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Útdráttur 

Brjóstkirtillinn er síbreytilegur greinóttur vefur sem þroskast að stórum hluta eftir fæðingu. 
Formgerð brjóstkirtilsins er stjórnað af boðum sem berast frá nærliggjandi bandvef. 
Síðustu ár hafa þrívíðar frumuræktir þótt lofa góðu sem líkön til rannsókna á þroskun 
brjóstkirtilsins og formgerð hans in vitro. Í þessu verkefni voru tvær undirgerðir 
brjóstaþekjufrumulínunnar HMT3522 skoðaðar með tilliti til hvaða prótein þær tjá og hver 
formgerð þeirra er eftir þrívíða frumurækt. Það kom í ljós að undirgerðin S1sem á að hafa 
venjulega formgerð tjáir dæmigerð prótein þekjufrumu og að tjáning próteina hennar 
breyttist ekki eftir þrívíða samræktun með æðaþelsfrumum í vaxtarþáttaríku æti. Tjáning 
krabbameinsmyndandi undirgerðar HMT3522, T4-2, breyttist hinsvegar á hátt sem bendir 
til að EMT hafi átt sér stað eftir samrækt með æðaþelsfrumum í vaxtarþáttaríku æti. 
Formgerð frumulínanna er einnig mismunandi, T4-2 gat myndað kúlulaga þyrpingar sem 
S1 frumurnar gerðu ekki. Bygging S1 frumanna minnti frekar á eðlilega þroskun og sýndi 
merki þess að vera við það að hefja greinamyndun þótt greinótt formgerð sæist ekki.  

 

 

 

 

 

Abstract 

The mammary gland is a dynamic branching tissue that developes largely postnatally.  
Morphogenesis of the mammary gland is controlled by signals from nearby stroma. These 
last years three-dimensional cell cultures have been claimed as promising models for 
analyzing development and morphogenesis of the mammary gland in vitro. In this project, 
two sublines of the breast epithelial cell line HMT3522 were studied with regard to their 
protein expression and morphology after three-dimensional culture. It appears that 
expression in the S1 subline, which is supposed to show normal morphology, is typical for 
epithelial cells and the expression does not change after three-dimensional co-culture with 
endothelial cells in growth factor rich medium. The expression of the tumorigenic subline, 
T4-2, on the other hand changed in a way that points towards EMT after co-culture with 
endothelial cells in growth factor rich medium. Morphology of the cell lines is different, 
T4-2 could form spheres but the S1 cells did not form spheres, only irregular clusters.The 
irregular clusters suggest the beginning of normal branching morphogenesis.
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1 Introduction 

1.1 The mammary gland 

The mammary gland is an interesting organ in terms of its dynamic structure. Although the 
initial development of the gland occurs during embryonic development, a substantial part 
of the development of the mammary gland happens postnatally; during puberty, pregnancy, 
lactation and involution, see figure 1.  

Early in embryonic development, ducts form in the adipose tissue in the mammary gland. 
The ducts keep growing and during puberty branching increases and alveolar buds form. 
During pregnancy development reaches its high when lactation begins. After pregnancy the 
structures that were built up during the pregnancy undergo involution, returning the 
mammary gland to its resting stage (Musumeci, Castrogiovanni et al. 2015).  

The terminal ductal lobular units are the functioning part of the mammary gland, they 
produce milk and are a common place for breast cancer origins. Each duct contains luminal 
epithelial cells surrounded by myoepithelial cells and a basement membrane. Surrounding 
the ducts is the stroma. (Hema Parmar and Gerald R Cunha). The stroma contains many 
types of cells, including macrophages, mast cells, fibroblasts and endothelial cells. The 
stroma affects the epithelial cells in many ways, including their morphogenesis and 
therefore the branching morphology of the mammary gland (Ronnov-Jessen and Bissell 
2009).  

 

1.1.1 Morphogenesis of the mammary gland 

Branching morphology is characteristic for many organs, including the mammary gland, 
kidney, prostate and lungs (Ochoa-Espinosa and Affolter 2012). Branching morphogenesis 
in the mouse mammary gland occurs during postnatal development and is triggered by 

Figure 1. A schematic figure of mammary gland dynamics.  The mammary gland goes through 
changes postnatally, in puberty, pregnancy, lactation and involution. Figure adapted from Brisken 
and O'Malley 2010. 



2 

hormones such as estrogen and progesterone. This development is regulated by signals 
from the stroma and the myoepithelium that surrounds the glands. The growing branches 
are divided into a constant stalk and a growing tip. A region of the stalk sometimes 
becomes a tip region and is therefore able to initiate a new branch.  The growing tips in the 
mouse mammary gland are called terminal end buds. Terminal end buds invade the stroma 
surrounding the duct and continue branching until a mammary tree is formed (Ochoa-
Espinosa and Affolter 2012).  

Various signals from the stroma affect branching, such as Wnts, Fgfs and BMPs but no 
specific signal has been found that induces branching. Therefore it is reasoned that 
inhibitory signals are used to hinder branching; among others, TGFβ has been shown to be 
the most likely candidate (Nelson, Vanduijn et al. 2006).   

