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Abbreviations 
Aβ Amyloid-β-peptide 
AD Alzheimer’s disease  
AMH Anti-Müllerian hormone 
APP Amyloid precursor protein 
APBβ APP promoter binding β  
BORIS Brother of the Regulator of Imprinted Sites 
BMP Bone morphogenetic protein 
BSA Bovine serum albumin 
ChIP Chromatin immunoprecipitation 
Co-Smad Common-partner Smad 
Ct Cycle threshold  
CTCF CCTC-binding factor 
dES Differentiated embryonic stem cells 
DMEM Dulbecco’s modified Eagle’s medium 
DNA Deoxyribonucleic acid 
EDTA Ethylene diamine tetra acetate 
EMT Epithelial to Mesenchymal Transition 
ES Embryonic stem cells 
FBS Fetal bovine serum 
GDF Growth and differentiation factor 
ICR Imprinting control region  
IGF2 Insulin-like growth factor-II 
I-Smad Inhibitory-Smad 
LiCl Lithium chloride  
LTBP Latent TGF-β binding protein 
M Molarity 
MH1, 2 Mad homology 1, 2 
MIS Müllerian-inhibiting substance 
NaCl Sodium chloride 
NaHCO3 Sodium bicarbonate 
NIH/3T3 Normal mouse embryonic fibroblast cell line 
NMuMG Normal mouse mammary epithelial cell line 
No AB No Antibody control 
PBS Phosphate buffer saline 
Q-PCR Quantitative-Polymerase Chain Reaction 
Rpm revolutions per minute 
R-Smad Receptor-activated Smad 
RT Room temperature 
SARA Smad anchor for receptor activation 
SBE Smad binding elements 
SDS Sodium dodecyl sulphate 
siRNA Small interfering ribonucleic acid 
Smad, Sm Sma- and Mad-related protein 
SQ Standard quantity  
TE Tris-HCl EDTA 
TGF-β Transforming growth factor beta  
Tris-HCl Tris (hydroxymethyl) aminomethane hydrochloride 
TSP-1 thrombospondin-1 
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TβR1, 2 TGF-β receptor 1, 2 
11-ZF 11-Zinc finger 
293 Primary human embryonic kidney cell line 
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Abstract 
Every year millions of people get affected by cancer all around the world and a lot of them die 
from the disease. Therefore, it is of great importance to understand the development of cancer, 
to be able to treat the people affected. The TGF-β signalling pathway is involved in cancer, 
known for having both cancer repressing and promoting properties, depending on the state of 
the cell. TGF-β has earlier been connected to the sibling 11-ZFs proteins CTCF and BORIS. 
How the connection works is yet to a great extent unknown. The aim of this degree project is 
to study the binding of CTCF, Smad 2, Smad 3, Smad 4, and BORIS to the IGF2/H19 ICR in 
unstimulated as well as TGF-β stimulated cells. The methods used are ChIP and Q-PCR 
analysis and the cells used come from a number of different cell lines as well as primary testis 
cells. All the TGF-β stimulated stem cells (undifferentiated and differentiated), as well as 
testis cells, show a higher binding of CTCF to the IGF2/H19 ICR, than their unstimulated 
counterparts.  
 

1. Introduction 
It is of great importance to understand the development of cancer. This gets evident when 
looking at the estimated numbers of people affected. Every year more than ten million people 
around the world get diagnosed with cancer and different forms of cancer cause over six 
millions deaths per year. In Sweden, 48 676 cases of cancer were diagnosed in the year of 
2003, which is about twice as many as in the 1970’s. This increase is partly due to people 
getting older, but even though taking this fact into account, cancer has become more 
commonly occurring. The mortality has however decreased, because of better diagnosis and 
treatment, but still, a deeper understanding regarding the cause of cancer is needed, to attain 
discoveries that might have future therapeutic value (Cancer i siffror, Cancerfonden, 2005). 
  

1.1 Cancer and cancer cells 
Cancer is not one single disease, instead better described as a group of diseases, with similar 
effects on cell function. Many factors are involved in causing cancer, but all cancer cells are 
known to express seven characteristics, which makes them to what they are, namely 
invincible for the bodies defence mechanisms. The traits that combine into these special 
abilities are: 1) resistance against growth inhibiting factors, 2) self-supporting in growth 
signals, 3) ability to form metastasis, 4) unlimited capacity of replication, 5) avoid apoptosis, 
6) establish angiogenesis, and 7) escape destruction by the immune system. In normal cells all 
of these traits are to a great extent controlled via signal transduction pathways to keep the 
cells in homeostatic states. A disturbance of these pathways, through genetic, epigenetic, or 
somatic changes, can cause the start of tumorigenesis. The transforming growth factor beta 
(TGF-β) pathway is one pathway known to be of importance for all characteristics of cancer. 
Mainly because TGF-β proteins are known to have growth inhibitory properties and loss of 
these results in unrestrained cell division (Elliott et al, 2005). 
 
Two other proteins known to play important roles in the development of cancer are the so 
called sibling proteins CCTC-binding factor (CTCF) and Brother of the Regulator of 
Imprinted Sites (BORIS). They are both 11-zincfinger (11-ZF) proteins, but they have 
different expression patterns. BORIS is normally expressed in testis cells only, apart from 
CTCF which is ubiquitously expressed. CTCF is known as a tumor suppressor gene while 
BORIS when expressed results in cancer (except in testis that is) (Klenova et al. 2002). 
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There might be important connections between TGF-β, CTCF and BORIS. They are known to 
regulate similar genes, and in many cases even the same genes. All of them are known to bind 
to many promoters and they seem to be attracted to sequences of similar kinds. The Smad 
Binding Elements (SBE) that belong to the TGF-β pathway and the sequences preferred by 
CTCF seem to coincide. There also seem to exist a relation to the function of the different 
proteins, when all of them some how are connected to cancer development.   

