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Abstract 

Breast cancer is comprised of several subtypes that are different from one another and the 

divergence leads to different outcomes of the disease. There are known prognostic factors and 

phenotypic distinction in different biological factors and expression patterns, such as the 

estrogen receptor (ER), progesterone receptor (PR), Ki67, HER2/neu expression (HER2). In 

general, there are three breast cancer subtypes with the most recurring subtype being luminal 

A, and the other two being luminal B and triple negative breast cancer. Triple negative breast 

cancer is a heterogeneous subtype which is defined by the lack of expression of ERα, PR and 

HER2. Triple negative breast cancers are also very aggressive and have the worst prognosis 

compared to the other two ERα positive tumors. The luminal A subtype can develop into a 

metastatic cancer thanks to the so-called epithelial-mesenchymal transition (EMT), which 

affects a subpopulation of epithelial cancer cells. EMT is the name of a process that takes 

place during the embryonic development, the wound healing and cancer metastasis, where the 

epithelial cells will transform into mesenchymal cells which have higher invasive and 

migratory properties. EMT occurs when epithelial cells lose their apical-basal polarity and 

then the adherens- and tight junctions are dissolved. The adherens junction dissolution can be 

observed as a downregulation of CDH1 (E-cadherin), which is regularly measured in EMT 

studies. Many signaling pathways are associated with the promotion and establishment of 

EMT e.g. transforming growth factor β (TGFβ), Notch and Wnt signaling. Bioinformatic 

screening was performed to look for mRNA expression levels of ZEB1 and Snail1 in 

different breast cancer cell lines. By using chromatin immunoprecipitation-sequencing (ChIP-

Seq) in the triple negative (ER-, PR- HER2-)  Hs578T breast cancer cell line, a genome-wide 

screen for ZEB1 and Snail1 binding sites had been performed before the start of the project. 

The Hs578T cell line expresses many of the EMT transcription factors that are relevant for 

the project. Since the signaling of TGFβ is crucial for these genes, manipulation of this 

signaling pathway is needed to be able to analyse its importance for the function of these 

genes. To inhibit the activity of TGFβ, the small molecule GW6604 was used to inhibit the 

TGFβ type I receptor kinase (TβRI) and in that way inhibiting the signaling from this 

receptor. In addition, ZEB1 and Snail1 were knocked out by the use of the transfection and 

CRISPR/Cas9 knockout technique. By investigating mRNA and protein levels of chosen 

genes in both control Hs578T cells and ZEB1 and Snail1 knockout Hs578T cells, up or down 

regulation of some of these genes can be seen with stimulation with TGFβ. The knockout of 

Snail1 but not of ZEB1 indicated that the loss of Snail1 generated breast cancer cells that 

could try to revert to epithelial at the phenotypic level. 
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Introduction 

Breast cancer is comprised of several subtypes that are different from one another and the 

divergence leads to different outcomes of the disease. There are known prognostic factors and 

phenotypic distinction is based on different biological factors and on the expression patterns 

of genes, such as the estrogen receptor (ER), progesterone receptor (PR), Ki67 which is a 

nuclear protein that is used as a marker for proliferation, and HER2/neu expression (HER2) 

which is a member of the epidermal growth factor receptor family. New gene expression 

techniques are being used to track the extension of this genetic divergence that can be found 

between the different breast cancer subtypes. This has revealed that not only does the 

variability in gene expression lead to certain difference in clinical and phenotypic features but 

the expression patterns found in tumors suggest that breast cancer should be seen as more 

than one disease and most of the subtypes emerge from the luminal epithelium (Peppercorn, 

Perou, and Carey 2008). In general there are three subtypes with the most recurring subtype 

being luminal A, demonstrating epithelial differentiation and expressing ERα, PR but not 

HER2/neu. The luminal A subtype is defined to be of low-grade with weak proliferation 

capacity and invasiveness which results in a relatively good prognosis for the affected. The 

luminal B subtype has a high expression of ERα and/or PR and is Ki67 and/or HER2 

positive, and has a poorer prognosis compared to the type A tumors. Triple negative breast 

cancer is a heterogeneous subtype which is defined by the lack of expression of ERα, PR and 

HER2. Triple negative breast cancers are also very aggressive and have the worst prognosis 

compared to the other two ERα positive tumors. The luminal A subtype can develop 

metastatic potential thanks to the so called epithelial-mesenchymal transition (EMT) in the 

subpopulation of epithelial cancer cells (Sims et al. 2007). 

EMT describes a process that takes place during the embryonic development and the wound 

healing process where the epithelial cells will transform into mesenchymal cells which have 

higher invasive and migratory properties (Chaffer and Weinberg 2011)(Nieto 2011). It has 

also been shown that EMT is involved in organ fibrosis and the induction of metastasis of 

tumors. EMT is characterized by two extensive molecular and morphological changes, where 

epithelial cells lose their apical-basal polarity and then the adherens- and tight junctions 

which are crucial for cell to cell attachment will be dissolved. Thanks to the loss of E-

cadherin (CDH1) which is localized in the adherens junctions and is regularly analyzed in 

EMT studies, increased motility of the cells affected by EMT can be observed (Nieto 2011). 
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There are plenty of signaling pathways associated with the promotion and establishment of 

EMT e.g. transforming growth factor β (TGFβ), Notch and Wnt signaling. 

TGFβ promotes EMT by the induction of certain transcription factors such as the zing finger 

proteins Snail1, Snail2/Slug, ZEB1 and ZEB2, the chromatin protein high mobility group A2 

(HMGA2) and the basic helix loop helix proteins Twist and E47. These transcription factors 

regulate the expression of each other and can together inhibit the expression of epithelial 

genes and induce the expression of the mesenchymal genes (Tan et al. 2012)(Tan et al. 2015). 

