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Útdráttur 

Azithrómýcín (AZM) er sýklalyf notað gegn bakteríusýkingum í lungum, þvagfærum og 

húð. Rannsóknir hafa sýnt að áhrif AZM hafa reynst gagnleg við slímseigjusjúkdómi í 

lungum (e. cystic fibrosis) og í öðrum lungnasjúkdómum sem einkennast af bólgu og 

hindrun loftflæðis. Þessi ávinningur getur tengst áhrifum AZM á ósértæka og sértæka 

ónæmiskerfinu og áhrif þess á uppbyggingu frumna eins og þekju- eða æðaþelsfruma 

(Parnham et al., 2014). Frumuræktanir hafa sýnt að AZM hefur áhrif á tjáningu próteina 

þéttitengja í öndunarfæraþekju og eykur viðnám yfir þekjuna (e. transepithelial resistance) 

(Asgrimsson, Gudjonsson, Gudmundsson, & Baldursson, 2006). Þessar niðurstöður benda 

til þess að AZM styrki þekjuna og auki þar með vernd hennar gegn utanaðkomandi 

áreitum. Markmið verkefnisins var að kanna hvort AZM hefði áhrif á þekjufrumur í öðrum 

líffærum og í því samhengi voru framkvæmdar tilraunir á brjóstaþekjufrumum. 

Í verkefninu notaði ég brjóstaþekjufrumulínuna D492 sem býr yfir stofnfrumueiginleikum 

sem lýsir sér í hæfni hennar í að mynda bæði kirtilþekju- og vöðvaþekjufrumur. Í þrívíðri 

frumurækt myndar D492 greinótta kirtilganga. Í verkefnum var notast við fjögur 

mismunandi frumuræktarlíkön; einföld frumuræktun í tvívíðu plani, ræktun á götóttum 

himnum, þrívíðar ræktir með og án æðaþelsfrumur. 

Niðurstöður verkefnisins benda til þess að þekjuvefseiginleikar aukist í ræktun á himnum 

og í þrívíðum ræktum með æðaþelsfrumum. Hin tvö ræktarlíkönin höfðu hvorki aukna né 

minnkaða þekjuvefseiginleika. Greining á svipgerðarbreytingum í þrívíðum ræktunum 

leiddi til þeirrar niðurstöðu að AZM hafi áhrif á formgerð kirtilganga og frekari rannsókna 

er þörf til að kanna þessar breytingar betur. 



 

Abstract 

Azithromycin (AZM) is an antibiotic used against bacterial infections in the lungs, urinary 

tract and skin. Studies have shown beneficial effects from AZM treatment in cystic fibrosis 

(CF) and in lung diseases that are characterized by inflammation and obstruction of airflow 

in the lungs. These benefits can be linked to the effects of the AZM on the innate and 

adaptive immune system and its effects on structural cells such as epithelial or endothelial 

cells (Parnham et al., 2014). Studies have shown that AZM affects the expression of tight 

junction (TJ) proteins and increases transepithelial electrical resistance (TER) in human 

airway epithelia. The aim of this project was to ascertain if AZM did have the same effect 

on breast epithelial tissue as on lung epithelial cells.  

The breast epithelial cells in this project are called D492, a stem-like cell line that has the 

ability to differentiate into myoepithelial or luminal epithelial cells. The cells were studied 

in four different cell culture models; simple monolayer culture, monolayer on filters, 3D 

culture (co-culture) with and without (monoculture) endothelial cells. 

The results of this project suggest that epithelial integrity is increased in the transwell filter 

culture model and the co-culture model. The other two culture models did not have 

increased or decreased epithelial integrity. The analysis of the phenotypes led to the 

conclusion that the macrolide is effecting pathways of inhibition and elongation and is a 

subject to be studied further. 
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1 Introduction 

1.1 The Mammary Gland 

The female mammary gland is a unique anatomical structure that serves the function of 

synthesizing and secreting milk for the nourishment of newborns (Hassiotou & Geddes, 

2013; Macias & Hinck, 2012). Most organs maintain their basic structure throughout adult 

life but the breast gland shows tremendous remodelling ability from the onset of puberty to 

the period of menopause when function of the gland declines. This is an organ that shows 

great plasticity and diversity. Development of the mammary gland can be separated 

temporally into distinct stages: embryonic, puberty, pregnancy-lactation, and involution 

(Hassiotou & Geddes, 2013; Macias & Hinck, 2012). Each stage has its own unique 

characteristic and will be discussed briefly in the next chapter. Much of human breast 

development takes place postnatally, reaching its functionally mature state during 

pregnancy and lactation in the adult female (Hassiotou & Geddes, 2013).  