1.2 The TGF-β superfamily 
TGF-β is a superfamily of cytokines consisting of more than 30 proteins in mammals. Many 
of them are associated with the control of the signalling that governs cell growth and 
differentiation (Pasche 2001). The members are represented by TGF-βs, activins, inhibins, 
nodal, bone morphogenetic proteins (BMPs) and anti-Müllerian hormone (AMH) (Miyazawa 
et al. 2002). The TGF-β superfamily consists of two subfamilies, represented by the TGF-
β/Activin/Nodal subfamily and the bone morphogenetic protein (BMP)/growth and 
differentiation factor (GDF)/Muellerian inhibiting substances (MIS) subfamily. The 
subdivision is based on the type of signaling pathway the specific cytokine activates as well as 
sequence similarity (Shi et al., 2003). 
 
The name TGF-β might be a bit confusing, when it mainly has growth inhibitory effect on cell 
growth for example of epithelial and hematopoietic cells, but was named when first 
discovered as growth stimulating on fibroblast cells in soft agar (Pasche 2001).   
 

1.3 Tumor suppressor and promoter 
In normal cells TGF-β is known to act as tumor suppressor by exerting strong growth 
inhibitory, differentiating or apoptotic properties. If a cell starts to develop cancer anyway, it 
cease to respond to the growth inhibiting signals of TGF-β and the development of cancer is 
therefore associated with a decrease in TGF-β signaling. This is in many cases caused by a 
mutation that imply inactivation or loss of expression of any gene of importance in the TGF-β 
pathway. In addition to this, later in cancer development the expression of TGF-β starts to 
increase and is higher compared to when they were normal cells. This increase in TGF-β 
secretion is most prominent when the cancer cell is in its most progressive state (Pasche 
2001). The high levels of TGF-β counteract the immune system and eventually facilitate the 
formation of metastases by inducing epithelial to mesenchymal transition (EMT) (Nicolás et 
al. 2003).  
 

1.4 The TGF-β signaling pathway 
Three isoforms of the TGF-β ligand exists (TGF-β1, TGF-β2, and TGF-β3). In this degree 
project TGF-β1 has been used. They are expressed in specific tissues, TGF-β1 in endothelial, 
haematopoietic, and connective tissue cells, TGF-β2 in epithelial and neuronal cells, while 
TGF-β3 mostly in mesenchymal cells. The isoforms are well preserved and 70-80% 
homologous. TGF-β exists, after secretion as a latent complex in the extracellular matrix, 
consisting of TGF-β itself, a propeptide, and a latent TGF-β binding protein (LTBP). A 
protein called thrombospondin-1 (TSP-1) activates the TGF-β-part of the complex. Upon 
activation TGF-β can bind to appropriate pairs of receptors (Pasche 2001).  
In humans 12 serine/threonine kinase family members are known to acts as receptors in the 
TGF-β signaling pathway. Seven receptors are TGF-β type I (TβRI) and remaining five are 



 - 6 -

 
 

 

 
Figure 1.1 The TGF-β pathway begins with the TGF- β ligand binding to a homodimer of TβR-II in the 
plasma membrane. TβR-II then phosphorylates the TβR-I, which in turn phosporylates R-Smads. The 
phosphorylated R-Smads can then bind to a Co-Smad and enter the nucleus and regulate expression. The 
regulation is aborted by I-Smads (not shown in this figure) (Massagué, 2000). 

TGF-β type II (TβRII) and both types are approximately 500 amino acids long (Shi, 2003). 
When no ligand is present TβRI and TβRII float around in the plasma membrane as 
homodimers. Upon ligand binding the assembly of one pair of type I and one pair of type II 
receptors occurs, constituting a unique heterotetramic combination for each member of the 
TGF-β superfamily. In this complex the type II phosphorylates the GS domain in type I, and 
thereby further signaling within the cell is possible through phosphorylation of R-Smads (ten 
Dijke et al. 2004).  
 
In humans eight Smad proteins are known. They are expressed in all of the body’s cells both 
during development and adult life. Based on there different functions in the TGF-β signaling 
pathway, they can be divided into three subfamilies, receptor-activated Smads (R-Smads: 
Smad 2, and Smad 3), Common-partner Smads (Co-Smads: Smad 4), and Inhibitory-Smads 
(I-Smads: Smad 7). The R-Smad binds to the type I receptor, which then phosphorylates the 
R-Smad, which leads to a conformational change following by dissociation from the receptor. 
The TβR-I get access to the R-Smad by the protein Smad anchor for receptor activation 
(SARA) (ten Dijke, 2004).  The phosphorylated R-Smad binds to Co-Smad. The hetero-
oligomer can now enter the nucleus where it regulates gene expression. The I-Smads are 
involved in the termination of the TGF-β signaling pathway, by exerting different 
counteracting mechanisms (Moustakas, 2001). In figure 1.1 the TGF-β pathay is illustrated.  
 
The three different types of Smads all have a well conserved Mad homology 2 (MH2) 
domain, at the C-terminal, that have regulatory functions involving Smad oligomerisation, 
type I receptor recognition and interactions with adaptors in the cytoplasm as well as a 
number of transcription factors. In the N-terminal, Mad homology 1 (MH1) domains are 
present in R-Smads and Co-Smads. The I-Smads N-terminal sequence does not have a strong 
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sequence similarity to the MH1 domain. The MH1 domain is important for the regulation of 
nuclear import and transcription (Moustakas, 2001). 

1.5 Chromatin and epigenetics  
The concept of epigenetics involves the processes where heritable modifications in gene 
expression occur without change in the DNA nucleotide sequence, i.e. DNA methylation, 
genomic imprinting, and X-chromosome inactivation (Lawrence 2000). The specificity of the 
transcription factors are to a great extent caused by epigenetic regulation of gene expression, 
methylation, acetylation, and chromatin configuration. Genomic imprinting signifies the 
expression of only one of the parental alleles, whereas the other is silenced. One well known 
and for this degree project important example are the genes for Insulin-like growth factor-II 
(IGF2) and H19. These two genes are adjacent located and controlled by the IGF2/H19 
imprinting control region (ICR), which is found upstream from H19. IGF2 is paternally 
expressed and serve as a growth factor, while there is a maternally expression of H19, which 
is thought to posses tumor suppressor properties. Loss of either IGF2 or H19 function has 
been connected to tumorigenesis. 
 
