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1. ABSTRACT 
 

Microarray technology has become a widely 
used tool for analyzing the expression of tens of thousands 
of genes simultaneously on high-density microarrays in a 
single experiment, together with the availability of the 
complete nucleotide sequence of the human genome. DNA 
microarray technologies are powerful tools in the 
laboratory setting for scientific research, hypothesis 
generation, and the production of leads for subsequent 
validation through more sophisticated technologies. Since 
2002, and particularly in the past few years, the utility of 
various DNA microarray technologies in endometriosis has 
rapidly and tremendously evolved; DNA microarray studies 
provide extremely important information that enable a 
better understanding of pathophysiology and disease 
etiology. This is a review of the literature focused on new 
findings of endometriosis pathophysiology obtained using 
various microarray technologies: gene expression profiling, 
microarray-based comparative genomic hybridization 
(CGH) (array CGH) single nucleotide polymorphism (SNP) 
arrays, the combination of chromatin immunoprecipitation 
(ChIP) with hybridization of microarrays (ChIP-on-chip). 
The present review discusses the results of a decade of 
DNA microarray technology experience, with emphasis on 
the pathophysiology of endometriosis in the context of 
clinical studies.  

 
 
 
 
 
 
 
2. INTRODUCTION 
 

Microarray technology has become a widely used 
tool for analyzing the expression of tens of thousands of genes 
simultaneously on high-density microarrays in a single 
experiment, together with the availability of the complete 
nucleotide sequence of the human genome. To date, use of 
DNA microarrays has primarily focused on evaluation of the 
transcriptome. However, advances in microarray technology 
have opened a wide range of new applications, such as 
microarray-based comparative genomic hybridization (CGH) 
(array CGH) for genome-wide detection of chromosomal 
deletions and amplifications, and single nucleotide 
polymorphism (SNP) arrays, which make it possible to conduct 
large-scale linkage analyses, association studies, and copy 
number studies. Furthermore, the combination of chromatin 
immunoprecipitation (ChIP) with hybridization of microarrays 
(ChIP-on-chip) is a powerful method for analyzing the 
methylation status of cytosine-phosphate-guanine (CpG) 
islands in promoter regions. Endometriosis is a polygenetically 
inherited disease with a complex multifactorial etiology (1). 
Thus, all of these DNA microarray technologies could 
potentially be powerful tools for elucidation of the molecular 
mechanisms underlying endometriosis pathophysiology. 
 
 This is a review of the literature focused on new 
findings of endometriosis pathophysiology obtained using 
the above-mentioned microarray technologies. Several 
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studies have also investigated differential gene expression 
and DNA copy number alterations on eutopic endometrium 
from women with endometriosis using DNA microarray 
technologies (2-7). These studies clearly demonstrated that the 
endometrium of women with endometriosis fundamentally 
differs from that of women without endometriosis (2-7). The 
present review is limited to findings from endometriosis, and 
not eutopic endometrium of women with endometriosis, due to 
space restrictions.  
 

The first global gene expression analysis of 
endometriosis by DNA microarray was published in Fertility 
Sterility in 2002 by Eyster et al (8) (Table 1). Now, almost 10 
years later, the present review discusses the results of a decade 
of DNA microarray technology experience, with emphasis on 
the pathophysiology of endometriosis in the context of clinical 
studies. The aim of all studies described was to identify 
endometriosis markers that can be used for non-invasive 
diagnosis and for development of strategies for prevention and 
more effective targeted therapies, and to gain a better 
understanding of endometriosis pathophysiology and etiology. 
 
 A systematic MEDLINE search was performed using 
the key words “endometriosis,” “DNA microarray,” “gene 
expression,” “microRNA,” “epigenetics,” “DNA copy 
number,” and “genome-wide association study,” through 
August 2010 and restricted to papers published in English. 
 
3. GENE EXPRESSION 
 
3.1. mRNA expression  

Prior to the establishment of true cDNA 
microarray, so-called “macroarrays,” in which cDNA 
library clones were spotted on large membrane sheets to 
hybridize radiolabeled cDNA pools generated from total or 
purified mRNA, were developed (22). Subsequently, new 
carrier materials (i.e., glass slides) and fluorescence-based 
signal detection were established (23). These arrays are 
traditionally used with a two-color detection system; i.e., 
mRNA from a sample and a control are labeled with 
fluorescent Cy3 and Cy5 dyes and hybridized to the same 

array. Therefore, these two-color arrays produce a ratio 
indicating the differential expression between the sample 
and the control. Technologies have rapidly evolved (24-27), 
and new developments in automation, robotic spotting, and 
bioinformatics subsequently led to rapid growth in 
microarray usage. The current version of Affymetrix 
GeneChips (Human Genome U133 Plus 2.0) provides 
comprehensive coverage of the transcribed human genome 
on a single array representing 47,000 transcripts and 
variants, including 38,500 well-characterized human genes, 
while that of GE Healthcare (CodeLink Whole Human 
Genome Bioarrays) provides 57,000 transcripts and ESTs, 
including ~45,000 well-characterized human genes. 
Furthermore, in contrast to two-color arrays, these 
technologies use a standardized biotin-labeling protocol 
and produce an intensity signal that enables absolute 
quantification (Table 1) (8-21). 
 
