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Abstract:  

 

Expression of the mouse Sgk1 gene is activated by glucocorticoid signaling mechanisms 

involving glucocorticoid receptor (GR) binding to at least one glucocorticoid response 

element, (GRE) in the gene’s upstream promoter region. Large-scale chromatin 

immunoprecipitation (ChIP) analysis has shown the presence of another GR binding site 

downstream of the gene. However, the presence of a functional GRE in this downstream 

region is undetermined. The ability of GR to activate Sgk1 transcription is impaired in 

the presence of histone deacetylase (HDAC) inhibitors but the mechanism by which this 

occurs is unknown. It is proposed that glucocorticoid-mediated activation of the Sgk1 

gene can be achieved by GR binding to proximal regions upstream of the gene’s 

promoter. Activation of Sgk1 transcriptional activity was analyzed by enzyme assays of 

luciferase reporter constructs containing the Sgk1 proximal GRE site. The proximal 

promoters do not show a significant increase in glucocorticoid response. The 

uncharacterized GR binding region located downstream the Sgk1 gene contains a 

palindromic GRE sequence and was found to be glucocorticoid-responsive. However, 

HDAC inhibitors do not work to inhibit the glucocorticoid responsiveness of the distal 

GRE sequences.  

 

Introduction: 

 

Glucocorticoid steroids play a significant physiological role in regulating inflammation, 

immunity, metabolism, and brain function by modulating gene expression in diverse 

organ systems. These powerful compounds have the ability to inhibit all stages of the 

inflammatory response along with stimulating gluconeogenesis in the liver, which helps 
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to regulate other systems in the body. The glucocorticoid receptor or GR is an 

intracellular transcription factor that belongs to the nuclear receptor family. The GR is 

composed of several conserved structural domains that mediate its ability to bind DNA 

and regulate gene transcription. When GR interacts with DNA it can either repress or 

activate transcription through diverse mechanisms. Identification and characterization of 

GR binding sites in GR target genes has been accomplished using in-vitro techniques 

including: cloning of target gene promoter sequences into special reporter constructs, 

transfection of these reporter constructs into cell lines which express GR, treatment of the 

transfected cells with glucocorticoid, and measurement of promoter activity through 

enzyme assays. These experiments have revealed that the sequence to which GR binds is 

palindromic in nature. These sequences are referred to as GREs or glucocorticoid 

response elements and are located upstream or downstream of GR target genes as well as 

within introns (Reference 9).  

The GRE acts as a hormonally regulated enhancer and can transactivate or 

increase gene expression in a glucocorticoid-responsive manner. While binding of GR to 

a GRE is sometimes sufficient to activate transcription, most often the action of 

transcription factors bound to functional elements around a GR binding site is required 

for efficient transactivation. In addition to transcription factors bound near GREs, GR 

requires the action of transcriptional cofactors to interact with the GR. These GR 

cofactors include histone acetyltransferases (HATs) and histone deacetylases (HDACs). 

HATs are enzymes that add acetyl groups to a lysine amino acid in histones and other 

proteins. Histone acetylation promotes loosening of chromatin structure that facilitates 

transcription. Protein acetylation can also create binding sites for other proteins or impair 
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protein interactions. In contrast to HATs, HDACs or histone deacetylases remove acetyl 

groups from lysines within histones or non-histone proteins. HDACs are known to be 

involved in the maintenance of chromatin compaction and have been found to associate 

with transcriptional repressor proteins, thus they are generally considered to be associated 

with gene silencing. When activated, the GR interacts with HATs and recruits them to 

target genes where they acetylate histones to facilitate transcription (Reference 10).  