The ICR have binding sites for CTCF, four in mouse and seven in humans, these binding sites 
are methylated in different ways. Changes in the patterns of methylation might lead to cancer, 
i.e Wilm’s tumors, bladder cancer, colon cancer, and osteosarcoma. The maternal allele’s ICR 
is unmethylated and therefore a sufficient place for CTCF to bind, whereby it expresses an 
insulator function that blocks the enhancers located downstream of IGF2, and instead promote 
the transcription of H19. On the paternal allele, there is no CTCF binding, because the ICR is 
methylated, leading to silencing of transcription of H19 and silencing of IGF2. CTCF seems 
to regulate the imprinting of IGF2/H19 by differential binding to ICR (Ulaner, 2003). 
 

1.6 CTCF 
The transcription factor CTCF is an 11-zinc finger (11-ZF) protein, and is known to bind to 
regulatory sequences in the promoter-proximal regions of chicken, mouse, as well as human 
oncogenes, i.e. c-myc (Filippova, et al. 1996). CTCF was later mapped to chromosome 
16q22.1, in a small region of overlap for common chromosomal deletions known to occur in 
sporadic breast and prostate tumors (Flippova et al. 1998). CTCF binds to target sites of 
approximately 50 bp that can have considerable variations in their sequences, by using the 
different combinations of the 11-ZFs. The various CTCF-DNA complexes formed, some of 
them methylation-sensitive, have various functions involved in regulating transcription, i.e. 
gene activation, repression, silencing, and chromatin insulation. Connections between 
mutations of the 11-ZFs, as well as methylation disruptions, have been associated with cancer, 
and therefore is CTCF considered a tumor suppressor gene (Ohlsson et al. 2002). 
 

1.7 BORIS 
In addition to CTCF, there is a paralogous gene named BORIS, constructed by the same 
exons that encode the 11-ZFs domains in CTCF, but differing in amino- and carboxy-termini. 
BORIS and CTCF have the same binding potential, but BORIS is normally only present in the 
testis. During male germ cell development, both CTCF and BORIS are present, but they are 
expressed differently. If the methylation marks in soma are erased, there will be an up-
regulation of BORIS-expression, and a down-regulation of CTCF, because CTCF in this case 
needs the methylation marks. BORIS is a candidate gene of possible importance for the 



 - 8 -

epigenetic reprogramming factor acting in the male germ line (Loukinov, et al. 2002). BORIS 
is normally active only in CTCF- and 5-methylcytosine deficient adult male germ cells, but 
also found expressed in many forms of cancer, stating BORIS as a cancer testis gene. 
Expression of BORIS in normal fibroblasts has been shown to activate cancer testis genes in a 
selective manner (Vatolin, et al. 2005).  

1.8 Aim 
The aim of this project degree is to study the binding of CTCF, Smad 2, Smad 3, Smad 4, and 
BORIS to the IGF2/H19 ICR, and see if they all (BORIS only in testis cells) bind, in addition 
to if there is a difference between cells stimulated with TGF-β compared to unstimulated 
cells.   
 

2. Materials and Methods 

2.1 Cells and cell lines 
For the experiments performed during this degree project both cell lines, from a number of 
different origins, as well as testis cells were used.  
 
The testis cells extracted from mouse tissue were obtained single cell suspension by pressing 
the cells through a cell strainer with the mesh size of 40μm (BD Falcon). 
 
The five cell lines used were the following: 
 

♣ Normal mouse mammary epithelial cell line, NMuMG (Sizemore and Cole, 1982), 
from American Type Culture Collection. 

 
♣ Normal mouse embryonic fibroblast cell line, NIH/3T3 (Jainchill et al., 1969), from 

American Type Culture Collection. 
 

♣ Undifferentiated embryonic mouse stem cells (Nagy et al., 1993) from American Type 
Culture Collection.   

 
♣ Differentiated embryonic mouse stem cells (Nagy et al., 1993) from American Type 

Culture Collection.  
 

♣ Primary human embryonic kidney cell line, 293 (Graham et al., 1977) from American 
Type Culture Collection. 

  

2.2 Cell culturing  
All the different cells and cell lines were cultured in an atmosphere of 95% air and 5% CO2 at 
a temperature of 37°C. Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 
10% fetal bovine serum (FBS) and 1% penicillin-streptomycin (Gibco) were used to all but 
one of the different types of cells and cell lines. The exception was NIH/3T3, which instead of 
FBS had bovine serum albumin (BSA) added to the DMEM.  
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2.3 TGF-β stimulation 
All cells and cell lines cultured were eventually harvested when they reached 80% 
confluency. The cells were then stimulated with 5 ng/ml TGF-β1 for four hours. Unstimulated 
samples of each cell type were during the same time kept to later be used as negative control 
samples. During the stimulation the cells were kept in DMEM with neither FBS nor PS 
added, because FBS itself contains a lot of TGF-β and can therefore cause misleading results. 
 

2.4 Crosslinking proteins to DNA  
Following stimulation the cells were treated with trypsin for 10 minutes in 37°C, resuspended 
in 10 ml of complete medium, before crosslinked with 1% paraformaldehyde for 10 minutes 
in 37°C. Immediately after, the cells were quenched with glycine to a final concentration of 
0.125 M. The cells were then washed twice with ice cold PBS containing Complete protease 
inhibitor cocktail tablets (Roche Diagnostics) and later centrifuged at 1600 rpm for 5 minutes 
at 4°C. The pellet were resuspended in 200 μl SDS lysis buffer (1% SDS Lysis Buffer, 10mM 
EDTA, and 50mM Tris-HCl pH 8.1) and incubated for 10 minutes on ice.  
 
Approximately half a million cells of each type of stem cells, stimulated with and without 
TGF-β, were kept in trizol, to later be controlled whether they were undifferentiated 
respective differentiated. This was done by converting the RNA to cDNA and check for active 
genes, such as Oct4 that is only present in undifferentiated stem cells. 
  

