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Introduction 
Estrogens are known to regulate the proliferation of breast cancer cells and to alter their cytoarchitectural and 
phenotypic properties, but the gene networks and pathways by which estrogenic hormones regulate these events 
are only partially understood. 
As starting point to obtain a genome-wide picture of the genes modulated by estrogens we have built a database 
of the genes having in their putative promoter region Estrogen-responsive Element (ERE). 
 

Results 
ZR-75 and MCF7 up-modulated genes, derived by transcriptional profiling experiments [1, 2] were scanned for 
the presence of ERE sequences (GGTCANNNTGACC, a maximum of two mismatches was permitted [3]) the 
region -2000/+500 with respect to the 1st transcribed nucleotide. The scanning was performed by PATSEARCH 
[4] and 82 ERE elements were identified in 49 genes.  
The genome-wide scanning for putative estrogen responsive genes was done using a modified version 
(Lazzarato, unpublished) of PATSER program [5] together with the ERE weighted alignment matrix (ERE-m) 
generated using the 82 ERE elements previously identified (Fig. 1).  
 

 
        Fig. 1:  SLOGOS representation of the EREs used to  

    generate the ERE weighted alignment matrix (ERE-m) 
 
The statistical threshold (10-8) used to identified the presence of EREs was defined selecting the p-value by 
which all the 49 genes used to generate the ERE-m could be identified in a genome-wide exploration as ERE 
containing genes.  



The human genome-wide exploration yielded a total of 7054 putative ERE-containing genes. Using the 
GeneOntology (www.geneontology.org) and the EASE tool [6] we could not find any specific enrichment for 
Biological process subclasses. However, 589/7054 genes were annotated as belonging to “DNA binding” class 
(GO Molecular function). To have a more robust description of ERE-containing genes we repeated the genome-
wide exploration on two human orthologs (mouse and rat) [7]. This analysis yielded a total of 1631 genes 
preserving the presence of at least an ERE in the rat or mouse orthologs and 397 preserving at least one ERE in 
both the orthologs. Since the definition of ERE-containing genes via ERE preservation in orthologous organism 
might be too stringent, we have also annotated the probability of the ERE containing genes to be markers 
associated to ER-responsive breast cancers. The dataset of ERE-containing genes base on orthologous 
(1631/7054) was integrated with those genes, out of the 7054 human ERE-containing genes, found differentially 
expressed between ER+ and ER- tumors. This analysis was done using the data sets of Sotiriou [8] and van’t 
Veer [9]. Furthermore, we profiled the expression of the ERE-containing genes using the human and mouse 
tissues atlas [10] in order to define which are the tissues in which ERE-containing genes are found expressed in 
physiological conditions. 
All the described information are now annotated as part of our RRE database [11]. The access to RRE is possible 
trough a Spitfire server (www6.unito.it:8443) that has the double advantage of securing sensitive data and 
avoiding unauthorized access by defining access policies for authorized users (X509 certificate). 
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