The TGFβ pathway has multiple cytokines which bind and act as ligands to the type I and 

type II TGFβ receptors, these receptors have a serine/threonine kinase activity (Moustakas 

and Heldin 2009). When a ligand binds to the receptor a heterotetrameric complex is formed 

in which the type II receptor starts to phosphorylate the type I receptor, which will activate it, 

the type I receptor then phosphorylates the receptor Smad proteins (R-Smads). TGFβ receptor 

I (TβRI) activation leads to increased activity of TβRI kinase which phosphorylates two 

cytosolic R-Smad proteins, Smad2 and Smad3. By measuring the levels of phosphorylated 

Smad2 (pSmad2), it can be shown whether there has been a successful TGFβ ligand 

interaction with its receptor complex (Koumoundourou et al. 2007). When the R-Smads have 

been phosphorylated they can associate to Smad4 which is a common mediator (Co-) and this 

complex will regulate expression of specific targeted genes by help of other co-transcription 

factors and chromatin modifiers. The TGFβ pathway is important and crucial for 

development and cellular processes such as cell differentiation, apoptosis and growth arrest. 

This makes its role in tumor development two sided, in the initial stages of tumor 

development it acts as a suppressor but it will later on change into a tumor inducer. Thus, 

after induction of EMT TGFβ can promote growth, invasion and metastasis (Heldin, 

Landström, and Moustakas 2009). As far as the scientific community is aware, the TGFβ 

signaling pathway is acknowledged to be the major pathway that initiates and sustains the 

EMT in a variety of epithelial cells, including breast cancer cells (Moustakas and Heldin 

2014).  

CDH1 is a known suppressor of invasion and growth and is mainly expressed in epithelial 

cells. CDH2 is known as neuronal cadherin (N-cadherin) and is normally expressed in neural 

and heart tissue (Moya et al. 2013)(Kostetskii et al. 2005). In carcinomas, CDH2 is up 

regulated meanwhile CDH1 gets down regulated during the EMT process which contributes 

to its expansion. However, reduced expression of CDH2 can be seen in neuroblastoma 
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development which makes CDH2 having double roles in cancer development. CDH1 and 

CDH2 have structural and functional connections but have different noticeable functions. 

CDH2 increases fibroblast growth factor receptor 1 (FGFR1) activity which CDH1 does not. 

CDH2 induction in epithelial cells permits them to bind to other cell types such as endothelial 

cells and stroma cells which express CDH2 (van Roy 2014). Another cadherin is CDH4, also 

known as Retinal cadherin (R-cadherin), and its expression is generally down regulated in 

high grade carcinoma breast cancers in comparison with normal breast tissue (Agiostratidou 

et al. 2009) . Overexpression of CDH4 has shown to suppress the malignancy in mammary 

glands (Agiostratidou et al. 2009) . A fourth cadherin, CDH11, also known as Osteoblast 

cadherin (OB-cadherin), is usually up regulated during EMT and is therefore called, together 

with CDH2,  a mesenchymal cadherin. CDH11 is normally expressed in normal mesoderm-

derived tissues but it has been shown to be up regulated in the stroma of low-grade prostate 

cancers, and, in high-grade cancers, CDH11 has been found to be up regulated in both 

stromal and endothelial cells. As the name suggests, CDH11 is strongly expressed in 

osteoblasts, where it has been shown that prostate cancer with up regulated CDH11 could 

metastasize to bone thanks to the homotypic interactions between CDH11 present on the 

surface of cancer cells with CDH11 on the surface of the osteoblasts in bone (van Roy 2014). 

β-Catenin signaling has an important function in embryonic development and stem cell 

regulation and its abnormal activation can induce tumor formation. β-Catenin localization in 

the nucleus and overexpression of its target gene cyclin D1 is related to poorer prognoses in 

breast cancer (Yin et al. 2016). β-Catenin forms complexes with α-catenin and E-cadherin in 

normal epithelial cells, anchored to the adherens junctions. The zonula occludens (ZO) family 

of proteins are transmembrane molecules that anchor the tight junction structures and connect 

them to the cytoskeleton. ZO-1 appears to be absent or show little expression in some breast 

cancer cell lines and genetic changes in the ZO-1 can be held accountable for these 

alterations (Martin et al. 2004). Vimentin is an intermediate filament expressed in normal 

tissue of mesenchymal origin. It is also highly expressed in epithelial cancers such as breast, 

prostate, gastrointestinal tract, lung, central nervous system and malignant melanomas. 

Vimentin is known to be even higher expressed in breast carcinomas, especially in high grade 

infiltrating ductal and medullary carcinomas. In ductal carcinoma, vimentin expression is 

associated with low PR and low ER tumors that show increases basement membrane 

invasiveness. (Hemalatha, Suresh, and Kumar 2013). Fibronectin (FN) is an adhesive 

glycoprotein which has an important role in cell differentiation, migration and growth. 
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Wound healing, coagulation, embryonic development and oncogenic transformation are 

additional areas where it is involved in the development of different types of human cancers. 

It has also been associated with cell invasion and migration in several metastatic models 

(Fernandez-Garcia et al. 2014). 

Plasminogen activator inhibitor-1 (PAI1) can induce cancer progression and the expression of 

its protein in tumors can be used as an indicator of poor prognosis in many cancer forms. In 

cancer transplantation models, tumor invasiveness, growth and angiogenesis are abolished in 

PAI1-deficient mice and are recovered by adenoviral PAI1 replacement (Sternlicht et al. 