2.5 Sonication and measurement of DNA concentration 
To obtain chromatin at an average size of 1kB, the chromatin was sonicated 6x30 seconds 
with 30% amplitude with Digital Sonifier® (Branson). Thereafter the samples were 
centrifuged for 12 minutes at 4500 rpm in 4°C and the supernatant were transferred to new 
eppendorf tubes. The size of the chromatin was checked on a 2% agaros gel. The 
concentration of DNA in the different samples was measured using a NanoDrop® (Saveen 
Werner). 
 

2.6 Chromatin Immunoprecipitation (ChIP) 

2.6.1 Day 1: Wash of sepharose beads and preclearing 
The Sepharose beads, protein G Sepharose™ 4 Fast Flow (Amersham Biosciences), were 
centrifuged 3 minutes at 2000 rpm in 4°C, following removal of the supernatant. The beads 
were then four times washed with 1 ml buffer, which contents can be seen in table 2.1. The 
same volume buffer as beads was added. For each sample (10 μg of DNA) 100 μl bead-buffer 
mix were added. The samples were then kept shaking over night in 4°C.                                                                        
Table 2.1 The contents of the buffer used for ChIP.  

 

   

Contents 
15 mM Tris-HCl, pH 7.5 
1 mM EDTA, pH 8.0 
150 mM NaCl 
0.5 % Triton-X100 
+ 1 mg/ml BSA 
+ 1 mg/ml herring sperm DNA 
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2.6.2 Day 2: Pulldown, washes, elution and reverse crosslinking 
The following morning the samples were quick-spinned to 7000 rpm in room temperature 
(RT) and the supernatants were transferred to new tubes following addition of antibodies, 
serum controls (mouse and rabbit) or nothing (antibody control). The amounts and 
concentrations of antibodies added to respective sample, as well as were they are 
manufactured from, are presented in table 2.2. To the serum controls 3 μl were added. 
Thereafter they were kept shaking for four hours in 4°C. 
 
Table 2.2 The company, concentration and used amount per sample of the antibodies in the different ChIP 
samples. 
Antibody Company (catalogue number) Concentration Amount/sample 
Mouse monoclonal 
anti-CTCF 

BD Transduction Laboratories 
(612149) 

250 μl/ml 5 μl 

Goat polyclonal anti-
Smad2 

Santa Cruz Biotechnology  
(sc-6200) 

2 μg/ μl 1,5 μl 

Rabbit polyclonal 
anti-Smad3 

Zymed Laboratories  
(51-1500) 

0.25 mg/ml 5 μl 

Rabbit polyclonal 
anti-Smad4 

Santa Cruz Biotechnology  
(sc-7154) 

200 μg/ml 5 μl 

Rabbit polyclonal 
anti-BORIS 

AbCam  
(ab 18337) 

0.50 mg/ml 2 μl 

 
Then 60 μl bead-buffer mix were added and the samples were kept shaking for one additional 
hour in 4°C. Thereafter, the samples were centrifuged 1 minute at 1000 rpm in 4°C, and the 
supernatants were removed. After the pulldown each sample was washed with, respectively, 1 
ml of low salt wash, high salt wash, LiCl wash, and TE wash. The different washes duration 
and contents are described in table 2.3. After each wash the samples were centrifuged for one 
minute at 13000 rpm in RT, and the supernatants were removed. 
Table 2.3 The different washes used during ChIP day 2, with the contents and time of duration described. 

Wash Contents Duration 
Low salt wash 0.1 % SDS 

1 % Triton-X100 

2 mM EDTA, pH 8.0 
20 mM Tris-HCl, pH 8.1 
150 mM NaCl 

1 x 30 min 

High salt wash 0.1 % SDS 
1 % Triton-X100 

2 mM EDTA, pH 8.0 
20 mM Tris-HCl, pH 8.1 
500 mM NaCl 

1 x 15 min 

LiCl wash 0.25 M LiCl 
1 % IGEPAL-CA630 
1 % sodium deoxycholate 
1 mM EDTA, pH 8.0 
10 mM Tris-HCl, pH 8.1 

1 x 15 min 

TE wash 10 mM Tris-HCl, pH 8.1 
1 mM EDTA, pH 8.0 

2 x 20 min 
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After the washes each sample was eluted with 250 μl freshly made elution buffer, consisting 
of 1 % SDS and 0.1 M NaHCO3.  Then they were vortexed, incubated 5 minutes shaking at 
RT, quick spinned (>7000 rpm), before the supernatants were transferred to new tubes. This 
elution was performed twice, by adding 250 μl freshly made elution buffer to the pellets 
formed. The samples were reversed cross linked with 20 μl 5 M NaCl, before incubation over 
night at 65°C. Chromatin input materials were also reversed cross linked. 
 

2.6.3 Day 3: Proteinase K-treatment, phenol-chloroform extraction and 
ethanol precipitation 
To each of the samples the following substances were added: 10 μl 0.5 M EDTA (pH 8.0), 20 
μl 1 M Tris-HCl (pH 6.5) and 2 μl 10 mg/ml proteinase K. The samples were incubated for 
one hour at 45°C. Thereafter, phenol-chloroform extraction was performed. One sample 
volume (~500 μl) phenol (~250 μl) and chloroform (~250 μl) e.g. X ml chloroform + X/24 ml 
isoamylalcohol were added to each sample and thereafter well mixed, before centrifuged 1 
minute at 7000 rpm in RT and the transfer of supernatants to new tubes. The supernatants 
were once again mixed with phenol-chloroform, centrifuged and transferred as previous 
described. Next, one sample volume chloroform (~300 μl) was added and mixed, followed by 
1 minute centrifugation at 7000 rpm in RT. The supernatants were transferred to new tubes. 
 
Thereupon ethanol precipitation was carried out by adding 1/10 sample volume 3M sodium 
acetate (~15 μl), 2 x sample volume 100% ice cold ethanol (~300 μl), and 20 μg (1,33 μl från 
15 mg/ml stock) glycoblue (Ambion) to each of the samples, which then were kept at 4°C for 
at least 20 minutes. Next, the samples were centrifuged for 30 minutes at 13000 rpm in 4°C, 
and the supernatants were removed. Left in the tubes were the blue pellets to which 1ml 70% 
ethanol were added and then centrifuged for 5 minutes at 13000 rpm in 4°C. The supernatants 
were removed and the samples were left in RT until dry. 30 μl TE was added to each sample, 
which then was left in RT for 10 minutes before stored at -70°C. 
 