It is hypothesized that both types of epithelial cells in the mammary gland, luminal and 
myoepithelial (see section 1.1.2), move in a coherent fashion during branching in the 
mammary gland since cell protrusions do not seem to form (Ochoa-Espinosa and Affolter 
2012). 

1.1.2 The cells in the mammary gland 

The mammary gland consists of epithelial and stromal cells. There are two types of 
epithelial cells in the ductal epithelial tissue, luminal and myoepithelial. The luminal cells 
line the ducts and have the potential to differentiate into milk secreting cells. Luminal 
epithelial cells are most often the origin of epithelial breast cancers. Myoepithelial cells 
surround the luminal cells and have muscle properties. Surrounding the myoepithelial cells 
is the basement membrane, where stem cells are thought to reside (Hassiotou and Geddes 
2013). There are different types of stem cells in the mammary gland, which could give rise 
to different types of breast cancers originating from stem cells. There is a limited 
population of multipotent stem cells in the adult mammary gland, but they are the main 
origin of cells in initial development. In the adult mammary gland lineage restricted stem 
cells are much more prominent. (Van Keymeulen, Rocha et al. 2011).  

The mammary gland is serviced by the vascular system. The entire vascular system is lined 
with endothelium. Endothelial cells are dynamic and differ considerably with regard to 
where in the vasculature system they originate. Endothelial cells produce and secrete many 
distinct growth factors and matrix products like fibronectin, laminin and collagen.. With 
their secretions endothelial cells influence elements that circulate in the blood like platelets 
and white blood cells and their underlying smooth muscle cells (Bauer E., Sumpio et al. 
2002). Endothelial cells found in the breast of humans are called Breast endothelial cells, 
BRENCs.  

The cells in the mammary gland can become cancerous and cause breast cancer the most 
common cancer in Icelandic women, according to the Icelandic Cancer Registry 
(Krabbameinsskrá).  

1.1.3 Breast cancer in context 

In a normal mammary gland the epithelial cells do not get into contact with the cells of the 
stroma. During invasive breast cancer their environment changes as they now are in direct 
contact with immune cells, endothelial cells and the extracellular matrix for example. In 
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recent years this context has come to attention as an important part of tumorigenesis 
(Ronnov-Jessen and Bissell 2009). Fibroblasts are common in the stroma and differentiate 
into myofibroblasts during inflammatory injury, driven in part by TGFβ. In wound healing 
this process ends with apoptosis of myofibroblasts, but during tumor growth the TGFβ 
signals are continuous, which, along with other factors, maintains induction of 
myofibroblast differentiation. Myofibroblasts secrete factors that promote tumor growth 
and its ability to metastasize (Byun and Gardner 2013).  

It has been shown that BRENCs are able to send signals to epithelial cells in culture that 
affect cell morphology and proliferation. Sigurdsson et al. showed that BRENCs induce 
epithelial to mesenchymal transition in D492, a breast epithelial cell line, when they are 
co-cultured in matrigel (Sigurdsson, Hilmarsdottir et al. 2011). This discovery indicates 
that endothelial cells could have part in tumor progress considering that EMT is often 
connected to tumors.   

1.2 Epithelial to mesenchymal transition 

Epithelial to mesenchymal transition, EMT, is the process when epithelial cells undergo 
changes in expression and transcription and acquire the phenotype of a mesenchymal cell. 
This process happens at various stages of development (e.g. during gastrulation), during 
repair of injured tissues and induces invasive epithelial cancers. The reverse, mesenchymal 
to epithelial transition, MET, is also known and is a vital process. EMT and MET show 
that cells are not constant and can change their phenotype drastically since these two 
classes of cells are not very similar. Epithelial cells establish a critical barrier between 
compartments in an organism. They have cell to cell cohesion and are immobile. 
Mesenchymal cells on the other hand produce extracellular matrix, provide support and are 
highly mobile (Micalizzi, Farabaugh et al. 2010).  

During EMT cells go from expressing epithelial markers such as E-cadherin, cytokeratin 
and laminin 1 to expressing mesenchymal markers such as N-cadherin, vimentin and 
fibronectin, see figure 2. (Kalluri and Weinberg 2009). 

 

 

Figure 2. A schematic figure showing epithelial to mesenchymal transition. Epithelial cells lose 
apico-basal polarity and gain mesenchymal proteins therefore becoming mesenchymal. (Micalizzi, 
Farabaugh et al. 2010). 

Many factors are known to induce EMT, including components of the extracellular matrix 
such as VEGF, HGF, EGF and TGFβ. These factors play a vital role during development 
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and wound healing. They increase expression of mesenchymal factors or decrease 
expression of epithelial factors (Sigurdsson, Hilmarsdottir et al. 2011) 

1.2.1 Epithelial to mesenchymal transition in breast cancer 

It is postulated that for cells to escape the primary tumor in breast cancer they need to do 
so via EMT. Research has shown that EMT seems to locally occur at the invasive end of 
the tumor and hence give the tumor ability to metastasize. This can be challenging to look 
into because when the epithelial cells have transitioned into mesenchymal cells they can 
become indistinguishable from other cells of the stroma. It is also worth mentioning that 
the metastatic tumor will most often be epithelial like the primary tumor so MET would 
also have to occur for the cells to colonize  

Another theory about how cells escape the primary tumor is collective migration, where 
cells have epithelial plasticity, they still have contact with their neighbour but they can 
move together. Both of these mechanisms can likely happen in breast cancers and there are 
indicators that these mechanisms lead to differently localized metastases;  EMT leads 
individual cells to the blood, but collective migration leads cells to lymphatic 
dissemination (Micalizzi, Farabaugh et al. 2010).   