2006). Housekeeping genes are considered to be constantly expressed in most tissues to 

maintain cellular activity. For normalization of gene expression, these genes are assumed to 

be expressed in the same manner under different experimental conditions, which makes it 

possible to work as internal references. To be able to normalize the mRNA or protein 

expression level, the perfect reference gene should be expressed in the same manner in high 

levels in most cells. β-actin and Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) are 

commonly used as controls in mRNA or protein studies. Although these housekeeping genes 

are expressed in the same manner, sometimes they can show differential expression under 

different conditions (Lin and Redies 2012).  

Bioinformatic screening was performed to look for mRNA expression levels of ZEB1 and 

Snail1 in different human breast cancer cell lines (Maturi et al, unpublished). For this, the 

Gene expression-based outcome for breast cancer Online (GOBO) database was used 

(Ringnér et al. 2011). The triple negative breast cancer cell line Hs578T was decided to be 

used for further studies since it has a high endogenous expression of ZEB1, Snail1 and other 

EMT transcription factors. By using chromatin immunoprecipitation-sequencing (ChIP-Seq) 

in the Hs578T breast cancer cell line, a genome-wide screen for ZEB1 and Snail1 binding 

sites had been performed (Maturi et al, unpublished) before the start of the project. This was 

done in order to identify possible candidate genes that are regulated by ZEB1 and Snail1 

during the presence of TGFβ signaling in breast cancer cells. Since the signaling of TGFβ is 

crucial for the expression of ZEB1 and Snail1, experimental manipulation of this signal is 

needed to be able to analyse its importance for the function of ZEB1 and Snail1. To inhibit 

the activity of TGFβ, a low molecular weight inhibitor, GW6604, can be used to inhibit the 

TGFβ type I receptor kinase (de Gouville and Huet 2006). Also by experimentally changing 

the expression of genes, either overexpression or inhibition by knockout of specific genes can 

be performed. Using the transfection technique, a plasmid made of deoxy ribonucleic acid 
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(DNA) is inserted into the cell and thereby increasing the expression of the carrier gene. By 

using the technique CRISPR/Cas9, it is possible to create targeted genomic editing, by 

introducing nucleotide changes in targeted genomic sequences, creating frame shift 

mutations, deletions or sequence insertions (Sander and Joung 2014). 

Aim of the study 

The study aimed to investigate which genes that are regulated on mRNA and protein levels 

by ZEB1 and Snail1 during TGFβ stimulation. This was done in order to find new factors that 

regulate ZEB1 and Snail1 or gene targets that are regulated by ZEB1 and Snail1. 

Materials and Methods 

Cell culturing with TGFβ stimulation. 

Hs578T breast cancer cells were cultured on 100mm petri dishes in Dulbecco's Modified 

Eagle Medium (DMEM) containing 10% (v/v) Fetal Bovine Serum (FBS) and 1% (v/v) 

Penicillin-Streptomycin (PEST). For stimulation procedures with TGFβ1 (Peprotech Ltd, 

UK) for different time points, cells were plated on 6 well plates and let to grow for a day 

before changing to DMEM without FBS and PEST to remove any growth factors in the FBS 

that can affect the signaling in the cells. 24 h after this, the cells had reached a confluence of 

40%, and 5 ng/ml of TGFβ1 was added to the wells as a starting point for the 48 h, then 24 h, 

8 h, 4 h and 2 h later, one well was kept unstimulated by TGFβ1 to be used as a negative 

control, and the experiment was ended by 0 h. The cells were washed with ice cold phosphate 

buffered saline (PBS) and directly put on ice and transferred to -20°C, then either protein 

extraction or RNA extraction would proceed.  

TGFβ pathway inhibition 

Cells were plated on 6 well plates in the same manner as for the stimulation procedure and at 

the 48 h and 24 h time points 3.3 µM GW6604 TGFβ pathway inhibitor (Ludwig Institute for 

Cancer Research) contained in dimethyl sulfoxide (DMSO) solution was added. At the same 

time equal volume of DMSO was added to one well as control. One well was kept with only 

DMEM as a negative control.  During 0 h the experiment was ended and the wells were 

washed with ice cold PBS and directly put on ice and transferred to -20°C and protein 

extraction would proceed.  
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Protein extraction 

Extraction of protein from cells in frozen 6 well plates was performed by using RIPA Buffer 

(50mM Tris-.Cl pH 8, 150mM NaCl, 10% (v/v) glycerol, 1% (w/v) Nonidet P40, 0.5% (w/v) 

sodium deoxycholate) containing protease inhibitor 1x (PI) (cOmplete, Roche Diagnostics). 

RIPA Buffer containing 1:25 v/v PI was added to the each well in the 6 well plates while kept 

on ice and the plates were kept on shaking table in cold room for 15 minutes, cell scrapers 

were used to transfer the lysis solution to Eppendorf tubes and were kept on ice for another 

15 minutes with occasionally tapping. The tubes were centrifuged at 13 000 RPM for 5 

minutes to separate the cellular components from the proteins. The supernatant containing the 

proteins was transferred to a new tube. Bradford Protein Assay (Bio-Rad, Hercules, 

California) solution was added in new tubes and 1:200 v/v of the supernatant was added to 

them for protein analysis by spectrophotometry. Normalization with SDS sample buffer 2x 

(25ml 4x Tris·Cl/SDS pH 6.8, 20 ml glycerol (20% v/v final concentration), 4g SDS, 3.1g 

DTT, 1mg bromophenol blue, H2O to 100ml), SDS sample buffer 6x (7ml 4× Tris·Cl/SDS 

pH 6.8, 3.0 ml glycerol (20% v/v final concentration), 1g SDS, 0.93g DTT, 1.2mg 

bromophenol blue, H2O to 10ml) was made in all samples against the sample with smallest 

protein concentration. The samples were heated to 95°C, centrifuged at 13 000 RPM for 1 

min and then sodium dodecyl sulphate - polyacrylamide gel electrophoresis (SDS-PAGE) 

was performed or the samples were frozen at -20°C. 