2.7 Q-PCR 
The DNA samples of interest extracted by ChIP were analyzed by Quantitative-Polymerase 
Chain Reaction (Q-PCR) using iCycler from BioRad. One Q-PCR reaction was performed for 
each of the cell lines as well as for the testis cells with triplets of the belonging ChIP-samples. 
 
One collection of four mouse DNA samples with times two increasing concentrations 
(starting at 12.5 ng/μl) were used as standards in the Q-PCR. In cell line 293, human DNA 
samples, with the same concentrations as above mentioned, were used instead. For each Q-
PCR reaction, a water control was also used as a negative control. To the wells containing 
standard samples 2μl/well of DNA were added together with 1 μl of Milli-Q water and 17 μl 
master mix. To the water control 3 μl of Milli-Q water and 17 μl of master mix was added. 
 
For all of the samples, except cell line 293, a reaction mix was prepared as described in table 
2.4. The forward primer (5’-GCT GTT ATG TGC AAC AAG GG-3’) and reverse primer (5’-
AAG TTG GCA TTT GGG C-3’) were manufactured from MWG-Biotech AG. The FAM 
Taqman probe (5’-TAC CGC GCG GTG GCA GCA TAC TCC TAT AT-3’) also 
manufactured from MWG Biotech AG. 3 μl of DNA were added to each well, which gives 
the total volume of  20 μl/well. 
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Table 2.4 The contents and amounts of the reaction mix to all samples, except cell line 293, used for the Q-PCR. 

 

 
The Q-PCR was run according to the following protocol for all samples, except cell line 293. 
 
Cycle 1: (1X) 
 Step 1: 95.0°C for 3 minutes 
Cycle 2: (40X) 
 Step 1: 95.0°C for 10 seconds 
 Step 2: 65.0°C for 45 seconds 
 
The reaction mix used for Q-PCR analysis of cell line 293 is described in table 2.5. The 
forward primer (5’-TTC CCC TTC AGT CTC ACC AC-3’) and the reverse primer (5’-AAT 
GTC CTA TCC CTG ATG AC-3’) were manufactured from DNA Technology A/S. 3 μl of 
DNA were added to each well, which gives the total volume of 20 μl/well. 
 
Table 2.5 The contents and amounts of the reaction mix, to the samples of cell line 293, used for Q-PCR.  

Contents Amount / sample 
IQ Sybergreen mix (BioRad) 10 μl 
Forward primer human site 5 (10 ρM/μl) 1 μl 
Reverse primer human site 5 (10 ρM/μl) 1 μl 
Milli-Q water 5 μl 
Total volume 17 μl 
 
The Q-PCR machine was programmed, to perform data collection and real-time analysis for 
the amplification and melt curve, as follows: 
 
Cycle 1: (1X) 
 Step 1: 95.0°C for 30 seconds 
Cycle 2:  (40X) 
 Step 1: 95°C for 10 seconds 
 Step 2: 65°C for 45 seconds 
 Data collection and real-time analysis performed. 
Cycle 3: (65X) 
 Step 1: 65°C for 10 seconds 
 Increase set point temperature after cycle 2 by 0.5°C. 
 Melt curve data collection and analysis performed.  
 
The Q-PCR products from cell line 293 were later run on 2% agaros gels.  
 

Contents Amount / sample 

BioRad Supermix 10 μl 
Forward primer 1 Site 3 (10 ρM/μl) 1 μl 
Reverse primer 1 Site 3 (10 ρM/μl) 1 μl 
FAM Taqman probe (10 ρM/μl) 1 μl 
Milli-Q water 4 μl 
Total volume 17 μl 
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The iCycler generated a graph for each cell type that demonstrated the PCR amplification per 
cycle in real time. The resulting graph has number of cycles on the x-axis and the level of 
fluorescence on the y-axis, radiating from the specific double stranded DNA binding to the 
H19/ICR control region. A cycle threshold line that can be arbitrary adjusted to adequate 
position is also presented in the graph. The adequate position, imply that none of the samples 
in the Q-PCR reaction yet have been saturated. A standard curve is constructed from where 
the values of the standard samples with known concentrations intersect the cycle threshold 
(ct) line. The standard curve thereby enables the iCycler programme to calculate a standard 
quantity (SQ) value for each of the ChIP samples. 
 
The means of the SQ values from each of the triplets are presented as relative percent of 
concentration as bars in graphs in the results. Some of the means of the SQ values are based 
of two of the three values only per sample, this because a few values were so called out liners, 
i.e. one of the three had a drastically different value compared to the other two. Outliners were 
found by analysis of the standard deviation within the group. Means constructed of two values 
are marked with an asterisk (*) above the bar in question. When only one value is used, that is 
marked with two asterisks (**), and no mean is possible to present. When constructing the 
graph for cell line 293, the mean of the triplets ct values were used instead of mean of SQ 
values, because the construction of a standard curve for these samples did not succeed. The 
results will yet be presented as relative percent, but of the ct values.  

3. Results 
To analyse the binding of Smads (2, 3, and 4), CTCF and BORIS, in testis cells and a number 
of different cell lines, including stem cells, after four hours stimulation of TGF-β, to the 
IGF2/H19 ICR the ChIP-material were analysed by Q-PCR. The results are presented in the 
following chapter.  
 

3.1 Q-PCR amplification  
The iCycler generated a graph for each cell type that demonstrated the PCR amplification per 
cycle in real time. One example, showing cell line NIH/3T3, is presented in figure 3.1.  
 

 
Figure 3.1 An exemplification of the Q-PCR amplification per cycle graph showing the results from cell line 
NIH/3T3. The x-axis demonstrating number cycles generated by the iCycler and the y-axis the level of 
fluorescence. Each of the curves represent a well with ChIP-sample, standard or water control. 
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Figure 3.3 The results from the control of the stem cells by looking for expression of Oct4. The 
undifferentiated embryonic stem cells (ES) show expression, while the differentiated embryonic stem cells 
(dES) don’t show any expression.  

