumor suppressor genes on the other 

hand. Proto-oncogenes encourage cell division but tumor suppressor genes sense 

abnormalities in the cell and eventually, after attempts of repair, send it into apoptosis 

by stimulating tumor suppressing proteins (Weinberg, 2007). These abnormalities are 

caused by DNA alterations, including mutations, gene amplification and chromosomal 

rearrangements (Pierotti et al., 2003). Tumor cells have the ability to manipulate this 

system of controlled cell division by altering these genes and other tumor associated 

factors. Alterations of proto-oncogenes, caused by TFs, form oncogenes, prompting 
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overly active and uncontrolled cell division and eventually developing tumor growth. 

As opposed to the proto-oncogene, altered tumor suppressor genes can become 

inactive, leading to the same outcome as oncogenesis (Weinberg, 2007). 

Each cancer has its specific ability to cause genetic and epigenetic alterations 

by several different tumor associated factors favoring its proliferation. Genetic 

alterations refer to the change in DNA sequence while epigenetic alterations do not 

involve a change to the DNA sequence itself (Jiang et al., 2017). This phenomenon is 

called gene expression signature and is unique for each cancer. Organotropism is 

established by the nature of a phenomenon called the pre-metastatic niche as a result 

of its gene expression signature making it important to investigate in cancer research. 

According to Chibon, genetic alterations of each signature can be in singles or 

combined, having specificity regarding diagnosis, prognosis or prediction of 

therapeutic response (Chibon, 2013). There are two criterias that genes need to fulfill 

in order to become candidates of a disease-related signature, as Eckhardt et al. point 

out. They must be detectable within the primary tumour or in disseminated tumor cells 

and should correlate with disease-free survival or therapeutic response. Also, their 

expression or repression should be able to modulate metastatic potential in animal 

models without causing systemic toxicity (Eckhardt et al., 2012). 

As each independent group of cancer, such as breast cancer subgroups, has 

its own unique gene expression signature with variable metastatic abilities forming 

organotropism to organs of unequal extent, diverse gene expression signatures can 

be compared to try and find differences linked to these variable outcomes hopefully 

distinguishing genes that provide metastatic proficiency and eventually improve 

prognosis. Tumors forming metastasis show significantly worse prognosis than other 

non-metastatic tumors (Weinberg, 2007) making further research essential. 

 
1.2 The pre-metastatic niche 
A hypothesis commonly known as the “seed and soil”, is over a hundred years old 

hypothesis describing metastasis where “the seed” stands for the pre-metastatic tumor 

cells that colonize at a specific organ, which symbolizes “the soil” (Fidler, 2003; Paget, 

1889). A soil needs to have a welcoming environment rich with nutrients favoring tumor 

cells for metastatic formation. In fact, it has been described that strict communications 

between these two factors might be responsible for specific organotropism and that 

the choice of organ is of no coincidence	(Paget, 1889). Thus, the newest and probably 
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the most exciting feature of metastasis is the formation of a so-called pre-metastatic 

niche. The pre-metastatic niche can be described as a nutritious environment, which 

favors and is required for tumor growth and has been found to be formed by the primary 

tumor as a result of hypoxia and inflammation. In more detail, the pre-metastatic niche 

is formed by primary tumor-derived factors, such as exosomes, and tumor-mobilized 

bone marrow-derived cells (BMDCs) together interacting with local stroma 

components (Liu et al., 2016). It also plays an important role in providing survival 

signals for tumor cells that have entered the circulatory system, termed circulating 

tumor cells (CTCs) which eventually colonize at a distant organ (Liu et al., 2016). The 

pre-metastatic niche is thought to be a crucial step in the invasion-metastatic cascade, 

seen on Figure 1, which is known to be a crucial pathway for tumor cells to undergo to 

be able to form metastasis.  

	

  

Figure 1 The invasion-metastatic cascade (Kitamura et al., 2015) 
The	invasion-metastatic	cascade	describes	the	movement	of	cancer	stem	cells	from	primary	
tissue	to	distant	organs.	Several	steps	are	involved	in	this	procedure,	such	as	angiogenesis,	
invasion,	intravasation,	survival	in	blood	stream	and	immune	escape	and	finally	the	cancer	
stem	cell	escapes	the	blood	stream	by	extravasating	into	the	distant	tissue.		
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First, the growth of the primary tumor increases, resulting in a loss of adhesion 

at the local site. Next, intravasation occurs as the metastatic tumor cells escape the 

primary tissue through the stroma and enter the bloodstream. The circulating 

metastatic cells generate embolism with circulatory blood cells and eventually 

translocate to distant organs. At a desired organ, they arrest and adhere to the organ’s 

tissue. After extravasating from the bloodstream into the basement membrane of the 

distant tissue and invading nearby blood vessels, pre-existing or by angiogenesis, an 

establishment of a micrometastasis will occur. Micrometastasis can then lay dormant 

for years before colonizing into macrometastatic environment (Eckhardt et al., 2012; 

Holmgren et al., 1995).	

Characterization of the pre-metastatic niche can be divided into six features; 

immunosuppression, inflammation, angiogenesis/vascular permeability, 

lymphangiogenesis, organotropism and reprogramming (Liu et al., 2016). 

Immunosuppression is crucial for metastatic formation as the agents of the immune 

system are a big threat for tumor progression. On the other hand, factors of the immune 

system can be manipulated by tumor cells as well, causing critical inflammation for 

tumor growth. For more likely extravasation, pre-metastatic niches increase of 

angiogenesis and vascular permeability is favorable as well as lymphangiogenesis. 

Organotropism is established by the nature of the pre-metastatic niche as a result of 

its gene expression signature. Cells forming the pre-metastatic niche encode genes 

that recruit cancer cells and other tumor-derived factors enabling translocation to the 

distant site (Kitamura et al., 2015). Finally, pre-metastatic niche formation includes 

reprogramming of metabolic, epigenetic and stromal behavior (Scherz-Shouval et al., 

2014; Wu et al., 2015). Reprogramming of cells is when one specific cell type is 

converted, or changed, into another phenotype.  

Induction of epithelial-to-mesenchymal transition (EMT) is another crucial factor 

that the pre-metastatic niche is known to be involved in. Normal epithelial cells are 

equipped with E-cadherin and other epithelial cell junctional proteins, such as claudins 

and zonula occludens 1 which maintain cell-cell adhesion. These stable cell junctions 

cause immobility and stiff structural features. Thus, in order for cells to become 

metastatic they have to be able to undergo EMT allowing them to become mobile and 

invasive mesenchymal cells by exchanging E-cadherin and the other proteins by N-

cadherin and other mesenchymal markers such as vimentin and fibronectin (Buijs et 

al., 2007; Huber et al., 2005; Weinberg, 2007). As a result, their motility and 

invasiveness is due to their limited cell-cell connections and absence of tight junctions 
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(Ebben et al., 2016). EMT inducing signals originating from the pre-metastatic niche 

have been the main focus in many cancer studies to increase the understanding of 

metastasis behavior (Mani et al., 2008). They are controlled by multiple primary tumor-

derived TFs that can be used as a research tool as they are expressed by genes of 

each tumors unique signature. 

Because of this multifactorial feature of the establishment of the pre-metastatic 

niche, it can be complex to identify genes that are solely responsible for metastatic 

outgrowth of cells of one primary cancer to specific organs. There are methods 

available for complete profiling of gene expression patterns, such as RNA-sequencing 

and DNA microarray, to distinguish differences between two different cell types for 

example. These methods, however, are costly (Mantione et al., 2014) and can be time-

consuming as they are usually confirmed by simpler methods, such as q-PCR or real 

time PCR (Costa et al., 2013). In cases where time and money are limiting factors, it 

could be considered helpful to start the search wide and narrow it down, step by step, 

until finally coming to a probable conclusion of which specific genes should be further 

studied with q-PCR.  

By starting the search wide, one might want to break down the invasion-

metastatic cascade into its crucial steps, such as cell intravasation, survival in blood 

stream and extravasation demonstrated in Figure 1. What favors the decision to start 

the search by evaluating these broad features is the fact that there are several different 

assays available for analysing each of them. For example, intravasation can be 

measured by in vitro cell invasion and migration assays, survival in blood stream can 

be measured by in vitro anoikis assay and finally, extravasation can be measured by 

in vitro cell adhesion and transmigration assays (Menyhárt et al., 2016).  

The results of these in vitro assays might then point to one specific step showing 

more significant difference than the others between the two analysed phenotypes. If, 

for example, the results of cell adhesion assays point out significant difference between 

the parental line and its subline when analysed, genes that have been shown to 

influence cell adhesion in cancer metastasis might be chosen for further analysis. For 

example, Kall et al. have identified the gene tenascin C (TNC), that encodes for an 

extracellular matrix protein and was found to be vital for tumor survival and outgrowth 

in the lung. This gene is suppressed by miR-335, with subsequent loss of miR-335 

function been linked to relapse in breast cancer patients (Kall et al., 2013). 

Great information has come through in research but enough is left to study 

further. Recently, efforts have been directed towards the findings of special metastatic 
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signatures instead of single genes for better diagnosis and treatment. For example, 

Peinado et al. have identified an exosome-specific melanoma signature with 

prognostic and therapeutic potential. Their findings indicate upregulation of the 

tyrosinase-related protein-2, very late antigen 4, exosomal heat shock protein 70 and 

the MET oncoprotein, also known as	hepatocyte growth factor receptor, in stage 4 

breast cancer patients. They also put out evidence of the appearance of a special 

isoform of the exosomal heat shock protein 90 in stage 4 breast cancer patients 

(Peinado et al., 2012).  

 

1.2.1 Extravasation 
As described before, one step of the invasion-metastatic cascade is extravasation. 

Extravasation is a key step in organotropism as cancer cells need to extravasate into 

the endothelial layer at the distant organ. Extravasation can be divided into three 

separate steps; CTCs get stuck in narrow capillaries of the distant organ, adhere 

properly to the endothelial layer (adhesion) and finally transmigrate through the 

endothelial layer and into the distant tissue (transmigration) (Ito et al., 2001; Kienast et 

al., 2010). Several factors, such as receptors and chemokines, have been linked to 

contribute to extravasation and are either linked to enhanced adhesive abilites to the 

endothelium or the transmigrative abilities through the layer (Reymond et al., 2013). 

By examining extravasative abilities of cancer sublines with tropism to different 

organs, the pre-metastatic niches behavior of these organs can be further described 

and hopefully the reprogramming changes involved with extravasative abilities can be 

mapped.  