3.1.1. Immune system 

The immune system is believed to be involved in 
the pathogenesis of endometriosis (1). Two DNA 

microarray studies, which used the most recent microarray 
systems, demonstrated that genes associated with immune 
responses represent the most functional class (15, 17) 
(Table 1). In one study (17), 10 ovarian endometriosis 
samples and 10 matched control endometrium samples 
from the same patients were analyzed using the Affymetrix 
U133 plus 2.0 genome-wide gene array. In addition, 10 
uterine fibroid samples and 10 adenomyosis samples, 
which are also estrogen-dependent gynecological benign 
diseases, were also included in the cDNA microarray 
analysis (17). This study demonstrated that genes 
associated with immune responses represent the most 
functional class in ovarian endometriosis (17). In contrast, 
no immune response-associated pathways were detected in 
the uterine fibroid of adenomyosis samples (17). Of the 
immune response genes identified, the study authors 
focused on B lymphocyte stimulator (BLyS, also know as 
BAFF and tumor necrosis factor ligand superfamily 
member 13b), a cytokine that is required for normal B cell 
development (28). Expression levels of BLyS mRNA, as 
well as BCMA (one of the three receptors for BLyS), were 
highly up-regulated in ovarian endometriosis (17). In 
addition, BLyS protein was elevated in the sera of 31 
endometriosis patients compared to 21 healthy controls 
(17). Patients with uterine fibroids or adenomyosis did not 
have elevated BLyS serum compared to controls (17). An 
excess of BLyS has been shown to lead to the development 
of autoimmune disorders in animal models (29-31). In 
addition, elevated serum BLyS levels have been reported to 
be elevated in patients with systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), and other systemic 
immune-based rheumatic disease (32, 33), and a 
relationship exists between circulating BLyS levels and 
SLE disease activity (34). An epidemiological study 
reported an increased prevalence of autoimmune diseases in 
women with endometriosis compared to the general US 
female population (35). For example, women with 
endometriosis had higher rates of RA (1.8 versus 1.2%, P = 
0.001) and SLE (0.8 versus 0.04%, P < 0.0001) (35). Now, 
promising results have been released from two phase III 
clinical trials (BLISS-52 and BLISS-76) evaluating 
belimumab, an inhibitor of BLyS, for the treatment of SLE, 
in which 865 and 819 patients were treated, respectively 
(36). Another study using a whole-genome DNA 
microarray containing 53,000 human transcripts in 11 
endometriotic samples (6 ovarian endometriosis, 5 
peritoneal endometriosis) also demonstrated that the largest 
group of differentially expressed genes included the family 
of genes associated with inflammation and immune 
response (15). Very importantly, BLyS expression was 
significantly higher in endometriosis samples compared to 
eutopic endometrium (15). Thus, immune responses might 
play a key role in endometriosis pathophysiology, and 
BLyS might be a potential therapeutic target in 
endometriosis.  
 
3.1.2. Angiogenesis 

Angiogenesis plays a key role in endometriotic 

lesion formation and development (1). A large amount of 
data has demonstrated that endometriosis is an 
angiogenesis-dependent disease (37). However, a whole-
genome DNA microarray containing 53,000 human
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Table 1. Published mRNA expression studies on endometriosis using DNA microarray technology 
Technology No of 

genes/EST
s 

Types of 
endometriosis 

Materials used 
 
 

Microarray  
data 

Criteria for 
identification 
of differentially 
expressed genes 

No of differentially 
expressed genes 

key findings Reference 

cDNA on nylon 
membrane 

4133 OE Matched eutopic 
(n=3) vs ectopic (n=3) 
endometrium 
 

N.A. ? 8 genes (all up-
regulated vs eutopic 
endometrium) 
 

Differentially expressed genes: 
beta-actin, alpha-2 actin, 
vimentin, 40S ribosomal protein 
S23, Ig-lambda light chain, Ig 
germline H chain G-E-A region 
gamma-2 constant region gene, 
major histocompatibility 
complex class 1,C, and 
complement component 1 S 
subcomponent. 

8 

cDNA on nylon 
membrane 

597 OE 
 
Controls : 
endometrium 
from patients 
with uterine 
fibroma  

Endometriotic stromal 
cells (n=8) vs 
endometrial stromal 
cells (n=4) treated 
with IL-1 beta  

N.A. P <.05 ? Down-regulation of Tob-1 in 
endometriotic stromal cells 

9 

cDNA on glass 
slide 

23040 OE 
 

Matched eutopic 
(n=23) vs ectopic 
(n=23) endometrium 
 

N.A. Ratio <0.5 or > 2.0 
 

1413 genes 1. Up regulation of 15 genes 
throughout the menstrual cycle.: 
e.g.  
HLA antigens, complement 
factors, ribosomal proteins, 
TGFBI 
2. Down-regulation of 337 
genes throughout the menstrual 
cycle: e.g. TP53, genes related 
to apoptosis such as GADD34, 
GADD45A, GADD45B  

10 

cDNA on nylon 
membrane 

1176 DIE  1. Matched 
microdissected 
Eutopic epithelial cells 
(n=6) vs 
microdissected ectopic 
epithelial cells (n=6) 
 
2. Matched 
microdissected 
Eutopic stromal cells 
(n=6) vs 
microdissected ectopic 
stromal cells (n=6) 
 

N.A. Fold change >2 
in at least 
two of three 
samples 

? 1. Involvment of the 
RAS/RAF/MAPK signaling 
pathway through PDGFRA in 
endometriosis pathophysiology.  
2. Down-regulation of two 
potential negative regulators of 
aromatase expression, chicken 
ovalbumin upstream promoter 
transcription factor 2 (COUP-
TF2) and prostaglandin E2 
receptor subtype EP3 
(PGE2EP3) in endometriosis 
epithelial cells. 
3. Up-regulation of tyrosine 
kinase receptor B (TRkB) in 
endometriosis epithelial cells 
and serotonin transporter 
(5HTT) and mu opioid receptor 
(MOR) in endometriosis 
stromal cells, which might be 
involved in endometriosis 
related pain 

11 

cDNA on glass 
slide 

9600 OE (n=7) 
PE (n=5) 

Matched 
microdissected 
Eutopic epithelial cells 
(n=12) vs 
microdissected ectopic 
epithelial cells (n=12) 
 

N.A. Structural 
modeling 
taking phase 
and location 
into account 

904 genes/ESTs 
 

1. Identification of a total of 79 
pathways with known functions 
(e.g. oxidative stress, focal 
adhesion, Wnt signaling, and 
MAPK signalling) 
2. Expression patterns of 
differentially expressed 
genes/ESTs correctly classified 
the 12 patients into ovarian 
and peritoneal endometriosis.  

