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Abstract
Objective—To define altered gene expression networks in endometriosis.

Design—Experiments using endometriotic tissues and primary cells.

Setting—Division of Reproductive Biology Research, Northwestern University

Patients—Premenopausal women.

Interventions—Matched samples of eutopic endometrium and ovarian endometriosis (n=8
patients) were analyzed by microarray and verified in a separate set of tissues (n=6 patients).
Experiments to define signaling pathways were performed in primary endometriotic stromal cells
(n=12 patients).
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Main Outcomes Measures—Using a genome-wide in vivo approach, we identified 1,366
differentially expressed genes and a new gene network favoring increased glucocorticoid levels
and action in endometriosis.

Results—Transcript and protein levels of 11β-hydroxysteroid dehydrogenase (HSD11B1),
which produce cortisol, the biologically active glucocorticoid, were strikingly higher, whereas
mRNA levels of the cortisol-degrading HSD11B2 enzyme were significantly lower in
endometriotic tissue. Glucocorticoid receptor (GR) mRNA and protein levels were significantly
higher in endometriosis. The inflammatory cytokine tumor necrosis factor (TNF) robustly induced
mRNA and protein levels of HSD11B1 and GR, but suppressed HSD11B2 mRNA in primary
endometriotic stromal cells, suggesting that TNF stimulates cortisol production and action. We
also uncovered a subset of genes critical for prostaglandin synthesis and degradation, which favor
high eicosanoid levels and activity in endometriosis.

Conclusion—The pro-inflammatory milieu of the endometriotic lesion stimulates cortisol
synthesis and action in endometriotic lesions.
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INTRODUCTION
Endometriosis is an estrogen-dependent disease that is characterized by the presence of
endometrial tissue outside of the uterine cavity. It affects 5–10% of women of reproductive
age, and is characterized by inflammation, pelvic pain and infertility (1–3). The pain
associated with endometriosis is most commonly treated with non-steroidal anti-
inflammatory drugs or with hormonal therapies, such as gonadotropin releasing hormone
analogs, oral contraceptives, or anti-progestins. Some women undergo surgical removal of
the endometriotic implants, although evidence suggests that this is far from curative and
subsequent surgeries are frequently necessary (2).

Sampson proposed the most accepted theory for the development of endometriosis whereby
endometriosis develops as a result of refluxed menstrual endometrium that is passed through
the fallopian tubes becomes implanted and persists on peritoneal surfaces (4). Certain
genetic abnormalities predispose women to developing endometriosis (1, 5–7), as the
incidence of endometriosis is higher among women with a family history of the disease (8).
Genome wide association studies (GWAS) identified chromosomal regions that are
associated with endometriosis, however the specific contribution of genetics to the
development of endometriosis has not been fully delineated (9–11).

In endometriosis, abnormalities in steroid hormone synthesis, degradation, and binding have
been well characterized. Relative to normal endometrium, the elevated expression of
P450aromatase (CYP19A1), steroidogenic acute regulatory protein (StAR), and 17β-
hydroxysteroid dehydrogenase type 1 (HSD17B1) in endometriosis facilitate de novo steroid
hormone synthesis (7). In addition, decreased levels of 17β-hydroxysteroid dehydrogenase
type 2 (HSD17B2) in endometriotic tissues contribute to the deficient inactivation of the
potent estradiol to the less potent estrone (12). Nuclear receptor abnormalities are also
prevalent, such as the decreased expression of the progesterone receptor and the increased
estrogen receptor β (5, 13, 14).

We performed a microarray analysis on matched samples of ovarian endometriosis
(endometrioma walls) and eutopic endometrium and we focused our analysis by identifying
the overlapping genes between this microarray and two published differentially expressed
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gene profiles in endometriosis vs. endometrial tissues. We also interrogated the expression
levels of the genes encoding all the nuclear receptors, the oxidoreductase enzymes, and the
alpha-ketoreductase enzymes, which are frequently involved in steroid hormone synthesis
and/or inactivation. Using this approach we identified abnormalities in the pathways
regulating the metabolism and action of prostaglandins and glucocorticoids in
endometriosis. We also demonstrated the role of a critical cytokine, TNF, in regulating the
expression of the newly identified glucocorticoid pathway in endometriotic stromal cells.