 

1.3  Organotropism 
The description of tropism in the Oxford dictionary is “The turning of all or part of an 

organism in a particular direction in response to an external stimulus” (Oxford English 

Dictionary). Organotropism in cancer development can thus be described as 

movement of metastatic cancer cells to a specific organism in response to an external 

stimulus of the pre-metastatic niche. As mentioned above, in association with host 

stromal cells and their derived components, primary tumors and BMDCs prime the 

specific organ site by forming pre-metastatic niche. Pre-metastatic niches are of 

different molecular and cellular components that are selectively enriched, 

demonstrating organotropism (Liu et al., 2016). This organotropism is of unequal 
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extent for each primary tumor as a result of their differences in secretion of tumor-

derived secreted factors (TDSF). 

The nature of organotropism makes direct vascular connection with primary 

tissue unnecessary, as can be seen in the most frequent metastatic organs of breast 

cancer, despite the fact that the circulatory pattern and receptor status of breast cancer 

cells is important in tropism as well (Custódio-Santos et al., 2017).  

When analysing genomic changes linked to the decision of organotropism of 

breast cancer cells, different sublines with high tropism to different organs, such as 

lungs and bones, can be compared with in vitro analysing methods. For example, 

results can indicate that genes involved in enhanced adhesive abilities are upregulated 

in cells that form metastasis in the lungs while genes regulated for enhanced 

transmigratory abilites might be involved in bone tropism.  

 

1.3.1 Common metastatic tissues 
Lungs, bones and brain are common metastatic organs (Eckhardt et al., 2012; Nguyen 

et al., 2009; Singh et al., 2017) with very different capillary cell types and penetration 

indexes. As mentioned earlier, metastatic cancer cells will extravasate from the 

bloodstream and into basement membranes of nearby blood vessels, pre-existing 

vessels or by angiogenesis, to establish micrometastasis. 
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Figure 2 Metastatic permeability of lung, bone and brain capillaries towards breast 

tumor cells (Nguyen et al., 2009) 
 

If permeability of these three common metastatic organs are compared it can 

be seen that there are some differences. As Figure 2 demonstrates, the capillaries of 

the blood brain barrier consist of surrounding astrocytes, a basement membrane with 

pericytes and finally a very tight layer of centrally located endothelial cells that cancer 

cells need to extravasate. Brain capillaries are considered the hardest to extravasate 

as a result of their strong hematoencephalic barrier that only passes through cells and 

other organisms with crucial extravasation functions, such as robust and advanced 

cancer cells (Weil et al., 2005). Lung capillaries consist of a cell layer containing 

surrounding alveolar cells that, together with endothelial cells, form the basement 

membrane. Endothelial cells of the lung capillaries are adequately tight but not as rigid 

as the endothelial cells of the brain (Gupta et al., 2007; Karnoub et al., 2007; Padua et 

al., 2008; Weis et al., 2004). Finally, the fenestrated structure of the bone marrow 

sinusoid capillaries is the weakest for maintaining cancer cell penetration consisting 

only of inconsistent sinus cells and a haematopoietic cell (Kopp et al., 2005). 
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 The capability of cancer cells to extravasate into these different organ-specific 

capillaries is a consequence of genetic or epigenetic alterations, giving them specific 

extravasation features for a specific organ. How do researchers know that the organ-

specificity is due to genetic or epigenetic alterations? Because when studied they 

showed stability ex vivo meaning that external factors are not responsible for the 

specificity formation (Nguyen et al., 2009). 

The lungs are often easily exposed to metastasis as the first capillary bed that 

cancer cells reach via circulation is the capillary bed of the lungs (Suster et al., 1995). 

As cancer cells move through the ever narrowing capillaries as they move farther away 

from the heart, they eventually get stuck in the small capillaries of the lung (Weinberg, 

2007). As mentioned earlier, lung cells possess a basement membrane that can be 

seen as a cancer cell obstacle. Cells containing specific extravasation features, like 

some cancer cells, can interact with the basement membrane and penetrate through 

into the alveolar cells (Nguyen et al., 2009). 

 

1.3.2 Bioluminescence imaging for detection of organotropism 
In vivo bioluminescence imaging (BLI) is an optical image-guided method that can be 

used to detect tropism in small animal models (Zinn et al., 2008). The process can be 

roughly described as a combination of a grayscale background image and 

bioluminescent image captured simultaneously. The grayscale background image 

shows the whole model organism, such as mice, while the bioluminescent image 

shows molecular substrates that have been engineered with a molecular reporter, or 

a vector, to conduct bioluminescence (Xenogen Corporation, 2002-2009). The 

bioluminescent image is overlaid on the grayscale background image showing 

bioluminescent regions of the host organism. A commonly used vector is the enzyme 

luciferase, produced by the North American firefly (Sadikot et al., 2005). Experimental 

cancer cell lines, such as the E0771 cell line, are often transduced with the luciferase 

vector prior to implantation into mice and then, when the mice are intraperitoneally (i.p) 

injected with D-luciferin, a reaction takes place in the cells causing light emission. The 

reaction includes a conversion of D-luciferin to the light emitting compound oxyluciferin 

catalyzed by the enzyme (Sadikot et al., 2005; Zinn et al., 2008). During BLI, the 

system used captures the emission as bioluminescence with a light-sensitive camera 

and generates a bioluminescent image (Xenogen Corporation, 2002-2009). As the 
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vector is necessary for the reaction to take place, the imaging can capture the exact 

location of the luciferase engineered cancer cells. 

Data from BLI shows different degrees of emission by different color scaling, 

hence, giving a precise image of cell accumulation in every compartment of the host 

organism (Zinn et al., 2008). To measure relative or absolute amount of light emission 

of a given area, such as the lung, acquisition and analysis parameter called region of 

interest (Hait et al.), demonstrated on Figure 3, can be used. Note how the ROI on the 

figure are all of the same size and positioned similarly on each mice, but that is a crucial 

factor during such measurements for a complete and accurate comparison. The 

system can then generate ROI data that can be exported into calculation and/or 

graphic tools such as Microsoft Excel. The data can then be plotted for statistical 

demonstration of comparison, for example, total photon flux indicating photons per 

second versus time between imaging. 

	

Figure 3 Image demonstration of ROI positioning and measurements in BLI (Lee et al., 
2015) 

	

This specific imaging method makes it possible for researchers to quickly and non-

invasively analyse tumor proliferation and metastatic formation in vivo, which can be a 

key factor in making researches possible for researchers that face time shortage. It 

also favors accurate measurements of fast tumor proliferation rate and tropism to 
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distant organs by offering the possibility of real time monitoring. By eventually 

connecting the images to the software, researchers are able to measure closely 

movement to lungs and finally, confirm by imaging lungs with the same technique ex 

vivo. In vivo imaging might be considered a crucial first step in cancer metastasis 

research to evaluate movement to the target organ prior to in vitro experiments. 
 

1.4 The need for new tissue tropism models in metastatic studies 

In recent decades, medical sciences have seen great advancements in medical 

interventions and treatments, increasing the life expectancy of an average individual. 

As a result, more complex diseases such as cancer have emerged and created new 

obstacles for medical sciences (Weinberg, 2007). In fight against cancers, it has 

become clear that one of its key problems is the formation of aggressive metastasis 

resistant to treatments. Due to this, researchers cannot avoid the need for continuous 

examination of the oncology field to defeat the defence mechanisms of tumor cells. 

Advancing research requires improvements of diverse research approaches, 

including preclinical models. Diverse preclinical models are key factors in research as 

they enable precise measurements of critical components of metastasis, such as 

components of the pre-metastatic niche. 
 

1.4.1 The use of E0771 cell line as a tissue tropism cell culture model 
Despite the glorification of the immune system and its functions, the use of 

immunocompromised or immunodeficient mice is often needed in research. As such, 

xenografted cancer cells or whole cancer tissues from humans can be investigated by 

injecting them into mice (Katsuta et al., 2016). To be able to inject cells to species that 

are not genetically identical or heterologous, the receiving host has to be 

immunodeficient so the implanted cells are not rejected. In more detailed cancer 

research, however, this causes problems as it can bias the outcome of the research 

for not giving precise imitation of the nature of cancers in the human body because of 

the complicated role of the immune system in cancer progression (Ebben et al., 2016). 

For example, immune cells such as monocytes, natural killer cells and neutrophils are 

in such close contact with CTCs that they eventually affect their extravasative abilites 

(Reymond et al., 2013).  

By using a cancer cell line that is syngeneic to the host mice, thus not requiring 

the mice to be immunodeficient, a more realistic picture could be obtained on the 

metastatic progress. This can be done with the E0771 cell line. This cell line is a luminal 
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A breast cancer cell line isolated from the C57BL/6 mouse (Carrasco et al., 2014; 

Casey et al., 1951). This cell line can thus, be injected into the immunocompetent 

C57BL/6 mouse giving high hopes that the interactions of those cancer cells with the 

mice can be monitored by one way or another. This model has shown to represent 

human diseases better than most subcutaneously grown tumors as the invasiveness 

of the cell line exhibits similar behavior to the one seen in humans as a consequence 

of the cell lines immunosuppressive nature (Ewens et al., 2005). 

As mentioned earlier, good understanding of different molecular backgrounds 

of breast cancer subtypes is important for improving diagnosis and treatment. As the 

E0771 cell line is cultured from a luminal A breast cancer (Carrasco et al., 2014), it can 

contribute to further research of the metastatic ability of this cancer subtype. Despite 

the fact that primary luminal A breast cancers normally have good prognosis pattern 

same treatment concerns and problems apply to their metastasis development as to 

other breast cancer subtypes with worse prognosis patterns. This means that 

additional research considering metastatic patterns of luminal A cancers is necessary. 

Luminal cancers usually metastasize more to the bone than the lung when compared 

to cancers of other subtypes (Soni et al., 2015). However, this cell line shows special 

metastatic ability to lungs, promoting more detailed viewing of the pre-metastatic niche 

formation of the subtype in lungs (Ewens et al., 2005).  

Cancers show genomic instability resulting in frequent genetic alterations 

forming different phenotypes and that also applies to the E0771 cell line. The cell line 

shows the ability to metastasize to various organs of different extent. Thus, it is a good 

cell line to analyse the differentiation that results in the choice of organ that luminal A 

breast cancers metastasize to.  
 

1.4.2 Experimental and spontaneous approaches for metastasis 

formation in mice 
There are several approaches for cultivation of metastasis in mice. However, the 

choice of a method should be considered thoroughly as they come with great 

differences. The approaches can be divided into two main groups; spontaneous 

approach and experimental approach. 

Spontaneous metastasis can be formed in transgenic mice or orthotopically 

injected mice. Transgenic mice are genetically engineered to overexpress oncogenes 

forming tumor growth and with time they will develop metastasis to distant organs. 

