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SUMMARY  

Tissue Factor (TF) is the main initiator of the blood coagulation cascade. TF is constitutively 
expressed in extra vascular cells like epithelial cells, lung-and brain tissue, while in monocytes and 
vascular endothelial cells TF expression is only induced in these cells by external stimuli like 
cytokines, the bacterial endotoxin lipopolysaccharide (LPS), or by rupture of the vascular cell wall. 
Upregulation of TF gene expression is observed in various diseases like atherosclerosis, sepsis, 
diabetes, obesity and some types of cancers. Here we have used the monocyte like cell line U937-1 
as a model system to investigate molecular mechanisms involved in regulating the TF gene under 
two different conditions, without LPS and with LPS, using the Chromosome Conformation Capture 
(3C) technique. We used fosmid as a control covering the area of our interest on chromosome 1, the 
TF locus together with +16 to -10.5 kb of surrounding genomic DNA. Plasmid DNA containing the 
Fosmid DNA from bacteria was isolated and was then digested with a restriction enzyme (HindIII) 
and religated using T4 DNA ligase to generate a control template for random interactions.  
The U937-1 cell line is a monoblast like cell line where the TF gene is constitutively expressed. 
After differentiation for 72hrs with Vitamin D₃ the cells become transformed into monocyte like 
cells and the TF gene expression is down regulated. Further, when the differentiated cells are 
stimulated with LPS, the TF gene expression is upregulated again. Genomic DNA was isolated 
from both LPS and non LPS treated cells to be used in the 3C experiment in order to identify novel 
interactions within the TF locus. Possible ligations from the 3C experiment were analyzed by 
polymerase chain reaction (PCR) and agarose gel electrophoresis.  
Quantitative real time-PCR (RT-PCR) was performed in order to confirm the TF gene expression. 
RNA was isolated from samples collected at three different time points; before addition of Vitamin 
D3, before treatment with LPS and after treatment with LPS. RNA was converted into 
complimentary DNA (cDNA) and used as a template in RT-PCR analysis using TaqMan 
technology. The β₂-microglobulin gene was used as a reference gene to calculate the expression of 
TF in three conditions.  
Results showed that conformational changes and/or chromatin looping across the region including 
the TF locus that was investigated may be involved in regulating the TF gene as a difference was 
observed between non-LPS and LPS treated cells.  
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INTRODUCTION  

EPIGENETICS 
  
In eukaryotic cells the genetic material, DNA, is contained inside the cell nucleus. In order to make 
the DNA fit into the nucleus, the DNA is wrapped around histone proteins which helps to package 
the chromatin. The DNA together with these histone proteins is called a nucleosome and is the 
basic unit of chromatin. The nucleosome has a histone core consisting of two each of the histone 
proteins; H2A, H2B, H3 and H4, forming an octomer which 146 base pairs (bp) of DNA is 
wrapped around twice (Li and Reinberg, 2011). Each nucleosome is then linked to the next 
nucleosome via the linker histone H1. The stretch of DNA between two nucleosomes is called the 
linker DNA. Interactions between the H1 proteins together with electrostatic interactions between 
the DNA and the core histone proteins help to package the DNA into higher order chromatin 
structures (Kleinjan and Heyningen, 2005; Li and Reinberg, 2011).  
Chromatin can be divided into two functionally different structures, euchromatin and 
heterochromatin. Euchromatin is a decondensed open chromatin structure which is associated with 
trancriptionally active regions that are accessible to nucleases. These euchromatic regions are 
characterised by unmethylated CpG islands and hyperacetylated histone tails. A CpG island is a 
stretch of DNA sequence rich in cytosine residues followed by a guanosine that are bound together 
by a phopho diester bond. Heterochromatin on the other hand is tightly packaged DNA with very 
low, or no transcriptional activity and is not accessible to nucleases. Heterochromatic regions are 
characterised by methylated CpG islands, deacetylated histone tails and binding of Heterochromatin 
protein 1 (HP1). Heterochromatin can be further divided into constitutive heterochromatin, which is 
present at centromeres and telomeres, and facultative heterochromatin which is associated with 
morphogenesis and cell differentiation and can be formed at various sites in different cell types 
(Quina et al., 2006).  
Post translational modifications of the N-terminal histone tails as well as DNA methylation are 
important for transcriptional regulation (Mohtat and Susztak, 2010). For example, these 
modifications not only help in recruiting factors involved in transcriptional regulation, but also aid 
in opening up the chromatin, or compacting it, which is crucial for gene regulation (Quina et al., 
2006).  
These types of modifications; histone modifications and DNA methylation, are known as epigenetic 
modifications. An epigenetic modification is inherited just as genomic DNA during mitosis and 
sometimes meiosis and is known as epigenetic inheritance.  
 
DNA METHYLATION  
 
Genomic DNA methylation is associated with gene silencing and is most commonly the addition of 
a methyl group at the 5’ site of cytosine residues that are followed by a guanosine. These CpG sites 
are concentrated into CpG islands which in mammals are regions of 300-3000bp with a guanosine 
and cytosine (GC) content of more than 50%, mainly located upstream of promoter regions. Methyl 
binding proteins binding to CpG islands displace transcription factors in these regions making them 
inaccessible to the transcriptional machinery, which in turn bring about gene silencing. CpG islands 
can also be located in repetitive sequences, at the centromeres and in intronic regions. Methylation 
at these sites is then associated with maintenance of chromosomal stability, translocation 
prevention and endoparasitic sequence silencing (Mohtat and Susztak, Sep 2010). Methylation is 
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also important for silencing of imprinted genes, for example, X chromosome inactivation by X- 
inactive specific transcript (Xist) in women for dosage compensation (Elisaphenco et al. 2008).  
DNA methylation is a stable heritable epigenetic modification that is passed down from one 
generation to the next. During DNA replication at S-phase each daughter cell contains one old 
strand with epigenetic marks and a newly synthesized strand without modifications that becomes 
modified with the parental strand as a template (Li and Reinberg, 2011).  
 