MATERIALS AND METHODS
Tissue acquisition and primary cell culture

The study was approved by the Northwestern University Institutional Review Board
(1375-005), and informed consent was obtained from all participants. Matched eutopic
endometrium and ovarian endometrioma samples were collected from 14 patients (ages 24–
46 and not on hormonal therapy) with confirmed endometriosis at the time of laparoscopic
surgery and placed in RNAlater (Ambion, Austin, TX), then snap frozen on dry ice. Eleven
of the twelve tissue samples used for microarray and validation were histologically
determined to be in the follicular phase of the menstrual cycle. The tissues were used for
microarray analysis (n=8) or subsequent Real-Time RT-PCR target validation (n=6).

Unmatched normal endometrium and ovarian endometrioma cyst walls from an additional
12 cases were used for primary stromal cell cultures. The normal stromal cells were from
hysterectomies performed for benign reasons other than endometriosis. Endometriotic
stromal cells were isolated from the cyst walls of ovarian endometriomas. Tissues were
obtained during the follicular phase from women not receiving hormonal therapy. Disease
was confirmed by subsequent pathological evaluation.

Microarray Expression Analysis
For the microarray experiment, eight matched eutopic endometrial and ovarian
endometriosis samples were used. Tissue was homogenized and purified using RNeasy
columns (Qiagen, Valencia, CA). cDNA was synthesized, converted to biotinylated cRNA,
fragmented and hybridized onto U133A Human Affymetrix Gene Chips (Affymetrix, Palo
Alto, CA). The image files and .cel files were generated using Affymetrix GCOS1.3. These
files were loaded into Array Studio expression data analysis system (version 1.1.180) and
expression intensities were generated using MAS5 normalization with target intensity of
150. The within group replicates were combined in Array Studio and a MADScore was
calculated to identify outliers. MAS 5 data was filtered at an intensity level of 100 and ratios
were built using the group replicates above an intensity of 100 between the matched tissues
to identify the genes differentially expressed by 2-fold (P<0.05). A classic dendrogram with
hierarchical clustering was produced using the normalized data and Array Studio.

Gene Expression Analysis Using Real Time Reverse Transcriptase PCR
Real Time RT-PCR was performed as previously described (7). Analysis of PCR data was
performed using the ΔΔCt method, Graphpad Prism v. 5 was used for a Student’s t-test and/
or Mann-Whitney tests with a Tukey post-test.

TNF treatment of endometriotic stromal cells
Stromal cells were treated with 10 ng/ml of TNF (Sigma-Aldrich) for 6 and 24 hours.
mRNA was isolated using TriZol (Sigma-Aldrich) and 1μg was used to generate cDNA
with qScript cDNA mix (Quanta Biosciences). cDNA was amplified with primers for
HSD11B1, HSD11B2, GR, MR and GapDH with SYBR Green Reagent (Applied
Biosystems) with an ABI7900 cycler. Primer sequences are available upon request.
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Antibodies
Proteins were detected with antibodies for the Glucocorticoid Receptor (Santa Cruz
sc-1002), HSD11B1 (Cayman, #4599) and HSD11B2 (Cayman, #4303). B-actin antibody
(Sigma) was used as a loading control.

RESULTS
Differential Gene Expression Between Endometriosis and Endometrium

We analyzed the gene expression profiles of eight simultaneously biopsied tissues of normal
endometrium and ovarian endometrioma cyst walls. The expression profiles were obtained
using the U133A Human Affymetrix Gene Chips, which analyzes the expression of 47,000
transcripts. Intensity data were used to identify genes that were differentially expressed by
greater than 2-fold with p<0.05. The normalized data was used to generate a classic
dendrogram with hierarchical clustering.

Figure 1A demonstrates that there are a large number of differentially regulated genes
between endometrial and endometriotic tissues. In the hierarchical cluster, endometriotic
tissue has a distinct gene expression profile from eutopic endometrial tissue. The
dendrogram also shows that a higher number of differentially expressed genes are
upregulated in endometriotic tissue, whereas more genes are downregulated in endometrial
tissue.

