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ABSTRACT 

Steroid hormone receptors bind to DNA and interact with transcription-regulating 

proteins to affect a change in gene expression levels.  However, questions remain about their 

choice of binding sites in vivo and their cooperation with other transcription factors.  This 

experiment uses chromatin immuno-precipitation (ChIP) to attempt to identify progesterone and 

glucocorticoid receptor binding sites in the mouse FKBP5 gene.  However, no sites were 

identified due to poor-quality sheared chromatin.  Use of a circulating water bath to maintain low 

temperatures during sonication could improve consistency in future experiments, and more 

cellular material could increase the likelihood of successful immuno-precipitations. 
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INTRODUCTION 

Steroid hormones elicit a wide range of responses in biological systems through 

interactions with DNA, interactions which are mediated by receptors that act as transcription 

factors.  There receptors are Type I nuclear receptors, which bind their ligands within the 

cytoplasm, form homodimers, translocate to the cell nucleus, and bind to specific palindromic 

DNA sequences known as hormone response elements (HREs).  Once bound to DNA, they 

accumulate a variety of other transcriptional regulatory proteins to modulate transcription of their 

target genes.  There are six steroid hormone receptors which specifically bind androgens (AR), 

mineralocorticoids (MR), glucocorticoids (GR), progestins (PR), and estrogens (Erα and Erβ).  

Ham et al. (1988) used naked DNA to show that all of these nuclear receptors bind the same 

consensus DNA sequence [1]; in vivo, however, the receptors show selectivity in binding.  In 

other words, in a living cell, a DNA region that binds PR may not bind GR, MR, or AR.  There is 

some evidence that this is due to cooperation between transcription factors or the ability to 

interact productively with local chromatin [2, 3, 4].  The dynamics of gene regulation by steroid 

hormone receptors is further complicated by the fact that not all HREs conform perfectly to the 

consensus sequence.  Some known binding sites only loosely match, or contain only one half site 

of the palindrome. 

The glucocorticoid receptor is active in most tissues, and function in the body’s response 

to stress, regulation of metabolism, immune function, lung development, and lactation.  The 

progesterone receptor acts in a variety of tissues in the female reproductive system, including the 

uterus, ovaries, breast and brain in roles of female development and reproduction [5].  This 

receptor is of particular interest because of its link to breast cancer.  Clinical studies have found 

that women receiving estrogen-plus-progestin hormone replacement therapy after menopause 
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have a significantly higher incidence of breast cancer than women receiving estrogen-only 

treatment [6].  Also, progestin activity has been found to be increased by the loss of function of 

the cancer-suppressor gene BRCA1 [7].  However, it is not clear exactly how PR regulates 

transcription of its target genes, and what other transcription factors are required.  In a more 

general sense, it is not known how four receptors that bind the same DNA sequence can bring 

about diverse physiological responses by altering transcription differently in different tissues. 

This study uses the FKBP5 as a target gene.  The gene codes for a protein involved in the 

steroid hormone receptor chaperone complex, which ensures proper folding of the receptors and 

prevents premature binding of the receptors to DNA.  Interestingly, a positive correlation has 

been found between FKBP5 expression in lung epithelial cells and resistance to corticosteroid 

medication used in asthma treatment [8], and between single nucleotide polymorphisms and drug 

responsiveness in depressed patients [9].  This gene was selected as a model because it is 

regulated by multiple steroid hormones, so binding of both receptors can be examined in the 

same experiments.  Previous studies have determined that PR binds a DNA element in the first 

intron of the mFKBP5 gene and requires binding of the trascription factor GATA2 to a nearby 

sequence to activate transcription [10].  However, preliminary data shows that this sequence does 

not respond to glucocorticoids, and GR binding sites have not been identified in this region [11].  

Therefore, we hypothesize that the GR binds different regions of the gene that the PR.  The goal 

of this project is to verify whether GR and PR bind the same intronic element, and to determine 

the binding sites for the glucocorticoid receptor in the mouse FKBP5 gene using chromatin 

immuno-precipitation (ChIP) assays. 
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MATERIALS & METHODS 

Reagents 

Antibodies used were purchased from CalBiochem (BuGR2), Affinity Bioreagents 

(PR6), Covance (RNAPII), Santa Cruz Biotechnology (M-20). 