1.1.1 Mammary Gland Development 

The development of the breast gland during embryogenesis is similar in both sexes. 

Newborn male and female breasts consists of anlage (a rudimentary mammary gland), 

fibroblastic stroma and fat (see Figure 1.1) (Chuong, Bhat, Widelitz, & Bissell, 2014). It is 

not until the onset of puberty that the female breast glands will differ from the male 

(Hassiotou & Geddes, 2013). 

During puberty, hormonal stimulation occurs causing stromal and epithelial proliferation 

that induces rapid breast growth mainly due to an increase in adipose tissue (Hassiotou & 

Geddes, 2013). The epithelial cells form tubes that elongate extensively at this stage and 

undergo more pronounced branching. The branching tree terminates in ductal lobular units 

(TDLUs) that are characterized by clusters of acini and small ductules (see Figure 1.2) 

(Ingthorsson, Briem, Bergthorsson, & Gudjonsson, 2016). This is induced by ovarian 

hormones that act on mammary stem cell (MaSC) populations thought to exist in the basal 

ductal layer (Hassiotou & Geddes, 2013). Estrogen drives ductal branching and elongation 

while progesterone signaling is required for proliferation and terminal differentiation in the 

TDLU (Fridriksdottir, Villadsen, Gudjonsson, & Petersen, 2005; Ingthorsson et al., 2016). 

With the onset of puberty, the menstrual cycle commences whereby subtle remodeling in 

the breast gland occur. If pregnancy does not occur, the gland regresses again and the cycle 

can start again (Fridriksdottir et al., 2005; Hassiotou & Geddes, 2013).  
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Figure 1.1. Diagram of the structure of the breast. Top left: a newborns breast; bottom left: a 

female breast after puberty. The right diagram represents the branching of the mammary gland 

through development. Adapted from Hennighausen and Robinson, 2005. 

When the female becomes pregnant the gland matures with further branching and 

proliferation of the cells in the TDLUs. The maturation of the breast gland is directly 

regulated by increased levels of hormones and growth factors again affecting the MaSCs 

and progenitor cells. After birth the gland can begin its functional role of secreting milk 

(Hassiotou & Geddes, 2013).  

The gland undergoes involution, characterized by apoptosis and regression of acini and 

remodeling of the extracellular matrix (ECM), which results in the breast returning to a 

non-functional state (Fridriksdottir et al., 2005; Ingthorsson et al., 2016). Remarkably, the 

cycle just described can be repeated with multiple pregnancies during the reproductive life 

of a female (Hassiotou & Geddes, 2013).  

1.1.2 Structure of the Breast Gland 

A mammary gland is composed of milk-secreting lobes. Each lobe branches into lobules, 

and the lobules terminate in clusters of alveoli or acini or the TDLU in the human breast 

gland. The TDLUs are composed of two main epithelial cells called luminal epithelial cells 

(LEPs) and myoepithelial cells (MEPs). The MEPs, expressing cytokeratin 14 (K14), form 

an outer layer around the LEPs, expressing K19. The epithelial cells are surrounded by 

collagenous stroma and are separated from it by a basement membrane. Cells exhibiting a 

supra-basal location but not reaching the lumen of the gland have been shown to be able to 

differentiate into both luminal and myoepithelial cells. These cells, thus, have some 

characteristics of stem cells and are progenitor cells and are from where the D492 cells are 

derived (Gudjonsson, Ronnov-Jessen, et al., 2002).  
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Figure 1.2 Structure of a TDLU. (a) Diagram of the TDLU. (b) Histology of a breast gland 

showing TDLU structures. Adapted from Wolters Kluvver Health, Lippincott Williams and Wilkins, 

2011. 

The D492 cell line was established from reduction mammoplasty tissue. The cell line was 

immortalized and once established was shown to be able to differentiate into both luminal 

and myoepithelial cells (Gudjonsson, Villadsen, et al., 2002). When embedded into 

matrigel, the cell line can form TDLUs with both myoepithelial and luminal cells present, 

enabling the in vitro modeling of branching morphogenesis (Sigurdsson et al., 2013). 