We demonstrated that the genes identified in this microarray correlate well with the findings
from other genome-wide expression studies of ovarian endometriosis. Figure 1B shows that
64% of the 1,366 differentially expressed genes in this study were also significantly
regulated in the study published by Hever et al (15). Furthermore, the 144 significantly
altered genes in ovarian endometriosis from the microarray study by Eyster et al, were also
differentially regulated in our microarray study (16). Thus, a unique set of genes is
consistently deregulated in ovarian endometriosis, indicating that endometriosis may have a
characteristic gene expression signature that is inherently different than the eutopic
endometrial tissue, from which it is postulated to originate.

Overactive Prostaglandin Pathway in Endometriosis
Ingenuity Pathway Analysis (IPA) indicated that a number of genes in the prostaglandin
synthesis pathway and prostaglandin receptors were up- or down-regulated in endometriosis
relative to the eutopic endometrium. For example, phospholipase A2 group 2 (PLA2G2) and
phospholipase A2 group 5 (PLA2G5), which encode the enzyme responsible for the
production of the prostaglandin precursor arachidonic acid, were strikingly upregulated in
endometriosis relative to the normal endometrium by 59.3-fold, (p=0.0002), and by 6.9-fold,
(p =0.001), respectively (Summarized in Table 1). On the other hand, 15-hydroxy-
prostaglandin-dehydrogenase (HPGD), the enzyme that metabolizes prostaglandins, was
decreased by 2-fold in endometriosis. PTGIS was one of the most highly overexpressed
genes in endometriotic tissue (179-fold, p<0.0001). In reference to prostaglandin action, the
prostaglandin E receptor genes, PTGER2, PTGER3 and PTGER4, were significantly
upregulated in endometriosis by 2.8-, 2.3-, and 3-fold, respectively (see Table 1).
Aberrations in this pathway suggest that the overproduction or enhanced action of
prostaglandins, such as the inflammatory PGE2 (Table 1), may result from a differentially
expressed group of genes in the endometriotic lesion. Overall, critical genes that regulate
prostaglandin synthesis, metabolism or action, are abnormally regulated in endometriosis.

To validate the results obtained from the microarray analysis, we used Real Time RT-PCR
with 6 matched eutopic and ectopic ovarian endometriotic tissues from a new set of patients.
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We verified that PLA2G2 and PLA2G5 were significantly upregulated by 900-fold (p<0.05)
and 600-fold (p<0.001) in endometriosis, respectively (Figure 1C, D). The levels for PTGIS
were elevated significantly by 70-fold (P<0.0001) in endometriosis relative to the eutopic
endometrium (Figure 1E). Figure 1G–H shows that PTGER1 is 5-fold higher in
endometriosis relative to eutopic endometrium; similarly, PTGER3 was higher by 15-fold in
endometriosis. Although PTGER2 and PTGER4 were slightly higher in endometriosis, the
differences were not significant (data not shown). The mRNA levels of HPGD were, on the
other hand, significantly lower in endometriosis relative to the eutopic endometrium (Figure
1F). Overall, these results indicate that severely altered gene expression of critical enzymes
in prostaglandin synthesis and metabolism favor elevated levels of prostaglandins in
endometriotic tissue. Moreover, PGE2 action may be enhanced by the elevated expression of
its receptors.

Altered Cortisol Production, Metabolism and Action in Endometriosis
We interrogated the expression levels of all the members of the nuclear receptor
superfamily, along with the oxidoreductase and alpha-keto reductase family of enzymes in
our microarray results (Table 1). We identified that key genes involved in glucocorticoid
production, metabolism and action were altered in endometriosis. Microarray expression
values showed that the mRNA levels of HSD11B1 were 7.8-fold higher and those of
HSD11B2 were 11.8-fold lower in endometriosis relative to the ectopic endometrium (Table
1). The HSD11B1 gene encodes an enzyme that catalyzes the conversion of inactive
cortisone to cortisol, the biologically potent glucocorticoid, in peripheral tissues. In contrast,
HSD11B2 inactivates cortisol via catalyzing its conversion to cortisone. Thus, the
differential expression pattern favors higher cortisol levels in endometriosis.