SDS-PAGE 

The protein samples were subjected to SDS-PAGE with 10 % w/v polyacrylamide gel (Bio-

Rad, Hercules, California), using gel electrophoresis buffer containing 50ml (E-buffer), 5ml 

20% w/v SDS and 445ml deonizedH2O (dH2O). Twenty µl were then loaded to each well and 

using 150V during 1½ h to 2 h depending on which molecular size protein that was of 

interest. For ZEB1- and Snail1 knockout cell protein analysis, Criterion TGX Stain-Free 

Gradient gels 4-20% w/v polyacrylamide were loaded with 30µl in each well and using 150V 

during 1½ h. 
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Western Blot 

Transfer of 10% polyacrylamide gels containing protein to PVDF membranes with 0.45µm 

pore (GE Healtcare Life Sciences Ambersham, Chicago) was carried with the wet transfer 

technique (Bio-Rad, Hercules, California) using transfer buffer containing 100ml (E-buffer), 

200ml methanol and 700ml dH2O, at 100V during 1 h. After the transfer, the membrane was 

incubated in Poncheau S solution (Stochaj, Berkelman, and Laird 2006) to stain for protein 

bands on the membrane, to validate the efficiency of the transfer. Afterwards the stain was 

washed away using Tris-Buffered Saline and Tween 20 (TBST 0.1% v/v Tween) before 

blocking the membrane with 5% Bovine Serum Albumin (BSA) (Sigma-Aldrich) during 1½ 

h. Afterwards the membrane was washed with TBST 0.1% v/v Tween and incubated in the 

specific primary antibody (in 5% w/v BSA) for 1½ h. After this, the membrane was washed 

with TBST 0.1% v/v Tween and secondary antibody (in 5% w/v BSA) for 1 h. Membrane 

was then washed with TBST 0.1% v/v Tween thoroughly.  

CCD camera and Chemiluminescence. 

For developing the membrane and visualizing proteins on the membrane, a CCD camera was 

used (Bio-Rad, Hercules, California) with Western Chemiluminescent HRP Substrate 

(Immobilon™) containing Luminol Reagent and Peroxide according to the manufacturer’s 

protocol.  

Transcription factors and EMT markers. 

Transcription factors that have been shown to be related to EMT by earlier studies can be 

seen in table 1. EMT and TGFβ signaling markers can be seen in table 2.  

Table 1: Transcription factors related to EMT. * Housekeeping genes. 

Zinc Finger E-Box Binding Homeobox 1  ZEB1 

Snail Family Zinc Finger 1  Snail1 

Zinc Finger E-Box Binding Homeobox 2  ZEB2 

Snail Family Zinc Finger 2  Slug 

Twist Basic Helix-Loop-Helix Transcription Factor 1 Twist 

Beta-actin* β-actin 

Glyceraldehyde-3’-Phosphate Dehydrogenase* GAPDH 

Hypoxanthine phosphoribosyltransferase 1 * HPRT1 
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Table 2: EMT and TGFβ signaling markers. 

Phosphorylated SMAD2  pSmad2 

Neuronal-Cadherin  CDH2 

Vimentin  Vim 

Retinal-Cadherin  CDH4 

Osteoblast-Cadherin  CDH11 

Fibronectin  FN 

Plasminogen activator inhibitor-1 PAI1 

Zona Occludens  ZO1 

Catenin (Cadherin-Associated Protein), Beta 1  β-Catenin 

 

Antibodies 

Antibodies used against various proteins can be found in the table 3. 

Table 3: Antibody manufacturer and dilution. 

Antibody (Species) 

Molecular weight 

Manufacturer Dilution 

(v/v) 

Antibody (Species) 

Molecular weight 

Manufacturer Dilution 

(v/v) 

Anti-ZEB1 (Rabbit)  

182kDa 

Novus 1:1000 (1% Milk) Anti-β-Catenin 

(Mouse) 92kDa 

BD Bioscience 1:1000 (5% BSA) 

Anti-ZEB1 (Rabbit) 

182kDa 

Santa Cruz 1:2000 (5% BSA) Anti-CDH4 (Rabbit) 

100kDa 

Thermofisher 

Scientific 

1:1000 (5% BSA) 

Anti-Snail1 (Rabbit) 

35kDa 

Cell Signaling 1:1000 (5% BSA) Anti-CDH11 

(Mouse) 120kDa 

Life Technologies 1:250 (5% BSA) 

Anti-pSMAD2 (Rabbit) 

60kDa 

Home made 1:2000 (5% BSA) Anti-PAI1 (Mouse) 

47kDa 

BD Bioscience 1:500 (5% BSA) 

Anti-CDH2 (Mouse) 

130kDa 

BD Bioscience 1:50 000 (5% BSA) Anti-β-actin (Mouse) 

45kDa 

Santa Cruz 1:1000 (5% BSA) 

Anti-Vimentin 13.2 

(Mouse) 57kDa 

Sigma Aldrich 1:500 (5% BSA) Anti-GAPDH 

(Mouse) 36kDa 

Ambion 1:20 000 (5% BSA) 

Anti-Fibronectin (Rabbit) 

180-200kDa 

Sigma Aldrich 1:30 000 (5% BSA) Anti-Rabbit (Goat) 

 

Invitrogen 1:20 000 (5% BSA) 

Anti-ZO1 (Mouse) 

194-220kDa 

BD Bioscience 1:1000 (5% BSA) Anti-Mouse (Goat) Life Technologies 1:20 000 (5% BSA) 