12 

cDNA on glass 
slide 

25097 ? Peripheral blood 
lymphocytes from 
patients with 
endometriosis (n=6) 
vs Patients without 
endometriosis (n=4) 

N.A. Weight >4.0 
Groupwise averaged 
fold change [mean 
ratio difference 
between the two 
groups] of >2.0 

? Up-regulation of interleukin-2 
receptor gamma (IL-2Rgamma) 
and down-regulation of lysyl 
oxidase-like 1 (LOXL1) 

13 

Oligonucleotide 
 

18400 DIE  Pooled microdissected 
vessels isolated from 
the stroma (n=1), from 
the fibromuscular 
tissue (n=4) of deep 
infiltrating 
endometriosis, pooled 
microdissected vessles 
isolated from controls 
tissues (endometrium: 
n=4, myometrium: 
n=1) vs whole tissue 
control pool  (vagina: 
n=1, endometrium: 
n=3, myometrium: 
n=1) 

Array Express 
data base 
(www.ebi.ac.u
k/arrayexpress) 
Accession 
number:  
E-MEXP-1251 

P <.05 
 

1. Up-regulation of  
734 transcripts in 
vessels from 
fibromuscular tissue 
of endometriotic 
nodules vs vessels 
from control tissues.  
2. Up-regulation of  
923 genes 
in vessels from 
stromal tissues of 
endometriotic nodules 
vs vessels from 
control tissues.  
. 

Strong overexpression for 
several angiogenic 
factors, extracellular matrix 
components, surface 
glycoproteins, mediators of 
integrin signaling, receptors, 
mediators of immune response 
and transcription factors.  
 
 

14 
2007 

oligonucleotide 53000 OE (n=6) 
PE (n=5) 

Matched eutopic 
(n=11) vs ectopic 
(n=11) endometrium 

Gene 
Expression 
Omnibus 
(www.ncbi.nl
m.nih.gov/geo) 
Accession 
number: 
GSE5108 

P <.05 
Fold change >2 
 

717 genes 1.Identification of differentially 
expressed  
genes involved in signal 
transduction, 
cell adhesion, extracellular 
matrix, cytoskeletal 
organization, peptidases, 
catalytic, and defense immunity 

15 

cDNA on nylon 
membrane 

1176 OE  Pooled ovarian 
endometriosis from 5 
patients vs pooled 
endometrium from 5 
patients without 
endometriosis 

N.A. Fold change >2 
 

13 genes 1. Up regulation of 9 genes and 
down regulation of 4 genes vs 
endometriuml after repeating 
the gene analysis three times.  

16 

oligonucleotide 47000 OE 
 
 

1. Matched eutopic 
(n=10) vs 
ectopic (n=10) 
endometrium  

Endometriosis (n=10) 
vs uterine fibroma 
(n=10), Adenomyosis 
(n=10) 

Gene 
Expression 
Omnibus 
(www.ncbi.nl
m.nih.gov/geo) 
Accession 
number: 
GSE7035 

P <.05 
Fold change >2 
 
Probe sets 
were removed, if 
results indicated 
normal  
ovary tissue 
contamination in 

? Genes associated with immune 
responses represent the most 
significant functional class in 
endometriosis, including 53 
genes with altered expression 

17 
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ovarian endometriosis 
samples 
 

oligonucleotide Experiment 
1 : 5993 
 
 
 
 
 
 
 
 
Experiment 
2 : 22215 

1. Nude mouse 
model  
 
 
 
 
 
 
 
 
2. OE  

1. Control human 
endometrium (n=2) 
control mouse 
peritoneum (n=2) 
xenograft 
endometriotic 
implants samples 
(Day7: n=2, Day 10: 
n=2, Day 14: n=14) 
 
2. Matched eutopic 
(n=9) vs ectopic 
(n=9)endometrium  

Gene 
Expression 
Omnibus 
(www.ncbi.nl
m.nih.gov/geo) 
Accession 
number:  
GSE11768: 
nude mouse 
model 
GSE11691: 
Matched 
Eutopic vs 
ectopic 
endometrium 

Fold change >2 
Bayesian P < .0001 
posterior probability 
for differential 
expression (ppde) < 
0.99  
(Matched 
eutopic vs ectopic 
endometrium) 
 

622 genes 
(Matched 
eutopic vs ectopic 
endometrium) 
 
 

Identification of four key 
pathways (the proteasome 
pathway, NF-kappaB pathway, 
TGF-β pathway, and KRAS 
pathway) as components of the 
interaction between 
ectopic endometrium and 
peritoneal stromal tissues 

18 

oligonucleotide 47000 OE  
 

Matched pooled 
eutopic vs ectopic 
from 6 patients X2 

Gene 
Expression 
Omnibus 
(www.ncbi.nl
m.nih.gov/geo) 
Accession 
number: 
GSE12768 

Fold change >2 
 

5605 genes (2782 up-
regulated , 2823 
down-regulated ) 
 

1. Repression of all genes 
involved in cell cycle.  
2. Down-regulation 
of HOX-A and HOX-B genes, 
upregulation 
of HOX-C genes and a trend in 
up-regulation 
of HOX-D genes 

19 

oligonucleotide 44928 OE Matched eutopic 
(n=4) vs ectopic (n=4) 
endometrium  

N.A. Fold change >2 
 

36 genes/ESTs 1. Up-regulation of putative 
tumor-suppressor genes such as 
RARRES1 (retinoic acid 
receptor responder 1) and 
RARRES 2 (retinoic acid 
receptor responder  
2. Down-regulation of  
several genes involved in the 
cell cycle  

20 
 

oligonucleotide 22215 OE 
 
 
 

Ovarian endometriosis 
(n=5)  
vs endometriosis-
associated 
endometrioid cancer 
(EAOC) (n=7) 
vs  
endometriosis-
independent 
endometrioid cancer 
(OC) (n=5) 
vs 
benign ovarian cysts 
(n=5) 

N.A. Fold change >2 
 

1. Endometriosis 
and EAOC vs OC and 
benign ovaries 
14 genes 
2. EAOC and OC  
vs ovarian 
endometriosis and 
benign ovaries 
30 genes 

1. Up regulation ofSICA2, 
CCL14 and down regulation of 
TDGF1in endometriosis 
and EAOC vs OC and benign 
ovaries 
2. Up regulation of CRABP1, 
FOXM1, SPINT1, CLDN7, 
FOLR1 and KRT8 
and down-regulation of  StAR 
in EAOC and vs 
endometriosis and benign 
ovaries 