HISTONE MODIFICATIONS  

The N-terminal tails of the core histone proteins H2A, H2B, H3 and H4 protrude out at the 
nucleosome core and can be covalently modified. These modifications include acetylation, 
methylation, phosphorylation and ubiquitination. Tri-methylation of histone H3 lysines 4 
(H3K4Me3) and 36 (H3K36Me3) are associated with an open chromatin structure and 
transcriptional activation, whereas tri-methylation of histone H3 at lysines 9 (H3K9Me3) and 27 
(H3K27Me) are associated with a closed chromatin structure and gene silencing (Mohtat and 
Susztak, 2010)  
Histone acetyltransferases (HATs), which transfers acetyl groups to the histone tails, aid in 
chromatin decondensation and transcriptional activation, whereas histone deacetylases (HDACs), 
which removes acetyl groups, are involved in chromatin condensation and transcriptional 
inactivation (Sun et al., 2012). It is thought that HATs and HDACs are recruited to DNA 
methylated CpG islands by methyl binding proteins in these areas. DNA methylation and histone 
modification protiens might thus interplay in nucleosome remodeling processes (Mohtat and 
Susztak, 2010).  
DNA methylation and covalent histone modifications are also important for long range 
chromosomal interactions necessary for the formation of higher order chromatin structure (Mohtat 
and Susztak 2010; Li and Reinberg, 2011).  
 
HIGHER ORDER CHROMATIN STRUCTURES, GENE LOOPING AND 
TRANSCRIPTIONAL REGULATION 
  
During the cell cycle the chromatin undergoes organisational changes both during DNA replication 
in S-phase and chromatin condensation at M-phase (Francis et al., 2009; Li and Reinberg, 2011). 
As part of these processes the N-terminal histone tails play important roles where the tails of the 
core histone protein of one nucleosome interact with the adjacent nucleosome histone tails, thereby 
aiding in the formation of 3D-structures of the chromatin. For example, the H4 tails always interact 
with the tails of the adjacent nucleosome histones H2A and H2B (Luger et al., 1997; Li and 
Reinberg, 2011).  
Non histone architectural proteins like HP1 and other scaffold proteins also play important roles in 
the formation of higher order chromatin structures. In addition, these proteins are also important for 
transcriptional regulation where chromatin dynamics such as chromatin decondensation leads to 
transcriptional activation, or chromatin condensation which result in inactivation of gene expression 
(Li and Reinberg, 2011).  
The activity of chromosomes has not only been linked to structural properties, but also to the spatial 
arrangements of the chromosomes inside the cell nucleus. The local properties of the chromatin 
fiber affect local gene expression, origin firing and DNA repair. Higher order structures, such as 
formation of the 30-nm fiber, chromatin loops, and inter chromosomal interactions are important 
for maintaining chromosomal integrity at mitosis, DNA replication, as well as for gene 
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transcription. Changing the structure of chromatin makes this possible (Li and Reinberg, 2011). 
Transcription and timing of replication are also governed by the spatial nuclear positions of 
different chromosomal regions, and their relationships to the nuclear envelope. How the genome is 
organised in 3D inside the cell nucleus thus play an important role in coordinating transcription and 
other metabolic processes. At each of these levels, the dynamics of chromosome organisation is 
crucial, an organisation that varies both during the cell cycle and among different cell types (Li and 
Reinberg, 2011).  
In higher eukaryotes, transcriptional regulation is also controlled by regulatory elements such as 
enhancers and suppressors. These are recognised by transcription factors and other regulatory 
factors via specific recognition motifs. Regulatory elements located at distances of up to several 
megabases from a locus can act through direct physical contact with their target genes and bring 
about gene expression or silencing. The current view is that these long range interactions result in 
chromatin loop formations (Li and Reinberg, 2011).  
Chromatin loops are important for gene regulation. They have been also observed between; 
promoters and enhancers, promoters and terminators, and as long range interactions both interand 
intra chromosomally. For example being the β-globin gene locus (Tolhuis et al., 2002; Li and 
Reinberg, 2011).  
Interactions with the nuclear envelope and structures within it are also important for gene 
regulation. Interactions with nuclear lamina, filamentous proteins that form a scaffold from the 
nuclear membrane, cause gene silencing. Interactions with the nuclear pores and nuclear porins are 
important to optimise transport of transcripts out of the nucleus during transcription (Andrulis et al., 
1998; Finlan et al., 2005; Li and Reinberg, 2011).  
 