The Sgk1 or Serum Glucocorticoid Kinase 1 gene plays a role in mediating cell 

survival signals. It responds to cell stress thereby activating potassium, sodium, and 

chloride channels through its kinase activity. Sgk1 is a known mediator of aldosterone 

signaling, which has an effect on the sodium channel in epithelial cells.  High levels of 

Sgk1 activity may contribute to conditions like diabetes or hypertension. The Sgk1 gene 

is well established to be activated by glucocorticoids. Previous studies show that the 5’-

flanking region of Sgk1 gene contains a functional GRE but it is unclear whether nearby 

transcription factor binding sites are required for its activity (Reference 4). In addition, a 

recent analysis of cellular GR binding sites by chromatin immunoprecipitation combined 

with deep sequencing (ChIP-seq) showed two GR binding sites in the vicinity of the 

mouse Sgk1 gene (Fig. 1). One site is upstream of the gene and coincides with the 

previously- characterized GRE (Reference 4). The second site is downstream of the gene. 

This region contains palindromic elements that resemble GREs but their function as such 

has not been tested. In addition, it is unclear whether GR bound to the two regions 

synergize transcription or whether one site is predominant. 
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The Sgk1 gene contains proximal and distal GR binding regions, which are both 

determined after Dex treatment to 3134 cells. The cells were immunoprecipitated and 

the precipitated chromatin was quantified by massive parallel sequencing.  
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Figure 1. Positions of GR binding regions in the mouse Sgk1 gene 

 

 

 

 

Recently, it has been shown that HDAC inhibitors (HDACi) can impair the 

activation of the mouse Sgk1 gene by the synthetic glucocorticoid, dexamethasone (Dex) 

(Fig. 2). This is surprising since HDACs are associated with transcriptional repression 

and their inhibition would be expected to enhance gene activation. In fact, approximately 

50% of all activated GR target genes are impaired by HDAC inhibition (V. Kadiyala and 

C.L. Smith, unpublished data). These findings suggest an unrecognized role for HDACs 

in the activation of transcription, perhaps through their regulation of non-histone protein 

acetylation.  
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Figure 2. Sgk1 Activation by Dex is significantly impaired upon HDAC inhibition 

 

 

 

 

This study aims to assess the ability of the two GR binding regions of the mouse 

Sgk1 gene to activate transcription in response to glucocorticoid treatment. Luciferase 

promoter constructs were designed to determine whether there are specific elements or 

GR cofactors that influence Sgk1 gene regulation and glucocorticoid response. The study 

also aimed to determine whether HDAC inhibitors impair glucocorticoid-activated Sgk1 

transcription from transfected reporter constructs containing the GRE sequences from the 

Sgk1 gene. It was determined that Sgk1 promoter constructs that contain the proximal 

GR binding site or GRE demonstrate only a slight increase in promoter activity in 

response to GR signaling. In contrast, the distal GR binding region increases promoter 

activity 3-fold when cells are treated with Dex. However, HDACi treatment does not 

impair the activity of the distal GRE.  

 

 

 

 

Cell line 1470.2 transfected with the Sgk1 gene was treated with Dex and TSA as 

well as a combination of the two. The control represents untreated cells. After RNA 

extraction, Sgk1 mRNA levels were determined by RT-qPCR. 
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Methods and Materials: 

 

 

Topo TA Cloning 

 

The purpose of this technique is to rapidly clone PCR products into a vector backbone. 

Taq polymerase was used to amplify Sgk1 promoter fragments using genomic DNA as a 

template and primer sets specific to particular promoter regions as shown in Table 1. The 

resulting PCR products were cloned in a short and efficient reaction in which 

topoisomerase I covalently bound to the ends of a linearized plasmid vector joins the 

PCR product and the vector and detaches itself from the DNA in the process. The ligated 

DNA was then forced into chemically competent bacteria through heat shock. About 

200µl of the transformed mixture was spread onto an agar plate containing antibiotics and 