1.1.3 Branching Morphogenesis 

The breast is not the only organ that undergoes branching. Branching underlies the 

formation of multiple organs, including many internal glands, the respiratory system and 

the nervous system. This process is known as branching morphogenesis that results from 

the remodeling of the epithelial or endothelial sheets into multicellular tubular networks 

(Ochoa-Espinosa & Affolter, 2012). Branching morphogenesis is a process where organs 

increase their surface area (Sigurdsson et al., 2013). 

Branching morphogenesis does happen similarly in these organs but there are some 

differences. Notably, between the breast and lung, branching in the lung is structured and 

simple and almost always happens in the same order. However, branching pattern in the 

breast is not as structured, yet what defines the breast is also the fact that hormonal control 

triggers branching morphogenesis. Signals that regulate the process are similar between 

breast and lung, and include FGFs, BMPs, Wnts, and EGFs (Ochoa-Espinosa & Affolter, 

2012). 

Signals that regulate branching morphogenesis usually come from the stroma or other 

epithelial cells. Transforming growth factor β (TGFβ) is a key negative regulator in the 

process (Ochoa-Espinosa & Affolter, 2012). TGFβ signals through a tetrameric complex of 

type I and type II receptors. The cells in the breast are always secreting TGFβ and this 

inhibits branching of near by cells. Branching occurs only where concentrations of TGFβ is 
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under a certain threshold. Studies have shown that tissue form and context, such as 

geometry of multicellular tubules and their proximity to neighbors can control the position 

of branching during morphogenesis of mammary epithelial cells (Nelson, VanDuijn, 

Inman, Fletcher, & Bissell, 2006). 

1.1.4 Epithelial to Mesenchymal Transition 

The basis of branching morphogenesis lies within the process known as epithelial to 

mesenchymal transition (EMT) (Ochoa-Espinosa & Affolter, 2012). It is a cellular process 

that is important in development, wound healing and regeneration (Micalizzi, Farabaugh, 

& Ford, 2010).  

Epithelial cells serve the function of a barrier and are thus characterized by cell-cell cohesion 

molecules, including E-cadherin and β-catenin (Wirtz-Peitz & Zallen, 2009). Another type of cell called 

mesenchymal cells serve the purpose of support and structure to the epithelial cells. The cells achieve 

this by producing an extracellular matrix and by being extremely motile and invasive. EMT is the 

process when epithelial cells acquire the phenotype of a mesenchymal cell (see   

Figure 1.3). The reverse process is called mesenchymal to epithelial transition or MET and 

together these processes provide flexibility for development of complex body structures 

and function (Micalizzi et al., 2010).  

EMT is a form of cell migration. The cells begin to express and transcribe other molecules 

that causes the cell to become mesenchymal (see Figure 1.3). Although this process is 

essential for normal physiology, it can also become a problem. For instance, when the cells 

natural processes malfunction and it becomes a cancer, it can in some instances spread 

with the help of EMT. This process is known as metastasis and is the dreaded stage in 

cancer development (Micalizzi et al., 2010). 

 

  

Figure 1.3 A diagram of EMT. During EMT epithelial cells lose proteins that maintain apico-

basal polarity, and gain mesenchymal proteins and thus becoming mesenchymal. Adapted from 

Micalizzi et al., 2010. 
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1.2 Azithromycin as an Epithelial Barrier 

Enhancing Drug 

Azithromycin (AZM) is an antibiotic used against bacterial infections in the lungs, urinary 

tract and skin. It is a broad-spectrum second generation macrolide and inhibits bacterial 

protein synthesis, quorum-sensing and reduces the formation of a biofilm (Parnham et al., 

2014). AZM was first synthesized in the 1980s from erythromycin and has many 

improvements over erythromycin such as improved stability in acidic environment and had 

better activity against Gram-negative bacteria (Jelic & Antolovic, 2016). Its effects on the 

host has led to AZM receiving increasing attention. Studies show that these effects are 

beneficial in cystic fibrosis (CF) and in lung diseases that are characterized by 

inflammation and obstruction of airflow in the lungs(Parnham et al., 2014). Specifically, 

these effects on CF patients include significant improvement of pulmonary function which 

has the effect that the symptoms of the disease decreases (da Silva, Pinto, & Stein, 2015). 