Orthotopically injected mice are as the term describes, injected orthotopically with 
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bioengineered cancer cells, directly into favored primary tumor sites, for example the 

mammary gland to study breast cancer metastasis. The main advantage of 

spontaneous approaches is the ability to study metastatic formation in as natural way 

as possible as the full invasion-metastasis cascade occurs entirely in the host giving 

more specific image of metastatic formation (Eckhardt et al., 2012; Gómez-Cuadrado 

et al., 2017). The biggest disadvantage however, is the long waiting time and the 

overall uncertainty of a metastatic formation as the tumor cells need to willingly 

intravasate from the primary tumor and move into the bloodstream (Hait et al., 2015; 

Katsuta et al., 2016; Liang et al.).  

Experimental approaches are involved with colonization assay or tropism 

assay. Colonization assay involves direct injection of tumor cells into veins with high 

blood flow while tropism assay refers to injection into desired metastatic organs.  

(Eckhardt et al., 2012; Khanna et al., 2005). Experimental colonization injection of cells 

into veins of high blood flow, generally the cardiac route, tail vein route or spleen or 

portal vein route, enables them to immediately travel by circulation to distant organs 

(Khanna et al., 2005). In contrast with spontaneous approaches, the main advantage 

of experimental approaches is short or no waiting time until metastasis is formed while 

the disadvantage is the absence of a primary tumor intravasation, which gives bias to 

naturally occuring metastasis. Another disadvantage of tropism assay is the lack of 

ability to recapitulate metastasis, the cells are injected directly into the organ only 

giving useful information of tumor growth (Gómez-Cuadrado et al., 2017). ER+ breast 

cancers have shown long latency between initial therapy and the onset of metastasis 

and thus experimental assay is especially useful in this case (Eckhardt et al., 2012). 

The approach is also useful for analysis of lung metastasis as the tail vein injection 

mainly causes lung metastasis (Khanna et al., 2005). 

Taken together, it is in many ways favorable to use the C57BL/6 mouse strain 

and its syngeneic E0771 cell line for cancer metastasis research. Firstly, the ability to 

mimic the role of the immune system in cancer metastasis increases the credibility of 

the model. Secondly, the model is able to both generate metastasis in lungs, which is 

uncommon for luminal A breast cancers, and form metastasis quicker than other 

models based on other in vivo cancer metastasis approaches. Finally, since the 

“...majority of genetically ‘pure’ knockout mice have been generated on, or 

backcrossed onto, the C57BL/6 background, it is desirable to have metastatic 

transplantation models in this strain” (Johnstone et al., 2015).  
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2. OBJECTIVES 

	

Today, treatments fail to overcome metastatic formation as a result of cancer 

resistance. By locating metastatic specific genes in tumorous gene expression, 

treatments could be improved by designing and formulating new drugs to target and 

disrupt these genes and eventually, hindering metastatic formation. Because the cell 

line is injected to immunocompetent mice, it has been shown to represent human 

diseases better than most subcutaneous grown tumors which favors the authenticity 

of the results.  

I. The primary objective of this project was to establish a subline of the E0771 

cell line with specific metastatic ability to lungs with the use of animal models 

for comparison to the parental cell line or other E0771 sublines with 

metastatic affinity to other organs. 

II. The secondary objective of this project was to compare the established 

subline to its parental E0771 cell line in vitro to test the hypothesis that key 

differences between the two cell cultures are in the late steps of metastasis.  
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3. MATERIALS, INSTRUMENTS AND METHODS 
 

3.1 Living organisms and cells 
Table 2 Living organisms and cells used in the study 

Type Source 
Living organisms 

B6 albino mice Oriental Yeast Co., Ltd. 

Cells 

bEnd3 cells American Type Culture Collection (ATCC) 

E0771 cell line  CH3 Biosystems LLC 

 
3.2 Reagents 
Table 3 Reagents 

Reagents Lot. / Product nr. Manufacturer 

Cell cultures 

Bambanker media Lot. 160114 Nippon Zenyaku Kogyo 

Co., Ltd. 

10% fetal bovine serum (FBS) Lot. 161011-0130 Equitech-Bio, Inc. 

Geneticin 418 (G418) 11811-098 Gibco 

KCl 163-03545 Wako 

Na2HPO4∙12 H2O 192-03035 Wako 

NaCl 191-01665 Wako 

KH2PO4 169-04245 Wako 

Phosphate-buffered saline (PBS) 

 

137 mM NaCl 

2.7 mM KCl 

8.1 mM Na2HPO4 

12H2O 

1.47 mM KH2PO4 

Mixed in Kondoh 

laboratory 

Roswell Park Memorial Institute 

(RPMI) medium 
Lot. 1894845 Gibco 

Trypsin / EDTA 204-16935 Nacalai  

Trypan blue Lot. TWQ7019 Wako 

In vivo analysis 
D-luciferin (10 mg/ml) Lot. 0000185914 Promega 
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Luciferase assay 
D-Luciferin (10 mg/ml) Lot. 0000185914 Promega 

Luciferase assay reagent - Promega 

Passive Lysis Buffer Lot. 0000246522 Promega 

In vitro assays 
Cell-Tracker Green CMFDA Lot. 1843706 Thermo Fisher 

Dulbecco's Modified Eagle's Medium 

(DMEM) 

Lot. 1922818 Gibco 

Ethanol 08948-25 Nacalai 

10% fetal bovine serum (FBS) Lot. 161011-0130 Equitech-Bio, Inc.  

Paraformaldehyde Lot. M5P2618 Nacalai 

Trypan blue Lot. TWQ7019 Wako 

Roswell Park Memorial Institute 

(RPMI) medium 

Lot. 1894845 Gibco 

Water-soluble tetrazolium salt 1 

(WST-1) 
Lot. 25599600 Roche Diagnostics 

 
3.3 Instruments and equipment 
Table 4 Instruments and equipment 

Instrument/Equipment Model/Version Manufacturer 

Cell cultures 
Adjustable pipettes 2-20 µl 

20-200 µl 

100-1000 µl 

Watson 

Cell culture dish  10 cm: Lot. 8351877 Thermo Fisher 

Centrifuge 2800 Kubota 

Cryotubes Lot. 4601X608P4341 Sumivon 

Hemocytometer Thoma class 1 Erma Tokyo 

Incubator MCO-19M Sanyo 

Inverted microscope 

(4x, 10x, 20x, 40x) 
IX73 Olympus 

Motorized pipette - Thermo Fisher 

Pasteur pipette Lot. GL04012 Thermo Fisher 
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Vacuum aspirator Linicon LV-660 Nitto Kohki Co., Ltd. 

In vivo animal experiments 

Ear tags KN-295 Natsume Seisakusho 

Co., Ltd. 

Escain inhalation anaesthetic 

chamber 

XGI-8 Xenogen 

Scissors and tweezers - - 

Sterilizing wipes Lot. 111315Y Alwety 

Syringe needle (1 ml) SS-10M2713 Terumo 

Luciferase assay 

Centrifuge tube (15 ml) H9AF827116 Thermo Fisher 

Luminometer  GL-200 Gene Light Microtec Co., Ltd. 

Microcentrifuge tube (1.5 ml) Lot. 7497 Watson 

In vitro assays 
Adjustable pipettes 2-20 µl 

20-200 µl 

100-1000 µl 

Watson 

Centrifuge tube (15 ml) H9AF827116 Thermo Fisher 

Cell culture dish 6 cm: Lot. 7104471 

10 cm: Lot. 8351877 

Thermo Fisher 

Incubator MCO-19M Sanyo 

Fluorescent microscope 

(4x, 10x, 20x, 60x) 

BZ-X710 Keyence 

Inverted microscope  

(4x, 10x, 20x, 40x) 

IX73 Olympus 

Inverted microscope  

(4x, 10x, 20x) 

IX71 Olympus 

Microcentrifuge tube (1.5 ml) Lot. 7497 Watson 

Micro glass slides Lot. 40603322SP Matsunami 

Micro plate reader 680XR Bio-Rad 

Multiwell 6-well plate / 

24-well plate /  

96-well plate 

Thermo Fisher 

Pipette tip (1 ml) FG-301 FastGene 

Transwell chamber Lot. 33117053 Corning 
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Software 

ImageJ analysis Version 5.2.1 Bio-Rad Laboratories 

In Vivo Imaging System (IVIS) IVIS spectrum Caliper Life Sciences 

Living Image Version 4.2 PerkinElmer 

BZ-X Wide Image Viewer BZX700 Keyence 

 
3.4 Methods 
3.4.1 Cell culture and isolation 
All cell cultures were maintained at 37°C in a 95% ± 5% RH humidified incubator at 

5% CO2. 

 
3.4.1.1 Parental E0771 cell line 

The parental E0771 cell line is a medullary breast adenocarcinoma cell line originally 

isolated as a spontaneous tumor from C57BL/6 mice (Casey et al., 1951). In this study, 

a spontaneous albino mutant coisogenic C57BL/6 strain was used which will hereby 

be abbreviated as B6 mice. A frozen stock of the cell line was purchased. The cell line 

was transduced in Kondoh laboratory with monomeric Kusabira orange 2 (mKO2) 

and the firefly luciferase gene, luc2. Since the transduction process was not a part of 

this project, the procedure can be seen in Appendix I. E0771 cells were maintained in 

6-10 cm culture dishes in Roswell Park Memorial Institute (RPMI) medium 

supplemented with 10% fetal bovine serum (FBS). According to the manufacturer, no 

antibiotics were needed for recovering the frozen stock. However, all culture medium 

in Kondoh laboratory included penicillin and streptomycin. Culture medium was 

changed two to three times a week and cells were split 1:4-1:13. During change of 

culture medium the cells were washed with phosphate-buffered saline (PBS) in 1% 

ethylenediaminetetraacetic acid (EDTA) before treatment with trypsin in EDTA to 

detach cells from the dish. 

 

3.4.1.2 Establishment of E0771-L1 and E0771-L2 sublines with specific lung 

metastatic ability 

The first generation E0771 subline, named E0771-L1, was obtained from an in vivo 

isolate from lungs of B6 mice inoculated by tail vein with the parental E0771 cell line, 

L0. The second-generation subline, named E0771-L2, was obtained from an in vivo 

isolate from lungs of mice inoculated by tail vein with E0771-L1 cells in another round. 
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To obtain the E0771 sublines, lungs were dissected and minced finely and cultured in 

RPMI + 10% FBS supplemented with 1 mg/ml Geneticin 418 (G418). G418 was used 

to remove excess epithelial cells since the luciferase gene, before transduced into 

E0771 cells, is resistant to G418, making the E0771 cell line resistant as well. Culture 

medium was changed twice a week and cells were split 1:8 when they had reached 

~90% confluence in the culture dish when examined under light microscope. Prior to 

inoculation cells were cultured for two weeks on a 10 cm cell culture dish. Altogether 

there were three rounds of inoculation. Two inoculations for the establishment of 

E0771-L1 and E0771-L2 and one inoculation for the in vivo analysis of the metastatic 

ability of E0771-L2 cells. Figure 4 is demonstrative of this establishment.  