1.3 Studying mammary gland development and 
cancer in vitro 

Culturing cells in vitro has long been the preferred method to analyze biological processes 
instead of using expensive in vivo models. The expense, and ethical issues are not the only 
problem of using in vivo models, because human and rodent mammary glands structures 
are quite different from each other. The functional part of the human mammary gland, 
terminal ductal lobular unit has many lobules coming from the terminal duct but the 
functioning part of the mouse mammary gland, tubuloalveolar unit has only one bulbous 
terminal end bud. The terminal ductal lobular unit in humans is surrounded by loose 
connective tissue and then there follows a more dense connective tissue. The epithelial 
cells do not come close to the adipose tissue. The lobuloalveolar unit in mice is surrounded 
by adipose tissue, with only a little amount of connective tissue. The cells themselves are 
highly similar in mouse and human, they have the same markers and are built the same 
way, it is the environment that differs (Parmar 2004). Experiments where scientists try to 
humanize the rodent mammary gland have been performed, for example by injecting 
fibroblasts into the mammary glands, these models are more similar to human mammary 
glands and are probably the best option for in vivo studies (Kuperwasser, Chavarria et al. 
2004).   

1.3.1 Different in vitro models 

Most cell culture is done two dimensionally, in a monolayer. This is still the conventional 
way for expanding cells and can be beneficial to look for signaling mechanisms or 
metabolic processes, but three-dimensional cultures are becoming more common as 
research shows that they are much more reflective of what is happening in vivo. Cells in 
3D cultures differ both morphologically and physiologically from cells cultured in 2D.   
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Figure 3 shows the difference between 2D cultures and a variety of 3D cultures. In the 2D 
culture cells are cultured in monolayer on a hard surface. In the 3D models in fig 3 B and 
3C a matrix is used to culture the cells. The cells can either be on top of the matrix or 
embedded in it. Cells can also be grown in suspension, fig 3D. A commonly used matrix is 
a tumor derived basement membrane material-rich gel commercially available as Matrigel 
(Hughes, C.S. et al. 2010).  

 

 

Figure 3. The different ways of culturing cells. (A) 2D monolayer cell culture. (B) 3D cell culture 
where spheroids are grown on matrix. (C) 3D cell culture where spheroids are grown inside 
matrix. (D) 3D cell culture where spheroids are grown in suspension. (Edmondson, Broglie et al. 
2014).   

Both 2D and 3D approaches have their costs and benefits; when cells are grown in a 
monolayer all the cells get the same amount of growth factors and nutrients from the 
media, this is not the case in 3D where the outermost cells of the spheres get most of the 
contents of the media. In 2D most of the cells are in a proliferating stage because cells that 
are not proliferating are not attached to the surface and are removed during medium 
change, in 3D the cells are in different stages and can not be washed away. The 
morphology of cells in monolayer is also further away from what we see in vivo than the 
morphology of cells in 3D (Edmondson, Broglie et al. 2014). 

1.3.2 Cell lines for in vitro studies 

Many different cell lines have been used for in vitro studies of the mammary gland. One 
available cell line is th HMT3522 cell line. HMT3522 is a human breast epithelial cell line. 
It originates from a benign breast tumor that was explanted from a 50 year old caucasian 
woman. The cell line is grown under serum free conditions in a chemically defined 
medium (Briand 1986), In this project two derivatives of the cell line will be used, the S1 
and T4-2. The S1 subline is non tumorigenic and the T4-2 subline is tumorigenic. 
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2 Aims of the project 

The aim of this project is to make three-dimensional co-culture models with endothelial 
and HMT3522 cells. Expression of the cell lines and their morphology in three-
dimensional cultures will be analyzed. The main aim is to answer whether endothelial cells 
can induce branching or EMT in the epithelial cell lines.  

3 Materials and methods 

3.1 Cell culture 

Cells from three different cell lines were taken from storage in nitrogen, thawed and 
cultured. The different cell lines were cultured under appropriate conditions for each cell 
line in both monolayer and three-dimensional cultures. The media was changed every 2 or 
3 days in a sterile environment and the cells were grown at 37°C.  

3.1.1 Cell lines 

The cell lines used were HMT3522 S1, HMT3522 T4-2 and breast endothelial cells 
(BRENCs). 

HMT3522 S1  

The cells were cultured in H14 media, DMEM/F12 basal medium (Gibco) supplemented 
with insulin (250ng/mL), transferrin (10μg/mL), EGF (10ng/mL), Na-Selenite (2.6ng/mL), 
estradiol (10-10 M), hydrocortisone (1.4×10-6 M) and prolactine (0.15 IU) for one passage, 
then the EGF concentration was doubled. The cells were cultured on polysteryne flasks 
that are coated with collagen.  

HMT3522 T4-2  

The cells were cultured in H14 medium, without EGF, in polysteryne flasks.  