X-gal to allow for selective growth of bacteria containing plasmids and screening of 

recombinant colonies. The cells were grown overnight at 37°C in the presence of X-gal, 

which detects the expression of !-Galactosidase in cells that carry a lacZ gene. Bacteria 

containing recombinant plasmids are represented by white colonies on the plate because 

the lacZ gene in the vector is disrupted by the inserted sequences and thus the !-gal gene 

was not detected. In contrast, bacteria containing non-recombinant vector will produce 

the !-gal protein resulting in blue colonies. This separation of positive and negative 

colonies provides for a simple selection method for colonies containing recombinant 

plasmids.  
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Table 1. Amplification of mSgk1 promoter (fragments) 

mSgk promoter 

sequences amplified 

Forward primer  Reverse primer 

-600/+30 CTGGCTCGGGCTCGGCT TGAGGGGAGCAGTGAAACCG 
 

-1040/+30 ACGTGTTCTTGGCATGGCTAGGA TGAGGGGAGCAGTGAAACCG 
 

-1108/+30 CCACGCAAGGGTCACTCCAG GCTCAGCAGGACGGACTCGC 

-1591/+30 CAGGGCAGTCACCGCAGAAA GCTCAGCAGGACGGACTCGC 

Distal GR binding 

region 

ACAGTGTGGGAAGCAAGTCC GCCACTCTGCTGCTTGAACAAT 

 

Characterization and preparation of recombinant plasmids 

 

Bacterial colonies that were white or light blue in color were picked from agar plates and 

used to inoculate LB+Amp broth. Plasmid DNA was isolated from these cultures using 

the alkaline lysis method. In this procedure, bacteria are lysed under alkaline conditions. 

An acidic high salt solution brings the pH back to neutral and causes bacterial genomic 

DNA and proteins to precipitate, thereby separating them from the supercoiled plasmid 

DNA. Once the precipitate was removed, the plasmid DNA was concentrated using 

ethanol precipitation. The precipitated plasmid DNA was then solubilized in TE buffer 

(10mM Tris pH 8.0, 1mM EDTA). This buffer works to solubilize DNA or RNA while 

preventing degradation. Restriction digestion with appropriate restriction enzymes was 

used to identify the recombinant clones. Once recombinant clones were identified, streak 

plates were made from the original cultures. A single colony was picked and used to 

inoculate 50ml of LB+Amp broth. The resulting culture was used to purify larger 

amounts of the plasmid DNA for further cloning by a scaled-up version of the alkaline 

lysis method. 
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Cloning of Sgk1 promoter fragments into luciferase reporter (vectors) 

 

The recombinant plasmids derived from Topo-TA cloning that contain Sgk1 promoter 

fragments were used as starting material for construction luciferase reporter plasmids. 

Two reporter vectors containing the luciferase gene were used, pGL3-basic and pt81luc. 

The pGL3 plasmid lacks promoter and enhancer sequences but contains a luciferase gene 

downstream of a multiple cloning site (Fig. 3). Sgk1 promoter fragments were cloned 

into the multiple cloning site using various restriction sites to generate the series of 

promoter constructs shown in Fig. 4. The pt81luc vector also contains luciferase reporter 

gene downstream of a minimal promoter fragment from the herpes simplex virus 

thymidine kinase (tK) gene (Reference 12). This vector was used to test whether 

sequences from the GR binding site distal to the Sgk1 gene could confer glucocorticoid 

responsiveness on the tK promoter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Map of pGL3-basic plasmid 
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In each case, the Topo-TA-derived plasmids were digested with the appropriate 

restriction enzymes to liberate the Sgk1 promoter-containing fragments (Table 2). Gel 

electrophoresis was used to identify the desired fragment of DNA, which was then 

extracted or removed from the agarose gel by the following method. First, the correct 

band corresponding to the DNA fragment was identified with a UV transilluminator. 

Second, the gel was cut with a razor blade just above the desired band and a DE81 –

cellulose membrane (anionic filter paper) was inserted into the slit. Electrophoresis was 

used to move the desired band onto the membrane. The membrane was removed from the 

gel, washed with a low salt buffer to remove excess agarose, and then incubated in a high 

salt buffer at 65°C for 30 minutes to elute the DNA from the membrane. The eluted 

fragment was then extracted with phenol/chloroform/isoamyl alcohol (25:24:1), and 

concentrated by ethanol precipitation. The luciferase-containing vectors were prepared by 

digestion with appropriate restriction enzymes followed by treatment with calf intestinal 

alkaline phosphatase (CIP). This enzyme removes 5’ phosphates from the ends of 

linearized vector DNA to prevent the ends of the vector from self-ligation and increase 

the probability that the Sgk1 promoter-containing fragment will be ligated into the vector. 