	

 

Figure 4 Establishment of E0771 sublines from B6 mice with specific lung metastatic 
abilities 

L0	(E0771	parental	line)	cells	were	injected	into	three	different	mice	marked	702,	703	and	704	with	
ear	 tags.	Three	different	E0771-L1	sublines	were	 then	 isolated	 from	each	of	 the	 three	mice	and	
injected	into	other	three	mice	each.	E0771-L1	cells	from	mouse	702	were	injected	into	mice	marked	
774,	775	and	776;	E0771-L1	cells	from	mouse	703	were	injected	into	mice	marked	777,	778	and	
779;	E0771-L1	cells	from	mouse	704	were	injected	into	mice	marked	780,	781	and	782.	Finally,	
E0771-L2	cells	isolated	from	mouse	774	were	injected	into	four	mice	marked	830,	831,	832	and	
833	for	in	vivo	analysis	of	the	established	subline.	Note	that	the	numbers	boxed	on	the	figure	are	
labels	given	to	each	mouse	inoculated.	
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3.4.2 In vivo experiments 

 
3.4.2.1 Animal models 

All animal work was done in accordance to Guidelines for Proper Conduct of Animal 

Experiments approved by the Science Council of Japan. A Certificate of Completion of 

Animal Research Training can be seen in Appendix IV.  6-7 weeks old female B6 mice 

were purchased for all in vivo studies. They were maintained in a specific pathogen-

free environment and fed ad libitum. For lung metastasis formation, 5 x 105 viable 

parental E0771 cells or dissected lung cells were washed and harvested in PBS, mice 

were anaesthetized by escain inhalation anesthetic solution and injected with cells by 

tail vein injection in a volume of 0.1 ml. Bioluminescence imaging of all mice was 

conducted for luciferase activity immediately after injection to exclude any 

unsuccessful inoculation of tumor cells. Furthermore, the mice were closely monitored 

for the following 2-3 weeks after injection by bioluminescent imaging for the 

development of metastasis. Finally, the inoculated mice were euthanized prior to lung 

dissection when luciferase signal reached photon flux of 108-109. 

 

3.4.2.2 In vivo bioluminescent imaging (BLI) 

Metastatic activity was assayed by BLI of luciferase-transduced cells as well as gross 

examination of the lungs at necropsy. Inoculated mice were anaesthetized by escain 

inhalation solution and injected intraperitoneally (i.p.) with 0.1 ml of D-luciferin (10 

mg/ml in PBS). Bioluminescent signals were recorded using In Vivo Imaging System 

(IVIS) spectrum 10 minutes after the D-Luciferin injection with the exposure time of 1 

second, binning small, 10 seconds, binning small and/or 1 minute, binning medium. 

For BLI plot, photon flux was calculated for each mouse by using a circular region of 

interest encompassing the lungs of the mouse in a prone position. 

 

3.4.3 Luciferase assay 
Cells from each subline and parental line were gathered in a microcentrifuge tube (1.5 

ml), adjusted to 1 x 105 cells for luciferase assay and centrifuged to remove culture 

media. Passive lysis buffer (500µl) was added to each culture tube for cell lysate 

preparation. Prior to light measuring with luminescence meter, 10 µl of luciferase assay 

reagent was added to 10 µl of cell lysate in new microcentrifuge tubes. Finally, tubes 

were placed in a luminescence meter for light emission measurement, with 5 second 
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lag time. During luciferase assay, time point for preparation and measurements was 

the same for all three cell cultures for precise comparison. 

 

3.4.4 In vitro assays for comparison of the E0771 parental cell line and the 

established E0771-L2 subline 
Several assays were conducted to compare the parental cell line E0771 to its cultured 

subline E0771-L2.  

 

3.4.4.1 Cell proliferation assay 

The water-soluble tetrazolium salt 1 (WST-1) reagent was used to evaluate cell 

proliferation. In principle, the stable tetrazolium salt WST-1 is cleaved to form a soluble 

formazan by the glycolytic production of NAD(P)H in viable cells. The amount of 

producing formazan dye correlates with the number of viable cells (Riss et al., 2004). 

E0771 parental cells and E0771-L2 subline (1 x 103 cells) were seeded in triplicate in 

a 96-well plate in the final volume of 100 µL/well culture medium (RPMI/10% FBS). 

Culture medium was also placed in the plate for control. After 24, 48, 72 and 96 hour 

incubation culture medium was not removed but 10µl of WST-1 was added to each 

well directly and mixed thoroughly with a pipette. The cells were further incubated for 

1 hour in a humidifier. Finally, formazan absorbance was measured using a microplate 

reader at 450 nm with a reference wavelength of 750 nm. The instrument was 

equipped with a shaker, so it was not necessary to shake prior to absorbance 

measurements.  

 

3.4.4.2 Morphological analysis 

Cell culture dishes of the parental E0771 and E0771-L2 subline were placed under 

optical microscope and imaged. Photographs of 4 random fields in the culture dishes 

were captured for comparison. 

 

3.4.4.3 Cell adhesion assay 

Mouse brain endothelial 3 (bEnd3) cells were used to mimic the endothelial layer. 

bEnd3 (1 x 105 cells) were cultured to confluence in 24-well plate and grown in DMEM 

(10% FBS) to confluence. 5 x 104 cells from E0771 parental cell line and E0771-L2 

subline were stained with 25 µM Cell-Tracker Green CMFDA Dye for 20 minutes and 

plated on top of bEnd3 monolayer for 60 minutes in serum free medium. Then, to 
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remove non-adhering E0771 cells the wells were washed twice with PBS (- EDTA). 

E0771 cells, from either the parental origin or E0771-L2 subline, adhering to bEnd3 

monolayer were fluorescently observed using epifluorescent microscope at x4 

magnification. Fluorescence images of 4 random fields in the well were captured for 

quantification of fluorescent signals using ImageJ analysis software.  

 

3.4.4.4 Cell transmigration assay 

bEnd3 cells were used to mimic the endothelial layer. bEnd3 (1 x 105 cells) were placed 

in the upper compartment of transwell inserts and cultured in DMEM (10% FBS) to 

confluence. 5 x 104 cells from E0771 parental line and E0771-L2 subline were stained 

with 25 µM Cell-Tracker Green CMFDA Dye for 20 minutes, placed in serum free 

medium in triplicate on top of the bEnd3 endothelial monolayer in transwell inserts in 

and incubated for 24 hours. After 24 hours, cells on the apical side of the transwell 

insert were scraped off and migrated cells on the basal side were fixed with 4% 

paraformaldehyde for 10 minutes. The transwell membranes were then mounted onto 

glass slides for fluorescent observation of migrating cells using epifluorescent 

microscope at x20 magnification. Fluorescent photographs of 4 random fields in the 

wells were captured for quantification of fluorescence signals using ImageJ analysis 

software. 

 

3.4.5 Statistical analysis 
All in vitro cell culture experiments were performed in triplicate or sextuplicate for 

statistical analysis. Statistical significance was calculated using an unpaired two-tailed 

t test in Microsoft Excel. The results were considered statistically significant if P value 

was less than 0.05 (P<0.05). Graphs were created in Excel.  
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4.  RESULTS 
 

4.1 In vivo monitoring of the organotropism of breast epithelial 
cell lines to the lungs in B6 albino mice 
To establish the highly lung metastatic E0771-L2 subline, two cycles of isolation had 

to be performed prior to in vivo and in vitro specificity comparison of the established 

E0771-L2 subline and the E0771 parental line. In the second isolation cycle, the main 

focus was on mice showing high lung metastatic abilities as the purpose was to pick 

out the lungs from mice with high signals in hope to isolate cancer cells with high affinity 

for further specialization and isolation. 

	

4.1.1 Cycle 1: Establishment of E0771-L1 subline from parental E0771 

cells 

In vivo imaging of inoculated mice indicated successful tail vein injection of parental 

E0771 cells, L0, on Day 0. As can be seen in Figure 5.b, the cancer cell count 

decreased extensively on Day 1 as expected due to the natural immune response. 

Cancer cell count subsequently increased and reached above the initial count at Day 

15 as can be seen on Figure 5.a and 5.b.  
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On Day 18 the growth was considered sufficient for lung dissection of mouse 704 while 

a decision was made to leave mice 702 and 703 for additional four days in hope for 

further tumor proliferation. Finally, on Day 22 mice 702 and 703 were sacrificed and 

lungs collected. Total photon flux of bioluminescent signal in vivo for whole cycle 1 can 

be seen on Figure 5.a as well as plotted total photon flux of signals in lung area in vivo 

in Figure 5.b. The positioning and size of ROI’s can be seen in Appendix II.  
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Figure 5 In vivo bioluminescent monitoring of metastatic formation in B6 mice from cycle 1  
a.	In	vivo	BLI	analysis	of	B6	mice	inoculated	with	the	parental	E0771	cell	line	(L0)	for	establishment	of	
E0771-L1	subline	intended	for	further	subcultivation.	Three	mice	(702,	703	and	704)	were	inoculated	
by	tail	vein	with	1	x	105	E0771	cells	for	metastatic	formation.	Numbers	0-22	on	top	represent	days	
from	inoculation.	b.	Plotted	results	of	in	vivo	bioluminescent	signals	from	lung	area	of	inoculated	mice	
show	highest	growth	in	mouse	number	703	indicating	highest	signal	in	lungs.	
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Despite in vivo imaging pointing to metastatic growth in lung area, ex vivo imaging of 

lungs had to be performed for confirmation as in vivo imaging can hardly indicate the 

exact positioning of cancer proliferation and metastasis. Ex vivo BLI of lungs from all 

three inoculated mice, which can be seen in Figure 6.a, shows several colonies in all 

lungs suggesting successful metastatic formation in first cycle and establishment of 

E0771-L1 subline. These results are supported by the plotted ex vivo data, seen in 

Figure 6.b, indicating mouse 702 inoculated with L0 cells to have the highest growth 

rate and numbers of foci in lungs despite in vivo results showing largest growth in 

mouse 703.  
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Figure 6 Ex vivo results of metastatic foci in lungs of B6 mice from cycle 1 
BLI	were	 taken	of	 lungs	ex	 vivo	 to	determine	 the	metastatic	nature	of	 the	previously	 injected	
E0771	cell	line.	Ex	vivo	BLI	data	shows	the	most	prominent	growth	in	the	lungs	from	mouse	702	
unlike	 in	vivo	BLI	results	showing	highest	overall	signal	in	mouse	703.	a.	 Image	data	from	BLI	
indicating	 largest	number	of	 foci	 in	 lungs	 from	mouse	702.	b.	 Plotted	data	 from	BLI	 indicates	
nearly	tenfold	growth	in	lung	from	mouse	702	compared	with	lung	from	mouse	703	and	nearly	
16	fold	growth	compared	to	lung	from	mouse	704.		
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4.1.2 Cycle 2: Establishment of E0771-L2 subline from E0771-L1 subline 