BRENCs 

The cells were cultured in a EGM5 media, EBM2 basal media (Lonza), supplemented with 
hydrocortisone, bFGF, EGF, VEGF, IGF, Heparin, C vitamin of unknown concentration 
(Lonza) and 5% foetal bovine serum (Gibco). The cells are cultured in flasks without a 
collagen coat. 

3.1.2 Monolayer cultures 

The cells were cultured in T25 or T75 flasks. When cells in monolayer reached confluency 
around 75% the medium was removed from the flasks and the cells were rinsed with pre-
warmed PBS. Trypsin/EDTA was added to the flasks and they were incubated at 37°C for 
3-5 minutes to dislodge the cells. Pre-warmed PBS or DMEM was added and the solution 
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transferred to a falcon tube and spun down at 2000rpm for 3 min. Supernatant was 
removed and cell pellet was dissolved in 1mL of corresponding medium (25μL soybean 
trypsin inhibitor, STI was added if the medium did not contain serum) before being 
passaged to a new flask in a 1:3 to 1:10 ratio.  

3.1.3 Three-dimensional cultures 

Matrigel® was used as a matrix for the three-dimensional cultures. Media was given 
according to cell type, in co-cultures where BRENCs were used EGM5 media was always 
used. When preparing for three-dimensional cultures, monolayer cultures were treated as if 
they were about to be split except they were not passaged to new flasks but rather they 
were counted and aliquoted to the desired number. Cells were then handled according to 
what kind of three-dimensional culture was chosen.  

Cells embedded in Matrigel 

300 μL of matrigel are mixed carefully with the previously aliquoted cells over ice in 
screw cap tubes. The matrigel containing the cells can then be dispensed on to a 24-well 
plate carefully as to not make any bubbles. The plate is incubated at 37°C for 30 minutes 
and then 500μL of medium is added. The cultures that are set up for protein purification 
have 1000 S1 or T4-2 cells and 100000 endothelial cells.  

Cells on top of Matrigel 

Using 8 chamber chamber slides 100 μL of matrigel are put in each chamber and the gel is 
left to solidify, about 30 minutes. The aliquoted cells are dispensed in the same amount of 
medium as volume of matrigel in each chamber and dispensed on top of solid matrigel. Co-
cultures contained 10000 cells of each kind. Mono-cultures contained 10000 cells.  

Cells on top and embedded into Matrigel 

Using 8 chamber slides the aliquoted cells that are supposed to be inside the gel are mixed 
with 100μL of matrigel and dispensed in a chamber and left to solidify, about 30 minutes. 
The aliquoted cells that are supposed to be on top of the gel are dispensed in the same 
amount of medium as the volume of matrigel in each chamber and dispensed on top of 
solid matrigel. Co-cultures contained 10000 cells of each kind. 

3.2 Western Blot 

3.2.1 Protein Purification 

Monolayer culture 

When cells are 60% confluent or more, protein is harvested. Cells are washed twice with 
cold PBS. For T25 flasks, 150μL of RIPA buffer supplemented with 1x proteinase 
phosphatase inhibitor was added and cell scraper was used to remove and disrupt the cells. 
The flask was kept on ice for 10 minutes. Cell lysate was transferred to an eppendorf tube 
and frozen and thawed five times in liquid nitrogen. The eppendorf tube was spun at 14000 
rpm for 20 minutes at 4°C and the supernatant was collected in a new tube and stored at -
20°C.  
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Three-dimensional culture 

Medium is aspirated and the culture washed twice with ice-cold PBS of medium volume 
equivalency. 2-3 volumes of PBS-EDTA (5mM EDTA, 1mM NaVO4, 1.5 mM NaF in 
PBS) are added and a pipette tip is used to scrape the bottom of the culture and scrape the 
culture into a conical tube. Culture surface is rinsed with 1 volume of PBS-EDTA and the 
tube is shaken on ice for 15-30 minutes or until the Matrigel has dissolved completely. 
More PBS-EDTA may be necessary. Then the tube can be centrifuged and the cell pellet 
can be treated as a monolayer culture. 

3.2.2 Protein quantification 

5 μL sample is mixed with 45μL H2O. 10μL of this mixture is mixed with 250μL Bradford 
Reagent. A comparable blank sample is prepared, where 5μL of RIPA buffer is used 
instead of a sample. The samples are measured at 595nm in a spectrophotometer.  

3.2.3 Sample preparation 

For each 10μL that are loaded into a well in the gel, 5 μg protein are used, 2.5 μL sample 
buffer, 1 μL mercaptoethanol (Sigma) and up to 6.5 μL H2O. The sample is centrifuged 
and heated at 95°C for 10 minutes and then kept on ice until it is loaded into the gel.  

3.2.4 Running buffer, loading and run 

The running buffer is prepared fresh by mixing of 40mL 20x NuPAGE running buffer 
(Invitrogen) in 760 mL H2O. A 10% SDS Bis-Tris gels (Invitrogen) is placed in a tank and 
the wells are rinsed three times with the running buffe. 200mL running buffer is put in the 
smaller compartment and 600 in the larger compartment of the tank. The gel is loaded with 
10-15 μL of sample and 2 μL of pre-stained ladder. It is run at 200V constant for 35 
minutes.  