21 

Note : ESTs (Expressed Sequence Tag) ; PE: Peritoneal endometriosis; OE: Ovarian endometriosis; DIE: Deep infiltrating 
endometriosis, N.A.: not available 

 
transcripts identified only three conventional angiogenic 
factors: vascular endothelial growth factor, angiopoietin-
like 1, and fibroblast growth factor 7 (15). As whole 
endometriotic tissues were used for expression analysis, 
low-expressing genes might not have been detected (15) 
(Table 1). Van Langendonckt et al. investigated gene 
expression profiling of the vasculature of fibromuscular and 
stromal tissue of endometriotic nodules of the rectovaginal 
septum to identify novel antigens for use as potential targets 
in the design of more specific diagnostic and treatment 
tools (14). For this purpose, laser capture microdissection 
(LCM) was applied to obtain endothelial cells and pericytes 
from endometriotic and endometrial tissues, as well as 
myometrial tissues (14). The LCM technique not only 
increases the specificity of profiling isolated cell 
populations, thereby eliminating genes expressed by 
surrounding cells, but it also increases the sensitivity of the 
analysis, allowing the detection of low-expressing genes 
not detected in whole-tumor arrays (38). The Affymetrix 
HG-U133A_2.0 chip allows analysis of the expression 
levels of 18,400 transcripts and variants, including 14,500 
well-characterized human genes (14). One of the genes 
identified as a potential vessel marker in deep infiltrating 
endometriosis, matrix Gla protein (MGP), is of particular 
interest (14). Expression of MGP has been reported in 
vascular endothelium in different species, suggesting that 
MGP plays a role in endothelial cell function (14). MGP 
has been demonstrated to be strongly expressed in vascular 
endothelial cells and in epithelial cells from endometriotic 
tissues at the protein level (14). Importantly, MGP is 
expressed at a barely detectable level in normal 

endometrium (14). Thus, MGP might be one of the most 
promising markers for targeting ectopic endometrial vessels. 
Interestingly, overexpression of extracellular matrix genes 
has been consistently observed in previous studies of tumor 
endothelial markers in which endothelial cells were isolated 
by various methods, such as immunomagnetic beads and 
LCM (39-41). These findings suggest that changes in the 
extracellular matrix are fundamental to alterations in the 
tumor endothelium. 
 
3.1.3. Endometrial-peritoneal interaction  

To date, the majority of endometriosis gene 
expression profiling studies have evaluated genes that are 
differentially expressed between eutopic and ectopic 
endometrium (Table 1). However, it is necessary to also 
understand the molecular interactions between ectopic 
endometrial tissues and their attachment sites. Growing 
evidence suggests that endometriosis is a peritoneal disease 
(42). Hull et al. investigated these molecular interactions in 
a xenograft mouse model (18) (Table1). Endometriosis-like 
lesions were collected from nude mice on days 7, 10, and 
14 after human endometrial tissue implantation (18). These 
investigators applied novel microarray analysis methods to 
distinguish RNA transcripts derived from human 
(endometrium) and mouse cells (peritoneum) using a 
MGU-74Av2 (mouse) and HU-95Av2 (human) Affymetrix 
GeneChip (18). In addition, microarray analysis was 
performed in paired peritoneal endometriosis and eutopic 
endometrium using U133A Affymetrix cDNA arrays (18). 
The study authors identified four key pathways: the 
proteasome pathway, NF-kappaB pathway, TGF-β pathway, 
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and KRAS pathway, demonstrating communication 
between host peritoneal cells and ectopic endometrial cells 
(18). They concluded that disruption of the dialogue 
between peritoneum and ectopic endometrium is likely to 
inhibit the cellular interactions required for endometriotic 
lesion development (18). Delineating the interactions 
between endometrial tissue and its ectopic environment 
may be the first step in the development of novel 
pharmacological therapies for this disabling condition. 
Further studies that investigate endometrial-peritoneal 
interaction in established endometriotic lesions might 
provide insights on this new, important therapeutic 
direction.  

 
A study in a mouse model of surgically-induced 

endometriosis focused on gene expression profiling of the 
peritoneal side at 24, 48, and 96 hours after 
autotransplantation (43). The Mouse FANTOM Array ver. 
1 consisting of 13,728 gene probes and samples labeled 

with fluorescent Cy3 and Cy5 dyes were used. The study 
authors identified up-regulation of genes associated with 
inflammatory response, adhesion molecules, and 
extracellular matrix, followed by inflammation and 
cytokine expression, activation of antibody-producing cells 
and dendritic cells, and local immunosuppression. In 
addition, the microarray analysis demonstrated that down-
regulation of genes associated with lymphokines, 
chemokine receptors, phagocytes, and monocytes is 
induced in these lesions (43). The authors concluded that 
this observation may explain the localized 
immunotolerance against ectopic endometrial cells in the 
peritoneal cavity (43). Interestingly, many similarities exist 
between findings obtained in a xenograft mouse model and 
a surgically-induced mouse model by autotransplantation of 
uterine fragments, i.e., genes associated with inflammatory 
response, adhesion molecules, and extracellular matrix (18, 
43). Two studies in a surgically-induced rodent model 
developed by autotransplantation of uterine fragments 
identified gene expression patterns consistent with human 
disease (44, 45). These findings also supported the results 
of previous studies indicating that rodent models of 
surgically-induced endometriosis can be used to study the 
pathophysiology and treatment of endometriosis. In 
addition to xenograft mouse models, autologous rodent 
models might also be useful for evaluation of new 
therapeutics designed to induce disruption of the dialogue 
between peritoneum and ectopic endometrium. 
 