After injection of E0771-L1 sublines in B6 mice, all the mice showed signals of tumor 

growth but of great variance as can be seen in Figure 7.a and 7.b. Data from 

positioning and size of ROI’s can be seen in Appendix II. 
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Figure 7 In vivo monitoring of all B6 mice from cycle 2 
Three	B6	mice	were	inoculated	with	cells	from	each	E0771-L1	subline	(701,	702	and	703)	for	a	total	
of	nine	mice	for	establishment	of	specific	lung	metastatic	E0771-L2	subline.	Four	B6	mice,	inoculated	
with	the	E0771	parental	line	were	used	as	controls.	Subsequent	in	vivo	bioluminescence	assays	were	
carried	out	at	seven	different	time	point.	a.	Raw	BLI	at	107	radiance	shows	control	mice	with	irregular	
tumor	growth	pattern	of	high	signals.	Mice	inoculated	with	E0771-L1	subline	from	the	three	clones,	
here	shown	as	E0771-L1	(702,	703	and	704),	show	more	consistent	growth,	mainly	in	lung	area	or	
hindlimb.	b.	Plotted	results	support	results	of	raw	BLI	images.	Each	line	represents	one	mouse.	
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The signal strength varies greatly between groups making detailed comparison 

impossible due to saturation of images for mice with highest signal strength. The focus 

was then put on the B6 mice with highest signals in lungs and no signals in other 

organs in each group as Figure 8.a shows, since the purpose of this cycle was to 

isolate highly metastatic E0771-L2 cells. Images of control mice can hardly indicate 

tumor growth in lungs specifically, so they were left out on the in vivo plot of photon 

flux on Figure 8.b.  

 

 
Ex vivo imaging seen on Figure 9, and supplementary Figure 22 in Appendix II, support 

these speculations about non-specific tumor growth in lungs of control mice. This is in 

accordance to the high signal strength detected in the whole body of the mouse, 

indicating that in vivo BLI signals in control mice come from other organs than lungs 
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Figure 8 In vivo bioluminescence analysis of metastatic formation in B6 mice with 
highest signal in lungs from cycle 2 

a.	In	vivo	bioluminescence	analysis	of	B6	mice	inoculated	by	tail	vein	with	1	x	105	E0771-L1	or	
E0771	cells	 (control)	 for	metastatic	 formation.	Here	one	mouse	with	highest	signal	 in	each	
group	is	shown,	mice	from	E0771-L1	groups	marked	774,	779	and	782.	b.	Plotted	results	of	
bioluminescent	 signals	 from	 lung	area	of	 the	 three	highest	mice	 inoculated	with	E0771-L1	
subline.	Control	mice	were	left	out	of	the	plot	as	a	result	of	inaccurate	positioning	of	metastatic	
cells	in	lungs	specifically	due	to	high	overall	signal.	
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particularly compared to in vivo imaging of mouse 774, especially, inoculated with 

E0771-L1 and ex vivo imaging of its lungs. 	

	

 

As Figure 9.b shows, metastatic growth in mice inoculated with E0771-L1 subline is 

not significantly higher than in control mice. However, in vivo results in Figure 7.a and 

7.b show the metastatic growth to be more specific to the lungs than other organs. This 

might indicate possible phenotypical changes of the E0771-L1 subline in vivo leading 

to the formation of E0771-L2 cells. These phenotypical changes might result in higher 

metastatic ability of the subline to the lungs, especially from lungs of mouse number 
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Figure 9 Ex vivo BLI results of metastatic foci in lungs of B6 mice from cycle 2 
Lungs	of	all	nine	B6	mice	were	dissected	and	imaged	ex	vivo	with	IVIS	system.	Lungs	from	mice	
inoculated	 with	 subline	 E0771-L1	 are	 named	 E0771-L1	 (702,	 703	 and	 704).	 a.	 Ex	 vivo	
bioluminescence	imaging	of	lungs	from	cycle	2	after	dissection.	Lungs	from	mouse	774,	inoculated	
with	E0771-L1	subline	cells	from	lung	of	mouse	702	from	cycle	1,	showed	highest	signal	in	vivo	
and	ex	vivo.	b.	Ex	vivo	bioluminescent	signals	plotted	do	not	show	significant	difference	between	
metastatic	 ability	 of	 E0771-L1	 lungs	 compared	 to	 E0771	 control	 lungs	 (P>0.05).	 ns.,	 not	
significant	
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774, inoculated with E0771-L1. Thus, it was decided to isolate E0771-L2 subline from 

lungs of mouse number 774 and inject into new B6 mice for in vivo analysis of 

metastatic ability of the subline prior to in vitro comparison of the optimized subline and 

parental line. 

 

4.1.3 Cycle 3: E0771-L2 subline shows significant and specific 

metastatic ability to lungs in vivo compared to the E0771 parental line 
Already on Day 1, differences in the lung metastatic formation could be detected in 

cycle 3 as can be seen in Figure 10. Imaging of B6 control mice, inoculated with the 

parental E0771 cell line, did not show any Day 1 signals indicating that the majority of 

cells were killed by the natural immune response in the first 24 hours. However, 

imaging of B6 mice inoculated with the E0771-L2 subline still had detectable signals 

after the first 24 hours.	

During in vivo imaging, 

from Day 1 until Day 14 

when mice were 

sacrificed, and organs 

dissected, the signal 

kept rising and never 

fell below Day 1 as can 

be seen in Figure 11.b. 

Positioning and size of 

ROI’s for plotted results 

can be seen in 

Appendix II. Raw BLI 

data in Figure 11.a 

shows great variability 

in organotropism 

between the two 

groups of inoculated 

mice. Control mice, 

inoculated with the E0771 parental line, show signals in various organs in vivo while 

mice inoculated with E0771-L2 subline only show growth in lungs and no signals 

detected in other organs in vivo.  

E0771
-L2

Control

Figure 10 Day 1 in vivo imaging of B6 mice from cycle 3 
Day	1	comparison	of	control	mice	and	mice	inoculated	with	E0771-
L2	subline	points	to	evident	differences	in	cell	proliferation	in	lungs.	
Signal	 can	 still	 be	detected	 in	E0771-L2	mice	but	none	 in	 control	
mice.	
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Figure 11 In vivo BLI results of mice inoculated with parental E0771 cells (control) or 
E0771-L2 subline in cycle 3 

Results	of	all	incoulated	mice	of	cycle	3.	a.	Small	BLI	signal	can	be	detected	in	one	mouse	inoculated	
with	E0771-L2	cells	on	Day	7	but	the	majority	shows	first	tumor	signal	on	Day	12.	BLI	indicates	
variaty	in	tumor	metastatic	formation	in	mice	inoculated	with	control	cells	while	mice	inoculated	
with	E0771-L2	cells	show	specific	growth	in	lungs	and	no	signal	detection	in	other	organs	in	vivo.	b.	
Day	0-14	in	vivo	signals	of	lungs	from	cycle	3	is	plotted	where	green	lines	indicate	signals	from	lungs	
of	E0771-L2	mice	and	blue	lines	signals	from	lungs	of	control	mice,	inoculated	with	E0771	parental	
line.	Growth	in	control	mice	decreased	almost	one	hundred	fold	in	the	first	24	hours	and	did	not	
rise	again	until	around	day	7	while	signals	for	E0771-L2	mice	only	decreased	about	10	fold	in	the	
first	24	hours	and	rose	immediately	and	continuously	from	day	1.		
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Figure 12.a and 12.b shows crucial difference in tumor growth consistency between 

the ex vivo lung isolates from control mice and E0771-L2 inoculated mice. Ex vivo 

signals of lungs from mice inoculated with control cells vary in strength and show lack 

of consistency while ex vivo signals from lungs of mice inoculated with E0771-L2 cells 

are significantly higher (P<0.05) compared to controls.  
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Figure 12 Ex vivo BLI results of dissected lungs of mice from cycle 3 
After	injecting	mice	with	either	control	(E0771	parental	cells)	or	cells	from	the	E0771-L2	subline,	
lungs	were	isolated	from	the	mice	on	day	14.	a.	Ex	vivo	BLI	signals	from	mice	inoculated	with	
E0771-L2	 cells	 are	 similar	 and	 of	 good	 consistency	whilst	 signals	 from	 control	 lungs	 vary	 in	
strength.						b.	Plotted	ex	vivo	results	of	lungs	from	mice	inoculated	with	either	subline	E0771-L2	
or	E0771	control	cells	in	cycle	3.	The	plot	shows	variation	of	signals	from	lungs	of	control	mice	
while	lungs	from	E0771-L2	mice	show	consistant	signals.	Growth	in	lungs	is	significantly	higher	
in	mice	inoculated	with	E0771-L2	subline	compared	with	lungs	from	control	mice.	*P<0.05.		
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When comparing organotropic abilities of different cell lines, comparison of tumor 

growth signals in various organs is inevitable. When bioluminescent imaging of ex vivo 

results from all major organs in cycle 3 is reviewed, lung tropism of E0771 control cells 

is not specific enough as signals can be detected in other organs as shown with red 

arrows in Figure 13. One mouse inoculated with control cells in cycle 3 shows tropism 

to hind limb and, what seems to be, the liver. Another mouse has signal in ovaries 

higher than in the lungs. E0771-L2 inoculated mice however, only show signals in 

lungs as marked with asterisk in Figure 13. This shows that the E0771-L2 subline has 

more specific metastatic abilities to the lung compared to the parental E0771 cell line.  

 

 
 

These results show successful establishment and isolation of E0771 breast cancer 

subline with specific metastatic abilities to the lungs in vivo. 
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Figure 13 Ex vivo bioluminescent signals of isolated organs from mice of cycle 3 
Ex	 vivo	 imaging	 of	 all	 major	 organs	 isolated	 from	 mice	 treated	 either	 with	 control	 (mice	
inoculated	with	E0771	parental	cells)	or	E0771-L2	subline	(mice	inoculated	with	E0771-L2	cells)	
a-d.	Signals	from	organs	of	control	mice	are	detected	in	the	lungs	(marked	with	white	asterisk)	
but	also	in	the	hindlimb,	possibly	liver	(c.)	and	in	ovaries	(d.)	as	marked	with	red	arrows.	e.-h.	
Signals	from	the	E0771-L2	subline	were	only	detected	in	the	lungs	(marked	with	white	asterisk)	
showing	specific	tropism	of	the	E0771-L2	subline.	
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4.2 Luciferase assay 
To evaluate the credibility of the in vivo experiments, luciferase activity of all three cell 

lines (parental E0771, E0771-L1 and E0771-L2) was measured by luciferase assay. 