 
 
94,99Mb    TF Locus        95,02Mb 
 

 
 
 

TF Gene  

 

Fig1. Schematic representation of the TF locus located on chromosome 1 with +16 and -10.5 kb of surrounding 
sequence (Genomic DNA sequence is not to scale). The 10 HindIII (II) sites located within this genomic sequence 
along with the positions of all the primer pairs used in 3C analysis is marked out ( ) 

 

TISSUE FACTOR  

Tissue factor (TF) is a 47 kDa transmembrane glycoprotein which is differently expressed in 
various cell types. The human TF locus (F3) is located over 12.6 kb of genomic sequence on 
chromosome 1 and contains 6 exons and 5 introns (Fig1; UCSC Genome Browser). TF gene 
expression is regulated by two alternative sites within the TF promoter. The most distal one 
contains two AP-1 sites and one NF-kB site and is involved in controlling inducible TF expression. 
The proximal site is used for constitutive TF expression and consists of three overlapping Egr-1/Sp-
1 sites and two Sp1 sites involved in regulating TF expression (Mackman 1995; 1997).  Using 
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either of these promoters sites, the TF gene is transcribed into a larger, 3.4kb unspliced RNA 
transcript, while the mature spliced mRNA is 2.2 kb in length (Brand et al., 1991).  

In the bloodstream cells normally do not express TF, while TF is constitutively expressed in cells in 
the brain, lungs, placenta, kidney, skin and in the endothelial cells surrounding the blood vessels 
(Mälarstig et al., 2003). At times of vascular injury when the cells expressing TF comes in contact 
with a serine protease in the blood, TF forms a complex with activated Factor FVII (FVIIa) and the 
blood coagulation cascade is initiated. This activates subsequent blood clotting factors result in 
recruitment of activated platelets and thrombin activation leading to clot formation at the site of 
injury (Kario et al, 1994; Crawley and Lane, 2008).  
Although there are several different cell types capable of expressing TF in the blood stream, like 
platelets and endothelial cells during vessel injury, the primary source of TF for initiating the blood 
coagulation cascade is TF expressed by activated monocytes (Erlich et al., 1999). Under normal 
conditions the TF expression in monocytes is switched off, but the expression can be rapidly 
upregulated by various stimuli such as the bacterial endotoxin, lipopolysaccaride (LPS), and 
cytokines. After such stimulus TF expression is upregulated, transcripts processed and then 
expressed on the cell surface (Rothberger et al., 1983; Okajima et al., 1991; Erlich et al., 1999).  
TF is not only involved in normal cellular processes such as wound healing, embryonic 
development, angiogenesis and innate immunity, but also in many pathological conditions. For 
example, high TF expression is observed in tumor cells and elevated TF levels in the blood are 
observed after cardiac infractions (Chu et al., 2011).  
TF together with FVIIa also form an important cell signalling complex. The TF-FVIIa complex 
alone, or transactivation via PAR receptors, activates several downstream signaling pathways 
leading to changes in gene expression (Rao and Pendurthi, 2005). For example, TF-FVIIa can 
activate the MAPK pathway induce intracellular Ca2+

 
oscillations and the STAT/JAK pathway (Rao 

and Pendurthi, 2005).  
Although much is known about TF cell signaling and its involvement in many pathological 
conditions, surprisingly little is known about its molecular regulation. Finding out how TF is 
regulated at this level hold the key to TF expression and its function in various cell types under 
different conditions help in finding ways to control its regulation.  
The aim of this study is to identify novel mechanisms involved in regulating the TF gene using the 
3C technique.  
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RESULTS 

 
QUALITY CONTROL OF 3C CONTROL (FOSMID) AND 3C TEMPLATE  
 
To check the digestion and religation efficiency of the control library and 3C template library, the 
undigested fosmid DNA, fosmid DNA digested with HindIII and, religated fosmid DNA restriction 
fragments were compared to the 3C template samples prepared from cells treated with LPS or 
without LPS (+/-LPS) on 0.8% Agarose (Fig2). Undigested fosmid DNA shows a high molecular 
weight band, digested fosmid shows a smear with large bands and digested and religated fosmid 
appears as a smear of restriction fragments indicating good digestion and relegation efficiency of 
control (Fig2, columns 2, 3 and 4). 3C template +/-LPS treated appears as a long smear, 
representing DNA fragments of different sizes which indicate good digestion efficiency but poor 
religation efficiency (Fig2, columns 5 and 6).  
 

 
 
 

Fig2. Control of `3C control library΄ and `3C template΄ digestion and religation efficiency. Lanes 1 and 7 represent 
DNA ladder. Lanes 2, 3 and 4 represent undigested fosmid, fosmid digested with HindIII and fosmid cut and religated 
with T4 DNA ligase. Lanes 5 and 6 represent cut and relegated, 3C template with (+) and without (-) LPS treatment.  
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ISOLATION OF FOSMID AND RESTRICTION DIGESTION AND RELIGATION 
OF THE 3C TEMPLATE  

Plasmids containing the fosmid covering the TF locus were isolated from overnight cultures of 
DH1OB E.coli and were used in the 3C experiment as a control. After cutting the plasmid DNA 
with HindIII they were religated with T4 DNAligase. The religated 3C products were then 
amplified using 10 different primer pairs surrounding the 10 HindIII sites within the TF gene (Fig1 
and Table 1 in Materials and Methods). Each primer pair used is able to amplify a fragment of 
around 200 bp in length around each HindIII restriction site. In addition to the 200 bp fragment, 
larger fragments were amplified by primer pairs 2, 3, 6, 7, 8, 9, 10 indicating that these HindIII sites 
are involved in random ligations (Fig3A and 3B).  

