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This review discusses the cellular and molecular mechanisms by which the endometrial estrogen and
progesterone receptors regulate local estrogen production, expression of the specific estrogen receptors,
progesterone resistance, inflammatory responses and the differentiation and survival of endometriotic
cells in endometrial inflammation. The epigenetic aberrations of endometrial stromal cells play an
important role in the pathogenesis and progression of endometriosis. In particular, differential methyl-
ation of the estrogen receptor genes changes in the stromal cells the dominancy of estrogen receptor
from ERa into ERP, and results in the abnormal estrogen responses including inflammation, progester-
one resistance and the disturbance of retinoid synthesis. These stromal cells also stimulate local estrogen
production in response to PGE2 and the SF-1 mediated induction of steroidogenic enzyme expression,
and the increased estradiol then feeds back into the ERP to repeat the vicious inflammatory cycle
through the activation of COX-2. In addition, high levels of ERP expression may also change the
chromatin structure of endometrial mesenchymal stem cells, and together with the repeated menstrual
cycles can induce formation of the endometriotic tissue. The cascade of these serial events then leads
to cell adhesion, angiogenesis and survival of the differentiation-disregulated stromal cells through
the action of inflammatory factors such as ERB-mediated estrogen, TNF-a and TGF-B1. Therefore,
understanding of the dynamic hormonal changes during the menstrual cycle and the corresponding
signal transduction mechanisms of the related nuclear receptors in endometrium would provide new
insights for treating inflammatory diseases such as the endometriosis.
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Fig. 1. Mechanisms in the regulation of gene expression for
different isoforms of estrogen receptor and the ERB-

mediated pathological responses in endometrial in-
flammation. In endometriotic stromal cells, expression
of ERP gene is upregulated by hypomethylation in its
promoter, whereas both estrogen-activated ERP and
DNA methyltransferase-mediated hypermethylation lead
to the inhibition of ERo gene expression. High levels
of ERP stimulate COX-2 to increase production of
PGE2 which then triggers induction of genes and sev-
eral different cellular signaling pathways involved in
cell adhesion, anti-apoptosis, proliferation, angiogenesis
and inflammation. Abbreviation: ER, estrogen receptor;
DMT, DNA methyltransferase; E,, 17B-estradiol; COX-
2, cyclooxygenase-2; PGE,, prostaglandin E»; SGK-1,
serum and glucocorticoid-regulated kinase-1; PKA,
protein kinase A; RERG, Ras-like and estrogen-regu-
lated growth inhibitor; IL-1, interleukin-1; MAC, mac-
rophage.
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Table 1. Comparison in the production and activity of different inflammatory regulators between normal endometrium and endo-

metriotic tissues

Regulatory factors Normal endometrium Endometriosis

ERP / ERa Decrease Increase
Local Estrogen Production Low High
Expression of Steroidogenic Enzymes Low High
Pro-inflammatory Factors: 17f-estradiol

TNF-a .

TGF-p1 Low High

IL-1
COX-2 Activity Low High
PGE2 and cAMP Production Low High
SF-1 Transcription Activity Repressed Stimulated
COUP-TFII Binding Affinity Strong Weak
Expression of Genes Involved in Cell Adhesion, Repressed Stimulated

Angiogenesis and survival

Abbreviation: ER, estrogen receptor; TNF-a, tumor necrosis factor-a; TGF-f1, transforming growth factor-p1; IL-1, interleukin-1;
COX-2, cyclooxygenase-2; PGE2, prostaglandin E2; cAMP, cyclic adenosine monophosphate; SF-1, steroidogenic factor-1;
COUP-TFII, chicken ovalbumin upstream promoter-transcription factor II.
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Fig. 2. Cellular mechanisms of progesterone resistance in the endometriotic tissue. In endometriotic stromal cells, expression
of progesterone receptors is downregulated by 1) ERB-mediated blockade of ERa gene expression, 2) direct inhibition
of PR gene expression acting as a transcriptional repressor, 3) hypermethylation in the PR gene promoter by pro-in-
flammatory cytokines and 4) micro RNAs. Decreased levels of PR fail to conduct in a paracrine fashion the progester-
one-mediated PR inhibition of ERa gene expression in epithelial cells, resulting in cellular growth and proliferation.
Lower PR levels also suppress production of retinoic acid in stromal cells capable of stimulating the expression of 17f-
hydroxysteroid dehydrogenase type II enzyme by acting on the epithelial cells in a paracrine manner, resulting in increased
levels of the biologically active 17B-estradiol. Abbreviation: ER, estrogen receptor; PR, progesterone receptor; TNF, tumor
necrosis factor; RA, retinoic acid; E,, 17f-estradiol; P, progesterone; miR, micro RNA; HSD17B2, 17B-hydroxysteroid

dehydrogenase type II.
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