To avoid the more probable intramolecular reaction, either a larger amount of DNA insert 

is added to the ligation or CIP is used to increase the probability of the intermolecular 

reaction. Thus, CIP will improve the yield of a properly ligated product. The fragment 

and vector were mixed in a 4 to 1 ratio and then a T4 DNA ligase enzyme annealed the 

overhanging cohesive ends or blunt ends together. The ligated DNA was then 

transformed into E. coli by the heat shock method and plated onto LB-Amp agar plates. 

Colonies were picked and the resulting cultures were subjected to the alkaline lysis 
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method to purify plasmid DNA. DNAs were screened to identify recombinant clones by 

restriction digestions.  

Table 2. Insertion of mSgk promoters into corresponding plasmids; ligation 

mSgk promoter 

sequences 

Plasmid that 

promoter is to be 

inserted into 

Restriction 

enzyme(s) used for 

cloning 

Name of Reporter plasmid 

-600/+30 pGL3-Basic Bgl2 pmSgk1(-600/+30)GL3 

(also called pSgk1A-GL3) 

-1040/+30 pGL3-Basic EcoR1, Xho1 pmSgk1(-1040/+30)GL3 

-1108/+30 pSgk1A-GL3 EcoR1, Xho1 pmSgk1(-1108/+30)GL3 

-1591/+30 pSgk1A-GL3 Xho1, Kpn1 pmSgk1(-1591/+30)GL3 

Distal GR 

binding region 

pt81luc Xho1, HIndIII pt81mSgk1-dGRE 

 

Cell culture and electroporation 

 

The cell line selected to transfect with the DNA plasmids is 1470.2-cell line, derived 

from mouse mammary adenocarcinoma. The cells were maintained in Dulbecco’s 

Modification of Eagle’s Medium (DMEM) containing 10% fetal bovine serum (FBS) and 

gentamicin. Electroporation is a highly efficient method used to introduce DNA, RNA, or 

protein into a cell. An electric current is used to form pores in cell membranes that allow 

entry of vectors or plasmids into the cell. The process is controlled by an electroporator, 

which has an aluminum electrode on each side that sets up the electro-magnetic field in 

the cell solution. 

Cells were prepared for electroporation as follows. The cells were seeded at a 

density of 8x10
6
 cells per 225cm

2
 flask one day prior to electroporation or 5x10

6
 cells per 

flask two days prior to electroporation. On the day of electroporation, the cells were 

harvested by trypsin, pelleted, and resuspended in DMEM without serum at a 

concentration of 5x10
6
 cells /100µl. DNA mixtures were prepared which contained 5µg 

of the promoter/luciferase reporter plasmid, 2µg pRSVbgal (beta-Galactosidase 
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expression vector) and 3µg pUC19 DNA (general cloning vector used to bring the total 

amount of DNA to 10µg). Cells (100µl) were added to each DNA mixture and the 

resulting solution was placed in an electroporation cuvette and exposed in a square-wave 

electroporator to a predetermined voltage and amperage that allows for efficient transfer 

of DNA into this cell type without causing excessive cell death. Afterwards, liquid 

medium, DMEM (+serum), was added to the suspension and the cells were allowed to 

recover 10 minutes on ice. Cells were then diluted in complete medium and plated into 6-

well culture dishes. The next day the cells were treated and harvested by scraping into 

Extraction buffer (100mM potassium phosphate, pH 7.3, 1mM dithiothreitol (DTT)). 

Cells were then pelleted using a microfuge at 6,000 rpm for 30 seconds. The supernatant 

was removed by aspiration and 100ml Extraction buffer was added. Cells were 

resuspended by vortexing. Cells were lysed by three freeze-thaw cycles after which 

cellular debris was pelleted by microcentrifugation at 14,000 rpm for 2 minutes. The 

supernatant was used for protein and luciferase assays.  