Transfection 

Hs578T cells were cultured in 6 well plates with 10% v/v FBS DMEM and when the cells 

were 40% confluent, six tubes with 200µl of OPTI-MEM (Gibco™) and 6 µl of FugeneHD 

(Promega) were added, mixed and incubated for 5 min. Then, three tubes with 2 µg of ZEB1 

plasmid and three tubes with 2 µg of pcDNA3 plasmid were prepared and incubated for 10 

min. The medium was changed in the wells and 1.8ml of fresh DMEM 10% v/v FBS was 

added to them. 200µl of the OPTI-MEM containing FugeneHD and plasmid mix was added 
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to the wells of the 6 well plate, and incubated until the end of the experiment. TGFβ was 

added for stimulation to both the ZEB1 plasmid and pcDNA plasmid wells, at 48 h, 9 h and 0 

h control containing no external TGFβ, and acting as a negative control. At 0 h, the 

experiment was ended, washing the wells with ice cold PBS and put on ice, then moved to -

20 oC freezer until protein extraction. 

RNA extraction 

RNA was extracted from cells cultivated in 6 well plates using the TRIzol Reagent (Ambion, 

Life Technologies, Carlsbad, California) and was performed following the supplied protocol 

and resuspended in 35µl RNase-free water per sample. Nucleic acid concentration in the 

samples was then measured by spectrophotometry (Nanodrop 1000 Thermo Scientific, 

Waltham, Massachusetts) and samples were was stored at -20°C.  

Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 

For RT-PCR the Bio-Rad iSCript cDNA Synthesis Kit was used (Bio-Rad, Hercules, and 

California), following the supplier’s protocol. One µg RNA from each sample was added to 

new tubes containing Nuclease-free water, then iScript reaction mix containing 

deoxynucleotide tri phosphate (dNTP), MgCl2 and stabilizers, random primers, was added to 

the tubes. iScript MMLV reverse transcriptase containing Ribonuclease (RNase) H and 

RNase inhibitor protein, was added to the tubes. The tubes were centrifuged on 5 000 RPM 

for 1 min and then proceeded to the MJ Mini Personal Thermal Cycler (Bio-Rad, Hercules, 

California) using the iScript protocol for the instrument to generate cDNA. The synthesized 

cDNA was stored in -20 or used directly for qPCR. 

Quantitative Polymerase Chain Reaction (qPCR) 

Primers for each test gene and housekeeping gene were diluted 1:10 v/v with nuclease-free 

water. 10µl of diluted primer A and 10µl of diluted primer was added to 100µl 2× Kapa 

SYBR FAST qPCR Master Mix kit (Kapa Biosystems, Wilmington, MA), generated a 

solution mix sufficient for triplet of samples. The cDNA sample was diluted 1:5 with 

Nuclease-free water allowing for triplets. In the 96 well plate, 4µl of each cDNA template 

was applied to every well and 6µl of 2× KAPA containing primer A and B added to the 4 

triplets of every gene with each corresponding well. (12 wells in a total for 4 genes with 6 

samples = 72 wells in total). The 96 well plate was centrifuged for 5 000 RPM for 2 minutes 

and a C1000 Thermal Cycler (Bio-Rad, Hercules, California) used for the qPCR reaction, by 

using a premade SYBR-green protocol (Initiation step 95°C for 2 minutes, denaturation step 
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95°C for 30 seconds, annealing step 56°C for 30 seconds, extension step 72°C for 45 seconds 

+ plate read, repeated in 40 cycles from denaturation step. Denatured 95°C for 15 seconds, 

melt curve from 65°C to 95°C with increment of 0.5°C for 5 seconds + plate read). The result 

was analyzed with Excel (Microsoft, Albuquerque, NM) by calculating fold changes and 

corresponding standard deviation. 

 

Results 

The study aimed to investigate novel target genes of the transcription factors ZEB1 and 

Snail1 in triple negative breast cancer cells. Due to the tumor cells being triple negative, 

having little or no expression of ERα, PR and HER2, being very invasive, representing a 

tumor type difficult to treat, this demands new targeting areas for the therapy of this type of 

cancer. By selecting two transcription factors that are prominent in EMT regulation and 

investigating their impact on other genes combined with the impact of TGFβ stimulation, 

more prominent data could be gathered on their signaling interaction. By culturing Hs578T 

cells in petri dishes, TGFβ stimulation was administered in time points for validating the 

length of time that the TGFβ ligand could activate the TGFβR and influence gene expression. 

By extracting mRNA from the stimulated cells, the transcribed levels of the different genes 

could be investigated quantitatively by qPCR and normalized against the housekeeping genes 

GAPDH or HPRT1. For the results the standard deviation is calculated to see if there is a big 

variation in the results between the different genes, and fold-change is calculated to detect if 

the expression of a gene was increased or decreased during the time points versus the control. 

To compare the results on mRNA level with protein level, western blot was performed with 

wet transfer and developed in a CCD camera via chemiluminescence to analyze the apparent 

molecular size and relative amount of the proteins. This was done to stimulated Hs578T cells 

and unstimulated Hs578T cells with ZEB1 and Snail1 knockout, to investigate if the down 

regulation of the ZEB1 and Snail1 genes caused a difference on other expressed genes at the 

protein level. By analyzing the different cadherin protein levels conclusions can be drawn 

whether it is possible to alter the expression levels of these proteins so that change the 

phenotype of the cell could be achieved. 
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TGFβ stimulation and TβRI inhibition. 