           A     B  
 

  
Fig3. PCR analysis of 3C control template. In both (A) and (B) `N΄ represent negative control with no template and 
first and last lanes represent DNA ladder. (A) 1, 2, 3, 4, 5 represent primer pairs 1, 2, 3, 4 and 5. (B) First and last lanes 
represent DNA ladder. 6, 7, 8, 9, 10 represent primer pairs 6, 7, 8, 9 and 10. Bands in 6 N and 9 N represents loading 
error. 

 
DYNAMICS OF GENE REGULATION IN 3C TEMPLATES UPON TREATMENT 
WITH LPS AND WITHOUT LPS  

To determine if the TF gene regulation in the monocytes like cell line U937-1 is associated with 
chromatin conformational changes we performed 3C analysis. DNA isolated from cell cultures 
treated with LPS and without LPS was used in the 3C experiment. After digestion with HindIII and 
religation with T4 DNA ligase, the 3C template was amplified using all 10 primer pairs specific for 
each restriction site within the area investigated surrounding the TF locus (Fig2). To ensure 
amplification of larger fragments the extension time was increased by 20s each cycle from cycle 10, 
and to find the optimal primer annealing temperature each primer pair was amplified at three 
different annealing temperatures. In both +/-LPS treated samples several primer pairs were able to 
amplify different sized fragments. In both +/-LPS treated samples, primer pairs 1, 7, 5 at all three 
annealing temperatures (Fig4A, 4C and 4D), and partly by primer pair 3 at 61°C (Fig4A), 2 at 68°C 
and 6 at 65°C (Fig4B), were able to amplify fragment length of ~200 bp containing the HindIII 
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restriction site specific to each primer pair. Primer pair 3 at 60°C and 62°C (Fig4A), 6 at 64°C 
(Fig4B) in -LPS untreated samples and 4 at 63°C (Fig4D) in +LPS treated samples were also able 
to amplify the ~200 bp HindIII specific fragment. When +/-LPS treated samples were amplified by 
primer pair 9, strong large smears were observed, but no small fragments, at any of the different 
annealing temperatures tested (Fig4C). The same was observed for primer pair 4 at 64°C and 65°C 
and primer pairs 8 and 10 at all three different annealing temperatures (Fig4D). These results were 
confirmed by repeating the complete 3C experiment thrice.  
 
 
 

 
 

 
 
 

Fig4. Representative images from PCR analysis of 3C template from triplicate experiments. In (A), (B), (C) and  
(D) `L΄ represent DNA ladder and in all images (+) indicate 3C templates with LPS and (-) without LPS treatment. In 
(A) +1 and -1 represent primer pair 1 amplified at three different annealing temperatures 63°C, 64°C and 65°C; +3 and 
-3 represent primer pair 3 amplified at three different annealing temperatures 60°C, 61°C and 62°C. In (B) +2 and -2 
represent primer pair 2 amplified at three different annealing temperatures 66°C, 67°C and 68°C; +6 and 6 represent 
primer pair 6 amplified at three different annealing temperatures 64°C, 65°C and 66°C. In (C) +7, -7, +9 and -9 
represent primer pairs 7 and 9 amplified at three different annealing temperatures 63°C, 64°C and 65°C. In  
(D) +4, -4, +5, -5, +10 and -10 represent primer pairs 4, 5 and 10 amplified at three different annealing temperatures 
63°C, 64°C and 65°C; +8 and -8 represent primer pair 8 amplified at three different annealing temperatures 62°C, 63°C 
and 64°C.  
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EFFECT OF LPS ON TF GENE EXPRESSION IN MONOCYTES  

Total RNA was isolated from; undifferentiated U937-1 cells, differentiated cells without LPS and 
differentiated LPS treated cells. TaqMan probes specific for the TF gene were used to quantify the 
TF mRNA levels in cells from the three different conditions. In undifferentiated U937-1 cells, the 
TF gene was expressed. After differentiation with vitamin D3 the TF expression was 
downregulated as expected, and the TF mRNA expressions levels increased again upon treatment 
with LPS (Fig5), (Tenno et al.,1999).    
  
 
 

 
Fig5. Relative TF mRNA expression levels in the U937-1 cell line  
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DISCUSSION 
 
