Online Supplementary BOX S1
ESTROGEN RECEPTOR
The estrogen receptor family includes various types of receptors, notably the nuclear receptors ERα and ERβ, which regulate gene expression, and the G protein-coupled receptor GPER1, which mediates rapid cellular responses to estrogen [1]. nERs contain conserved structural domains, most importantly, the DNA-binding domain (DBD) and the ligand-binding domain (LBD), which are essential for their role in gene regulation [2]. The two primary isoforms, ERα and ERβ, are key of numerous physiological processes, including the development of the female reproductive system, the maintenance of bone density, and the protection of the central nervous system [3]. In the mammary gland, ERα promotes cell growth and proliferation, while ERβ serves a modulatory function, helping to balance proliferative signals and maintain tissue homeostasis [3]. nERs are encoded by two distinct genes: ESR1, located on chromosome 6, and ESR2, located on chromosome 14 [4,5]. These receptors are composed of six conserved homologous domains, labeled A through F, each contributing specific structural and functional roles. The A and B domains, situated at the N-terminal region, contain the activation function 1 (AF-1) domain, which is essential for initiating the transcription of specific target genes [6]. The C domain features a zinc-finger structure and serves as the DNA-binding domain (DBD) [7]. This region enables receptor dimerization and facilitates binding to estrogen response elements (EREs), which regulate the transcription of estrogen-responsive genes [7]. The D domain, also known as the hinge region, contains a nuclear localization signal (NLS) that becomes exposed following ligand binding and the resulting conformational change in the receptor. This exposure is essential for the receptor’s transport into the nucleus [8]. Additionally, the hinge region plays a crucial role in coordinating the functional interaction between the AF-1 domain at the N-terminus and the AF-2 transcriptional activation domain located at the C-terminal [8]. the E domain, also known as the ligand-binding domain (LBD), contains the specific site where ligands attach, enabling receptor activation and conformational change At the far end of the C-terminal region lies the F domain, which is thought to influence transcriptional regulation and facilitate interactions with coactivator proteins [9-11]. Although ERα and ERβ exhibit a high degree of similarity in their DNA-binding domain (DBD) and LBD, they differ considerably in the AF-1 region, which is crucial for transcriptional activation.
	This structural divergence implies that, while both receptors respond to estrogen, they may regulate distinct gene expression pathways and perform different roles across various tissues [1]. Alternative splicing events contribute to the structural and functional diversity of estrogen receptors by generating multiple isoforms. ERα is expressed in at least five truncated isoforms, while ERβ exists in three shorter variants and one extended form. This isoform variability adds a further layer of complexity to estrogen signaling, potentially affecting receptor activity, tissue-specific expression, and interaction with co-regulatory proteins[1, 12-14]. The expression patterns of ERα and ERβ vary across different tissues, reflecting their distinct physiological roles. ERα is predominantly found in endometrial cells, the ovaries, the hypothalamus, in mammary gland and the efferent ducts of the testes. In contrast, ERβ is mainly expressed in the kidneys, brain, heart, bones, lungs, intestinal epithelium, prostate, and vascular endothelium. These differential expression profiles suggest that each receptor subtype contributes uniquely to estrogen signaling in a tissue-specific manner [15]. Aberrant expression and activity of ERα, have been strongly implicated in the development of epithelial cancers affecting the ovary, uterus, and breast. In contrast, ERβ appears to antagonize ERα-driven transcriptional activity and the cell proliferation induced by E2, which may account for its association with less aggressive and more benign forms of breast cancer. Notably, approximately 75% of breast cancers are classified as ER-positive [16,17], with dysregulated ERα function playing a central role in tumor development. As a result, ERα has emerged as a key therapeutic target in clinical oncology. Both ERα and ERβ primarily exert their effect by modulating gene transcription in response to E2 binding. Through this mechanism, they influence cell proliferation and differentiation via nER-mediated signaling pathways [18-20]. GPER1, also known as GPR30, is a transmembrane metabotropic receptor that responds to estrogen and was initially discovered in breast cancer tissue [21]. The gene encoding GPER1 is situated on chromosome 7 and give rise to single polypeptide that adopts a tightly coiled α-helical structure.  This configuration allows the receptor to embed itself within the cell membrane, spanning it seven times and forming a hydrophobic transmembrane region [22,23]. GPER1 is broadly distributed across a wide range of cell types and tissues. Its mRNA has been detected in several organs, including the ovaries, prostate, thymus, bone marrow, skeletal muscle, liver, lungs, heart, kidneys, pancreas, small intestine, and brain. Upon activation by its primary ligand, E2, GPER1 triggers rapid, non-genomic signaling pathways that regulate various cellular functions. Notably, its expression is significantly elevated in breast cancer cells compared to normal tissues [24].
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