3.1.4. Ovarian endometriosis vs endometriosis-
dependent ovarian cancer 

Endometriosis is a benign disease. However, it is 
believed to be a precursor for ovarian cancer (46-49). In 
particular, clear-cell and endometrioid ovarian cancer have 
been reported to be associated with ovarian endometriosis 
(46-49). Interestingly, DNA microarray analysis has 
revealed a significant correlation between gene expression 
in the endometrial mucosa and in endometrioid and clear-
cell carcinomas (50). However, the mechanism of 
malignant transformation of ovarian endometriosis has not 
yet been elucidated. Banz et al. analyzed the molecular 
signature of endometriosis-associated endometrioid ovarian 
cancer, endometriosis-independent endometrioid ovarian 

cancer, ovarian endometriosis, and benign ovarian cysts 
using the Affymetrix HG U133A/MG U74Av2 array (21) 
(Table 1). The study results suggested that the regulation of 
the autoimmune system and of inflammatory cytokines 
may be very important in the etiology of ovarian 
endometriosis and endometriosis-associated endometrioid 
ovarian cancer. In addition, cell-cell interaction, cell 
differentiation, and cell proliferation may be important in 
the development of ovarian cancer in women with 
endometriosis. Cancer is characterized by uncontrolled cell 
growth, invasion, and sometimes metastasis. The results of 
Banz et al. suggested that a switch from controlled to 
uncontrolled cell proliferation might be a cause of 
endometriosis-associated endometrioid ovarian cancer. 
Borghese et al. demonstrated a systemic down-regulation 
of genes involved in the cell cycle in ovarian endometriosis, 
using the NimbleGen platform containing 47,633 
transcripts (19) (Table 1). In addition, another group of 
investigators demonstrated the up-regulation of putative 
tumor-suppressor genes such as RARRES1 (retinoic acid 
receptor responder 1) and RARRES 2 (retinoic acid 
receptor responder 2) in ovarian endometriosis (20) (Table 
1). Furthermore, several genes involved in the cell cycle 
were down-regulated (20) (Table 1). The most extensive 
study to date using a GE Healthcare platform containing 
53,000 transcripts identified few genes involved in the cell 
cycle and in apoptosis-resistant pathways (15) (Table 1). 
However, an analysis using cDNA microarrays and LCM 
demonstrated that endometriotic epithelial cells of ovarian 
endometriosis and peritoneal endometriosis revealed high 
expression levels of genes responsible for cell proliferation 
and the cell cycle (12) (Table 1). In addition, the study 
authors also identified many cell cycle genes as being 
differentially expressed between endometriotic epithelial 
cells and eutopic endometrial epithelial cells, suggesting 
that the cell cycle was disturbed in the endometriotic cells 
(19) (Table 1). One potential explanation for these findings 
is that disturbed cell cycling in endometriotic epithelial 
cells might be protected by stromal cells or their 
microenvironment in vivo.  

 
Direct interactions between epithelial and stromal 

cells and their microenvironments are required both for 
normal and pathological tissue development and growth 
(51, 52). There is growing evidence that the tumor 
microenvironment is indispensable for the neoplastic 

process (52). Additional studies designed to investigate 
how the disturbed cell cycle of endometriotic epithelial 
cells is tightly controlled might provide further insights on 
the molecular mechanisms of malignant transformation of 
ovarian endometriosis. 
 
3.1.5. Blood markers for non-invasive diagnostic tests  

Developing non-invasive diagnostic tests that 
accurately detect endometriosis is considered to be one 
of the main priorities in endometriosis research (53). 
Blood-borne (blood/serum/plasma) markers are favored 
by clinicians, because blood samples can be obtained 
and analyzed with relative ease. To date, only one study 
that investigated peripheral blood lymphocytes in 
patients with and without endometriosis using DNA 
microarrays to identify molecular markers for 
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endometriosis has been published (13) (Table 1). The 
array had 15,097 cDNA clones, of which 14,185 were 
known genes, and samples were labeled with fluorescent 
Cy3 and Cy5 dyes. Samples from 6 patients with 
endometriosis and 4 controls were used for microarray 
analysis, and a qPCR validation study was performed in 
15 patients with endometriosis and 15 controls. These 
researchers identified up-regulation of interleukin-2 
receptor gamma (IL-2Rgamma) and down-regulation of 
lysyl oxidase-like 1 (LOXL1) in patients with 
endometriosis (13). However, the study authors noted 
that factors that may affect lymphocyte gene expression 
patterns, such as menstrual cycle phase, concurrent 
infections, and current medications, were not analyzed 
due to the small number of patients. It would be 
interesting to investigate the impact of clinical variables 
such as menstrual cycle, severity of disease, and 
symptoms on these potential markers in a larger 
population. However, Somigliana et al. recently 
published an opinion paper on non-invasive tests for the 
diagnosis of endometriosis (54). These investigators 
emphasized that researchers should be aware that the 
identification of a non-invasive test for the diagnosis of 
endometriosis may be harmful if its use is not properly 
managed, and that a non-invasive test may be beneficial 
provided that it is not used as a screening test (54). They 
recommended that non-invasive tests for the diagnosis 
of endometriosis should be reserved for only two groups 
of women who may benefit from the diagnosis: those 
with unexplained subfertility and those with unexplained 
severe pelvic pain refractory to oral contraceptives and 
NSAIDs (54). This recommendation might be useful 
when considering the design of future studies aimed at 
identifying non-invasive endometriosis diagnostic 
markers. 
 
3.1.6. Endometriotic cells in vitro 

In vitro analysis of primary epithelial and 
stromal endometriotic cells is indispensable for 
endometriosis research. Recent studies have applied 
targeted arrays in endometriotic cells to investigate specific 
cell signaling pathways potentially involved in 
endometriosis pathophysiology in vitro (55, 56). The 
expression profile for marker genes of 21 different 
signaling pathways and the NF-kappaB pathway in 
response to the addition of TNF-alpha to endometriotic 
stromal cells was investigated using a cDNA array (55). 
TNF-alpha and its downstream target TAK-1 have been 
demonstrated to be key mediators of NF-kappaB and 
MAPK signaling in endometriosis. In addition, 
abnormal cell survival in ectopic sites is key to 
endometriosis pathophysiology (57). Studies 
demonstrated that susceptibility to drug-induced 
apoptosis in endometriotic stromal cells was attenuated 
compared to endometrial stromal cells (58). Watanabe et 
al. further investigated genes susceptible to 
staurosporine (SS)-induced apoptosis in endometriotic 
stromal cells using a targeted cDNA array containing 96 
marker genes involved in the regulation and mediation 
of apoptosis (56). Survivin has been demonstrated to play 
a key anti-apoptotic role in endometriotic cells in vitro. 
Survivin is a member of the inhibitor of apoptosis (IAP) 

family and functions by inhibiting caspase (59). 
Interestingly, a study that investigated endometriotic 
stromal-epithelial cell communication demonstrated that 
the loss of the ability to regulate survival signaling in 
endometriotic stromal cells might result in increased 
survivin expression in endometriotic epithelial cells (60), 
To date, however, very few studies have investigated 
primary endometriotic epithelial cells in vitro. Further 
studies in both endometriotic epithelial cells and stromal 
cells as well as their interactions could provide further 
insight on endometriosis pathophysiology.  
 