TF gene regulation is associated with many pathological conditions in humans (Mälarstig et al., 
2005). In our study we used the U937-1 cell line as a model system to look at chromatin 
conformational changes of the TF locus in two different conditions; treatment with LPS and 
without LPS. A fosmid was used as a 3C control to look at how frequently the 10 restriction sites 
(HindIII) are involved in random ligations with other sites (Fig2) (Dostie and Dekker, 2007; 
Dekker et al., 2002).  
Among the 10 primer pairs used, each one is specific for one HindIII site present within the TF 
gene and surrounding genomic sequence, 16kb downstream of the transcriptional start site and 
10.5kb upstream of the locus (Fig1 and Tables 1 and 2 in Materials and Methods). Primer pairs 1, 5 
and 7 in both LPS treated and non-LPS treated templates were able to amplify the 200 bp fragment, 
surrounding their HindIII restriction site. The same length fragment was amplified with primer pair 
3 in the non-LPS template at annealing temperature 61°C and in LPS treated samples at all three 
annealing temperatures (Fig4A), primers 2 at annealing temperature 68°C in both non-LPS and LPS 
treated samples (Fig4B), primers 4 at annealing temperature 63°C in LPS treated samples (Fig4D), 
and primers 6 at annealing temperature 65°C in non-LPS samples (Fig4B). This fragment is 
expected either when a protein or a complex has bound across the restriction site, as then this part 
of the chromatin escapes digestion. It can also be the case when no regulatory factor has bound 
across the HindIII site at that specific point of regulation, resulting in digestion and religation of 
this site with itself. Interactions with other parts of the genome that may have been in contact near 
the HindIII site during digestion would result in religation and amplification of larger fragments 
when respective primer pairs are added. Larger fragments were amplified with all the primer pair 
used but were strongest with primer pair 1, 3, 4, 9 and 10 (Fig4). The larger fragments amplified by 
primer pairs 2, 5, 6, 7 and 8 were excluded because these larger fragments were involved in random 
ligations as shown by the fosmid, the control (Fig3). The smaller fragments are completely absent 
with primers 9 indicating that this restriction site is strongly involved in interactions and possibly 
chromatin looping in both non-LPS and LPS treated samples (Dekker et al., 2002; Splinter et al., 
2004).  
We observed that when the same primer pair was used on templates from both non-LPS and LPS 
treated templates, the sizes and number of fragments amplified were different in the two conditions. 
This indicates that the TF gene may be interacting with different factors and may thus be regulated 
differently in these conditions (Fig4). In the LPS treated cells, where the TF gene shows increased 
mRNA expression levels (Fig5), one can speculate that the PCR amplified fragment in the LPS 
treated cells may be the result of chromatin looping and interactions between the TF locus and 
possible enhancer elements involved in transcriptional activation of the TF gene, and that the 
fragments (Fig 4) amplified in the non-LPS treated template is associated with transcriptional 
repressors thereby resulting in inactivation of the TF gene (Erlich et al., 1999; Mälarstig et al., 
2003)  
A database search (UCSC Genome Browser) shows that the binding sites for both primer pairs 4 
and 5 are RNA pol ll binding sites indicating that these sites might be involved in TF gene 
regulation, transcriptional activation in LPS treated samples and transcriptional inactivation in non-
LPS samples. The binding sites of primer pairs 2 and 6 identified binding sites for the 
transcriptional regulatory protein CTCF. This is a Zinc finger protein which binds to CCCTC 
target-sites with its zinc finger domain and act as an insulator. Depending upon the need of the 
locus it can either activate transcription by binding to HAT complexes or inactivate transcription by 
interacting with HDAC complexes (NCBI/Gene). The 6th HindIII site located in intron 2 may also 
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be an important site. This is a binding site for Rad2 which is involved in DNA repair in yeast and 
has a human homologue, FEN1 (NCBI/Gene). The 9th restriction site is located in the first intron of 
the TF gene and is a DNaseI hypersensitive site indicating that factors may bind near to this HindIII 
site there by aiding long-range interactions (UCSC Genome Browser). This would explain the large 
fragments visible as smears in the 3C experiments (Fig4).  
TF over expression is associated with many clinical conditions. In order to control its expression, 
the molecular mechanisms controlling TF gene regulation need to be further explored.  
Although the results presented in this thesis are not conclusive, they indicate that there is a 
difference in the arrangement of the TF locus between the two conditions; without LPS and with 
LPS. By further trying to characterise what factors might be involved in these arrangements will 
help to understand how this locus is controlled. It may also help to develop new tools to shut down 
faulty expression which can help in many pathological conditions such as cancer and cardiovascular 
disease where increased TF expression can lead to fatalities.  
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MATERIALS AND METHODS 

BACTERIAL STRAIN, PLASMID ISOLATION AND MEDIA  

DH1OB E.coli containg the TF locus and 26.5 kb of surrounding genomic sequence (UCSC hg19 
chr1:94984232-95023371) as a fosmid clone WI2-503I19 (G248P8856E10) cloned into the plasmid 
vector pEpiFos™_5 was bought from Bac Pac Resources (http://bacpac.chori.org/). Total Plasmid 
was then isolated using Purelink™ Quick Plasmid Miniprep Kit (Invitrogen) from overnight 
bacterial cultures grown at 37°C, 200 rpm in 2XYT media supplemented with 25µg/ml 
chloramphenicol. The clone was verified by restriction digest using HindIII and EcoRI enzymes.  

See Appendix A for plasmid map with restriction sites.  

MEASURING CONCENTRATION OF DNA AND RNA  

DNA (plasmid and 3C samples) and RNA concentrations were measured using a nanodrop (ND-
1000 Spectrophotometer).  

CELL CULTURES  

The human monoblast like cell line U937-1 was used (Sundstrom and Nilsson, 1976). This cell line 
was cultured as a suspension culture at 37°C in 5% CO₂ in RPMI media supplemented with 10% 
fetal bovine serum (FBS) and 1% PEST (Penicillin, Streptomycin).  
 
U937-1 DIFFERENTIATION AND LPS INDUCTION OF TF EXPRESSION  
 
Cell density was measured using a cell scepter (Millipore). Exponentially growing cells (2-
5x10⁶cells/ml) were spun down at 1000rpm for 5 minutes then resuspended in fresh media and 
vitamin D₃ was added to a final concentration of 0.1µM. After incubating at 37˚C for 72 hrs the 
cells become differentiated into monocyte like cells. The culture with differentiated cells was then 
split into two and to one of these cultures 10ng/ml of the bacterial endotoxin LPS was added. After 
an additional 2 hrs of incubation at 37°C, cells from both unstimulated and LPS stimulated cells 
were harvested at 1000 rpm for 5 minutes for 3C experiment.  
 