 

 

Figure 1: mRNA expression for EMT transcription factors and cadherins: ZEB1, CDH11, CDH4, ZEB2, Slug, Twist and 
Snail1 in Hs578T cell during TGFβ stimulation. mRNA is analyzed by RT-qPCR and gene-specific expression is measured 
relative to the expression of the reference gene GAPDH in Hs578T cells stimulated with 5 ng/ml TGFβ for the indicated time 
points. Average values from triplicate samples and their associated standard deviations are graphed relative to the time of 
stimulation with TGFβ.  

Figure 1 showing qPCR results of mRNA levels on ZEB1, CDH11, CDH4, ZEB2, Slug, 

Twist and Snail1 gene expression. In general there is significant variation during the time 

points showing that the stimulation with TGFβ has an impact on many of these genes. The 

data show a decrease in mRNA expression levels in CDH11 compared to control 0 h, a small 

decrease in ZEB1 when compared to control 0 h. There was a small increase in Twist mRNA 

compared to the control 0 h. Slug and Snail1 had a major increase in mRNA expression 

during the first 2 h of stimulation and then went down and was slowly increased compared to 

the control 0hrs. CDH4 and ZEB2 did not show much variation in expression of mRNA 

during the stimulation period. Downregulation of the mesenchymal marker CDH11 shows 

that TGFβ may induce a change in the adhesion network on the cellular membrane in Hs578T 

cells. Figure 2 also shows that there are high general mRNA expression levels in CDH2, 

CDH6, CDH11 and CDH13 in Hs578T cells compared to the other cadherins in these cells. 
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Induction of Twist, Slug and Snail1 shows that TGFβ may induce a further change towards 

EMT in these cells, however, since figure 2 shows that some of the strong mesenchymal 

markers CDH2, CDH3 and CDH11 have a high expression in Hs578T cells even without 

TGFβ stimulation, an increase to an even more mesenchymal state may be difficult to 

achieve. On the other hand, lowering the expression of mesenchymal markers, such as 

CDH11, may not be enough to create a phenotypic change.  

. 

 

Figure 2: Cadherin analysis of Hs278T Control cells. mRNA is analyzed by RT-qPCR and gene-specific expression is 
measured relative to the expression of the reference gene HPRT1 in Hs578T cells. Average values from triplicate samples 
and their associated standard deviations are graphed without any normalization.  

Protein analysis by western Blot after TGFβ stimulation and TβRI inhibition. 

In figure 3 protein levels of ZEB1 and Snail1 can be seen during time points of TGFβ 

stimulation. The ZEB1 expression does not change in response to TGFβ stimulation but the 

Snail1 levels do. Snail1 increase in expression is especially strong during the 2 h after 

stimulation and then lowers gradually. In TβRI inhibitor experiments it can be seen that there 

is a small increase in Snail1 protein expression levels caused by the inhibitor GW6604 over a 

period of 48 h compared to control DMSO over 48 h. This change does not occur in ZEB1 

protein expression levels since ZEB1 levels are maintained the same throughout all 

stimulation time points. 
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Figure 3: Western blot showing TGFβ stimulation with 5ng/ml and TβRI Inhibition (GW6604) 3.3 µM on transcription 
factor ZEB1 and Snail1 protein levels. 

 

As can be seen in figure 4, phospho-Smad2 is increased during the TGFβ stimulation time 

points of 2 h followed by a gradual decrease at 4 h and 8 h and basal levels after 24 h, 

showing successful receptor ligand binding and downstream Smad2 phosphorylation. PAI1 

levels were also induced by stimulation over time, peaked at 8 h and remained high up to 48 

h. Both inhibitor GW6604 and control DMSO treatment for 48 h showed lowered protein 

expression levels. 

 

 

Figure 4: Western blot showing TGFβ stimulation with 5ng/ml and TβRI inhibition (GW6604) with 3.3 µ. pSmad2 protein 
levels show successful stimulation during 2 h to 48 h. The GAPDH data of this figure are the same as the one in figure 3. 

 

As seen in figure 5, ZO1, β-catenin and FN protein levels are not affected in these cells by 

TGFβ stimulation. Vimentin had an increase in expression during TGFβ stimulation and was 

lowered during the GW6604 inhibitor treatment for 48 h, compared to the DMSO control. 
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Figure 5: Western blot showing TGFβ stimulation with 5ng/ml and TβRI inhibition (GW6604) 3.3 µM on mesenchymal 
markers. The pSmad2 data and GAPDH of this figure are the same as those in figure 4. 

 

ZEB1 and Snail1 CRISPR/Cas9 knockout. 

Hs578T cell clones with ZEB1 and Snail1 knockout had their genes altered in different 

locations on specific ZEB1 and Snail1 exon sequences by CRISPR/Cas9 technique. In 

Hs578T cells with Snail1 gene knockout, we found a steady increase in CDH2 showing that 

Snail1 affects CDH2 mRNA levels. In contrast, CDH6, CDH11 and CDH13 showed a major 

decrease in their mRNA expression in the Snail1 knockout as seen in figure 6. This can be 

indirectly corroborated by the data shown in figure 11, on the phenotypic changes between 

the control Hs578T and Snail1 knockout clone 26. There are variations in the expression of 

other cadherins as well, but due to their low mRNA expression, as seen in figure 2, the 

changes measured might not be as significant. In figure 6; In the upper diagram, in CDH2 a 

steady increase of mRNA levels can be seen in the knockout clone compared to the control; 

in CDH6, CDH11 and CDH13 a steady decrease can be seen in mRNA levels in the knockout 

clone compared to control. In the lower diagram the rest of the cadherins show different 

mRNA expression levels in the knockout clone but the variability is higher than in the 

cadherins in the upper diagram which can be because of the small amounts of expressed 

mRNA levels in the control cells 
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Figure 6: Cadherin family gene expression analysis in Snail1 CRISPR/Cas9 knockout clone 26 (CS26) relative to control.  