 

3.2 The Q-PCR controls 
The resulting graph for samples used as standards to all samples, except cell line 293, can be 
seen in figure 3.2. These values are important for the construction of the standard curve that 
was earlier described. The water controls that were used gave no expression. The mouse and 
rabbit serum controls are not presented in figures. 
 

 

 

 

3.3 Control of the stem cells 
A control was performed on the different stem cells. The undifferentiated embryonic stem 
cells (ES) showed expression of Oct4, while the differentiated embryonic stem cells (dES) did 
not (Figure 3.3).  

 

 

 

 

 
 

Figure 3.2 The relative percent of concentrations of the standard 
samples used in all Q-PCR runs, except cell line 293. 
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Figure 3.5 The relative percent of concentration for the unstimulated testis cells 
samples for No Antibody control, CTCF, Smad 3 and Smad 4. *= two values have 
been used.  
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3.4 Testis cells 
The result for the testis cells stimulated and unstimulated with TGF-β is shown in figure 3.4. 
Binding to the IGF2/H19 ICR were detected in all of the samples. The TGF-β stimulated No 
Antibody control is higher than its unstimulated counterpart. The stimulated CTCF sample 
shows the highest value of all samples of the testis cells. The unstimulated CTCF sample has 
a rather low expression that is comparable with the unstimulated No Antibody control. The 
Smad4 samples have similar values both for stimulated and unstimulated samples. The 
BORIS samples show a difference, with the unstimulated sample showing higher expression. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A second ChIP was performed using only unstimulated testis cells (Fig 3.5). Also this time 
binding to the IGF2/H19 ICR could be detected for all of the samples. This time the No 
Antibody control was much higher than the rest of the samples. Of remaining samples, Smad 
4 was higher than the rest. 
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Figure 3.4 The relative percent of concentration for the TGF-β stimulated (+T) and unstimulated (-T) testis 
cells samples for No Antibody control, CTCF, Smad 4, and BORIS. *= two values have been used.  
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3.5 NMuMG cell line 
The result for the NMuMG cell line, stimulated and unstimulated with TGF-β, is shown in 
figure 3.6. Binding to the IGF2/H19 ICR were detected in all of the samples and in all set of 
samples the unstimulated one is higher than the stimulated counterpart. The unstimulated 
Smad 2 has although the highest value, with exception for the unstimulated No Antibody 
control.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 The relative percent of concentration for the TGF-β stimulated (+T) and unstimulated (-T) NMuMG 
cell line sample for the No Antibody control, CTCF,Smad 2,  Smad 3 and Smad 4. *= two values have been used. 

 
A second ChIP was performed using only unstimulated NMuMG cell line cells (Fig 3.7). Also 
this time binding to the IGF2/H19 ICR could be detected for all of the samples. The value for 
Smad 2 was the highest observed, followed by Smad 4. The No Antibody control and Smad 2 
had similar values. 
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Figure 3.7 The relative percent of concentration for the unstimulated NMuMG cell line samples for the No 
Antibody control, CTCF, Smad 3 and Smad 4. *= two values have been used. 
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3.6 NIH/3T3 cell line 
The result for the NIH/3T3 cell line, stimulated and unstimulated with TGF-β, is shown in 
figure 3.8. Binding to the IGF2/H19 ICR were detected for all of the samples. The value for 
the unstimulated No Antibody control is high, compared to the other samples, while the value 
for stimulated No Antibody control is much lower. There is just a small difference between 
the values of CTCF, while the unstimulated Smad3 sample shows a bit higher expression than 
the stimulated Smad3. The error bars are rather high for both the stimulated CTCF and the 
unstimulated Smad 3. Smad 4 show a higher expression for the unstimulated sample, but a 
noticeable error bar is observed. 
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Figure 3.8 The relative percent of concentration for the TGF-β stimulated (+T) and unstimulated (-T) NIH/3T3 
cell line samples for No Antibody control, CTCF, Smad 3 and Smad 4.  
*= two values have been used.  
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3.7 Undifferentiated stem cells 
The result for the undifferentiated stem cells, stimulated and unstimulated with TGF-β, is 
shown in figure 3.9. Binding to the IGF2/H19 ICR was detected in all of the samples. The No 
Antibody controls are showing a small difference in expression, with the unstimulated one 
being slightly higher. The unstimulated CTCF sample is higher than the stimulated CTCF, as 
well as the unstimulated Smad 2 is higher than the stimulated Smad 2. The stimulated Smad 3 
has a very large error bar, making it hard to analyze. The expression of Smad4 has similar 
values both for stimulated and unstimulated.  
 

 

Undifferentiated stem cells

-50

0

50

100

150

200

250

No AB +T

No AB -T

CTCF +T

CTCF -T

Sm2 +
T

Sm2 -
T

Sm3 +
T

Sm3 -
T

Sm4 +
T

Sm4 -
T

Samples

Re
la

tiv
e 

%
 o

f c
on

ce
nt

ra
tio

n

 
Figure 3.9 The relative percent of concentration for the TGF-β stimulated (+T) and unstimulated (-T) 
undifferentiated cell samples for No Antibody control, CTCF, Smad 2, Smad 3 and Smad 4.  
*= two values have been used.  
 
A second ChIP was performed with a new set of undifferentiated stem cells with results 
conflicting the results from the first Q-PCR (Fig 3.10). Also this time binding to the 
IGF2/H19 ICR could be detected in all of the samples, and this time all stimulated samples 
were higher than the unstimulated ones. Highest of all were the stimulated CTCF sample. The 
stimulated No Antibody control is although higher than all other stimulated samples. For the 
unstimulated No Antibody control, all other unstimulated values, except Smad 4, were higher. 
 

* * *
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Figure 3.10 The relative percent of concentration for the repetition of the TGF-β stimulated (+T) and 
unstimulated (-T) undifferentiated stem cells samples for No Antibody control, CTCF, Smad 2, Smad 3 and Smad 
4. *= two values have been used.  