Comparison of in vivo BLI of mice inoculated with different cell lines is not considered 

good if the cell lines show difference in measured luciferase activity. If luciferase 

activity is unequal, low in vivo signals, for example, might be low because of low 

luciferase activity instead of low tumor size. 

 

 
The results show that the luciferase activity of the parental E0771 control cells is not 

significantly different compared to sublines E0771-L1 and E0771-L2.  
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Figure 14 Plotted luciferase activity of all three cell lines 
The	plot	consists	of	combined	luciferase	measurements	from	three	trials	(n=18).	Results	show	
no	 significant	 difference	 between	 the	 parental	 E0771	 cell	 line	 and	 sublines	 E0771-L1	 and	
E0771-L2	(P>0.05).	ns.,	not	significant	
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4.3 In vitro comparison assays of the E0771 parental cell line and 
the established E0771-L2 subline 
Several assays were performed to compare the parental E0771 cell line to its lung 

metastatic subline, E0771-L2, in attempt to narrow down the search of genomic 

differences involved in enhanced metastatic abilities to specific steps of the invasion-

metastatic cascade or other cellular functions. 

 

4.3.1 Cell proliferation assay 
For comparison of proliferation abilities, WST-1 proliferation assay was performed on 

the E0771 cell line and the E0771-L2 subline. The assay was performed in two trials 

shown in Figure 15.a and 15.b.  

 
The results show that the proliferating abilities of the two cell lines are significantly 

different with significantly lower proliferation rate in E0771-L2 subline compared to the 

parental E0771 cell line. When observed under light microscope difference could be 
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Figure 15 Plotted relative proliferation rate for the E07771 cell line and E0771L2 subline 
in two separate trials of WST-1 proliferation assay 

Results	of	both	trials	(a	and	b)	show	significant	difference	in	relative	proliferation	rate	between	the	
parental	E0771	cell	line	and	the	E0771-L2	subline	on	Day	1,	2	and	3	(n=3).	*P<0.05	
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seen in the wells of the 96-well plates, showing prominent growth in the E0771 wells 

and very few number of viable cells in the E0771-L2 wells. All visually detected viable 

E0771-L2 cells were located in the center of the wells and no cells were detected when 

moved further on the outskirts of the wells.  
 

4.3.2 Morphological analysis 
During EMT cells undergo morphological changes. Morphological analysis of the 

E0771 parental line and E0771-L2 subline is seen on Figure 16.  

 

	

	

E0771 E0771-L2

60 µm

60 µm

60 µm60 µm

60 µm

60 µm

Figure 16 Morphology of parental E0771 cells and the E0771-L2 subline 
Results	show	E0771	mainly	showing	spherical	shape	with	few	elongated	cells	marked	with	red	
arrows.	E0771-L2	cells	mainly	have	spherical	shape	with	very	few	elongated	cells	detected	also	
marked	with	red.		
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4.3.3 Adhesion assay 
One of the key steps in extravasation is the adhesion of cancer cells to the endothelial 

layer at the distant metastatic site. To compare adhesive abilities of the E0771 parental 

line and the E0771-L2 subline adhesion assay was performed. The assay was 

performed in three trials and a summary is shown in Figure 17.a and 17.b. 

	

Results show the adhesive abilities of E0771-L2 to be considerably higher than the 

parental line in trial 1. Trial 2 and 3 show higher abilities of E0771 than the E0771-L2 

subline. Since all measurements vary between trials, even between same cell lines, 

the results from the adhesion assay are unreliable.  
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Figure 17 Results of three trials of adhesion assays to compare adhesive abilities of 
E0771 and the E0771-L2 subline 

Adhesion	 assay	 was	 performed	 by	 co-culturing	 E0771	 parental	 cells	 or	 E0771-L2	 cells	 with	
endothelial	bEnd3	cells	in	a	24-well	plate.	After	1	hour	incubation	time,	non-adherent	cells	were	
washed	off	and	adhering	cells	were	observed	under	 fluorescence	microscope.	Results	of	 three	
trials	from	adhesive	assay	show	variance	between	trials.	a.	Raw	photographs	from	the	fluorescent	
microscope	show	the	adhesive	abilities	of	E0771-L2	to	be	considerably	higher	than	the	parental	
line	in	trial	1.	Trial	2	and	3	show	higher	abilities	of	E0771	than	the	E0771-L2	subline.	b.	Plotted	
data	shows	same	results	as	the	raw	photographs.	
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4.3.4 Transmigration assay 
Transmigration of cancer cells through the endothelial layer at the distant site is also a 

crucial step in extravasation. To compare transmigratory abilities of the parental E0771 

cell line and the E0771-L2 subline transmigration assay was performed. The assay 

was performed in three trials and summary is shown in Figure 18.a and 18.b. 

	

Figure 18 Results of three trials of transmigration assay to compare transmigratory 
abilities of E0771 and the E0771-L2 subline 

Transmigration	assay	was	performed	by	co-culturing	E0771	parental	cells	or	E0771-L2	cells	with	
endothelial	bEnd3	cells	in	a	two	compartment	Boyden	chamber.	After	24	hours	incubation	time,	
the	upper	compartment	was	washed,	unmigrated	cells	were	scraped	off	and	transmigrated	cells	
were	fixed.	The	upper	compartment	was	then	mounted	onto	a	glass	slide	for	observation	under	
fluorescence	microscope.	Results	of	three	trials	from	transmigration	assay	are	unreliable	since	
they	show	variance	between	trials	a.	Raw	photographs	from	the	fluorescent	microscope	show	the	
transmigratory	abilities	of	E0771-L2	to	be	considerably	higher	than	the	parental	 line	in	trial	1.	
Trial	 2	 shows	 higher	 abilities	 of	 E0771	while	 trial	 3	 shows	 higher	 abilities	 of	 E0771-L2	 than	
E0771.	b.	Plotted	data	shows	same	results	as	the	raw	photographs.	
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Results show the transmigratory abilities of E0771-L2 to be considerably higher than 

the parental line in trial 1. Trial 2 shows higher abilities of E0771 while trial 3 shows 

higher abilities of E0771-L2 than E0771. Since transmigration results are varying 

between all measurements, results from the transmigration assay are unreliable as 

well.  
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5.  DISCUSSION 
 

The E0771 cell line, syngeneic to the C57BL/6 mouse strain, has attracted interest of 

researchers throughout the years. The increased interest can be linked to the models 

ability to form metastasis in several different organs and to the fact that it is considered 

to mimic human diseases better than many other in vivo models as a result of the 

availability to analyse the cell lines behavior in syngeneic C57BL/6 mice with 

functioning immune system (Ewens et al., 2005). 

As each independent group of cancer, such as breast cancer subgroups, has 

its own unique gene expression signature with variable metastatic abilities forming 

organotropism to organs of unequal extent, diverse gene expression signatures can 

be compared to try and find differences linked to these variable outcomes hopefully 

distinguishing genes that provide metastatic proficiency and eventually improve 

prognosis. First, good metastatic models need to be established for further research 

of these specific genomic changes. 

 

5.1 The E0771-L2/B6 is a promising model to study metastasis to 
the lungs 
It is known that the E0771 cell line has the ability to metastasize to the lungs. The aim 

was to subculture the cell line in vivo and examine its metastatic behavior and ability 

by using the experimental colonization assay. The experimental approach was chosen 

for this study as it is known to conduct metastasis faster than the other approaches 

(Varticovski et al., 2007). 

In vivo imaging of mice during cycle 1 showed high signals of cancer growth 

around the lungs of each mouse. However, the signals did not show high selectivity, 

supported by ex vivo BLI imaging of the dissected lungs. Another cycle of inoculation 

and BLI imaging was considered necessary for isolation of cells with high 

organotropism to lungs. It was decided to inoculate mice with cells from all three lungs 

of cycle 1 to increase the chances of identifying cells with high selectivity. In vivo 

imaging showed highest growth signal in mouse 703. However, ex vivo imaging of the 

lungs showed most colonies in lungs from mouse 702. This underlines the importance 

of ex vivo imaging following in vivo imaging since in vivo imaging does not seem to 

have the ability to capture the specific location of metastatic foci when compared to ex 

vivo imaging. 
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This correlates with growth signals of cycle 2 where, despite control mice injected with 

E0771 parental line showing the highest full body signal in cycle 2, subclone inoculated 

with E0771-L1 cells from lungs of mouse 702 showed different signal pattern with 

specified and strong growth signal in lungs of one mouse specifically. This might 

indicate that the clone has specific abilities to metastasize to lungs rather than other 

organs compared to control mice. Interestingly, metastatic ability was not limited to one 

clone in cycle 2, as for example, lungs of mouse 782 injected with E0771-L1 cells from 

clone 703 showed more growth than lungs of mouse 775 injected with E0771-L1 cells 

from clone 702. However, ex vivo imaging of the lungs indicated clearly that the lungs 

from mouse 774, injected with E0771-L1 cells from clone 702, was the best candidate 

for further subculturing and finally plotted ROI measurements confirmed these 

speculations.  

After three rounds of cancer cell inoculation of B6 mice, the results showed that 

the finally established subline, E0771-L2, showed more specific and significant 

organotropism to the lung compared to the parental E0771 cell line. By establishing 

this subline with the use of the experimental colonization assay, it is concluded that 

key differences lie in the later steps of the metastatic cascade. Since the experimental 

colonization assay does not include the presence of a primary tumor, it is unable to 

form the first steps of the invasion-metastatic cascade, including cancer cell 

dissemination from the primary site. 

 

5.1.1 Other E0771/C57BL/6 models 
New C57BL/6 mouse models have been established before with the use of the E0771 

cell line that show specific metastatic ability to the lungs. Specifically, Johnstone et al. 

had established a lung metastatic model, named EO771.LMB by orthotopic injection 

to the primary site in C57BL/6 mice, forming spontaneus metastasis. They were unable 

to detect differences in lung metastasis formation between the parental E0771 cell line 

and their established EO771.LMB subline with the use of the experimental colonization 

assay (Johnstone et al., 2015). The experimental colonization assay does not form the 

initial steps of the invasion-metastatic cacade while the spontaneous approach, 

involving presence of a primary tumor, covers all steps of the invasion-metastatic 

cascade. Due to this, they concluded that key differences in metastatic formation in the 

lung between these two phenotypes were in early steps of metastasis. These findings 

are opposed to the outcome to this study. 
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Furthermore, they were able to locate a specific gene expression pattern 

involved in enhanced metastatic ability of this particular cell line to the lung. The pattern 

consists of upregulation of matrix metalloproteinase-3, parathyroid hormone-like 

hormone and S100 calcium binding protein A8 and downregulation of the 

thrombospondin receptor (Cd36). This gene expression pattern is involved in the 

dissemination of the metastatic cancer cells at the primary site. They concluded that 

the enhancement in tumor growth in mice inoculated with the subline was due to its 

ability to disseminate earlier at the primary site and thus move earlier to the distant 

metastatic site. 