3.2.5 Transfer and blotting 

Both wet and semi-dry transfer were used. Both methods have their pros and cons and both 
worked for for the proteins worked on in this project.   

a) Wet transfer buffer and blotting 

Transfer buffer contains 25mL 20x NuPAGE Transfer buffer and 50mL methanol filled up 
to 500mL with H2O. Sponges are placed in transfer buffer and trapped air is removed. A 
PVDF membrane (Invitrogen) is put in methanol for 30 seconds and then in transfer buffer 
for 5 minutes alongside filters. Gel is removed from the cassette and the wells and base are 
cut away. Blotting chamber is loaded in the following sequence: 2x sponges, filter, gel, 
mebmrane, filter, 2x sponges. The blotting chamber is filled with trransfer buffer, and the 
outer chamber filled with water . The gel is run at 30V constant for 1 hour. Wet transfer 
buffer and blotting was used for protein detection from monolayer culture.  

b) Semi-dry transfer buffer and blotting 

Semi-dry Transfer buffer contains 25mL 20x NuPAGE Transfer buffer (Invitrogen) and 50 
mL methanol filled up to 500mL with H2O. The membrane is put in methanol for 30 
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seconds and then in semi-dry transfer buffer for 5 minutes alongside filter paper. Gel is 
removed from compartment and the wells and base are removed. Blotting compartment is 
loaded in the order: 0.5cm of filter paper, membrane, gel, 0.5cm filter paper. The gel is run 
at 20V constant for 60-90 minutes. Semi-dry transfer buffer and blotting was used for 
protein detection from three-dimensional cultures.  

3.2.6 Detection 

The membrane is placed in a container with the protein side up and rinsed with PBS. 
Blocking buffer contains 50:50 Blocking buffer (Odyssey) and PBS and is used to block 
the membranes for 1 hour, then a primary antibody is added to the blocking solution and 
incubated overnight at 4°C (see table 1). The next day the membrane is washed three times 
for 10 minutes with 0.1% Tween/TBS. Then the membranes are incubated with secondary 
antibody in 1:20000 ratio in 0.1%Tween/TBS  and 0.02%SDS for 1 hour (see table 2). 
Then the membranes are washed three times for ten minutes with 0.1% Tween/TBS and 
then for 5 minutes with water.  

Table 1 Primary antibodies for western blot 

Antibody Species Isotype Supplier Catalogue number Dilution 
Actin Mouse IgG1 Abcam ab3280 1:5000 
Ck14 Rabbit - Abcam ab15461 1:2000 
E-cad Mouse IgG2a BD biosciences BD610182 1:2000 
EGFR Rabbit - Cell signaling CS#4267 1:2000 
p63 Rabbit - Abcam ab124762 1:1000 

 

Table 2. Secondary antibodies for western blot 

Species Colour  Supplier 
Mouse 700nm (red)  Li-Cor Biosciences 
Mouse 800nm (green)  Li-Cor Biosciences  
Rabbit 700nm (red)  Li-Cor Biosciences 
Rabbit 800nm (green)  Li-Cor Biosciences 

 
 

3.3 Immunohistochemistry 

3.3.1 Formaldehyde fixation 

Culture media is removed and the cells are rinsed with PBS. 3.7% formaldehyde in PBS is 
used to fix the cells for 10 minutes and then the cells are rinsed with IMF buffer (0.1% 
Triton X-100, 0.15M NaCl, 5mM EDTA, 20mM HEPES, pH 7.5) for 5 minutes.  

3.3.2 Immunostaining 

Fixed cells are incubated with IMF buffer with 5% goat serum or FBS for 10 minutes to 
block nonspecific binding. Then primary antibodies are incubated over night (see table 3). 
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The cells are washed twice for 5 minutes with IMF buffer and incubated with secondary 
antibodies for 60 minutes (see table 4). The cells are then washed twice for five minutes 
with IMF buffer and once for 10 minutes with H2O.  

If the cells are in a monolayer culture the samples are dried before they are mounted with 
fluoromount and covered with coverslips. If the cells are in matrigel culture the samples 
are not dried but kept with PBS until they are photographed, then the PBS is removed and 
fluoromount™ added.  

Table 3. Primary antibodies and DNA stain for immunostaining 

Antibody Species Isotype Supplier Catalogue 
number 

Dilution 

CD31 
Ck14 

Rabbit 
Mouse 

- 
IgG3 

Abcam 
Abcam 

ab76533 
ab7800 

1:100 
1:200  

Ck17 Mouse IgG2b  DAKO M7046 1:100 
Ck19 Mouse IgG2a Abcam ab7754 1:100 
DAPI 
E-cad 

- 
Mouse 

- 
IgG2a 

Sigma-aldrich 
BD biosciences 

09542 
BD610182 

1:1000 
1:100 

EGFR Rabbit - Cell signaling CS#4267 1:200 
EpCam Rabbig - Abcam ab71916 1:50 
N-cad Mouse IgG1 BD biosciences BD610921 1:100 
p63 Rabbit  - Santa Cuz SC8344 1:50 
P-cad Rabbit - Cell signaling CS#2130 1:100 
Phalloidin 
Vimentin 

- 
Mouse 

- 
IgG1 

Life technologies 
DAKO 

- 
M0725 

1:40 
1:100 

 