 

!-Galactosidase Reporter Gene Staining 

 

Staining tissues or cells with the reporter gene, !-Galactosidase, provides a visual way to 

determine the percentage of cells transfected with the plasmid of interest. This gene from 

E. coli contains an enzyme LacZ that catalyzes the hydrolysis of !-Galactosides. The 

electroporation described above included the !-Galactosidase expression vector, 

pRSVbgal and thus cells which took up DNA will express !-Galactosidase. The day after 

electroporation the cells were fixed with glutaraldehyde solution and exposed to a 

staining solution containing X-gal. After 30 minutes incubation at 37°C, transfected cells 
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developed an indigo-blue color due to the !-Galactosidase enzyme digestion of the X-gal 

substrate. The blue cells were visualized under a light microscope. 

 

Protein Assay 

 

Protein concentration of extracts from transfected cells was determined using the 

Bradford method. This method uses the binding of Coomasie Blue G dye, to screen a 

sample for protein. As the color of the dye changes from red to blue the binding of the 

dye to the protein shifts the absorption maximum, which is then measured and compared 

to a standard curve. The absorbance is proportional to the protein concentration. A 

spectrophotometer determines the protein concentration. The program used in the 

experiment generates a standard curve of standard absorbencies to determine a 

correlation coefficient; the correlation coefficient should be above 0.97 for greatest 

accuracy. Quantitative analysis of the samples gives the amount of protein measured in 

micrograms, which can be divided by the amount of the sample used measured in µl, to 

reveal the protein concentration.  

 

Luciferase Assay 

 

Measurement of promoter activity from luciferase reporters is done by luciferase assay. 

Luciferase is a gene found in the North American firefly Photinus pyralis. The product of 

this gene catalyzes a reaction between luciferin and oxygen, which produces luminescent 

light. A DNA construct containing the luciferase gene can easily measure the 

transcriptional activity of a linked promoter via a luciferase assay. The activity of the 

promoter directs production of mRNA from the linked luciferase protein produced is 

proportional to promoter activity. The amount of luciferase protein is determined through 
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an activity assay. About 100µl of the luciferase buffer is used per sample for the assay, 

(100mM glycylglycine pH 7.8, 1M MgSO4, 100mM ATP, 10mM luciferin, 25mM CoA) 

and the light generated was measured in a luminometer. Results were normalized by 

dividing the luciferase reporter activity by the amount of micrograms used of protein.  

 

Data Analysis/Results: 

 

 

Glucocorticoid Response of the Proximal Mouse Sgk1 Region 

 

The Sgk1 promoter reporter plasmids were constructed so that they include cis-acting 

DNA elements to which transcription factors bind that regulate expression of the Sgk1 

gene. The DNA fragments that were formally cloned into the pGL3-basic plasmid 

include various lengths of the Sgk1 promoter region upstream of the transcription start 

site (TSS) as shown in Fig. 4. The previously characterized GRE is located 

approximately 1,000 base pairs (bp) upstream the TSS. The pmSgk1(-600/+30)GL3 

plasmid lacks the GRE site because it contains sequences extending only 600 bp 

upstream the TSS. Therefore, this promoter fragment is not expected to respond to 

glucocorticoid treatment and is used as a negative control. The other reporter constructs 

contain sequences extending to 1040, 1108 and 1591 base pairs upstream the TSS and 

therefore, contain the proximal GR binding site. Varying lengths of sequences upstream 

the GRE were included to determine whether other transcription factors cooperate with 

GR bound to the GRE to activate Sgk1 transcription. 
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Figure 4. Sgk1 gene promoter constructs 

 