 

5.1.2 Different research questions require different models 
When it comes to studying cancer metastasis the research question influences the 

choice of methodology. For example, as has been discussed in this thesis, 

experimental metastasis models cannot be used for discovery of new factors involved 

with early steps of the invasion-metastatic cascade since these models can only mimic 

the steps after the invasion of metastatic cancer cells into the blood circulation.  

In addition to this, there are other aspects regarding choice of models, like the 

importance of choosing cell lines with different metastatic abilities for metastatic 

research. The comparison is dependent on their metastatic ability as a result of 

signaling and communications between the CTCs and the pre-metastatic niche (Liu et 

al., 2016) To explain this further, comparison of a parental cell line and its highly lung 

metastatic subline does not answer all research questions regarding organotropism. 

The comparison might point out important phenotypical changes for enhancement of 

metastatic growth in the lungs only but does not answer questions about genomic 

changes involved with the choice of the distant metastatic organ. To answer such 

questions, different sublines of the same parental cell line with enhanced metastatic 

ability to different organs, need to be compared.  

In this research, the established E0771-L2 breast cancer model with high 

metastatic ability to the lung was compared to the parental E0771 cell line in hope to 

identify genomic changes involved with enhanced metastatic ability to the lung. 

Additional in vitro experiments need to be performed to fully identify these changes but 

for further investigation of organotropism of luminal A breast cancers, other E0771 

sublines with high metastatic abilities to other organs, such as bones and the brain, 

need to be established.  

 



	
	

47	

5.2 In vivo assay methodology 
Good methodology of in vivo research is crucial and can affect the final results. In this 

chapter, methodological aspects associated with this research will be discussed. 

 

5.2.1 Choice of time points for BLI of all three cycles 
During in vivo monitoring of tumor growth in all three cycles, BLI was performed on 

inoculation day (Day 0), Day 1 and continued 2-3 times a week until lungs were 

dissected. Unfortunately, Day 1 BLI in cycle 2 was not possible due to system 

malfunctioning and imaging was continued on day 5. Continuous BLI from Day 1 was 

not scheduled precisely for all three cycles. For good comparison of tumor growth in 

different cycles, precise predetermination of time points would be considered favorable 

and should be practiced in further in vivo experiments. However, since each cycle 

included control mice inoculated with the E0771 parental line for real-time comparison 

between the parental line and its subline, it is concluded that this methodological 

imprecision did not impact the final results of in vivo experiments.  

Cycles 1 and 2 were terminated at day 21-22 but cycle 3 was terminated at day 

14 due to relatively high signals compared to in vivo end point signals of cycles 1 and 

2. This can be seen plotted in Figure 24 in Appendix III. End point signals were 

considered too high for cycle 1 as the mice were breathing irregularly and heavily on 

the end point day. Thus, it was decided to monitor tumor growth signals closely for next 

two cycles and terminate the cycles before reaching 1 x 109 growth signals. This meant 

that due to relatively high signals at day 14 of mice of cycle 3, it was decided to 

terminate cycle 3 at that time point. 

 

5.2.2 Number of inoculated cancer cells for the establishment of tumor 

metastasis 
Previous studies have shown that number of inoculated cancer cells is a crucial factor 

for establishment of metastasis in vivo. For example, Wang et al. compared tumor 

growth after subcutaneous injection of 5 x 106 E0771 cells and 1 x 106 E0771 cells 

respectively, into B6 mice and resulted in relative differences in metastatic tumor 

growth (S. H. Wang et al., 2014). Despite their use of the spontaneous approach, the 

number of inoculated cancer cells is also determent for metastatic formation in 

experimental approaches. Numbers of cells inoculated by tail vein injection were also 

shown to be in correlation to numbers of metastatic foci with the use of the 
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experimental approach in mice. Additionally, too high number of inoculated cells 

caused death in mice due to embolization (Yano et al., 1996).  

Since Johnstone et al. were unable to detect differences in metastatic abilities 

between the two cell lines with the experimental approach, the number of inoculated 

cells in their experiment was compared to the number used in this research to possibly 

explain different results. Interestingly, the exact same number of viable cells was used 

in both researches. Thus, a conclusion cannot be made that the number of inoculated 

cells is influencing the difference in metastasis formation between these two 

researches. As mentioned earlier in the methods chapter of this thesis and Johnstone 

et al. paper (Johnstone et al., 2015), 5 x 105 viable parental E0771 cells were injected 

in metastasis formation.  

 

5.3 In vitro assays 
Good methodology of in vitro analysis is crucial and can affect the final results. In this 

chapter methodological aspects associated with analysis of phenotypical differences 

between the parental E0771 and the E0771-L2 subline will be discussed. 

 
5.3.1 How important is the composition of the culture medium? 
Cell culture conditions are very important when it comes to studying cell lines and 

optimization of the conditions can be done in various ways. Parameters such as serum 

or feeder cell layers, oxygen pressure and acidity can be optimized for better culture 

conditions (Van Der Sanden et al., 2010). The manufacturer of the E0771 cell line 

suggests using RPMI medium supplemented with 5-10% FBS for best culture 

conditions and storing the cells in a 100% humidified incubator at 37°C with 5% CO2 

concentration. These instructions were followed throughout this research.  
Because of the importance of optimized cell culture conditions, questions arise 

on the choice of culture medium and its affect on the research. Stem cell research has 

shown that the origin of the stem cell determines the culture condition and that the 

critical parameters of cell culture conditions are the medium, the atmosphere, the 

substrate and the cell-cell interations. Together these parameters form a „...complex 

network of signaling pathways culminating in the determination of the stem cell fate“ 

(Van Der Sanden et al., 2010).  

Unfortunetaly, since cancer cell lines are as different as cancers are, there is no 

one optimal composition of culture medium for cancer cell lines and to date, these 
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parameters are ill-defined. Though the origin of stem cells is thought to determine their 

optimizied culture condition, it is questioned if metastatic cancer cells require different 

in vitro culture conditions than their parental cell line in context of their homing to other 

organs with different environment in vivo. The chosen organ might be possessed of an 

environment richer of some desired features for the metastatic cells, when compared 

to the environment of their origin, favoring their phenotype with enhanced metastatic 

abilities. 

In this study, the E0771-L2 subline showed enhanced metastatic capability in 

the lungs despite being cultured in the same medium as the primary E0771 cell line 

prior to inoculation. However, problems arose with maintaining the E0771-L1 and 

E0771-L2 sublines in culture in vitro. When cells were moved from 10 cm culture dishes 

to 6 cm culture dishes the cell culture improved and therefore, it is still impossible to 

conclude if the culture medium affects the cell culture of the sublines. 

Taken together, despite the impossibility of this research to detect differences 

caused by culture medium, optimization of the cell culture might be considered 

necessary for detailed tropism research. Specific components in the medium might 

influence specific gene activity that is not detected here and in comparative studies of 

metastatic cancer tropism, the smallest change in gene activity is important. If the 

medium influences gene activity it biases the resulted outcome. 

 

5.3.2 Cell morphology 
When cancer cells undergo EMT their morphology changes (Van Marck et al., 2000-

2013). Thus, it would be considered a good practice to start comparison of different 

cell lines by examining their morphology under microscope. If morphology differences 

are detected under microscope it might suggest that the genomic changes may be 

involved with genes regulating the EMT.  

Results of morphological analysis of this research show higher number of 

elongated cells in photographs of the E0771 parental cell line compared to 

photographs of the E0771-L2 subline. However, the overall number of E0771 parental 

cells in each photograph is higher than for E0771-L2 and elongated cells can be seen 

among spherical cells in E0771-L2 photographs. It is therefore concluded that 

elongated cells exist among spherically shaped cells in the same ratio and that there 

is no morphological difference between the cell lines.  

Since morphological analysis under microscope does not provide enough 

information about all morphological changes during EMT it is not possible to conclude 
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that the difference between the two cell lines does not lie in the EMT transition phase. 

Additional analysis, such as those involved in immunohistochemistry and western 

blotting that measure expression of specific surface molecules, such as E-cadherin, N-

cadherin (Stoyianni et al., 2012) and epithelial cell adhesion molecule (M.-H. Wang et 

al., 2018), need to be performed for final conclusion.   

 

5.3.3 Analysis of extravasation abilities 
To analyze extravasation abilities of the cell lines, adhesion and transmigration assays 

were performed. Unfortunately, reproducibility of the assays was not achieved so 

optimization of assay conditions and additional trials need to be performed. Since 

extravasation analysis was performed during the time point that problems arose with 

cell culture conditions and proliferation rate in culture dishes was inadequate, it is 

concluded to be the reason for varying and unreliable results.  

 Another possible explanation of non-detected difference between the two cell 

lines is that the methodology of the extravasation assays was not favorable for 

comparison of these specific cell lines. Johnstone et al. tested both chemotactic and 

haptotactic migratory abilities of the parental E0771 and their established lung specific 

EO771.LMB cell line (Johnstone et al., 2015). Chemotactic migration assay is based 

on the formation of a chemical gradient where cancer cells move to a more favored 

site in response to a chemical stimulus (P. C. Wilkinson, 1998) while haptotactic 

migration assay is based on the movement of cancer cells in response to relative 

strength of adhesion substrates (Rikitake et al., 2011). The same chemoattractant, 

FBS, was used in this research as in Johnstone et al. study. Johnstone et al. were 

unable to detect differences in migrative abilities with the chemotactic migration assay, 

but they were able to detect significant difference between the two cell lines with the 

haptotactic assay. The adhesion substrate used in their assay was the basement 

membrane protein, Laminin-511, which is known to play a key role in adhesion and 

migration of metastatic breast cancer cells (Kusuma et al., 2012). For further analysis 

of extravasation abilities of the established E0771-L2 subline, performing haptotactic 

migration assay in addition to the chemotactic migration assay, might answer more 

questions regarding that matter.  
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5.4 Cell proliferation ability 
Proliferation ability of the two different cell lines was analyzed to check whether 

enhanced proliferation abilities were linked to the increased metastatic ability. Issues 

and reflections on cell proliferation abilities of the cell lines will be discussed in the 

following chapter. 