3.2. MicroRNA expression 
Wren and Guo reanalyzed their own database of 904 
differentially expressed genes between endometriosis and 
eutopic endometrium (12) to identify associations between 
genes, disease, phenotypes, chemical compounds, and 
pharmaceuticals based upon what has been reported in the 
published literature (61). These investigators determined 
that several genes listed as non-responders on the 
microarray were post-transcriptionally regulated. 
MicroRNAs (miRNAs) are post-transcriptional regulators 
that bind to complementary sequences in the 3’ UTRs of 
target mRNAs, resulting in translation inhibition or mRNA 
cleavage, depending on the degree of complementarity 
between the miRNA and its target sequence (62, 63). Given 
that miRNAs can have multiple targets and that each 
protein-coding gene can be targeted by multiple miRNAs, it 
has been suggested that more than one-third of human 
genes could be regulated by miRNAs (61, 62). To date, 
three groups have investigated miRNA expression profiling 
in endometriosis using DNA microarray techniques (64-66) 
(Table 2). Details about miRNA in endometriosis are 
reviewed elsewhere (67). Of these, one study further 
identified predictive targets of differentially expressed 
miRNAs in endometriosis using their own mRNA 
microarray data acquired by U133A Affymetrix cDNA 
arrays (65). The study authors identified 14 up-regulated 
and 8 down-regulated miRNAs, using microarrays that 
consisted of 377 antisense miRNA oligonucleotideprobes 
(65). A total of 673 genes representing mRNAs expressed 
in peritoneal endometriosis are predicted targets of any of 
the 22 differentially expressed miRNAs (65). Among them, 
miR-1 and miR-29c were determined to be up-regulated in 
endometriosis (65). By functional analysis of predicted 
target genes based on the identified miRNAs, HADC4 and 
DNMT3A were found to be among the target genes of 
miR-1 and miR-29c, respectively (65). A later study using 
a µParaflo microfluidic chip containing 475 miRNA probes 
also identified up-regulation of miR-1 and miR-29c in 
ovarian endometriosis (66). These findings support the 
growing evidence that endometriosis is an epigenetic 
disease and suggested that miR-1 and miR-29c might play 
a role in epigenetic modifications in endometriosis. In 
addition, two studies identified down-regulation of miR-
20a in peritoneal and ovarian endometriosis. CCND1 and 
the E2F family of transcription factors were found to be 
among the target genes of miR-20a (65, 66). A study 
demonstrated a CCND1/miR-17/20 regulatory feedback 
loop through which cyclin D1 induces miR-17-5p/miR-20a 
(67). In turn, miR-17/20 limits the proliferative function of 
cyclin D1. These attenuating feedback loops provide
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Table 2. Published microRNA expression studies on endometriosis using microRNA microarray technology 
Platform 

No. of 
microRNA 

Types of 
endometriosis 

Materials used Criteria for 
identification 
of differentially 
expressed 
microRNAs 

No of 
differentially 
expressed 
microRNAs 

Key findings Reference 
 

mirVana 
miRNA 
Bioarray 

377 ? 1. Matched 
eutopic(n=4) vs 
ectopic (n=4) 
endometrium 
 
2. Endometriosis 
(n=4) 
 
3. Endometrium 
from women 
without 
endometriosis 
(n=4) 
 

P <.05 
 

1. 48 miRNAs 
among 
endometrium of 
women without 
endometriosis, 
eutopic 
endometrium and 
endometriosis. 
 
2. 32 miRNAs 
between isolated 
endometrial 
stromal cell and 
landular epithelial 
cell. 

1. Expression of 
hsa-miR20a, hsa-
miR21, hsa-
miR26a, hsa-
miR18a, hsa-
miR206, 
hsa-miR181a and 
hsa-miR142-5p, 
predicted to target 
many genes, 
including TGF-
bR2, ERa, ERb 
and PR, was 
altered in 
endometriosis 
compared with 
eutopic 
endometrium and 
control 
endometrium.  
 
2. Ovarian 
steroids influence 
the 
expression of hsa-
miR20a, hsa-
miR21 and hsa-
miR26a in 
endometrial 
stromal cell and 
glandular 
epithelial cell. 

59 

mirVana 
miRNA 
Bioarray 

287 PE Matched eutopic 
(n=4) vs ectopic 
(n=4) 
endometrium  
 

P <.05 
Fold change ≥2 
 

22 miRNAs 1. An in silico and 
microarray 
analysis (eutopic 
vs ectopic 
endometrium) 
identified 673 
genes, including 
c-Jun, CREB-
binding protein, 
protein kinase B 
(Akt), and cyclin 
D1 (CCND1) 
signalling,  
as putative targets 
of the 22 
miRNAs. 

60 

µParaflo® 

Microfluidic 
Biochip  
 

475 OE Matched eutopic 
(n=16) vs ectopic 
(n=16) 
endometrium 

P <.01 
Fold change >2 
 

50 miRNAs 
 

An in silico 
analysis identified 
49 molecular 
networks  

61 

Note: PE: Peritoneal endometriosis; OE: Ovarian endometriosis 
 

mechanisms for tightly controlling proliferative signals (68). 
Furthermore, a study suggested that autoregulation between 
E2F1-3 and miR-20a is important for preventing abnormal 
accumulation of E2F1-3 and may play a role in the regulation 
of cellular proliferation and apoptosis (69). These findings 
suggested that down-regulation of miR-20a in endometriosis 
might promote the proliferative function of cyclin D1. 
However, in one study (64), miR-20a was shown to be up-
regulated in endometriotic tissue compared to eutopic 
endometrium by qRT-PCR; in contrast, in the two studies that 
demonstrated down-regulation of miR-20a, qRT-PCR 
validation studies were not performed. In addition, the function 
of individual miRNAs may be cell-type specific. The miR-
17/20 cluster has been found to function either as onco-

miRNA or as a tumor suppressor depending on the cell type 
(69). The role of miRNAs in endometriosis pathophysiology is 
only beginning to be unraveled. Given that post-transcriptional 
regulation is important in endometriosis (61), it is highly likely 
that more extensive analyses will follow. The integrative 
analysis of target prediction, miRNA, and gene expression 
profiles could reveal biologically relevant regulatory circuits in 
endometriosis pathophysiology.  
 