 

Protein analysis by western blot in ZEB1 and Snail CRISPR/Cas9 knockout cells. 

Snail1 knockouts clones 26, 24 and 10 can be seen in figure 7; clone 10 showed decreased 

protein expression of Vimentin and PAI1 but the epithelial protein ZO1 was instead increased 

in clone 10 and 24 as a result of the knockdown. In figure 8 complete knockout of Snail1 

protein expression in Snail1 clone 26, 24 and 10 compared to control can be seen, whereas 

the Snail1 knockout does not alter the protein expression of ZEB1. 
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Figure 7: EMT marker expression in Snail1 CRISPR/Cas9 knockout clones 26, 24 and 10 relative to control. 

 

Figure 8: EMT transcription factor expression in Snail1 CRISPR/Cas9 knockout clones 26, 24 and 10 relative to control. 
The β-catenin of this figure are the same as those in figure 7. 

 

In figure 9 ZO1 protein expression is lowered in the ZEB1 knockout clones 25 and 27; 

vimentin protein expression is increased in clone 27 but unaffected in the other clones when 

compared to control. FN shows minor changes in the different clones with a high expression 

in clone 25, which can be due to that the different clones have their knockout targets in 

different locations in the ZEB1 gene sequence, leading to different degrees of ZEB1 protein 

depletion (Figure 10). PAI1 is heavily down regulated in clones 2, 11 and 25 and less down 

regulated in clone 1, whereas clone 27 has maintained its protein expression. This can be due 

to ZEB1 still being expressed in clone 27 as can be seen in figure 10. ZEB1 protein 

expression is abolished in clones 1, 2 and 25 and shows weaker expression in clone 11. 

However, ZEB1 was only weakly decreased in clones 11 and 27. Interestingly, the expression 

of Snail1 was upregulated in the ZEB1 knockout clones 2 and 25, possibly indicating 

compensation for the loss of ZEB1, whereas Snail1 was dramatically downregulated in ZEB1 

knockout clones 11 and 27 (Figure 10). 
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Figure 9: EMT protein marker analysis in ZEB1 CRISPR/Cas9 knockout clones 1, 2, 11, 25 and 27 relative to control. 

 

Figure 10: EMT transcription factor protein analysis in ZEB1 CRISPR/Cas9 knockout clones 1, 2, 11, 25 and 27 relative to 
control. The β-catenin of this figure are the same as the one in figure 9. 

 

In figure 11; Comparison of phenotypic changes in control Hs578T cells versus Snail1 

knockout clones 24 and 26 was done in a phase contrast microscope, showing that knockout 

of Snail1 resulted in a more epithelial like phenotype with square-like morphology and less 

dendritic fibroblastic features as seen in the figure. Hs578T cells have an epithelial origin but 

have undergone transformation through EMT to a more mesenchymal like state; this can be 

converted back by knocking out Snail1 gene expression as can be seen in Snail1 clone 24 and 

26. Clone 24 shows a more epithelial like phenotype compared to the clone 26 which still has 

some of its fibroblastic like features. 

 

Figure 11: Phase contrast microscopy image of Snail1 CRISPR/Cas9 knockout clones 24 and 26 relative to control.  
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Discussion 

The study aimed at investigating novel genes, whose expression is affected by 

experimentally-induced change in expression of the ZEB1 and Snail1 genes. This is of 

essence because these two genes are important during the EMT transformation and are 

crucial for tumours to evolve and metastasize in other locations of the body. By stimulating 

Hs578T cells with TGFβ which is another important factor for promoting and inducing EMT, 

it is possible to see how these breast cancer tumour cells react to the induced signaling of 

TGFβ. By pinpointing specific target genes for the investigation e.g. the cadherin members 

CDH1, CDH2, CDH4, CDH11, the signaling protein β-catenin, the extracellular proteins 

fibronectin and PAI1, the intermediate filament vimentin, the tight junction protein Zona 

Occludens-1 and the EMT transcription factors ZEB1, Snail1, ZEB2, Slug, Twist, analysis 

was made by qPCR and Western blot to measure the change in their expression patterns. Also 

a broader analysis of cadherin mRNA expression was done to find out the amount of 

expression of these different cadherins in the Hs578T cell line. CDH1 and CDH2 are 

important cadherins as they oppose each other’s function. CDH1 is seen as an epithelial 

cadherin and CDH2 is seen as a mesenchymal cadherin. CDH4 and CDH11 are also seen as 

mesenchymal markers and in this study we show that CDH11 mRNA levels are heavily down 

regulated during TGFβ stimulation, which would favour a change towards the epithelial-like 

phenotype; however, the original levels of CDH2 are high in these cells and probably 

maintain the phenotype in a mesenchymal-like state. CDH4 which is seen as an epithelial 

marker had its mRNA levels expressed very low in the Hs578T cells compared with the 

CDH11 levels; thus, there could be a relationship between CDH4 and CDH11, in the sense 

that up regulation of CDH11 expression would give a more mesenchymal state. 

Our analysis also shows that TGFβ induces expression of Snail1, Slug and Twist mRNA 

levels; these genes are known to be important for the EMT transformation and their up 

regulation will guarantee keeping the cells as mesenchymal, although they already are in a 

mesenchymal-like state even though their origin was epithelial. However, the increase in 

expression of these genes is not seen at the protein level, which suggests that the expression 

of the mesenchymal-like state proteins has reached a maximum and further increase in 

mesenchymal properties cannot be achieved. ZO1, FN and β-catenin do not change their 

protein expression levels in response to TGFβ in these cells, which again can be due to 

maximum translation of these proteins, reaching a plateau, compatible with the mesenchymal 

properties of these cells. On the other hand, Vimentin was increased during stimulation by 
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TGFβ and was lowered in the presence of the inhibitor, which shows that the stimulation 

from the receptor is important for the continuous induction of vimentin protein expression.  