RNA ISOLATION  
 
Total RNA was isolated from 1 ml of; undifferentiated log-phase U937-1 cells, vitamin D₃ 

differentiated, and vitamin D₃ +LPS induced U937-1 cells using TRIzol® Reagent (Invitrogen) 
with Phase Lock tubes (Qiagen).  
 
cDNA SYNTHESIS  
 
0.5 µg of RNA from the total RNA isolation was reverse transcribed into complementary DNA 
(cDNA) using MMLV reverse transcriptase according to manufactures instructions (Invitrogen).  
 

http://bacpac.chori.org/
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QUANTITATIVE REAL-TIME PCR 
  
Quantitative real-time PCR reactions were performed using TaqMan Gene Expression technology 
on an ABI prism 7500. Each reaction was amplified in triplicate samples and a `no template 
control΄ for each master mix was included. Assay on demand primers and probes were obtained 
from Applied Biosystems. For TF detection Hs 01076029_ml was used, and β₂  

microglobulin was amplified using Hs 00984230_ml. The relative gene expression of TF was 
calculated in reference to β₂M expression using Excel.  
 
3C EXPERIMENT  
 
3C experiment was performed with log-phase U937-1 cells using HindIII as described in Appendix 
B.  
 
POLYMERASE CHAIN REACTION ANALYSIS OF 3C PRODUCTS  
 
PCR was performed for 3C Samples on an Applied Biosystems Veriti® 9600 thermal cycler 
according to the following programme:  
 
2 min 95°C  

1 min 95°C                      x 10  

1 min 63°C  

1 min 95°C  

1 min 63°C                      x 20  

1 min: 72°C ∆t 20sec  

10 min 72°C 

∞ 4°C 

 

3C PRIMERS AND PCR ANALYSIS  

Primers for the 3C experiment were designed using a web based programme, 3PD 
(www.pristionchus.org/3CPrimer-Design; Fröhler and Dieterich, 2008).  
PCR products were analysed on 1.5% agarose 0.5X TBE gel containing Gel Red (Biotium) and 
detected using a digital camera using the Bio-Rad gel Quantity One Software. The Gene Ruler 1kb 
plus DNA ladder was used as a marker (Fermentas).  

http://(www.pristionchus.org/3CPrimer-Design;%20Fröhler%20and%20Dieterich,%202008).
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Table 1. Primers used for 3C PCR reactions 

 

  

 Forward Primer 5 -3′   Reverse Primer 5′-3′  

3C_F_1  CTTAAAATGCCACTCAATAGATGAA 
GA  

3C_R_1  GAGTTCCACCGAAATGCAG 
A  

3C_F_2  AAAAGGCAGAGTAGTGATCA 
TACTA  

3C_R_2  GAGATCCAGGAAACATTA 
CAGC  

3C_F_3  AATCTGGCTGATCACAAGG  3C_R_3  TGTCAATCACAGTGCTGA 
TTT  

3C_F_4  GCAGTCTCTTCCAGCAC  3C_R_4  TTAAGGGATTACTATGCACA 
GG  

3C_F_5  AAGGTGAATCTTGTCATGAAGAA 
AT  

3C_R_5  AGAGCACTCGAATGTATT 
GATA  

3C_F_6  GGTTGGGAAATGTTATTGGCTTA  3C_R_6  GCAAAACCCTCTGATTTG 
GAAT  

3C_F_7  CCAGGCTGGTCTTGAATTCC  3C_R_7  AGAAATGCACCCAATTTC 
CTTC  

3C_F_8  GGTCAAGCCAGAGAGATTATTG  3C_R_8  TCACTGTTGAAATTTGTTC 
ACA  

3C-F_9  GATTATATATTCCGCACTCAAGGA  3C_R_9  TGCTACTGCACTCCAGC  
3C_F_10  TCTATTTTGTCACCATTGTATGTA 

GA  
3C_R_1 

0  
ACCTTCCAATTCAAGTCT 
TAGA  
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Table 2. Genomic location of 3C primer pairs 
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APPENDIX B  

 
3C PROTOCOL (Adapted from Dostie and Dekker, Nature Protocols (2007) 4;988)  

A. Generation of control libraries TIMING 4d 

1. One FOSMID clone covering the genomic region has been selected. 

2. Purify FOSMID DNA from overnight culture using PureLink™ Quick Plasmid Miniprep 
(Invitrogen). 

CRITICAL STEP: Low purity of FOSMID DNA (e.g., owing to contamination of proteins or other 
cell debris) can result in low digestion efficiency.  

PAUSE POINT The DNA preparation may be stored indefinitely at –20°C. 

3. Measure the FOSMID DNA concentration on the Nanodrop. The concentration of DNA should 
be between 50 and 100 ng/µl. 

4. Transfer approximately 20 µg FOSMID DNA to a 2ml microfuge tube. 

CRITICAL STEP: Keep 100 ng of undigested material to compare with digested FOSMID DNA 
and control digestion efficiency.  

5. Add 47 µl 10X restriction buffer. 

6. Add 2 µl restriction enzyme (800 U) to the reaction  

CRITICAL STEP: Restriction enzymes are supplied in 50% glycerol, which inhibits enzymatic 
activity. The volume of restriction enzyme should be kept under 8.75% of the final digestion 
volume to avoid inhibition. Given that the volume of enzyme that can be added is limited, we 
recommend using restriction enzymes that are available at high concentration (e.g., 20 U/µl). 