 

5.4.1 Cell culture conditions 
Proliferation rate of the E0771 cell lines is considered rapid compared to other cancer 

cell lines (Carrasco et al., 2014) and thus it came as a surprise when cell confluence 

problems arose during in vitro experiments. Cell confluence was so low at times that 

cell count was often insufficient for scheduled experiments. All cell lines, parental 

E0771 and sublines E0771-L1 and E0771-L2, had problems with proliferating at some 

point although the sublines were the most problematic ones. After having exchanged 

the old bottle of RPMI medium for a fresh and new one and having monitored all dishes 

daily to make sure that the confluence never exceeded 70% it was noticed that instead 

of dying, the cells seemed to continue to either float in the medium or disappear. Then, 

a hypothesis was put forth that the cells must have been aspirated during passage as 

the floating cells in the medium looked healthy with normal cytoplasm when observed 

under a light microscope. According to the manufacturers catalogue nr.940001 (CH3 

BioSystems LLC, n.d.), the E0771 cells may take up to 24-36 hours to attach to a tissue 

culture dish which supports the hypothesis. The cell distribution on the dishes was also 

unequal and a conclusion is made that because of their ability to move on the dish for 

so long that they might gather more in certain spots than others.  
Despite leaving cells to attach on the plate for over 36 hours, problems still 

occurred for E0771-L1 and E0771-L2 sublines while the parental cell line did not seem 

to have difficulties with proliferation. It is hypothesized that the sublines need more 

contact to proliferate appropriately, also supported by their gathering behavior in the 

dishes, so it was decided to move from 10 cm dishes to 6 cm dishes to try and see 

difference in proliferation rate. New cells were thawed and placed in incubator on 6 cm 

dishes until confluence. Cells seemed to thrive and proliferate better on the 6 cm 

dishes since cell culture never became abnormal again indicating that contact is crucial 

for the cells. 
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5.4.2 Is there a possible correlation between cell proliferation and 

metastatic abilities in the E0771 cell line and its sublines? 
Results of proliferation assays suggest that the parental E0771 cell line can more 

easily proliferate in vitro, under current culture conditions, than E0771-L2 cells since 

E0771-L2 cells seem to proliferate slowly after being seeded on the well plates. While 

breast cancer studies have shown correlation between high proliferation rate and 

worse prognosis (Dai et al., 2005), colon cancer research has shown that there is a 

correlation between cancer cell proliferation and metastatic. Those studies have shown 

that cells with low proliferation rate tend to have higher abilities to metastasize, likely 

due to the high energy cost of cell proliferation (Anjomshoaa et al., 2009). Cell 

proliferation takes up so much energy that not much is left for other steps of the 

invasion-metastatic cascade, such as invasion, adhesion and migration (Anjomshoaa 

et al., 2009; Hecht et al., 2015). Hecht et al. also state that this affects passage rate in 

cultivation (Hecht et al., 2015) which might explain the problems that occurred during 

in vitro experiments in addition to dish size.  

 

5.4.3 Cancer cell survival in blood circulation in the first 24 hours 
There seem to be various factors that affect cancer cell survival in blood circulation in 

the first 24 hours from inoculation and studies have both seen high numbers (>80%) 

of surviving cells (Luzzi et al., 1998) and low numbers (<20%) (Fidler, 1970; Laubli et 

al., 2006). In cycles 1 and 2 of this research, the majority of inoculated cancer cells 

died in the first 24 hours and thus, signals were not detected on Day 1. It is certain that 

no signal detection in the first 24 hours is due to cell death since all mice showed 

signals on inoculation day (Day 0) and throughout the research it is certain that all cells 

used for inoculation conducted bioluminescent signals of equal extent at all times.  

Interestingly in cycle 3, with mice inoculated with control cells not showing any 

signal, the imaging showed all mice inoculated with E0771-L2 still conducting signal 

on Day 1 indicating the possibility that their ability to metastasize is enough to survive 

the first 24 hours of greater extent than the control cells. For cycles 1 and 2 and for the 

E0771 parental line in cycle 3, there was a lag time in BLI signals from day 1 and until 

around day 7 and when both plots of total flux from cycle 1 and for the parental E0771 

cell line from cycle 3 are examined closer the line almost becomes flat before that time 

point instead of rising by any means. This might indicate time point where tumor cell 

proliferation is challenged before it rises again. 
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5.5 Future use of the established E0771-L2/B6 model  
The established E0771-L2/B6 model is a novel lung metastatic breast cancer model of 

the E0771 cell line and can be used for further research of the metastatic behavior of 

luminal A breast cancers. It can be used in comparison to the parental E0771 cell line 

to possibly identify genes involved with enhanced metastatic ability of luminal A breast 

cancers. It can also be used for comparison of two or more E0771 sublines with high 

metastatic ability to different organs. The methodology used to establish this specific 

subline can be used to establish other E0771 sublines with different organotropism.  

For further evaluation of metastasis before the invasion of metastatic cancer 

cells into blood circulation, other models established with the spontaneous approach 

might be considered more useful. 
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6. CONCLUSIONS 
 

A lung specific subline of the E0771 cell line was established with the experimental 

colonization approach. This indicates that genomic differences involved with higher 

lung tropism are linked to later steps of the invasaion-metastatic cascade.  

 

I. A E0771 subline with specific metastatic abilities to the lungs was established  

successfully in B6 mice with the use of the experimental colonization approach. 

In vivo results showed significant difference between metastatic formation of the 

established E0771-L2 and the parental E0771 cell line in the lungs of B6 mice. 

The established model can be used for future studies of lung metastatic luminal 

A breast cancers. Specifically, as the model is established with the use of the 

experimental metastatic approach it is useful for further evaluation of metastasis 

formation from the movement of CTCs into blood circulation to extravasation of 

metastatic cancer cells at distant site. 

 

II. Full comparison of the established subline and the parental E0771 cell line was 

not completed successfully in vitro. Proliferation assays showed significantly 

more proliferation for the parental E0771 cell line compared to the subline but 

reproducibilty attempts failed for other in vitro assays such as the transmigration 

and adhesion assays. Therefore, further evaluation of the two cell lines is 

necessary. 
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9. APPENDIX 

 

Appendix I 
 

Establishment of E0771/mKO2-luc2, or the infection of the firefly luciferase gene, luc2, 

and mKO2 was not a part of this research, but a part of another research conducted in 

Kondoh laboratory. The paper of that research is now under revision in the Journal.  

The transduction was performed with the use of Sleeping Beauty transposon 

system. cDNA of CMV promoter-multi cloning site (MSC)-poly A was amplified from 

pcDNA3.1 plasmids and inserted into Addgene plasmid nr. 26553 to obtain pT2/CMV-

MSC-SVNeo. The plasmid was purchased from Invitrogen, Carlsbad, CA, USA. The 

construction of pcDNA/mKO2-luc2 was done by amplifying cDNAs of luc2 and mKO2 

from pGL4.32 and Addgene plasmid nr. 67661 respectively. The pGL4.32 was 

purchased from Promega, Madison, WI, USA. Amplified mKO2-luc2 cDNA from 

pcDNA/mKO2-luc2 was then ligated into pT2/CMV-SMC-SCNeo with the use of In-

Fusion HD Cloning Kit, purchased from Clontech, Palo Alt, CA, USA. E0771 was co-

transfected with pT2/CMV-mKO2-luc2-SVNeo and pCMV(CAT)T7-SB100 (Addgene 

plasmid nr. 34879) using NEPA21 electroporator purchased from NEPA gene, Chiba, 

Japan. Finally, E0771/mKO2-luc2 was isolated from a single colony after antibiotic 

selection. 
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Figure 19 Positioning of ROI's used for plotting BLI data from cycle 1 
Positioning	of	ROI’s	is	important	for	comparison	accuracy	and	significance	when	plotting	BLI	data	
from	in	vivo	experiments.	The	ROI	tool	needs	to	have	the	exact	same	position	in	all	data	to	be	able	
to	state	that	the	same	area	was	compared	in	the	data	analysis.	Signals	should	vary	between	days	
as	a	result	of	tumor	growth	and	not	because	of	misplacing	of	the	tool	between	days.				
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Figure 20 Positioning of ROI's used for plotting BLI data from cycle 2 seen on 
Figure 7 in results chapter (1 min, binning: medium) 

As	can	be	seen	on	the	figure	some	of	the	imaging	is	saturated	due	to	high	signal	of	tumor	
growth.	 Here,	 time	 for	 imaging	was	 1	minute	 and	 binning	medium.	 This	 data	 biases	 the	
plotted	results	so	additional	imaging	had	to	be	taken.	
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Figure 21 Positioning of ROI's used for plotting BLI data from cycle 2 seen on Figure 7 
in results chapter (1 sec, binning: small) 

Here,	none	of	the	imaging	show	saturation	so	data	can	be	used	to	plot	tumor	growth.	

Figure 22 Raw data of ex vivo imaging of lungs from inoculated B6 mice of cycle 2 
Here,	white	arrows	are	used	to	show	lungs	of	mice	showing	greatest	foci	size	on	in	vivo	data.	The	
image	 of	 lung	 dissected	 from	 mouse	 774	 shows	 abnormal	 shape	 and	 color	 of	 the	 tissue,	
characteristic	for	tumor	growth.	
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Figure 23 Positioning of ROI's used for plotting BLI data from cycle 3 seen on Figure 7 in 
results chapter (1 min, binning: medium / 1 sec, binning: small) 

Like	data	for	cycle	1,	some	image	were	saturated	due	to	high	signal	of	tumor	growth.	Here,	images		
best	 suited	 for	 data	 plotting	 have	 been	 combined,	 with	 either	 1	minute	 image	 time	 and	 binning	
medium	or	1	second	image	time	and	binning	small.	
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Figure 24 Plotted BLI signals of all three cycles for determination of end point for cycle 3 
When	deciding	end	point	for	cycle	3,	signals	of	end	points	from	previous	cycles		were	compared	to	
day	14	signals	of	mice	in	cycle	3.	Average	signals	of	all	mice	from	cycle	1,	 inoculated	with	E0771	
parental	line,	are	plotted	for	comparison	but	for	cycle	2	and	3	only	mice	inoculated	with	E0771-L1	
or	E0771-L2	cells	are	plotted.	Here,	the	plot	shows	end	point	signals	for	cycle	3	to	be	higher	then	
signals	of	cycle	2	but	lower	for	signals	of	cycle	1.	However,	these	differences	are	not	significant..	Day	
13-15	signals	are	also	plotted	to	show	that	difference	can	be	detected	between	Day	14	signals	of	cycle	
1,	Day	13	signals	of	cycle	2	and	Day	15	signals	of	cycle	1.	Day	14	signals	of	cycle	3	seem	higher	than	
Day	13-15	signals	of	cycles	1	and	2.	Statistical	analysis	was	not	performed	for	Day	13-15	signals	as	it	
was	not	considered	relevant.	ns.,	not	significant	
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