By knocking out Snail1, a partial phenotypic change back to a more squared-like epithelial 

state can be observed in the cells, which can be seen on the western blots showing lack of 

Snail1 expression levels in the Snail1 knockout clones, showing a relationship between the 

cell morphology and the expression of the Snail1 gene. But knockout of Snail1 itself did not 

alter the expression of ZEB1 which means that it is enough to inhibit the expression of Snail1 

to create morphological changes converting breast cancer cells to a more epithelial-like 

phenotype. 
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Appendix 

Appendix 1. 

Populärvetenskapliga sammanfattningen. 

Cancer är en av dom vanligaste folksjukdomarna och förekommer i många olika former där 

bröstcancer är en av dom vanligaste. Därför är det viktigt att samhället som helhet utan 

medicinska kunskaper kan ta del av information och lärdom inom detta forskningsområde. 

Det finns flera kända förutsägbara faktorer och karaktäriserande biologiska faktorer, vilka är 

hormonella mottagare för östrogen, progesteron samt andra viktiga signalmolekyler. Med 

hjälp av moderna gentekniker kan man leta efter olika sorters kombinationer av undergrupper 

och karaktärisera dessa. Med hjälp av detta har man kunna påvisa att vanligaste typerna av 

bröstcancer härstammar från bröstets ytceller, dessa kan sedan omvandla sig till att bli mer 

mobila och på så sätt röra på sig från ursprungsplatsen vidare runt i kroppen. En av de mest 

aggressiva typerna av bröstcancer heter trippel-negativ och innebär att inga hormonmottagare 

finns förekommande på ytan hos denna cancer, det gör att man inte kan använda 

behandlingar för att försöka dämpa tillväxten av cancertumören och denna tumörtyp har 

väldigt lätt för sig att flytta på sig. Tack vare detta måste andra, nya metoder hittas för att 

stoppa dess framfart och därför söker man efter andra funktioner hos dessa tumörer som kan 

möjliggöra nya behandlingar. Nivåer har mäts hos gener som misstänks kunna påverka denna 

omvandling från stillasittande celler till rörliga celler och vissa samband har påvisats. Dessa 

påvisar att om man manipulerar specifika geners nivåer kan man få dessa rörliga celler att 

omvandlas tillbaka till stillasittande celler, som inte har möjligheten att migrera och ta sig 

vidare i kroppen och bilda dottertumörceller. ZEB1 och Snail1 är två gener som har visat sig 

vara viktiga för denna omvandling och i denna studie görs experiment för att tyda detta 

förhållande mellan deras signalering och andra viktiga funktioner under omvandlingen av 

cellerna. Resultaten visar att celler som har omvandlats till frirörliga celler kan med hjälp av 

manipulering av Snail1 signaler delvis kunna återgå till dom mer fastsittande cellerna och på 

så sätt kunna motverka denna förvandling genom manipulering av denna gen samt gener som 

är påverkade av den.  
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Appendix 2. 

Methodological considerations. 

The three most important techniques used in this project are cell culturing, reverse 

transcriptase quantitative-Polymerase Chain Reaction (RT-qPCR) and Western blot. Cell 

culturing is an in vitro technique were cells usually are extracted from a living subject and 

kept growing in a petri dish. When removing cells from their natural three dimensional 

environment and letting them grow in a two dimensional environment, changes may occur in 

the cells, it can be difficult to tell if the results from the specific cells are because of the 

specific environment which they are kept in, or if they reflect the nature of the cell itself. If 

the results of the experiment can tell how the cell is behaving in its natural environment in the 

body, where they interact with other cell types and tissues. This is a major drawback of the 

technique but it is also better in the aspect of suffering in regards to if research animals have 

to be involved. Especially if the research involves areas where little or nothing is known 

about molecular signaling or interactions. But to be able to draw real conclusions from the 

results, complementary studies need to be done in humans and other vertebrates. RT-qPCR is 

a technique where the mRNA of the cells is retrieved and converted into cDNA which makes 

it possible to analyse the precursor of the protein synthesis. However, even if big changes can 

be measured on the mRNA level, it is possible that they are not translated at the protein level 

since there are many translational and post translational changes happening during the 

translation of the protein which can create different isoforms of the protein itself. It is 

essential to use good primers to the cDNA amplification, otherwise hairpins or primer dimers 

can appear. But RT-qPCR gives a good measurement of regulation of expression of genes. 

Western blot is used to detect the amount of proteins expressed in the cell, it has many steps 

during the procedure which makes it easier to make mistakes and creating errors. It can be 

expensive as it involves antibodies. However, it is a semi-quantitative technique that provides 

information on both the relative amount and the relative size of the protein.   
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Appendix 3.  

Ethical reflections. 

Our experimental approach is done with culturing of human cells in petri dishes. These 

cultures are exposed to different molecular compounds and the results are observed and 

analysed. The Hs578T are cells originally from a human breast cancer carcinoma patient and 

has mesenchymal characteristics thanks to the cancer conversion. The patient suffered from 

the cancer but did not suffer from having cells extracted which makes it better than using a 

living host to extract cells from. By doing in vitro studies, humans and other living beings can 

be spared from suffering and pain, which often happens in in vivo studies. Though the results 

can differ between in vivo and in vitro studies, this might create the need of using an original 

living environment e.g. species higher up in the taxonomy linkage, to be able to draw 

conclusions that can be related to real cancer cases in humans.  