7. Incubate overnight at 37°C. 

8. Spin the MaXtract geltubes briefly, 2 mins 500rpm at RT. 

9. Add 500µl 1:1 (vol/vol) phenol/chloroform to the digestion reaction. Mix by inverting the tube a 
few times. Pipette all of the mixture into the gel tube then leave at RT for 5 min then centrifuge 
>12,000 x g for 5 min at RT. 

! CAUTION Phenol and chloroform are toxic and corrosive materials and should be handled 
wearing protective gear in a chemical fume hood. 

10. Transfer the aqueous (on top of the gel layer) phase to a fresh eppendorff  tube, estimating the 
volume. 

11. Add 2.5 vols of cold 100% ethanol and mix gently. Incubate at –20°C for at least 15 min to 
precipitate the DNA. 

12. Centrifuge 14,000 x g for 30 min at 4°C. 

13. Discard supernatant and wash pellet in 1 ml cold 70% ethanol. 
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14. Centrifuge at 14,000 x g for 30 min at 4°C. 

15. Discard 70% ethanol completely and briefly air-dry. 

 CRITICAL STEP: Do not let the DNA dry completely as it becomes very difficult to resuspend. 

16. Resuspend DNA in 159 µl H2O. Incubate for 15 min at 37°C to dissolve the DNA completely. 

CRITICAL STEP: Keep a 4µl aliquot of digested material to compare with undigested BAC DNA 
as control for digestion efficiency. 

17. Set up the following reaction to ligate the digested DNA: 

Component Amount (µl) Final  

Fosmid DNA 155 approx 20µg 

10X T4 DNA ligase buffer 20 1X 

10 mM ATP 20 1 mM 

T4 ligase 1 400 cohesive end units 

 

18. Incubate overnight at 16°C. 

PAUSE POINT Incubation is overnight. 

19. Inactivate the T4 DNA ligase by incubating the ligation reaction for 15 min at 65°C. 

20. Spin the MaXtract geltubes briefly, 2 mins 500rpm at RT. 

21. Add 200 µl 1:1 (vol/vol) phenol/chloroform to the ligated DNA. Mix by inverting the tube a 
few times. Pipett all of the mixture into the gel tube then leave at RT for 5 min then centrifuge 
>12,000 x g for 5 min at RT. 

! CAUTION Phenol and chloroform are toxic and corrosive materials and should be handled 
wearing protective gear in achemical fume hood. 

22. Transfer the aqueous (on top of the gel layer) phase to a fresh eppendorff  tube, estimating the 
volume. 

23. Add 0.1 vols of 3M NaAC and 2.5 vols of cold 100% ethanol and mix gently. Incubate at –
20°C for 30-60 min to precipitate the DNA. 

24. Centrifuge 14,000 x g for 30 min at 4°C. 

25. Discard supernatant and wash pellet in 1 ml cold 70% ethanol. 

26. Centrifuge at 14,000 x g for 30 min at 4°C. 

27. Discard 70% ethanol completely and briefly air-dry. 

 CRITICAL STEP: Do not let the DNA dry completely as it becomes very difficult to resuspend. 
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28. Resuspend DNA in 200 µl 1X TE buffer. Incubate for 15 min at 37°C to dissolve the 
DNAcompletely. This is the control library and should be stored at -20°C. 

29. Run the 1 µl undigested BAC aliquot (from Step 3), 4 µl digested sample (from Step 16) and 4 
µl ligated sample (from Step 29) on a 0.8% agarose/0.5X TBE gel to verify digestion and ligation 
efficiency. See expected result in Figure 8. 

? TROUBLESHOOTING 

B. Generation of 3C libraries TIMING 4d 

30. Grow 5x107 cells in appropriate medium and under desired conditions. 

31. Spin down cells for 10min at 200xg. Carefully remove supernatant and then resuspend cell 
pellets in 11.5 ml fresh medium used for cell growth. 

32. Add 10 ml 2,25% freshly prepared formaldehyde (in serum free media, weight/vol) to cross-
link cells. Mix the tubes well but gently. 

! CAUTION Formaldehyde is flammable, can cause skin burns, is an eye irritant and is toxic by 
inhalation. This product should be handled with protective gear in a chemical fume hood. 

33. Incubate at RT for 10 min with gentle agitation. 

CRITICAL STEP: Do not incubate for more than 10 min at room temperature, to prevent excessive 
cross-linking that may hamper DNA digestion (Step 53). 

34. Add 1.25M of 2.5ml Glycine to stop cross-linking. Mix by pipetting gently. 

35. Incubate for 5 min at RT followed by 15 min on ice to stop cross-linking completely. 

36. Transfer the cells to a 50ml conical tube. 

37. Centrifuge cross-linked cells for 10 min at 400 x g. 

38. Carefully remove medium from cell pellet and quick-freeze on dry ice. Transfer to –80°C 
freezer until use. 

PAUSE POINT Fixed cell pellets may be stored at–80°C for at least 1 year. 

39. When cells have been stored at –80°C they first need to be thawed on ice. Resuspend in 500µl 
cold lysis buffer and add 50µl protease inhibitor cocktail.  