These benefits can be linked to the effects of the AZM on the innate and adaptive immune 

system and its effects on structural cells such as epithelial or endothelial cells (Parnham et 

al., 2014). 

Studies have shown that AZM affects the expression of tight junction (TJ) proteins and 

increases transepithelial electrical resistance (TER) in human airway epithelia in vitro (see 

Figure 1.4) (Halldorsson et al., 2010). In this study the drug affected localization and 

processing of the TJ proteins claudin and occludin, yet had no effect on the adhesion 

molecule E-cadherin (Asgrimsson et al., 2006). 

 

 

Figure 1.4 Effect of AZM on TER of human airway epithelia in vitro. Human airway epithelial 

cells were cultured on transwell filters. AZM increases TER significantly at concentrations of 40 

μg/mL. Adapted from Asgrimsson et al., 2006. 
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2 Aim of the Study 

The macrolide azithromycin (AZM) has been shown to be important to lung epithelial 

integrity due to its ability to increase the strength of tight junctions, increase transepithelial 

resistance and reduce the paracellular flux. The aim of this project was to ascertain if AZM 

has the same effect on breast epithelial tissue as in lung epithelial cells.  
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3 Methods and Material 

3.1 Cell Culture 

D492 cells were thawed from liquid nitrogen quickly, and resuspended in 9 mL PBS and 

the cell suspension was centrifuges at 2000 rpm (rounds per minute) for 3 minutes, 

supernatant removed, and the cell pellet resuspended in 1 mL of H14 medium (see Table 

3.1). Afterwards, the appropriate volume was added to tissue culture flasks (T25) (BD 

FalconTM). All cells were incubated in 5% CO2 at 37°C (Thermo Scientific incubator). The 

cell line D492 was maintained in culture in monolayer in T25 flasks and from this, used in 

the other methods of culturing, that is, on top of transwell filters and in three-dimensional 

(3D) cultures. 

AZM treatment was added to the medium with a final concentration of 40 μg/mL. 

Table 3.1 Media formulations. H14 has Dulbecco’s modified Eagle’s medium/F12 (DMEM/F12) 

as its base. Defined growth factors, and penicillin-streptomycin were added to the DMAM/F12 

media. 

ADDITIVE H14 

EGF 10 ng/mL 

INSULIN 250 ng/mL 

TRANSFERRIN 10 μg/mL 

HYDROCORTISONE 500 ng/mL 

NA-SELENITE 2.6 ng/mL 

ESTRADIOL 0.1 nM 

PROLACTIN 0.15 IU 

 

3.1.1 Monolayer Cell Culture 

The cell line D492 was cultured in collagen coated T25 flasks in H14 media. The media 

was changed three times a week and cells were sub cultured at 85-90% confluence.  

Collagen coating of the T25 flasks was started by mixing together 1 mL of collagen 

(Advanced Biomatrix PureCol, type I, 3 mg/mL) with 44 mL of PBS. Three mL of the 

solution was added to each T25 flask and allowed to adhere for one hour. Afterwards the 

liquid was aspirated and 3 mL of PBS was added and then stored at 4°C until the flasks 

were needed. 
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The growth curve was carried out on collagen-coated 96 well plates (see Table 3.2). D492 

was seeded equally (~6000 cells/well) between the wells and incubated overnight in H14 

media. The next day 0.1% crystal violet (CV) was added in row A that is labelled Day one 

in Table 3.2 and then repeated each day. The experiment was halted after day 4 because the 

cells had reached 85-90% confluence. Lastly, the cells were resuspended in 33% acetic 

acid and absorption measured with a spectrometer at 570 nm. 

Table 3.2 Growth curve setup. Table outlines how the 96 well plate was set up. One row was to be 

treated with crystal violet every day from seeding. The blue color represents the control and the 

red represents the AZM treated cells. 

  1 2 3 4 5 6 7 8 9 10 11 12 

A Day 1                       

B Day 2                       

C Day 3                       

D Day 4                       

E Day 5                       

F Day 6                       

G Day 7                       

H                         

 

3.1.2 Cells Cultured on Top of Transwell Filters 

Transwell filters (Corning 3470) were coated with 1:45 collagen in PBS using the same 

method as with the T25 flask collagen coating. The filters had a pore size of 0.4 μm and 

were placed in a 24 well plate. Cells in monolayer from a T25 flask of cells were 

trypsinized at ~ 90% confluence. Trypsinization was stopped with the addition of PBS + 

STI (soybean trypsin inhibitor) and the cell suspension transferred to a 15 mL tube and 

centrifuged for 3 minutes at 2000 rpm. The pellet was resuspended in 1 mL of H14 media 

and ~100000 cells seeded on each filter. H14 media was added to the upper and lower 

chambers (see Figure 3.1) and changed three times a week. TER was measured three times 

in each well before the media was changed. 