The glucocorticoid receptor (GR) and mineralocorticoid receptor (MR) transcripts were
increased by 3.5-fold and 5.2-fold, respectively (Table 1). Higher cortisol levels combined
with elevated levels of its receptors in endometriosis are suggestive of a previously
unknown, but possibly important role of glucocorticoid and mineralocorticoid action in this
tissue.

To validate these results, we used Real Time PCR analysis in normal (n=6) and
endometriotic (n=6) stromal cells. Figure 2A and 2C show that HSD11B1 and GR were
significantly higher in endometriotic stromal cells, while HSD11B2 was significantly lower
in endometriosis (Figure 2B). MR mRNA levels appeared higher in endometriotic stromal
cells, but this trend was not significant (Figure 2D). To confirm the mRNA levels, we
performed western blots for HSD11B1, -B2, and GR. The GR antibody recognizes both the
GRα (95kD) and GRβ (90kD) isoforms, and we observed that the major difference occurs in
the GRβ isoform. The protein levels of HSD11B1, HSD11B2, and GRβ showed differences
comparable to those in mRNA levels between primary endometrial and endometriotic
stromal cells (Figure 2E). Densitometric analysis showed that the differences were
statistically significant for HSD11B1 and GRβ, but not HSD11B2 (Figure 2F–G).

TNF Enhances Glucocorticoid Action in Endometriosis
Many groups reported that TNF is overproduced in endometriosis, and in other systems it
has been demonstrated that TNF’s pro-inflammatory signal elicits increased local cortisol
synthesis (17, 18). We asked whether the inflammatory milieu of the ectopic endometrial
tissues, characterized by increased TNF levels, contributes to the altered gene expression of
the enzymes involved in cortisol production, metabolism or action. Following the incubation
of cultured primary stromal cells from ovarian endometriomas in TNF for 24 hours, mRNA
levels of HSD11B1 and GR significantly increased by 5-fold and 3-fold, respectively
(Figure 3A, C). TNF did not affect the gene expression of MR and while TNF significantly
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decreased the gene expression of HSD11B2 (Figure 3B) the effect was not observed at the
protein level (Figure 3E). Comparable to the increases in mRNA expression, elevated
HSD11B1 and GR protein levels were also observed in endometriotic stromal cells
incubated with TNF. After a 24-hour exposure to TNF, the protein levels of HSD11B1 and
GR significantly increased relative to the control, whereas the expression of HSD11B2
remained unchanged (Figure 3E–G). Although a modest but significant suppression of
HSD11B2 mRNA levels was observed, TNF treatment did not alter HSD11B2 protein
levels.

DISCUSSION
As a strategy to identify in vivo molecular abnormalities that are characteristic of
endometriosis, we performed gene expression profiling of matched eutopic endometrium
and ovarian endometriosis tissue. We determined that a large number of transcripts from this
array overlapped with two previously published transcriptomes comparing eutopic
endometrial and ovarian endometriotic tissues (15, 16). The current study, however,
revealed a pathway not previously described in ovarian endometriosis: the glucocorticoid
synthesis and signaling pathway. While the prostaglandin pathway in endometriosis has
been studied, this study highlights alterations in a complete circuitry of genes that regulate
the production, metabolism and binding of prostaglandins in endometriosis. Intriguingly, we
also uncovered a previously unrecognized gene signature of glucocorticoid synthesis,
metabolism and action. Moreover, we find that the components of the pro-inflammatory
environment surrounding the endometriotic lesion perturb the genes involved in cortisol
conversion and cortisol binding.

Altered regulation of genes important for prostaglandin synthesis have been characterized in
endometriosis and demonstrate the detrimental effects of excess PGE2 on the pain and
inflammation associated with endometriosis (19). Our study identified previously
unrecognized genes in the prostaglandin cascade that affect prostaglandin availability and
metabolism in endometriotic tissue. Phospholipase (PLA2) is the enzyme that catalyzes the
initiating step in the prostaglandin synthetic pathway; it liberates arachidonic acid (AA)
from membrane stores by catalyzing the hydrolysis of the sn-2 bond in the glycerol
phospholipids. COX-1 or COX-2 then process AA into the substrate for the terminal
prostaglandin synthases. Thus, the 600- to 900-fold increase in PLA2G5 and PLA2G2
expression correlates with the elevated prostaglandin levels observed in the peritoneal fluid
of women with endometriosis (20).