40. Incubate on ice for at least 15 min. 

41. Disrupt cells on ice with 15 strokes in a Dounce homogenizer (pestle A). Repeat and avoid 
frothing the lysate, which will reduce the efficiency of cell lysis. 

42. Transfer cell lysate to an eppendorff  tube and centrifuge for 5 min at 2,000 x g at RT. 

43. Discard supernatant and resuspend pellet in 500µl of 1X restriction buffer. 

44. Centrifuge at 2,000 x g for 5 min at RT. 

45. Repeat Steps 44 and 45. 
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46. Discard supernatant and resuspend pellet in 500µl of 1X restriction buffer. 

47. Divide cell lysate equally into 10 eppendorff  tubes (50µl in each tube). 

CRITICAL STEP: The cell lysate should not be viscous. It should appear granular and tend to 
sediment quickly in the microfuge tube. To distribute cell nuclei evenly, frequently resuspend the 
lysate while aliquoting. 

? TROUBLESHOOTING 

48. Add 337µl 1X restriction buffer to each tube. 

49. Add 38µl 1% SDS and mix by pipetting. 

50. Incubate for 10 min at 65°C. 

CRITICAL STEP: Do not incubate for more than 10 min at 65°C as this will result in loss of cross-
linked chromatin interactions. 

51. Add 44 µl 10% Triton X-100 to each tube and mix by pipetting. Avoid creating bubbles as this 
will reduce subsequent digestion efficiency (Step 53). 

52. Add 1µl restriction enzyme per tube (400 U). Mix well and incubate overnight at 37°C. 

53. Add 86 µl 10% SDS and mix well by pipetting. 

54. Incubate for 30 min at 65°C to inactivate the enzyme. 

55. Transfer each reaction (approximately 575µl) individually to 15ml conical tubes. Assemble the 
following ligation reaction: 

 

Component Amount (µl) Final 

Cell lysate 575 - 

10X T4 DNA ligase buffer 745 1x 

10%Triton X-100 745 1% 

10 mg/ml BSA 80 0.1 mg/ml 

10 mM ATP 800 1 mM 

H2O 5240  

T4 DNA ligase 10 4000 cohesive end units 

 

56. Incubate for 2 h at 16°C. 

57. Add 50 µl 10mg/ml proteinase K and incubate overnight at 65°C. 

58. Add a further 50 µl 10mg/ml proteinase K and incubate for an additional 2 hrs at 65°C. 
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CRITICAL STEP: The second proteinase K digestion step was found to increase the amount of 
library recovered after phenol/chloroform extraction. 

59. Transfer each ligation reaction into 50ml conical tubes. 

60. Add 8 ml phenol to each tube, vortex for 2 min and centrifuge for 10 min at 1,500 x g at RT. 

CRITICAL STEP: Vortex the solution for at least 2 min to optimise DNA recovery. 

61. Transfer the aqueous (top) phase to a fresh 50ml conical tube. 

CRITICAL STEP: Pipette as much material as possible close to the interface because the DNA 
accumulates there during the first extraction. Do not carry any interface material into the fresh tube. 

62. Add 8 ml phenol/chloroform to each tube, vortex for 2 min and centrifuge for 10 min at 1,500 x 
g at RT. 

63. Transfer the aqueous (top) phase to a fresh 50ml tbe, estimating the volume. 

64. Add 0.1 volumes of 3M sodium acetate pH 5.2, mix and spin down briefly. 

65. Add 2.5 volumes of cold 100% ethanol and mix gently. Incubate at –80°C for 30-60 min. 

PAUSE POINT The precipitation may be left overnight. 

66. Centrifuge for 30 min at 12,000 x g at 4°C. 

67. Discard supernatant and resuspend each pellet in 50 µl 1X TE buffer pH 8.0 and transfer all 
DNA to a single eppendorff tube. 

68. Add 500 µl 1:1 (vol/vol) phenol/chloroform. Mix by inverting the tube a few times. Pipett all of 
the mixture into a prespun MaXtract gel tube then leave at RT for 5 min then centrifuge >12,000 x 
g for 5 min at RT. 

69. Transfer the aqueous (top) phase to a fresh eppendorff tube.  

70. Add 0.1 volumes of 3M sodium acetate pH 5.2, mix and spin down briefly. 

71. Add 2.5 volumes of cold absolute ethanol and mix gently. Incubate at –80°C for 30-60 min. 

72. Centrifuge for 30 min at 14,000 x g at 4°C. 

73. Discard supernatant and wash pellet in 1 ml cold 70% ethanol. 

74. Centrifuge for 30 min at 14,000 x g at 4°C. 

75. Repeat Steps 74 and 75 at least five more times. 

CRITICAL STEP: The presence of residual salt in library preparations inhibits PCRs so thorough 
desalting is required. We recommend washing pellets until their size remains the same as between 
the 70% ethanol washings. We do not recommend using desalting columns as they often ‘size 
fractionate’ the DNA (retain larger DNA products) and can change the nature of the samples. 

PAUSE POINT The DNA may be stored at –20°C in 70% ethanol overnight and the washes may 
be completed the following day. 
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76. Remove the final 70% ethanol supernatant and briefly air dry. 

77. Resuspend pellet in 500µl 1X TE pH 8.0 buffer. 

78. Add 1 µl 10mg/ml RNase A and incubate for 15 min at 37°C. This is the 3C library and should 
be stored at –20°C. 

PAUSE POINT The 3C library can be stored at –20°C for up to at least 1 year. 
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