Table 4. Secondary antibodies for immunostaining 

Secondary antibody   Supplier  Dilution 
Alexa fluor ® 488 goat anti-rabbit   Life Technologies  1:1000 
Alexa fluor ® 546 goat anti-rabbit   Life Technologies  1:1000 
Alexa fluor ® 488 goat anti-mouse IgG1 
Alexa fluor ® 546 goat anti-mouse IgG1 
Alexa fluor ® 647 goat anti-mouse IgG1 
Alexa fluor ® 488 goat anti-mouse IgG2a 
Alexa fluor ® 546 goat anti-mouse IgG2a 
Alexa fluor ® 546 goat anti-mouse Ig2b 
Alexa fluor ® 546 goat anti-mouse IgG3 
 

  Life Technologies 
Life Technologies 
Life Technologies 
Life Technologies 
Life Technologies 
Life Technologies 
Life Technologies 

 1:1000 
1:1000 
1:1000 
1:1000 
1:1000 
1:1000 
1:1000 
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4 Results  

4.1 Characterization of the cell lines  

To visualize the localization and expression of certain proteins immunocytochemistry is 
used. Monolayer cultures of S1 and T4-2 cells were established with 15,000 cells in each 
chamber, each cell type with its optimum media. The cells were fixed after 4 days of 
culturing.  

The S1 cell line expresses the usual epithelial markers, Ck14, Ck17, Ck19, E-cadherin and 
P-cadherin. Unsurprisingly N-cadherin expression, a mesenchymal marker, is not detected. 
Staining for p63 and EGFR is weak but phalloidin staining for actin is good, see figure 4.  

 

Figure 4 Expression of HMT3522 S1 in monolayer culture. Staining of Ck14, Ck19, CK17, E-
cad, P-cad, N-cad, p63, EGFR and phalloidin shown for cell line S1. Cells were also stained 
with nuclear stain DAPI (blue) 
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The T4-2 cell line also showed typical epithelial markers, Ck14, E-cad and EGFR, see 
figure 5. Staining for p63 is very weak, but in section 4.1.1 expression of p63 in both cell 
lines is confirmed. Actin staining with phalloidin is good.    

 

 

 

 

 

4.1.1 Confirmation of characterization of cell lines 

Expression of EGFR, actin, Ck14, E-cadherin and p63 was analyzed in both cell lines by 
using western blot technique on proteins harvested from monolayer cultures. Expression 
was similar in both cell lines, except for EGFR. Surprisingly the S1 cell lines showed 
stronger expression of EGFR than T4-2, see figure 6. Otherwise both cell lines showed 
expression for the epithelial markers Ck14 and E-cadherin as well as p63 and actin.  

 

 

 

 

  

 

Figure 5. Expression of HMT3522 T4-2 in monolayer culture. Staining of E-cad, Ck14, p63, 
EGFR and phalloidin shown for cell line T4-2. Cells were also stained with nuclear stain DAPI 
(blue). 
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                       S1        T4-2 

 

 

  

 

 

 

4.1.2 Characterization of cells in three-dimensional cultures 

When cells are seeded on top of matrigel and cultured for four days their protein 
expression profile changes from what it is in the monolayer culture. S1 cells can hardly 
proliferate and lose their Ck14 expression but maintain their Ck19 expression, see figure 7. 
The T4-2 cells can proliferate but they still lose the expression of Ck14 and have 
practically no Ck19 staining. 

                     S1                                               T4-2   

 

 

Actin 

Ck14 

E-cad  

p63 

EGFR 

Figure 6. Western blot of S1 and T4-2 proteins in monolayer culture. Stained for EGFR, actin, 
Ck14, E-cad and p63. S1 (left) and T4-2 (right) show similar expression except for EGFR 

Figure 7. Expression of three-dimensionally cultured S1 and T4-2 cells. The cells are stained 
with Ck14, Ck19 and DAPI (blue). S1 (left) and T4-2 (right) cell number differ after three-
dimensional culture.   
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4.2 Morphology of S1 and T4-2 differ in 3D 
culture 

Cells were cultured in different ways inside matrigel for 15 days. Images were taken on 
days 4, 11 and 15 on a phase contrast microscope.  

The initial culture conditions contained 10.000 S1 or T4-2 cells in H14 and H14 without 
EGFR media, respectively. The S1 cell line cannot proliferate under these conditions, as 
seen in figure 8, but the T4-2 cell line can. The T4-2 cell line proliferates into irregular 
clusters that are around 100  μm in diameter. This is expected as a nontumorigenic 
epithelial cell line needs a more helpful environment to proliferate than a tumorigenic 
epithelial cell line.   

 

                                                S1                                                          T4-2 

 

 

 

 

 

 

Day 4                             

Day 11 

Day 15 

Figure 8. Three-dimensional cultures of S1 and T4-2 in H14 and H14-EGF media. The 
pictures are taken on days 4, 11 and 15. S1 (left) does not proliferate but T4-2 (right) 
does. 
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Next, cultures with the same amount of cells but in a different medium were analyzed. This 
time EGM5 medium was used and it enables the S1 cell line to proliferate, see figure 9. 
The EGM5 medium contains more growth factors than H14 and that could explain the 
proliferation. In this medium the S1 cell line forms uneven clusters that grow substantially, 
as is seen on day 15 in figure 9. These big, uneven clusters could be at a budding stage that 
precedes  branching. The T4-2 cells form spheres under these conditions.  