Although previously reported to be elevated in endometriosis, we found no significant
difference in the gene expression levels COX-1 or COX-2 between normal and
endometriotic tissues; this however, does not preclude the possibility that COX-1 and
COX-2 are upregulated at the translational level (21, 22). In addition, other studies have
demonstrated the contribution of COX-2 activity by the peritoneal macrophages in women
with endometriosis, suggesting that COX-2 overexpression may not be an inherent defect of
the endometriotic stromal cells (20). Our approach, which analyzed whole endometriotic
tissues instead of pure stromal cell cultures, does not discriminate between the two possible
sources.

Gene expression levels of PTGES1 and PTGES2, which convert PGH2 into PGE2, were
unchanged (PTGES1) or decreased (PTGES2) in endometriosis relative to the eutopic
endometrium. PTGIS, which was elevated by 70-fold in endometriosis, converts PGH2 to
prostacyclin (PGI), which promotes vasodilation by preventing platelet aggregation. PTGIS
has anti-mitogenic effects and in the cardiovascular system, COX-2 and PTGIS promote
angiogenesis and regulate apoptosis in the endothelium (23). PGI is also a PPARδ ligand,
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and the PPARδ/PGI interaction is important for embryo implantation and decidualization
(24, 25). Further investigation on the role of increased PTGIS is warranted to understand its
role in endometriosis.

PGE2 receptors are G-protein-coupled membrane receptors that activate intracellular
signaling cascades upon binding of the extracellular PGE2 ligand. Previous studies showed
that pharmacological inhibition of certain prostaglandin receptors activated apoptotic
signaling pathways in an endometriotic stromal cell line (26). Thus, the elevated PTGER1
and PTGER3 expression identified in this study may contribute to the viability and survival
of ectopic endometrial tissue and could be potential pharmacological targets.

HPGD is a tumor suppressor that metabolizes and inactivates prostanoids by reducing their
15S-hydroxyl group (27). The decrease in HPGD expression in endometriosis may
contribute to abnormal prostaglandin metabolism and possibly to other altered molecular
pathways in the disease. The prostaglandin pathway is a clinically important target in
endometriosis since COX-2 inhibitors are beneficial for endometriosis and primary
dysmenorrhea (28, 29). It would be helpful to conduct additional studies to explore new
targets in the prostaglandin pathway.

Glucocorticoids control inflammatory processes in the body by negatively regulating the
expression of pro-inflammatory gene products (30). Glucocorticoids exert this effect via the
glucocorticoid receptor (GR), which upon binding of its ligand, represses DNA-binding
factors that are involved in pro-inflammatory responses (30). Systemically, pro-
inflammatory cytokines activate the hypothalamic pituitary axis by inducing a surge of
glucocorticoids in the bloodstream and eliciting an anti-inflammatory response (31). At
specific tissue sites, the pro-inflammatory cytokines IL1β and TNF, also exert the local
synthesis of glucocorticoids by increasing HSD11B2 transcription (32–37).

Using the differentially expressed values from the microarray, we compiled a list of the
genes encoding the hydroxysteroid dehydrogenases, oxidoreductases, and nuclear hormone
receptors. While several aberrations in these genes were demonstrated elsewhere, here we
summarize those genes that displayed differentially expressed values. Here we found that
endometriotic stromal cells locally synthesize high levels of the biologically active hormone,
cortisol, via the activity of HSD11B1. Combined with a reduced inactivation of cortisol due
to its deficient metabolism by HSD11B2, this possibly leads to remarkably high local
cortisol concentrations in endometriotic tissue.

Cortisol, but not cortisone, binds with high affinity to GR or MR and activates them
physiologically or pathophysiologically in a number of tissues. The significantly elevated
GR and HSD11B1 levels that we found in endometriosis suggest that the increased
conversion of cortisol by HSD11B1 may have a pathological consequence, which is
mediated primarily by GRβ. The two GR isoforms are generated via alternative splicing of
exon 9, and each isoform is thought to have overlapping but unique functions (38). We
speculate that increased cortisol biosynthesis and GR levels develop as a response to the
pro-inflammatory milieu of the lesion, which is characterized by increased macrophage
infiltration and elevated cytokine levels (20). This in turn may enhance cell survival in
endometriosis.