 

Cell Culture 

The 3017.1 cell line used was derived from the murine adenocarcinoma C127 cell line 

and stably expresses the chicken progesterone receptor as well as the endogenous glucocorticoid 

receptor.  It also contains multiple copies of the mouse mammary tumor virus (MMTV) 

promoter driving transcription of the chloramphenicol acetyltransferase (CAT) gene.  Cells were 

grown at 37°C  and 5% CO2 in Dulbecco Modified Medium (DMEM, Gibco) containing 10% 

Fetal Bovine Serum (FBS) and gentamicin. 

 

Chromatin Immuno-precipitation (ChIP) Assay 

Cells were seeded at 3x10
6
 cells in a 15 cm plate and grown for 2 days.  After treatment 

with R5020 (synthetic progestin) or dexamethasone (synthetic glucocorticoid), protein and DNA 

were crosslinked with 10 mL of DMEM containing 1% formaldehyde for 10 minutes at 37°C.  

The reaction was quenched with 0.5 mL of 2.5M glycine.  Cells were washed with ice-cold PBS, 

scraped and collected in a 50 mL conical.  After centrifugation, cells were resuspended in 10 mL 

PBS, centrifuged again, and resuspended in ChIP Lysis Buffer (1% SDS, 10 mM EDTA, 50 mM 

Tris, pH 8).  Suspensions were divided into microcentrifuge tubes and sonicated in a Bioruptor 

(Diagenode).  After removal of cell debris by centrifugation, chromatin was diluted to 5 mL with 

ChIP Dilution Buffer (2.5% Triton X-100, 1.2 mM EDTA, 20 mM Tris pH 8, 187.5 mM NaCL, 
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protease inhibitors) and 200 uL was removed for Input samples.  Chromatin was precleared with 

50 uL Protein G and 50 uL Protein A agarose beads (Pierce) for 45 min at 4°C.  Chromatin was 

split evenly into conditions and 5 ug of the appropriate antibody was added and rotated overnight 

at 4°C.  Beads were washed for once 5 min with the following buffers: Low Salt Wash Buffer 

(0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris pH 8, 150 mM NaCl, protease 

inhibitors), High Salt Wash Buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris pH 

8, 500 mM NaCl, protease inhibitors), and LiCl Wash Buffer (0.25 M LiCl, 1% NP-40, 1% 

sodium deoxycholate, 1 mM EDTA, 10 mM Tris pH 8, protease inhibitors).  Two final washes 

were carried out with TE (10 mM Tris pH 8, 1 mM EDTA, protease inhibitors).  Precipitated 

chromatin was eluted by rotation with Elution Buffer 1 (0.1 M sodium bicarbonate, 1.5% SDS 

made with TE) and Elution Buffer 2 (0.1 M sodium bicarbonate, 0.5% SDS made with TE) for 

15 min at room temp.  Crosslinking was reversed by incubation with RNase A for 5 hr at 65°C.  

Proteins were degraded by Proteinase K digestion for 2 hr at 45°C.  Resulting DNA was purified 

by extraction with PCI and ethanol precipitation. 

 

RT-PCR 

Real-time PCR was performed using SYBR Green reagent (Applied Biosystems) for 40 

cycles with an annealing temperature of 62°C for mFK-PRE  and NucB primers. 
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RESULTS 

Sonication of Chromatin 

The first step was to optimize the sonication of chromatin.  Variables that can affect the 

level of sonication include the amount of cellular material used, the chromatin concentration, and 

the length of sonication; all of these needed to be tested to find conditions that consistently give 

good-quality chromatin, with the majority of fragments ranging in size from 500 bp to 3 kb.  

During the course of the experiment, the number of plates of cells ranged from five to six.  

Sample volumes ranged from 1 mL to 1.6 mL.  Length of sonication ranged from 4 to 18 cycles 

of 30 seconds on followed by 30 seconds off.  Chromatin and DNA from the experiments were 

analyzed by agarose gel.  The chromatin set dated October 5, 2010 showed the most promise of 

all the sets analyzed.  In this set, 6 plates of cells were harvested, resuspended in 1 mL of lysis 

buffer, and sonicated for 12 cycles.   Figure 1 is an agarose gel of the chromatin and Figure 2 is 

an agarose gel of the purified DNA from this set.  The majority of the chromatin ran between the 

500 bp and 1 kb band, while the majority of the purified DNA was about 3 kb. 

 

RT-PCR of DNA samples 

Usability of the chromatin was gauged by RT-PCR, using the NucB and mFK-PRE 

primer sets that amplify regions in the MMTV promoter and the first intron of the FKBP5 gene, 

respectively, already known to bind progesterone as a positive control.  A primer set that 

amplifies a region known to be insensitive to progesterone was used as a negative control.  