3.8 Differentiated stem cells 
The result for the differentiated stem cells, stimulated and unstimulated with TGF-β, is shown 
in figure 3.11. Binding to the IGF2/H19 ICR were detected in all of the samples. The 
unstimulated No Antibody control has higher expression than the stimulated one. The 
stimulated samples for CTCF, Smad 2 and Smad 4 are higher than their counterparts of 
unstimulated samples. For Smad 3, the unstimulated sample is higher than the stimulated one. 
The stimulated No Antibody control is high when comparing all stimulated values, except 
Smad 4, that is higher. The unstimulated No Antibody control is higher than all other 
unstimulated values. 
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Figure 3.11 The relative percent of concentration for the TGF-β stimulated (+T) and unstimulated (-T) 
differentiated stem cell samples for No Antibody control, CTCF, Smad 2, Smad 3 and Smad 4. *= two values 
have been used.  
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A second ChIP was performed with a new set of differentiated stem cells presented in figure 
3.12. Also this time binding to the IGF2/H19 ICR could be detected in all of the samples. This 
time three sets of samples, the unstimulated No Antibody control, CTCF, and Smad 2, 
coincide with the pattern found in the first Q-PCR of differentiated stem cells. The remaining, 
Smad 3 and Smad 4, show an opposite pattern. The stimulated Smad 3 is higher than the 
unstimulated counterpart, while Smad 4 is higher for the unstimulated sample than the 
stimulated one. The stimulated CTCF and Smad 2, both of them are higher than the No 
Antibody control. 
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Figure 3.12 The relative percent of concentration for the repetition of the TGF-β stimulated (+T) and 
unstimulated (-T) differentiated stem cell samples for No Antibody control, CTCF, Smad 2, Smad 3 and Smad 4. 
*= two values have been used. **= one value has been used. 
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3.9 Cell line 293 
The results for cell line 293 are based on the Q-PCR generated Ct values and presented in 
figure 3.13. This time binding to the IGF2/H19 ICR could be detected in all of the samples, 
except the unstimulated Smad 4. The values for the No Antibody controls are higher than all 
other values.  
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Figure 3.13 The relative percent of the mean Ct values for the TGF-β stimulated (+T) and unstimulated (-T) 
differentiated cell line 293 samples for No Antibody control, CTCF, Smad 2, Smad 3 and Smad 4.  

4. Discussion 
The area of research concerning connections between TGF-β, CTCF, and BORIS is so far 
small to its extent, but nonetheless of importance. Earlier, the interactions between CTCF, 
TGF-β, and Smads have been of interest for studies regarding Alzheimer’s disease (AD). 
TGF-β is known to cause up-regulation of the amyloid precursor protein (APP), a precursor of 
the amyloid-β-peptide (Aβ), and increased levels of APP occur in people with Alzheimer’s 
disease. TGF-β is known to connect to the APP promoter binding β (APBβ) site. The study 
showed that upon TGF-β treatment both Smad 3 and Smad 4, were moved to the nucleus, 
while Smad 2 stayed cytoplasmic. CTCF was apparently unaffected by the treatment and was 
mostly located to the nuclei.  Smad 3 and Smad 4 affiliated to the APBβ-complex. In addition 
to this, higher levels and nuclear position of Smad 4 could be seen in AD brain sections, but 
Smad 4 itself could not affect APP expression (Burton, et al. 2002). One possible candidate, 
that together with Smad 4 could affect the APP expression, by support from studies performed 
during this degree project, is CTCF.  
 
Another study earlier performed, used B cell lymphoma as a model when looking at CTCF in 
connection between TGF-β. CTCF is here described as a critical control element for the 
immature B cell’s decisions between life and death. The activation of the TGF-β pathway 
increased the level of CTCF expression. The TGF-β pathway is known to, by Smads binding 
to MYC promoter, inhibit proliferation through down-regulation of MYC (Qi, et al. 2002). 
An increase of CTCF expression by TGF-β stimulation was earlier also observed in the 
NMuMG cell line (Pelikan, A., and Strandberg, R., unpublished observations). 
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In many of the different experiments performed in this degree project, the binding to 
IGF2/H19 ICR was highest for the No Antibody control, which should represent background 
and at least not be higher than the rest of the samples. The possible explanation for this would 
be a contamination of the control, and therefore a repeat of the experiment might give another 
result. The serum controls used are in one way an excellent control, but in the same time a 
difficult control, that is very demanding. The serum contains a lot of different proteins, and 
there is always a risk for a “false” positive as unspecific binding will generate signals that are 
impossible to exclude from the “true” specific signal. 
 
The results from the testis cells imply a higher binding of CTCF to the IGF2/H19 ICR, when 
stimulated with TGF-β. The unstimulated samples of Smad 4 and BORIS are higher than the 
unstimulated No Antibody control. Why is the binding of BORIS to the IGF2/H19 higher in 
the unstimulated BORIS compared to the stimulated counterpart? Is it solely because not 
stimulated with TGF-β? The testis cells used were normal cells, and TGF- β is acting as an 
opponent to cancer, and probably antagonizes BORIS, and that is why stimulation with TGF-
β causes less binding of BORIS to the IGF2/H19 ICR. Would the result be different if tested 
on cancer cells? Yes, presumably would the situation in the cells be completely different, 
because TGF-β helps promoting cancer development. Stimulation with TGF-β might result in 
higher binding of BORIS to the IGF2/H19 ICR than in unstimulated cancer cells. It would be 
interesting to, by Q-PCR at RNA level and by Western blot at protein level, investigate 
differences in the levels of BORIS between TGF-β stimulated and unstimulated normal testis 
cells and cancer testis cells. A second ChIP was performed with only unstimulated testis cells, 
but rather high value for the No Antibody control was detected. That might imply a low 
signal, and the signal observed is background only, i.e. it is difficult to draw any conclusions 
for these samples. 
  
Results from the NMuMG cell line exhibit higher binding to the IGF2/H19 ICR for all of the 
unstimulated samples compared to there TGF-β stimulated counterparts. The No Antibody 
controls are although higher for both stimulated and unstimulated samples, and therefore it is 
difficult to make conclusions for these samples. 
 