 

 

Figure 3.1 Diagram of transwell filter culture setup. Pink color represents H14 media. 

3.1.3 Three-dimensional Cell Culture 

Cells were embedded in matrigel by mixing the appropriate number of cells to the matrigel 

carefully. The solution was then distributed evenly between wells of a 96 well plate. The 

Inner chamber 

Filter 

Outer chamber 
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monoculture (D492 cells only) had ~6700 cells/well and the co-culture had ~340 cells/well 

of D492 cells and ~67000 cells/well of endothelial cells. The cell suspension was allowed 

to settle in the incubator at 37°C for 30 minutes and then 500 μL of appropriate media was 

added. EGM5 (Endothelium Cell Growth Medium, Lonza) media was used on the 

monoculture and the co-culture. Strictly speaking H14 should have been used on the 

monoculture but we were attempting to induce branching morphogenesis as others in our 

lab have previously been shown to be possible with EGM5. 

3.2 Relative Expression of Genes 

3.2.1 RNA Isolation 

Medium was removed from the cells, which were then dissolved in an appropriate volume 

of TriReagent (Ambion) for 5 minutes. The cells loosened by pipetting up and down and 

were transferred to an RNase free Eppendorf tube. Chloroform was added to the tube, 

vortexed and centrifuged at 13000 rpm for 18 minutes at 4°C. The clear phase collected 

and placed in a new RNase free Eppendorf tube. Isopropanol was added to the tube and 

inverted carefully a few times before it was allowed to stand for 5-10 minutes. Then it was 

centrifuged at 13000 rpm for 12 at 4°C. The pellet was washed twice with 96% ethanol, 

vortexed and centrifuged at 8000 rpm for 5 min. The RNA was airdried completely before 

dissolved in 10-30 μL RNase-free water and stored at -80°C. The RNA concentration was 

measured with Nanodrop. 

3.2.2 cDNA Synthesis 

SuperScript® IV (SSIV) kit was used to synthesize cDNA from the isolated RNA. 1μg of 

RNA was mixed with 1 μL of 10 mM dNTP mix, 1 μL of 50 μM random hexamers, and 

RNase free water (up to 13μL). The solution was heated with a PCR (Polymerase Chain 

Reaction) machine at 65°C for 5 minutes and then cooled down on ice. The solution was 

mixed with 4 μL of 5x SSIV buffer, 1 μL of 100 mM DTT, 1 μL of RNase OUT™, and 1 

μL SSIV reverse transcriptase. This was then heated with a PCR program:  

1. 23°C for 10 minutes. 

2. 50-55°C for 10 minutes. 

3. 80°C for 10 minutes. 

4. Cooled down to 4°C. 

cDNA stored at -20°C. 

3.2.3 Real-time qPCR 

cDNA was diluted in water (1:10) and then mixed as shown in table Table 3.3. The solution 

was added to a 96 well plate as shown in Table 3.4 and closed with an adhesive cover. The 

plate was centrifuged at 1000 rpm for 10 seconds and then run and analyzed with a Fast 

7500 real-time qPCR system from Applied Biosystems 7500. 
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Table 3.3 SYBR-Green reaction mix. 

For all genes Each well (μL) 

cDNA 1 

SYBR Green master mix 

Power up 

10 

MilliQ H2O 1 

F&R primer mix 500 nM 8 

 

Table 3.4 Setup for qPCR reaction in a 96 well plate. 