4.ARRAY COMPARATIVE GENOMIC 
HYBRIDIZATION (ARRAY CGH)  
 

Array CGH is a method used to detect segmental 
DNA copy number alterations. Advances in this technology 
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have enabled high-resolution identification of genetic 
alterations and copy number variations on a genome-wide 
scale. Using LCM and high-resolution CGH microarrays, 
Wu et al. demonstrated that epithelial cells of the 
eutopic and ectopic endometrium of 5 women with 
endometriosis (3 peritoneal, 2 ovarian) share a sizable 
portion of genomic alterations (70) (Table 3). DNA 
copy gain and loss appeared in all 5 cases. The Human 
Bacterial Artificial Chromosomes (BAC) arrays contain 
2,632 BAC clones, spanning the entire human genome 
with ~1.0-Mb resolution were used for this study (70). 
In contrast, an array-CGH analysis of endometriotic 
lesions without LCM from a total of 10 ovarian 
endometriosis samples demonstrated no genomic 
aberrations (20) (Table 3). These investigators used 
Arrays, which contains 5,659 clones spotted in triplicate, 
which provides an ~1.0-Mb resolution across the human 
genome (71). A study of papillary thyroid carcinoma 
demonstrated a higher prevalence of aberrations 
detected using a combination of LCM and array-based 
CGH than previously described in the literature (72). 
The lack of LCM might partly explain the absence of 
aberrations detected in the latter study. A previous study 
of allelic imbalance in endometriosis reported loss of 
heterozygosity in 28% of cases of microdissected 
endometriosis, on chromosome arms 9p (18%, 6/34), 
11q (18%, 6/33), and 22q (15%, 6/40) (73). In addition, 
a study in which microsatellite DNA assays were 
performed for 17 markers in ovarian endometriosis 
using whole tissues demonstrated that the incidence of 
allelic imbalance was 36.4% (74). Of these, the 9p21 
locus showed loss of heterozygosity in 27.3% (6/22) of 
ovarian endometriosis samples (74).  
 
5. CHROMATIN IMMUNOPRECIPITATION 
(CHIP) WITH HYBRIDIZATION OF 
MICROARRAYS (CHIP-ON-CHIP) 

Epigenetic modifications, including DNA and 
histone methylation, play a pivotal role in gene regulation. 
Several studies have provided evidence that endometriosis 
is an epigenetic disease. Details about epigenetics in 
endometriosis are reviewed elsewhere (75) The first results 
of genome-wide CpG methylation profiling of 

endometriosis were recently reported (76), and more 
extensive studies will likely follow. Given the direct 
association between epigenetics and gene expression, much 
is to be expected from this research. Borghese et al. 
identified a total of 35 genes that had both methylation and 
expression alterations in endometriosis using Affymetrix 
GeneChip Human Promoter 1.0R Arrays (76). Among 
these 35 genes, only scavenger receptor class B1 
(SCARB1) genes have been previously reported to be 
involved in endometriosis pathogenesis. Higher expression 
levels of SCARB1 genes in endometriosis compared to 
endometrium might play a role in the uptake of high-
density lipoprotein (HDL) cholesterol, supporting in situ 
estrogen production (77). Endometriosis is an estrogen-
dependent disease, and in situ estrogen production may 
play a central role in its pathogenesis (1). Up-regulation of 
aromatase in endometriosis occurs due to aberrant DNA 
demethylation in a nonpromoter CpG island (78). These 
genes may therefore represent potential targets for 

epigenetic-based therapies designed to restore normal gene 
expression patterns in endometriosis. In addition, as the 
study investigators mentioned, further in-depth studies of 
the remaining 34 genes could be of great interest (76). In 
addition, the study authors detected the localization of 
hypermethylated regions at the ends of the chromosomes, 
whereas hypomethylation appeared to be a random event 
(76). Because many cancer cells display global 
hypomethylation of their genome, which has been causally 
linked to increased chromosomal instability and tumor 
progression, the authors hypothesized that the asymmetry 
in hypermethylation/hypomethylation could be regarded as 
an additional mechanism “invented” by the endometriotic 
cells to preserve themselves from the risk of malignant 
transformation (76). These findings suggested that cell 
proliferation associated with ovarian endometriosis might 
be tightly regulated, supporting the findings by Banz et al 
(21) (Table 1). 
 
 One study performed a simultaneous high-
resolution, whole-genome analysis of human breast cell 
lines to correlate data from gene expression, epigenetic 
(DNA methylation), and combination copy number 
variant/single nucleotide polymorphism microarrays using 
Affymetrix gene expression (U133), promoter (1.0R), and 
SNP/CNV (SNP 6.0) microarray platforms (79). The use of 
platforms that share the common Affymetrix technology 
base permitted a robustness of design and economy that 
allowed standardized bioinformatic assessment and cross-
referencing of the data sets, using a single software 
bioinformatics package (Partek Genomic Suite) to import, 
analyze, and cross-reference raw data from the various 
microarray platforms (79). The study authors identified 
specific gene subsets with specific relationships between 
expression, methylation status, and copy number (79). 
Among the genes with decreased expression, 16.5% 
(405/2446) were hypermethylated. Among genes with 
increased expression, 10.3% (246/2400) were 
hypomethylated (79). These findings suggested that 
epigenetic (i.e., DNA methylation) deregulation might 
be responsible for gene expression in fewer than 20% of 
genes in this study model. Thus, the authors 
demonstrated the utility of microarray technologies in 
identification of potential targets for epigenetic-based 
therapies in the context of multiple genomic 
characteristics (gene copy number, DNA methylation, 
and expression) to restore normal gene expression 
patterns (79). The methodology demonstrated in the 
study could also be applied to endometriosis. 
 
