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Introduction: 
 
     Estrogen stimulates proliferation of breast cancer cells. Antagonists such as tamoxifen can have the opposite 
effect and have been used clinically to treat breast cancer.  In the nucleus, liganded ERs bind to estrogen response 
elements (EREs) in the promoters of target genes and regulate their transcription (1).  Estrogen-bound ERs recruit 
co-activator complexes which contain steroid receptor co-activator (SRCs), CBP/P300, and the histone acetyl 
transferase, p/CAF which, in turn, increase histone acetylation. Other complexes such as vitamin D receptor-
interacting protein/ TR-associated proteins (DRIP/TRAPs) which contain yeast Mediator-like subunits, help 
recruit RNA polymerase II (RNA pol II), and thus activate transcription.   Antagonist-bound ERs recruit co-
repressor complexes that have histone deacetylase activity and decrease transcription.  Recently, Hager and 
colleagues generated a cell line (3134) containing an integrated tandem array of a mouse mammary tumor 
virus/Harvey viral ras (MMTV/v-Ha-ras) reporter (2).  The array contained about 200 copies of the long terminal 
repeat (LTR) or approximately 800 to 1200 glucocorticoid response elements (GREs) to which glucocorticoid 
receptors (GRs) could bind.  They then created another cell line (3617) from 3134 cells which expressed green 
fluorescent protein/GR (GFP-GR).  Confocal microscopy was used to study the kinetics GFP-GR binding to the 
tandem array in live 3617 cells.    We planned to generate a vector expressing cherry red fluorescenct protein- 
estrogen receptor p-box mutant (CRFP-ERpbox) which recognizes glucocorticoid response elements (GREs). and 
activates transcription via the MMTV-LTR with estrogen when co-transfected with the appropriate reporter 
plasmid.  We then planned to use the parental cell line 3134 to generate permanently-transfected cell lines with 
this chimera to study ERpbox and co-factor recruitment to the promoter in the presence of estrogen and ER 
antagonists. 
 
Body:   
 
     In collaboration with Dr. Gordon Hager (NCI), we generated a cell line (6444) derived from a parent HeLa cell 
line containing an integrated tandem array of a mouse mammary tumor virus/Harvey viral ras (MMTV/v-Ha-ras) 
reporter which expressed CRFP-ERpbox which recognizes glucocorticoid response elements (GREs).  ERpbox 
contains a three amino substitution in the first zinc finger of the DNA-binding domain that changes DNA-binding 
specificity from an estrogen response element (ERE) to a GRE.  This cell line allowed us to visualize directly 
ERpbox binding to the MMTV tandem array within 15 minutes after E2 addition.   
 
 

A.                 B.  

       
 
Figure 1. Living 6444 cells with integrated virus expressing cherry-ERpbox   Live cell imaging showing the same  
cells before A) and B) 15 minutes after addition of E2. The ERpbox mutant loads the MMTV tandem array in an  
E2-dependent manner.befWw 

 



 
     We then examined the colocalization of ER recruitment to the MMTV promoter and RNA transcription.   We 
observed concurrent transcription of v-ras transcripts from the MMTV promoter by RNA fluorescent in situ 
hypbridization (FISH).  
 
 

   

Figure 2. Image of a 6444 cell nucleus after treatment and 
preparation from MMTV RNA FISH. The  
ERpbox colocalizes with RNA FISH signal. The blue and yellow 
outlined regions of interest (ROIs) in the merge image were 
automatically defined by automated image analysis algorithm. 
This analytical microscopy and the algorithm is described in (3). 
The blue outline is the edge of the nucleus and the yellow outline 
is the ROI defining the array. 

 

 
     Additionally, the amount of RNA transcription correlated with ERpbox signal on the tandem array until steady 
state levels were reached at 30 minutes..  We observed a time-dependent increase in ERpbox recruitment and 
transcription from the MMTV tandem array 

 

 

 
 
 
Figure 3. Automated image analysis 
measuring MMTV FISH signal and a 
steady state association of ERpbox with 
the MMTV array. These are mean 
values (n > 100 cells) +/- SEM error 
bars. The measurements were made 
using the ROIs exemplified in Figure 2. 
 
 
 
 
 
 
 
 



 
 
 
     We next performed chromatin immunoprecipitation (ChIP) assays to examine recruitment of ERpbox 
to MMTV promoters on the tandem array and an endogenous serum- and glucocorticoid-regulated 
protein kinase (Sgk), promoter.  We observed that ERpbox rapidly bound to both promoters in an 
estrogen-dependent manner.   
                 

   

Figure 4. ChIP assays measuring steady state 
binding of ERpBox to the MMTV array and to 
the established GREs in the endogenous SGK 
gene. 

 
     These studies in live cells demonstrate ERpbox binding to the MMTV promoter and transcription in 
an E2-dependent manner.   Moreover, they demonstrate that ERpbox fusion protein also can bind to the 
GRE of an endogenous target gene, and may be a novel way to modify hormonal regulation of 
glucocorticoid-regulated target genes.  Live cell imaging using ERpbox and the MMTV tandem array, in 
combination with ChIP and RNA FISH, are powerful tools to visualize the mechanisms of 
transcriptional regulation by E2 and antagonists.   
 
     We currently are extending these studies to ER antagonists such as tamoxifen and ICI 182, 780.  We 
also have generated GFP-constructs of co-activators such as SRC-1 and SRC-3, and CBP which will 
enable us to examine ligand-dependent co-recruitment of these co-factors in live cells. 
 
 

 



 

Key Research Accomplishments: 
 
1) Development of a novel cell line cell line (6444) derived from a parent HeLa cell line containing 
an integrated tandem array of a mouse mammary tumor virus/Harvey viral ras (MMTV/v-Ha-ras) 
reporter which expressed CFRP-ERpbox which recognizes and activates MMTV promoter. 
2) This cell line enables visualization of ERpbox binding to the MMTV tandem array in live cells.  
Concurrent RNA transcription also can be visualized by RNA FISH.  The recruitment of ERpbox to the 
array which is measured by fluorescent intensity using confocal microscopy correlates with ChIP assays 
of ER recruitment to the array. 
3) ERpbox also can bind to the promoter of an endogenous target gene that contains a GRE 
allowing  a change in the repertoire of genes regulated by glucocorticoids to now be regulated by 
estrogens. 
4) This system will enable visualization and study of co-expressed GFP-coactivators and CRFP-
ERpbox in the same cell. 
5) This system also will enable visualization of ERpbox binding to promoters in the presence of 
agonists and antagonists, and provide insight into their mechanism(s) of action.  It also may be an useful 
tool for screening selective estrogen receptor modulators (SERMs) that bind to ER and promote ER 
binding to DNA.    
 
Reportable Outcomes: 
 
     We plan to submit our findings as an abstract to the upcoming Endocrine Society Meeting in San 
Francisco in June 2008.  We plan to perform further studies using ER antagonists before preparing and 
submitting a manuscript. 
 
Conclusion: 
 
     These studies in live cells demonstrate ERpbox binding to the MMTV promoter and transcription in 
an E2-dependent manner.   Moreover, they demonstrate that ERpbox also can bind to the GRE of an 
endogenous target gene thus changing the entire repertoire of genes regulated by a given hormone.  Live 
cell imaging using ERpbox and the MMTV tandem array, in combination with ChIP and RNA FISH, are 
powerful tools to visualize the mechanisms of transcriptional regulation by E2 and antagonists.   
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