  1 2 3 4 5 6 7 8 9 10 11 12 

A ctr ctr ctr AZM AZM AZM ctr ctr ctr AZM AZM AZM 

B ctr ctr ctr AZM AZM AZM ctr ctr ctr AZM AZM AZM 

C ctr ctr ctr AZM AZM AZM ctr ctr ctr AZM AZM AZM 

D ctr ctr ctr AZM AZM AZM ctr ctr ctr AZM AZM AZM 

E ctr ctr ctr AZM AZM AZM ctr ctr ctr AZM AZM AZM 

F ctr ctr ctr AZM AZM AZM ctr ctr ctr AZM AZM AZM 

G ctr ctr ctr AZM AZM AZM ctr ctr ctr AZM AZM AZM 

H GAPDH TP63 OCLN KRT14 KRT19 CLDN4 CDH1           

 

 



13 

4 Results 

In my study, I used the D492 breast epithelial stem cell line that generates luminal and 

myoepithelial cells and in 3D culture it forms branching structures reminiscent of TDLU 

like structures. To see what affect AZM treatment has on the breast epithelial cell line 

D492 cells were cultured with four different culture techniques: monolayer, on transwell 

filters, three dimensional (3D) and 3D in co-culture with endothelial cells. The 

concentration of AZM (40 μg/mL) in the H14/EGM5 media was chosen according to 

similar experiments that have been done at our lab with lung epithelial cell lines (VA10 

and BCi-NS1.1). Six genes were chosen to examine with qPCR: TP63, OCLN, KRT14, 

KRT19, CLDN4 and CDH1. They were chosen for their association with different cell 

properties of the cell line. KRT19 is a luminal epithelial cell marker and KRT14 is a 

myoepithelial cell marker. TP63 is a progenitor cell and a myoepithelial cell marker. Since 

the cell line can go through EMT, CDH1 was chosen as a marker because a decrease in E-

cadherin could indicate EMT activity. The last two genes, OCLN and CLDN4, were 

chosen for a few reasons. Firstly, they encode adhesion molecules that play important roles 

in maintaining epithelial integrity (this applies to CDH1 as well). Secondly, in our research 

on the lung epithelial cell line these genes showed remarkable results. 

4.1 AZM Reduced Cell Proliferation of D492 Cells 

in Monolayer Culture 

Phenotype analysis upon AZM treatment was done by capturing phase contrast images of 

D492 cells. AZM treatment of cells was recorded for three weeks. Phenotypic changes that 

occurred were subtle but differences in cell proliferation were noticed. The result showed 

that AZM treatment decreased proliferation of the cells (Figure 4.1).  
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Figure 4.1 AZM treatment affects proliferation of breast epithelial cells in monolayer culture. 

(a) Phase contrast images of simple monolayer cultures, scale bar is 100 μm. (b) Relative change 

in proliferation compared to proliferation at day 1. n=1. 

4.1.1 AZM treatment shows a slight increase in TER of D492 
Cells culture on transwell filters 

By culturing cells on transwell filters it is possible to indirectly measure the epithelial 

integrity. The upper and lower chambers represent the apical and basal compartments, 

respectively. By measuring the transepithelial resistance (TER) between the compartments 

it is possible to measure how tight the epithelial cells sit together. We have previously 

shown that AZM treatment of airway epithelial cells increases TER (Asgrimsson et al., 

2006), thus, we wished to see if the treatment has the same effect on D492 cells. Since 

breast epithelial cells are not meant to be in contact with air the experimental setup was 

changed to suit the D492 cells. Airway epithelial cells can be cultured with ALI (Air-liquid 

interface) culture, instead of culturing cells with only media in the lower chamber, H14 

media was simply added to the upper chamber as well (see Figure 3.1). The results show 

that TER increases slightly but not in the same grade as with airway epithelial cells. 

(a) 

(b) 
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Figure 4.2 AZM treatment on breast epithelial cells cultured on transwell filters shows small 

increases in TER. D492 cells cultured on transwell filters in monolayer where TER was measured 

3 times a week (between day 15 and 25 the machine broke down and had to be fixed). n=1 

4.1.2 AZM treatment on breast epithelial cells increases 
epithelial integrity when cultured on transwell filters 

Total RNA was isolated from treated (AZM) and untreated (Control) cells gown in 

monolayer and on transwell filters. qPCR expression analysis was conducted on luminal 

epithelial specific (K19), myoepithelial specific (K14, P63) and adhesion molecules that 

play important roles in maintaining epithelial integrity. 