The expression patterns of the cortisol converting enzymes are similar between
endometriosis and other diseases characterized by inflammation, such as rheumatoid
arthritis, ulcerative colitis, Crohn’s disease, and in the microglia of a mouse model of
neurodegeneration (32–36). This cortisone to cortisol shuttle is known to be affected by the
activity of pro-inflammatory cytokines, such as IL1β and TNF in glomerular mesangial cells
(37). In primary endometriotic stromal cells, we observed a similar increase in
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glucocorticoid synthesis, metabolism and action in response to TNF, indicating that the
endometriotic inflammatory microenvironment perturbs cortisol biosynthesis and
metabolism. Currently, HSD11B1 inhibitors are being investigated for the treatment of
metabolic abnormalities such as insulin resistance, type 2 diabetes, hypertension and visceral
obesity (32).

While glucocorticoids can induce apoptosis of certain cell types, such as lymphocytes, they
can also induce pro-survival signaling cascades resulting in cell survival and contributing to
tumorigenesis (39, 40). Thus, it is likely that in endometriosis, elevated cortisol synthesis
and activity contribute to endometriotic cell survival. Future studies are required to
determine the implications of the altered cortisol pathway in endometriosis.
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Figure 1.
A, Hierarchical Clustering Demonstrates a Unique Gene Expression Profile for
Ovarian Endometriosis when Compared to Matched Eutopic Tissues. Fold change
values ≥ 2-fold for significantly regulated genes were subjected to hierarchical clustering.
Red represents the upregulation of a gene, while green denotes a decrease relative to the
mean intensity value for each probe. Each row represents a single probe set and the columns
represent the individual tissue samples. B, Numbers in the overlapping regions indicate
similarly regulated genes according to three microarray studies of ovarian endometriosis, the
current study, Hever et al (2007), and Eyster et al (2007). The selected genes used to
construct the Venn diagram from each study had a ≥ 2-fold change and P < 0.05 for
endometriosis compared to the eutopic endometrium. C–H, Genes in the Prostaglandin
Pathway are Altered in Endometriosis (E-OSIS) Compared to the Eutopic
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Endometrium (E-IUM). RNA was isolated from 6 matched endometriotic and eutopic
tissues and subjected to Real Time-PCR as described in Materials and Methods. C–D,
Phospholipase Enzymes; C, PLA2G2; D, PLA2G5; E, Prostacyclin synthase (PTGIS); F,
15-hydroxyprostaglandin dehydrogenase (HPGD); G–H, prostaglandin E2 receptors; G,
PTGER1; H, PTGER3. The dataare represented as Fold Change ± SEM.
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Figure 2. Genes Involved in Cortisol Synthesis and Action are Altered in Endometriosis
A–D, Real Time-PCR validation of gene expression in stromal cells from 6 eutopic (E-
IUM)and 6 endometriosis (E-OSIS) samples. A, HSD11B1 was significantly upregulated by
7.4-fold and, B, HSD11B2 was significantly downregulated by 0.46-fold in E-OSIS relative
to the E-IUM; C, Glucocorticoid Receptor was increased by 2.4-fold in E-OSIS relative to
E-IUM; D, Mineralocorticoid Receptor was increased but not significantly. E, Protein
expression for HSD11B1, HSD11B2, GR, and β-actin in stromal cells from four normal
patients (1–4) and five endometriosis patients (5–9); F–G, Densitometric quantification of
HSD11B1 (F), and GR (G) protein levels in eutopic (E-OSIS) versus endometriotic (E-
OSIS). Fold Change ± SEM.
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Figure 3. The Pro-Inflammatory Cytokine TNF Increases HSD11B1 and Glucocorticoid
Receptor Expression in Endometriotic Stromal Cells
A–D, Endometriotic Stromal Cells were cultured and treated for 24 hrs with TNF (10 ng/
ml). Gene and protein expression analysis was conducted for HSD11B1, HSD11B2, GR and
MR. A, HSD11B1 gene expression was increased by 4.9-fold; B, HSD11B2 was
significantly decreased by 0.68-fold after exposure to TNF; C, GR is significantly increased
by 3-fold after treatment; D, MR gene expression was unchanged after TNF treatment; E,
Protein levels in 3 endometriosis patients treated +/− TNF for 24 hours; F–G,
Densitometric quantification of HSD11B1 (F) and GR (G) protein shows that HSD11B1
and GR protein levels increase significantly after TNF treatment by 2.5-fold and 1.5-fold,
respectively. HSD11B2 was unchanged (Densitometric analysis not shown) and β-actin was
used as a loading control. Fold Change ± SEM.
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Table 1
Monsivais et al