The results of analysis of these reporter constructs are shown in Fig. 5. As 

expected, neither the pGL3-basic nor the (-600/+30) construct was activated in the 

presence of Dex. The three promoter constructs containing the proximal GRE were only 

slightly activated by Dex. However, the most activity observed by the Sgk1 promoters 

was about a 1.2-fold induction of pmSgk1(-1108/+30)GL3 while the least activity was 

seen by both pmSgk1(-1040/+30)GL3 and pmSgk1(-1591/+30)GL3 with about a 1.1-fold 

induction. The lack of significant glucocorticoid responsiveness of the GRE-containing 

promoter constructs led to another approach to see if the high activity seen by the control 

plasmid is due to enhancer elements located around the GRE site. Serum contains factors 

that activate various signaling pathways, which may lead to high activity of the Sgk1 

promoter. Charcoal stripping of fetal bovine serum may remove some of these factors and 

reduce overall promoter activity. However, when the experiment was repeated using 

charcoal-stripped serum, there was no change in activity and the glucocrticoid 

responsiveness remained low (data not shown). Evidently, the charcoal stripped serum 
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had no effect on the promoter activity since the results generated by the enzyme assays 

did not show any significant difference than previous results. 

The cells were normally treated with Dex 6 hours after transfection of the DNA 

plasmid vectors, where a slight induction by glucocorticoids could be observed. It was 

thought that the cells treated 24 hours after transfection might allow an incubation period 

that could increase the level of induction. This was not the case, however, and the activity 

measured by luciferase remained the same (data not shown).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Luciferase activity of proximal promoters in Sgk1  

 

 

 

From Fig. 5 it can be concluded that there is no significant increase in luciferase 

activity due to treatment of Dex. There is a slight increase in luciferase activity seen by 

each of the proximal promoters compared to the controls, however the elements in these 

promoter regions are not notably glucocorticoid-responsive and thus do not impact gene 

expression of Sgk1. Unfortunately, these results do not compare to the previous study 

Cell line 1470.2 was treated with Dex and a fold induction produced by 

enzyme assays was measured of each promoter plasmid.  
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that shows the rat Sgk1 promoter being highly glucocorticoid-responsive to Dex 

(Reference 4). 

 

Activity of the GR Binding Region Distal to the Mouse Sgk1 Gene 

 

In this experiment cells were transfected with either pt81luc or pt81mSgk1-dGRE. They 

were then treated with Dex, the HDACi trichostatin A (TSA), or a combination of the 

two as described in the legend to Fig. 6. The pt81luc is used as a negative control for 

glucocorticoid response because it does not contain a GRE. The other plasmid contains 

sequences from the GR binding region distal to the Sgk1 gene that was determined by 

ChIP-seq (Fig. 1). If there is a functional GRE in this region, these sequences will 

increase the activity of the downstream tK promoter in the presence of Dex. Dex 

treatment induced a 3-fold increase in luciferase activity from the pt81mSgk1-dGRE 

plasmid while the control plasmid pt81luc was unaffected as shown in Fig. 6 (compare 

the red and blue bars). This result indicated the presence of a functional GRE located 

within these sequences.  
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Figure 6. Luciferase activity of promoter containing distal GRE in Sgk1 gene 

 

 

 

Because the dGRE-containing promoter plasmid construct responded to 

glucocorticoids, the ability of HDACi to impair GR-activated transcription was tested. 

Transfected cells were treated with the HDACi, Trichostatin A (TSA), in the presence or 

absence of Dex to determine the effects of HDAC regulation at the GR binding site. TSA 

is a drug that inhibits class I and class II mammalian HDAC families of enzymes. The 

results show that TSA treatment inhibits tK promoter activity in the absence of Dex since 

both plasmids show lower luciferase activity in the presence of TSA compared to the 

untreated controls (compare the red and green bars). In the presence of Dex, TSA 

treatment appears to have an inhibitory effect on the ability the dGRE-containing plasmid 

has to be activated by GR (compare the blue and yellow bars). However, the inhibitory 

effect of TSA on promoter activity in the absence of Dex must be taken into account. 