The results from the monolayer showed smaller changes in expression of the genes than 

results from the transwell filter cultures. Cells grown in monolayer cultures showed 

downregulation of OCLN and no significant changes in TP63, KRT14, CLDN4, and 

CDH1 when AZM was compared to the control. The only gene that was upregulated in 

monoculture was KRT19 (see Figure 4.3). Conversely, cells grown on the transwell filters 

showed an upregulation of all the genes except for KRT19, which had no significant 

change (see Figure 4.4).  
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Figure 4.3 Relative expression of genes from cells cultured in simple monolayer show small 

changes in the genes chosen. Simple monolayer D492 culture analysed with qPCR. n=1. 

 

Figure 4.4 Relative expression of genes from cells cultured on transwell filters show increased 

epithelial integrity. Transwell filter monolayer D492 culture analysed with qPCR. n=1. 
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4.2 Three Dimensional Cultures 

3D models can show us more differences in phenotypes since the cells can grow in all 

directions and are not hindered to grow on a flat surface. This model often shows different 

relative gene expression than in monolayer because of the different surroundings and 

different cell to cell interactions. 3D culture is a closer model of the in vivo environment of 

the cells than the monolayer culture. Two techniques were employed; D492 cells were 

cultured with (co-culture) and without (monoculture) endothelial cells. The endothelial 

cells are added to better resemble the environment of the in vivo breast gland and we have 

shown that endothelial cells stimulate branching morphogenesis and EMT. 

4.2.1 Branching morphogenesis differs with AZM treatment 

To analyse if AZM affected branching morphogenesis in 3D cultures phase contrast 

images were taken to record any phenotypic changes (Figure 4.5). Although we used 

EGM5 to induce branching morphogenesis in monoculture there was much more 

branching in the co-culture. 

In 3D monoculture, comparison of the control with AZM treated cells showed that there 

were a higher number of colonies branching in the absence of AZM, but these colonies 

branched very little. In the AZM treated culture there were more round colonies but those 

that did branch grew unusually close together.  

After a week in 3D co-culture both the control and AZM treated cells showed colonies 

with mesenchymal (grapes-like structures), round and branching phenotypes. The only 

difference was more of branching colonies in the AZM treated cells and all the other 

colonies were smaller in diameter. Three days later a difference of the branching 

phenotypes could be detected. The AZM treated cells showed more pronounced branching 

and longer ducts than in the control. On day 14 the branching of the AZM colonies seemed 

to be more structured than in the control, the control branches looked more random. 
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Figure 4.5 Branching morphogenesis in AZM treated 3D monoculture is unhindered by other 

colonies and in co-culture with apparent more structured branching. (A) Representative phase 

contrast images of 3D monocultured D492. n=2. (B) Phase contrast images of 3D co-cultured 

D492. n=1, scale bar is 100 μm. 

4.2.2 AZM treatment on breast epithelial cells in co-culture 
increases gene expression 

After AZM treatment on 3D cultures total RNA was isolated from treated (AZM) and 

untreated (Control) cells and qPCR expression analysis was done in the same way as with 

monolayer and transwell filter cultures. 

Relative expression of the genes in both monoculture and co-culture showed upregulation 

of TP63 and KRT19. In fact, these were the only genes that showed significant change in 

the monoculture (see Figure 4.6), whereas all the genes were upregulated in the co-culture, 

especially KRT19 (see Figure 4.7).  
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Figure 4.6 Relative expression of genes from D492 cells cultured in 3D shows increased 

epithelial integrity. 3D monocultured D492 cells analysed with qPCR. n=1. 

 

 

Figure 4.7 Relative expression of genes from D492 cells cultured in 3D shows increased 

epithelial integrity especially when cultured with endothelial cells. D492 cells cultured in 3D with 

endothelial cells analysed with qPCR. n=1. 
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5 Discussion 

Previous studies have shown that lung epithelial cells respond to Azithromycin (AZM) by 

increasing their epithelial integrity (Asgrimsson et al., 2006). The question was raised if 

these effects of AZM were valid for other epithelial cell types, hence the aim of this study 

was to examine the effects of AZM on the breast epithelial cell line, D492. From this 

study, it is evident that AZM has a similar effect on the breast epithelial cells to some 

extent.  

AZM treatment of D492 cells in monolayer cultures resulted in very little change. Changes 

observed in both the phenotype and quantitative expression of the cell line were subtle with 

slowed proliferation, upregulation of K19 and downregulation of OCLN. If we only look at 

the downregulation of OCLN one could conclude that the macrolide causes decrease in 

epithelial integrity (see Figure 4.3). Since that is the only gene downregulated and no 

significant changes in the other adhesion molecules this cannot be true. I instead propose 

that in this cell model the cells slowed their proliferation (see Figure 4.1(b)) because of 

differentiation into more specialised cells, that is luminal epithelial cells (LEPs) that 

express K19.  