Microarray gene expression values for the genes involved in prostaglandin synthesis that show abnormal
expression in endometriosis relative to the normal endometrium. Also listed are the genes encoding
abnormally expressed members of the nuclear receptor superfamily of proteins, the oxidoreductase enzymes,
and the hydroxysteroid dehydrogenases. Genes involved in cortisol synthesis, metabolism and action, are
altered in endometriosis relative to the normal endometrium.

PHOSPHOLIPASES Gene Symbol
E-Osis vs. E-

IUM Fold
Change

p-value

phospholipase A2, group IIA (platelets, synovial fluid) PLA2G2A 59.3 2.03E-04

phospholipase A2, group XII PLA2G12A 3.78 1.21E-02

phospholipase A2, group V PLA2G5 6.92 1.23E-03

PROSTAGLANDIN SYNTHASES

hydroxyprostaglandin dehydrogenase 15-(NAD) HPGD −5.28 3.03E-03

PROSTAGLANDIN RECEPTORS

prostaglandin E receptor 2 (subtype EP2) PTGER2 2.81 2.76E-02

prostaglandin E receptor 3 (subtype EP3) PTGER3 2.39 2.12E-03

prostaglandin E receptor 4 (subtype EP4) PTGER4 3.01 4.80E-02

NUCLEAR RECEPTORS

Thyroid hormone receptor-β THRB (NR1A2) 1.77 1.09E-02

RAR-related orphan receptor-β RORB (NR1F2) −49.18 1.70E-06

Farnesoid X receptor NR1H4 3.68 2.66E-03

COUP-TF2 NR2F2 2.19 3.79E-02

V-erbA-related gene NR2F6 −3.89 9.13E-05

Estrogen receptor-α ESR1 (NR3A1) −4.63 1.44E-02

Estrogen receptor-β ESR2 (NR3A2) 3.89 2.43E-03

Glucocorticoid receptor NR3C1 3.32 5.78E-04

Mineralocorticoid receptor NR3C2 10.13 6.10E-05

Progesterone receptor NR3C3 −13.83 6.85E-04

Nerve Growth factor IB NR4A1 4.76 4.66E-03

Nuclear receptor related 1 NR4A2 10.34 1.17E-04

Neuron-derived orphan receptor 1 NR4A3 3.86 1.51E-02

DAX1 NR0B1 2.89 4.11E-03

peroxisome proliferative activated receptor, gamma PPARG 1.97 2.91E-02

OXIDOREDUCTASES

hydroxysteroid (11-beta) dehydrogenase 1 HSD11B1 7.78 3.09E-02

hydroxysteroid (11-beta) dehydrogenase 2 HSD11B2 −11.79 6.27E-03

ALPHA-KETO REDUCTASES

Aldo-keto reductase family 1, member A1 (aldehyde reductase) AKR1A1 −1.62 3.30E-04

aldo-keto reductase family 1, member C1 (dihydrodiol dehydrogenase 1; 20-alpha (3-
alpha)-hydroxysteroid dehydrogenase) AKR1C1 3.20 1.33E-03
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PHOSPHOLIPASES Gene Symbol
E-Osis vs. E-

IUM Fold
Change

p-value

aldo-keto reductase family 1, member C2 (dihydrodiol dehydrogenase 2; bile acid
binding protein; 3-alpha hydroxysteroid dehydrogenase, type III) AKR1C2 2.81 4.79E-03

aldo-keto reductase family 1, member C3 (3-alpha hydroxysteroid dehydrogenase, type
II) AKR1C3 3.48 3.39E-02

aldo-keto reductase family 7, member A2 (aflatoxin aldehyde reductase) AKR7A2 −1.54 2.81E-02
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