For the NIH/3T3 cell line, both No Antibody controls are notable high, causing conclusion 
making tough. All unstimulated NIH/3T3 samples showed higher binding to the IGF2/H19 
ICR. What would be the reason for higher binding to the IGF2/H19 ICR when unstimulated 
by TGF-β? All cell types are different, and higher binding might be the reaction for this cell 
line when unstimulated, or it might simply be background. The origin of NIH/3T3 is 
embryonic fibroblasts cells from mice, and TGF-β is known to have effects on fibroblast. 
Might there be a difference because the cells are embryonic? Are different genes active 
compared to adult fibroblast cells, and therefore not eliciting a response? The active genes in 
embryonic and adult cells differ, and it would therefore be interesting to do experiments with 
cells in different stages of development.  
 
The two sets of trials performed on the undifferentiated stem cells, showed conflicting results.  
The first one showed higher values for all the unstimulated samples, compared to the 
stimulated counterpart, except for Smad 3 where the opposite was detected. The stimulated 
Smad 3 on the other hand differed from all other samples, by being much higher and having a 
huge error bar. The repetition of the undifferentiated stem cells seemed more reliable with 
values comparable to each other and not to deviant error bars. It showed a higher binding to 
the IGF2/H19 ICR for all of the TGF-β stimulated samples when comparing with 
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unstimulated counterparts. When taking the belonging No Antibody control in account, for 
the TGF-β stimulated samples only CTCF were higher than the No Antibody control. TGF-β 
stimulation leads to increased binding of CTCF to the IGF2/H19 ICR. For the unstimulated 
samples, taking corresponding No Antibody control in account, an increase could be detected 
in CTCF, Smad 2, and Smad 3. What would that imply? What happens with CTCF and the 
two R-Smads (Smad 2 and Smad3)?  
 
The 3D-structure of the complex binding to the IGF2/H19 ICR, are influenced by a number of 
different factors, i.e the bindning of CTCF and different Smads. The Smads binding to CTCF 
might create a stronger complex. By stimulating cells with TGF-β other genes become active 
that also might contribute with support to form a stronger configuration.   
 
Stimulation of the cells with TGF-β during different period of times might affect the response. 
In this degree project, the time of stimulation was four hours, which is enough for most of the 
cells to respond on TGF-β. The majority of cells actually respond within 40 minutes, but 
different length of time can cause a different effect because the reactions from all other 
proteins present.  
 
In a comparison with differentiated stem cells at least two sets of samples coincided with each 
other, namely for CTCF and Smad 2, that were higher for TGF-β stimulated samples 
compared to unstimulated counterparts. The stimulated Smad 3 was in the second trial higher 
than the unstimulated one, but in the first trial the opposite was detected. In the first trial the 
No Antibody controls were higher than all corresponding samples, and therefore a factor to 
take in consideration. TGF-β stimulated Smad 4 had higher binding to the IGF2/H19 ICR 
than unstimulated counterpart in the first trial, but the opposite was detected in the second 
trial. What would be the reason for both CTCF and Smad 2 show higher binding to the 
IGF2/H19 ICR in TGF-β stimulated samples? CTCF and Smad 2, might bind to each other 
and to the IGF2/H19 ICR. Smad 4 might too bind to this complex. It would be interesting to 
perform a gel shift assay to see if there is a direct binding, i.e. between Smad 2 and CTCF.  
 
One might argue that in both undifferentiated and differentiated stem cells, there might be a 
higher binding of CTCF and at least Smad 2 (and possible Smad 3). Why would it be a 
difference between the R-Smads? Why would the existence of two different R-Smads be 
necessary? They need to be custom-made to be able to answer to the environment. The Smads 
are affected by the huge number of surrounding components in the cells. Specificity is of 
great importance for exerting the correct response on a stimulus. Regulation of the specificity 
is too of high significance. 
 
293 was the only cell line with human origin used in this degree project. The results were not 
expected to depend on origin of species, because the TGF-β signaling pathway, as well as 
CTCF and BORIS, is known to be well conserved between human and mouse. All the 
unstimulated samples were higher than corresponding TGF-β stimulated. The No Antibody 
controls were higher than all the other samples, once again making it difficult to draw 
conclusions.  
 
The experiments performed in this degree project, would need to be repeated several times, to 
minimize the sources of errors. Future experiments that would be interesting to perform 
would involve other cell types and cell lines. A series of different time of TGF-β stimulation, 
with i.e. 2, 6, 12, and 24 hours interval, might give valuable information.  It would also be of 
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high interest to use cancer cells that come directly from a tumor, to test how the binding of 
different Smads, CTCF, as well as BORIS to the IGF2/H19 ICR would look like.  
 
Most cancer patients die because of metastasis, and the Smad genes seem to be a key when 
formations of these occur. Therefore, it would be interesting to in detail study the Smads 
binding to the IGF2/H19 ICR in real cancer cells. Doing that might answer why the Smads 
would change there “behaviour” all the sudden? In addition to Smads, BORIS should be taken 
in account, to see if and how it is involved. Might BORIS make the Smads “deceive” the 
body’s defence against cancer? 
 
TGF-β is known to be involved in activation of genes causing EMT in cancer cells, but not in 
normal cells. Some kind of change occur that make the cells react differently to the Smads. Is 
it because CTCF has been replaced by BORIS? CTCF binds to regions that the Smads does 
not, but when CTCF is present the Smads can bind to them too. The Smads seems to be 
dependent of CTCF to be able to bind to these regions. By removing CTCF, by using siRNA 
designed against CTCF, the binding of CTCF cease to occur (Bergström, R., unpublished 
observations).  When cancer strikes and the concentration of CTCF decreases, maybe the 
Smads instead bind to BORIS, that looks almost the same, especially the 11-ZFs. The 
resemblance might deceive the Smads to bind to BORIS, and thereby regulate other genes 
than normally and possibly activate EMT, i.e. the formation of metastasis.  
 
This field of research, yet to a great extent unknown, has potential to generate knowledge that 
might give important clues to the riddle of cancer. A comprehensive understanding of the 
TGF-β signaling pathway already exist, but the connection between different Smads, CTCF 
and BORIS, has to be further investigated. 
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