In this study we want to compare AZM treatment of lung epithelial cells to breast epithelial 

cells and much of the evidence for the AZM effect and epithelial integrity in lung epithelial 

cell lines is based on the increase of transepithelial resistance (TER) (Asgrimsson et al., 

2006). TER can be measured in the ALI culture model and similarly, it was used in this 

study with a few modifications. In order to more closely replicate the environment specific 

to our cells, media was maintained on the apical surface, i.e. liquid-liquid culture (see 

Figure 3.1). Measured TER increased but not to the same degree as Asgrimsson et al 

recorded (see Figure 1.4 and Figure 4.2). This difference could be because of the changes 

that had to be made on the procedure of the experiment. If we compare this increase of 

TER to the upregulation of the genes for the adhesion molecules occludin, claudin 4 and E-

cadherin (see Figure 4.4) it is evident that epithelial integrity could be increasing in this cell 

model. It is interesting to add that Asgrimsson et. al. did not see a change in E-cadherin 

expression but in this study, we see an increase. The TP63 and KRT14 were also 

upregulated but KRT19 had no significant change. Since TP63 and KRT14 are markers for 

myoepithelial cells (MEPs) and KRT19 a marker for LEPs there must have been an 

increase of MEPs but not LEPs. TP63 is also a marker for progenitor but since KRT14 and 

TP63 are both upregulated we cannot say if the increase of TP63 is due to increase in 

MEPs or progenitor cells as well. 

The monolayer cell culture model is an easy way of culturing cells but it poorly portrays 

the environment of the breast gland. Branching morphogenesis is a process that takes place 

in a three-dimensional (3D) environment. The breast epithelial cell line D492 can form 

TDLUs when embedded in matrigel. This allows us to analyse phenotypic changes in 

branching morphogenesis as well as how genes are differentially expressed when the cells 

can form TDLUs. The cells were cultured with (co-culture) and without (monoculture) 

endothelial cells and though we used EGM5 to induce branching morphogenesis in 

monoculture there was much more branching in the co-culture. The monoculture also grew 
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very close together when treated with AZM and that could mean that pathways that are 

usually inhibiting growth, such as TGFβ, are being inhibited (Nelson et al., 2006). This is 

something that could be researched further. The AZM treatment did not have the same 

effect on the co-culture. The co-culture had longer and prominent branches that could 

mean that the treatment is effecting the elongation signal in the cells. Estrogen is a 

hormone that induces branching and elongation (Hassiotou & Geddes, 2013) and it could 

be that this pathway is being activated or some other growth factors. This would have to be 

examined further. 

If we compare Figure 4.3 and Figure 4.6 that show the qPCR results for simple monolayer 

and 3D culture without the endothelial cells, respectively, we can see some similarities. In 

both cases, there is no significant change in at least three of the genes, KRT14, CLDN4 

and CDH1. Upregulation of KRT19 would indicate differentiation into LEPs as mentioned 

earlier. The only two genes that are differently expressed between these two culture 

methods are upregulation of TP63 in the 3D culture and downregulation of OCLN in the 

monolayer. These similarities could be suggesting that there isn’t a change in these genes 

expression when you change their environment, except for TP63 and OCLN. The 3D 

culture has increased progenitor cells but not MEPs, since KRT14 is not upregulated. In 

both instances, there is not an increase in epithelial integrity since the adhesion molecules 

show no significant change in expression. This is not the case with the co-culture that has 

upregulation of all the adhesion molecules and thus has increased epithelial integrity. 

There is also upregulation of all the cell type markers and so there is increased MEPs, 

LEPs and possibly progenitor cells (see Figure 4.7). This means that there is more cellular 

differentiation. 

This project examined the possibility that AZM would increase epithelial integrity of 

breast epithelial cells, similar to the lung model. Epithelial integrity is increased in the 

transwell filter culture model and the co-culture model. The other two culture models did 

not have increased or decreased epithelial integrity. The analysis of the phenotypes led to 

the conclusion that the macrolide is effecting pathways of inhibition and elongation and is 

a subject to be studied further. 
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