                           

                                           S1                                                             T4-2 

 

 

 

 

 

 

 

 

 

Figure 9. Three-dimensional cultures of S1 and T4-2 in EGM5 media. The pictures are taken on 
days 4, 11 and 15. S1 (left) and T4-2 (right) both proliferate but form different structures 

 

Day 11 

Day 15 

Day 4 
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Co-cultures with BRENCs where 500 epithelial cells and 100.000 endothelial cells were 
cultured together in EGM5 medium seems to give similar results for the S1 cell line as are 
seen in figure 8. The cells are able to proliferate and form uneven clusters, see figure 10. 
The T4-2 cell line does not form spheres when co-cultured with BRENCs under these 
circumstances. Few clusters form in both cell lines.   

 

                                   S1 & BRENCs                                          T4-2 & BRENCs 

 

 

 

 

 

 

 

 

 

 

 

Day 4 

Day 11 

Day 15 

Figure 10. Three-dimensional co-cultures of 500 HMT3522 cells and 100,000 
BRENCs in EGM5 media. The pictures are taken on days 4, 11 and 15. S1 and BRENCs 
co-culture (left) and T4-2 and BRENCs co-culture (right) show similar structures. 



17 

Now the epithelial cell number was multiplied and 10.000 epithelial cells were seeded with 
100.000 BRENCs, as before in EGM5 media. More proliferating clusters are seen in both 
cell lines and some of the clusters form spheres in the T4-2 cell line, unlike what was seen 
in figure 10, even though both cultures are co-cultures with endothelial cells. The clusters 
are closer to each other in the T4-2 co-culture than in the S1 co-culture, see figure 11. The 
structure of the S1 clusters remains uneven and this cell line does not seem to form any 
spheres under any of the conditions tried here but they do have structures that point 
towards branching.  

 

                                      S1 & BRENCs                                      T4-2 & BRENCs 

 

 

 

 

 

 

 

 

Figure 11. Three-dimensional co-cultures of 10,000 HMT3522 cells and 100,000 BRENCs in 
EGM5 media. The pictures are taken on days 4, 11 and 15. S1 and BRENCs co-culture (left) and 
T4-2 and BRENCs co-culture (right) form different structures that are differently distributed.  

Day 4 

Day 11 

Day 15 
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4.3 Morphological differences in on top cultures 

S1 cells and BRENCs were seeded on top of matrigel and cultured for 4 days before 
fixation. Their expression profile remained the same as in monolayer culture (section 4.1) 
regarding E-cadherin, Ck14 and phalloidin, see figure 12. Staining was also done for 
EpCAM and the cells showed clear expression. The BRENCs marker, CD31 did not stain 
anything, that could be because those cells did not survive for 4 days in the matrigel. The 
structures are small clusters of cells, similar to what is seen in figures 10 and 11 on day 4 
in the co culture between BRENCs and S1 cells.  

 

 

 

 

 

 

 

 

 

 

When T4-2 and BRENCs were seeded on top of matrigel and cultured for 4 days the 
expression profile was the same as in the S1 co-culture but the structure the cells formed 
was different, instead of little clusters of a couple of cells the cells formed bigger and more 
irregular clusters, see figure 13.  

When cells are cultured on top of matrigel instead of embedding them in it they are more 
free to form different structures. This has allowed the T4-2 cells to form large irregular 
structures that could be characterize as invasive but the staining does not point toward 
invasiveness. The cells still stain for epithelial markers but the structures are clearly not the 
same as seen in figure 12. The structures in figure 12 could be interpreted as being the 
beginning of a branching morphogenesis, but with so few cells it is not very likely.    

Figure 12. On top co-cultures of S1 and BRENCs. Stained for phalloidin, Ck14, E-cad and EpCam 
in addition to CD31 and DAPI (blue) in all samples.  The cells show stain for all antibodies except 
CD31.   
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4.4 EMT in T4-2 

Cells were purified from matrigel and proteins harvested after the epithelial cells had been 
co-cultured with endothelial cells for 6, 11 and 16 days. Cells were scarce and proteins 
were limited. Expression for Ck14, E-cadherin, EGFR, actin and p63 was evaluated, see 
figure 14. Actin and EGFR were barely detected on samples taken on days other than day 
16. The other proteins were only deteced on day 16. The S1 cell line shows the same 
expression pattern as it did in monolayer culture except that p63 expression is no longer 
apparent. Expression of EGFR is less in T4-2 than in S1, just as in monolayer culture, and 
T4-2 has also lost p63 expression.  

T4-2 has ceased to express the epithelial markers, Ck14 and E-cadherin. That is a signal of 
EMT and correlates with the invasive structure that could be beginning to form in figure 
13.  

 

 

 

Figure 13. On top co-cultures of T4-2 and BRENCs. Stained for phalloidin, Ck14, E-cad and 
EpCam in addition to CD31 and DAPI (blue) in all samples. The T4-2 cells show invasive 
structures and stain positive for all antigens except for CD31.     
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5 Discussion 

This project looked into the phenotype of two isogenous epithelial breast cell lines, 
HMT3522 S1 and HMT3522 T4-2 and how they react to being co-cultured with 
endothelial cells in a three-dimensional culture. It had been shown that endothelial cells 
could induce EMT in another breast epithelial cell line (Sigurdsson, Hilmarsdottir et al. 
2011) when cultured in matrigel and this project shows that it could be true for the T4-2 
cell line as well. The effect of BRENCs on S1 cells is not as apparent.  