Cell line 1470.2 was treated with Dex and TSA alone and then in 

combination and the results produced by enzyme assays was measured of the 

pt81luc and pt81mSgk1-dGRE plasmid. 
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When the fold induction is calculated based on activity in the presence of TSA alone 

rather than on activity in untreated cells it is larger than fold induction measured in the 

absence of TSA (4-fold vs. 2.8-fold). Although only one replicate of data was recorded of 

the luciferase induction following treatment of TSA, the results do not indicate that the 

activity of this GR binding region is impaired by HDAC inhibition.  

 

Discussion: 

 

The binding of glucocorticoid receptors to DNA plays a significant role in gene 

regulation. The diverse mechanisms by which GR cofactors, transcription factors, and 

other enhancers interact with DNA upstream a promoter influence the transcriptional 

activity of the gene. Promoter constructs were designed to assess the ability of the two 

GR binding regions of the mouse Sgk1 gene to activate transcription in response to 

glucocorticoid treatment. The methods used to design the Sgk1 promoter-luciferase 

reporter constructs involved amplification of Sgk1 promoter fragments with specific 

oligonucleotide primers, ligation or insertion of recombinant clones into plasmid vectors, 

transformation of bacteria, and DNA isolation by restriction digestion and gel 

purification. After transfection of DNA and treatment of cells with dugs and hormones, 

extracts were generated and protein concentration was determined. Luciferase activity in 

the extracts was measured by enzymatic assays.  

 The results from the luciferase assays demonstrate that the proximal GRE of the 

Sgk1 gene is only weakly responsive to Dex even in its natural sequence context. There 

are several possible explanations for the insignificant response. First, there might be other 

elements within the Sgk1 gene not included in the constructs tested which bind to 
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transcription factors that cooperate with GR bound to the proximal GRE. Second, the 

high activity of other elements in the promoter region may mask the activity of this GRE. 

Transfected plasmids do not replicate and thus do not acquire normal chromatin structure 

(Reference 11). The chromatin structure of the endogenous gene may suppress the 

activity of these elements and heighten the effect of the GRE. A construct could include 

known sequences with bound transcription factors to test their influence on Sgk1 

promoters in a different experiment.  

The glucocorticoid response of pt81mSgk1-dGRE is observed to be 3-fold higher 

than the control plasmid. The increase in luciferase activity of the distal GRE site within 

the gene is significant and so the distal GRE is functional. However, GR activation of the 

endogenous gene is higher (7-fold vs. 3-fold). This could be due to the tK promoter not 

being the natural target of these GRE sequences and thus the induction may not be 

comparable to the endogenous Sgk1 promoter. Because the endogenous gene displays 

much more activity, this leads to consideration that activation of the endogenous gene 

may require both GREs acting cooperatively. This experiment did not test a construct 

containing the gene and both GREs (size of the insert would be too larger) and so this 

could not be confirmed.  

It was determined that HDAC inhibition does not impair the activity of the distal 

GRE within the Sgk1 gene. In the presence of Dex, TSA did not notably lessen the 

response of the promoter to Dex. Thus, HDAC inhibition does not block GR binding to 

the distal GRE. This differs from the results observed for the endogenous Sgk1 gene as 

shown in Fig 2. Potential explanations include the following. First, the dGRE in the 

construct tested was just upstream of the promoter and TSS while in the endogenous gene 



 24 

the GREs are much farther away (1 kb and 10 kb.) HDAC activity may be required for 

long distance interaction between GR and a promoter. Second, none of the constructs 

tested contained both GREs. It is possible that HDAC activity functions to promote 

cooperation between the two GREs. This could be tested in an experiment assessing a 

construct that contained both GREs. Finally, it is possible that HDAC activity is required 

for efficient function of the proximal GRE but not the distal GRE. This was not tested 

because the proximal GRE did not have activity under the conditions of the experiments 

described. Future investigations regarding the glucocorticoid responses of the promoter 

region due to bound transcription factors as well as the function of HDACs on the 

proximal and distal GRE sites will be insightful in defining the mechanisms by which GR 

signaling regulates transcription of the mouse Sgk1 gene.  
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