Samples immuno-precipitated without antibody were used to gauge the amount of background 

noise (non-specific binding to resin or antibody) in the PCR results.  PCR of the 10/5/2010 

chromatin set with the positive-control NucB primers showed 1.41- and 2.8-fold change in 
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amplification of signal on samples treated with R5020 for 15 and 60 minutes, respectively, 

relative to untreated (control) samples using anti-RNA Polymerase II antibody.  Immuno-

precipitation with anti-progesterone receptor antibody revealed changes of 2.98 and 1.24-fold on 

the same samples.  These samples showed reduced signal when precipitated with anti-

glucocorticoid receptor antibody (Figure 3A).  These results were expected, though the change in 

amplification was someone smaller than expected.  However, when other primer sets were tested, 

including mFK-PRE (a primer set that amplifies a region in the FKBP5 gene known to bind 

progesterone), no amplification was observed upon treatment with R5020 (Figure 3B).  Other 

primer sets, including one that amplifies the distal GRE in the Sgk1 gene (Figure 3C), and one 

that amplifies a potential glucocorticoid receptor binding site in the FKBP5 gene (Figure 3D) 

showed similar results.  Attempts to improve PCR results using FKBP5-amplifying primer sets 

were unsuccessful and also unable to replicate the success of the 10/5/10 NucB PCR.   
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DISCUSSION 

There are several problems with the experiment that need to be worked out before 

success is likely.  One of these problems deals with consistency.  The Bioruptor sonicator used 

was not equipped with a circulating water bath, and samples were kept cool by the addition of ice 

every few cycles.  There was no way to ensure that precisely the same amount of ice was added 

each time, and since ice absorbs some of the energy used in sonication, chromatin shearing was 

inconsistent, even when the same number of cells were resuspended in the same volume of Lysis 

buffer and sonicated for the same number of cycles.  The use of ice in stationary water for 

cooling also meant that the water bath was not a constant temperature.  Areas without ice – for 

example, the bottom of the water bath – had a higher temperature than areas with ice.  While the 

average temperature was sufficient for maintaining the integrity of epitopes needed to bind the 

antibodies used in the IP, the actual local temperature may not have been, leading to protein 

denaturation and unsuccessful IP.  Use of a circulating water bath would maintain a consistent 

and favorable temperature throughout and across experiments. 

Another adjustment that could improve experiment results is in the amount of material 

used.  The simultaneous success of the NucB primer set and failure of mSgk1 and mFK primer 

sets in the 10/5/10 chromatin set suggest that the DNA concentration was too low to obtain 

results.  NucB amplifies a region of the MMTV gene, which is found in multiple copies in the 

3017.1 genome, while the Sgk1 and FKBP5 genes are present in only a single copy.  By 

increasing the number of cells used in each experiment, more chromatin would be available, 

possibly improving results of these single-copy primer sets.  This could be achieved by seeding 

plates with more cells, letting cells grow longer to be more confluent at harvest, or using more 

plates. 
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Another potential cause of the unsuccessful RT-PCR results is less-than-optimal IP 

conditions.  The antibodies used in the experiment had been used successfully in previous ChIP 

experiments, so there was reason to expect them to work in this experiment.  However, variables 

such as amount of antibody, incubation time, and amount of ProteinA/Protein G beads could 

affect the efficiency of the IP.  These variables could not be optimized, however, until sonication 

yielded consistent, good quality chromatin. 

Had sonication and IP been optimized, and had GR been found to bind different regions 

than PR, the next step would have been to clone these GR-binding regions, place them with a 

different promoter, and determine whether transcription from this promoter was affected by 

addition of glucocorticoid.  If GR binding to the regions did alter transcription, mutations of the 

region would be done to determine whether the receptor interacted with chromatin alone, or in 

conjunction with other transcription factors. 
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FIGURE LEGENDS 

Figure 1: 1% agarose gel of chromatin prepared October 5, 2010.  A: No hormone treatment.  B: 

15 minute treatment with R5020.  C: 60 minute treatment with R5020. 

 

Figure 2: 1% agarose gel of purified DNA from October 5, 2010 chromatin set.  A: No hormone 

treatment.  B: 15 minute treatment with R5020.  C: 60 minute treatment with R5020. 

 

Figure 3: Amplification of RT-PCR signal relative to no-treatment control.  A: NucB primer set.  

B: mFK-PRE primer set.  C: mSgk1-dGRE primer set.  D: mFK-GBR2 primer set. 
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FIGURES 
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