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ent domains. These structural differences contribute 
to the variable affinity to various ligands and offer 
cellular specificity. Growth factors may also act as 
ligands to the ERs.37,40,42

In the absence of a ligand, the receptors are lo-
cated within the cytoplasm, associated with cyto-
plasmic proteins which act as chaperones, like heat 
shock protein 90 (hsp 90). When free estrogen dif-
fuses into the cell-target, these proteins dissociate 
from the receptor and several biochemical events, 
such as activation of ion channels and changes in the 
enzymatic activity, occur.43 When the hsp dissociates 
from the receptor, the complex estrogen/estrogen 
receptor diffuses in the nucleus, where this complex 
is homodimerised or heterodimerised by either one 
ERα or one ERβ and then binds to the estrogen 
response element (ERE) of the DNA sequence, 
close to the responsive gene. The transcription pro-
cess depends on the promoter of the gene and the 
various co-activators and co-repressors. Depend-
ing on the ligand, the complex acquires a special 
conformation which finally determines the binding 
of a certain co-activator to the promoter.37,40,42 The 
complex interaction of co-regulators and homo- or 
hetero-dimers of ERs results in a highly specific re-
sponse after transcriptional activation. An example 
of cardiovascular co-regulator specificity is the ste-

mechanism of estrogen action is non-genomic, as it 
is not dependent on changes in gene expression and 
occurs within minutes after estrogen binding with 
receptors situated on the cellular membrane. For 
example, the vasodilatation occurring rapidly after 
estrogen administration is attributed to a non-ge-
nomic effect. The effect of estrogens on the changes 
in the metabolic profile, on the immune process and 
on the response to vascular injury is dependent on 
genomic transcriptional activity37,40 (Table 1).

Genomic actions and the role of estrogen 
receptors

Estrogen receptors (ER) are members of the 
superfamily of nuclear receptors; the androgen, pro-
gesterone and glucocorticoid receptors also belong 
to the same family. There are two different genes 
encoding ERs, the ERα and the ERβ genes located 
on different chromosomes. The classical ERα was 
cloned two decades ago. ERβ was cloned more re-
cently. Functional estrogen receptors are present in 
the cardiovascular system. Various mRNA splice 
variants have been found in normal and atheroscle-
rotic tissues, but the proteins which are encoded 
and their pathophysiological role are not well es-
tablished.41 They carry several functional domains 
characteristic for the receptors of this family. The 
two receptors have 53-96% homology in their differ-

Table	1.	Genomic influence of estrogens: estrogen-regulated genes which participate in the cardiovascular function.

Genes	involved	in	vasodilation

• Prostacyclin cyclooxygenase

• Prostacyclin synthase

• Endothelial NO synthase (eNOS)

Genes	involved	in	vasoconstriction

• Endothelin-1

• Angiotensin II receptor, type 1 (AT1)

• Renin

• Angiotensinogen converting enzyme

Genes	involved	in	vascular	remodeling	and	angiogenesis

• Vascular endothelial growth factor (VEGF)

• Collagen

• Matrix metalloproteinase (ΜΜΡ)

• E-Selectin

• Growth Factors (TGFβ1, PDGF)

Genes	related	to	lipid	metabolism

• Lipoprotein lipase

• Apolipoproteins Α, Β, D, E, Lp(a)

• Leptin

Genes	related	to	the	inflammatory	process

• Vascular-cell adhesion molecule (VCAM-1)

• Cytokines (IL1, IL6, TNFα)

• Cytokines receptors

Genes	related	to	coagulation	and	fibrinolysis	system

• Fibrinogen

• Protein S

• Coagulation factors V, VII, IX, X

• Plasminogen-activator inhibitor 1 (PAI-1)

• Antithrombin III

• Tissue plasminogen activator

• Platelet-derived growth factor