In this study S1 and T4-2 were characterized in a monolayer culture and both cell lines 
expressed typical epithelial markers such as cytokeratins and E-cadherin. EGFR expression 
turned out to be greater in S1 than in T4-2 which is not in agreement with a report from 
Itoh et al. which finds that EGFR expression is is greater in T4-2 than S1 ((Itoh, Nelson et 
al. 2007). This monolayer expression changed in both cell lines when they were cultured 
on top of matrigel for four days. Both cell lines lost Ck14 expression but showed a slight 
Ck19 expression. This change of expression could be caused by change from myoepithelial 
to luminal epithelial cell expression. In vivo, myoepithelial cells make basement 
membrane substrates which are needed in polysteryne flasks but not in matrigel because 
matrigel mimics basement membrane. The loss of p63 expression in the western blot 
shown in section 4.4 could also be linked to this reason.  

EGFR 

Actin 

Ck14 

E-cad 

p63 

Figure 14. Western blot of S1 and T4-2 proteins in on top cocultures with BRENCs. Stained for 
EGFR, actin, Ck14, E-cad and p63. The first three wells are days 6, 11, and 16 in the S1 co-culture 
and the next three wells are days 6, 11 and 16 in the T4-2 co-culture. T4-2 does not have Ck14 nor 
E-cad expression. 
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Three-dimensional cultures have been used as a model for studying breast development as 
they are more reflective of what is happening in vivo than traditional monolayer cultures. 
During this project three-dimensional cultures using matrigel® as a base were established 
with breast epithelial cell lines. The S1 cell line had difficulty in proliferating in on top 
cultures and in embedded cultures when cultured alone in H14 medium. The same is not 
true for T4-2 cells which grew with some ease. The EGM5 media on the other hand had 
sufficient growth factors so that the S1 cells could proliferate. The structure of non-
tumorigenic cell line S1 embedded in matrigel in EGM5 medium with or without 
BRENCs, hints towards branching morphogenesis. The S1 cells became big, some over 
300 μm in diameter, uneven clusters, when grown for 15 days. The tumorigenic cell line 
T4-2 on the other hand leaned more towards a sphere structure when grown in EGM5 
medium with or without BRENCs. This project therefore found a bigger difference 
between which medium was used than the presence of BRENCs regarding the structure of 
the cells.  

Three-dimensional cultures where cells are embedded on top of matrigel are also popular 
because they give cells more flexibility to grow in different directions. When grown in co-
culture with BRENCs in on top cultures the T4-2 cells use that flexibility and look 
invasive, like the cells are going through EMT. Changes in staining for epithelial markers 
do not follow this invasiveness but it must be kept in mind that this antibody staining is not 
done quantitatively so the expression of epithelial markers could be different from 
monolayer cultures. Western blot on proteins harvested from T4-2 cells embedded in 
matrigel showed typical EMT characters, their E-cadherin and Ck14 expression had 
vanished. Because the transition between epithelial and mesenchymal phenotype is not an 
on-off switch it could well be that the T4-2 cells in the on top culture are somewhere in 
between. S1 cells did not show any sign of EMT in western blot. 

With these results the question still remains whether the EGM5 medium with all its growth 
factors or BRENCs are responsible for inducing different morphogenesis. It is interesting 
to see that BRENCs do not seem to be preserved in matrigel. When they are cultured in on-
top culture they become polynuclear and undergo apoptosis within 72 hours (Ingthorsson, 
Sigurdsson et al. 2010). Therefore the question remains if their presence at the beginning 
of cell cultures is enough to direct cells towards certain developmental pathways or if they 
do not have any effect. Therefore it would be interesting to see if the same structures could 
be obtained in the on top culture with EGM5 media without the endothelial cells. 
Furthermore, it would be interesting to see whether T4-2 cells embedded in matrigel for a 
longer time would  lose expression of epithelial markers under these same conditions. 
However, since studies have shown that endothelial cells affect EMT in the D492 breast 
epithelial cell line in three-dimensional culture (Ingthorsson, Sigurdsson et al. 2010) it is 
very likely that BRENCs are also affecting the epithelial cells in this project.  

Another prospective study could analyze these cells in in vivo models, such as NOD/SCID 
mice. S1 or T4-2 cells could be injected with BRENCs into the mice and their effect 
studied. It would be interesting to see if the T4-2 cells would go through EMT and 
metastasize like the results here implicate and if the S1 cells would form noninvasive 
tumors caused by a lack of EMT.  

It is evident that research on the effect of endothelial cells is not over. Endothelial cells are 
a vital part of every tissue in the body and their effect are therefore complex and can vary 
in different tissues. This project shows that it is possible that endothelial cells cause EMT 
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in tumorigenic cells but not in non-tumorigenic cells. Because EMT can cause metastasis 
which makes cancer much more indocile it is very important to understand what causes it 
and ultimately how it could be inhibited.   
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