  In vitro studies have demonstrated that histone 
deacetylase inhibitors (HDACIs), such as trichostatin A 
(TSA), can suppress proliferation and cell cycle 
progression in endometrial stromal cells (80, 81), inhibit 

IL-1β–induced COX-2 expression (82) up-regulate 

PPAR (83), attenuate invasion, and reactivate silenced 
E-cadherin gene expression (84). In addition, and 
perhaps more importantly, TSA treatment resulted in a 
significantly reduced average lesion size compared to 
those in untreated mice, as well as a significant 
improvement in response to a noxious thermal stimulus in a 
mouse endometriosis model (85).  
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 Epigenetic alterations may also contribute to 
miRNA deregulation. One study suggested that DNA 
demethylation and histone deacetylase inhibition can 
activate expression of miRNAs that may act as tumor 
suppressors in human cancer cells (86). Given that both 
epigenetic and miRNA alterations might be very important 
in endometriosis pathophysiology, it would be interesting 
to investigate whether ncRNAs, including miRNA, are 
epigenetically regulated in this disease. 
 
6. SINGLE NUCLEOTIDE POLYMORPHISMS 
(SNPS) ARRAY 
 

A recent publication reported a genome-wide 
association study (GWAS) using 1,423 cases and 1,318 
controls in the Japanese population using the Illumina 
HumanHap 550k BeadChip assay to identify genetic loci 
associated with endometriosis (87). To further validate the 
results of the first-stage analysis, the study authors 
performed a replication study using an independent set of 
484 cases and 3,974 controls (87). The authors identified a 
significant association between endometriosis and 
rs10965235 (P=5.57 x 10-12, odds ratio=1.44), which is 
located in CDKN2BAS on chromosome 9p21, encoding the 
cyclin-dependent kinase inhibitor 2B antisense RNA (87). 
CDKN2BAS regulates the expression of CDKN2B, 
CDKN2A, and ARF (87). CDKN2A is one of the cell-
cycle–dependent kinase inhibitors that acts as a negative 
cell cycle regulator. This is the first GWAS to identify 
genetic variants associated with endometriosis. A previous 
microsatellite DNA assay of a total of 17 markers in 
ovarian endometriosis demonstrated an allelic imbalance 
incidence of 36.4%. Of these, the 9p21 locus showed loss 
of heterozygosity in 27.3% (6/22) of ovarian endometriosis 
samples (74). A recent study within diverse populations of 
European origin identified three loci associated with 
melanoma risk, one of which is the 9p21 locus (88). 
Several studies have reported an association between 
endometriosis and cutaneous melanoma (89, 90). In 
addition, a French national cohort study of 97,215 women 
demonstrated for the first time a positive dose effect on the 
relationship between the risk of endometriosis and skin 
sensitivity to sun exposure, as measured by the number of 
naevi and freckles (91). It has been reported that naevi 
count is associated with the CDK2A region (9p21) (92). 
These findings strongly suggested that alterations in the 
CDK2A region (9p21) represent a commonality between 
endometriosis and melanoma. In addition, GWAS studies 
demonstrated that the CDK2A region is associated with 
coronary disease (93) and type 2 diabetes (94). These 
findings suggested the possibility of common etiologic 
pathways for these diverse conditions. However, an 
association between the CDK2A region and endometriosis 
has also been demonstrated in the Japanese population, 
which has a much lower risk for malignant melanoma. 
Further studies of population samples with diverse 
geographic ancestries are required to validate these findings. 
This first GWAS study on endometriosis demonstrated a 
very small odds ratio (effect size), as is observed for other 
complex diseases. The genetic loci associated with disease 
generally explain very little about the disease risk (95, 96). 
The odds of having a risk genotype at a particular disease 

locus, given that one has the disease, divided by the odds of 
having a risk genotype given that one does not have the 
disease, are typically less than 1.5 (95, 96). Given the small 
effect sizes, it is less likely that genetic tests will be used to 
directly assess individual risk of disease (96); nonetheless, 
knowledge of disease pathways may contribute to the 
development of improved diagnostic methods (97). 
However, much remains to be learned about how variations 
in DNA influence gene expression, protein coding, and 
disease phenotypes (95). Further studies are required to 
elucidate the functional roles that these implicated genes 
play in endometriosis.  
 
7. SUMMARY AND PERSPECTIVE 
 
Since 2002, and particularly in the past few years, the 
utility of various DNA microarray technologies in 
endometriosis has rapidly and tremendously evolved; DNA 
microarray studies provide extremely important 
information that enable a better understanding of 
pathophysiology and disease etiology. DNA microarray 
technologies are powerful tools in the laboratory setting for 
scientific research, hypothesis generation, and the 
production of leads for subsequent validation through more 
sophisticated technologies. However, much additional 
analysis is required before the identification of 
endometriosis markers that can be used for noninvasive 
diagnosis, development of prevention strategies and more 
effective targeted therapies, and prediction of recurrence. 
 
 While the value of biomarkers — characteristics 
that are evaluated as indicators of normal or pathogenic 
biological processes, or responses to an intervention — is 
widely appreciated, the number of qualified biomarkers is 
small. The results of the first set of studies by the Predictive 
Safety Testing Consortium (PSTC) — which involves 
multiple drug companies, non-profit organizations, the 
Food and Drug Administration (FDA), and the European 
Medicines Agency (EMA) — have recently been reported 
(96). With the aim of enhancing understanding of the 
regulatory significance of such biomarker data by 
regulators and sponsors, the FDA initiated a program in 
2004 to allow sponsors to submit exploratory genomic data 
voluntarily, without immediate regulatory impact. 
Approximately two-thirds (35 total) of the voluntary 
genomic data submissions (VXDSs) have focused on 
clinical applications of exploratory biomarkers. Clinical 
submissions have been broadly focused, and include 
oncology therapies as well as disease and drug response 
markers associated with Alzheimer’s disease, hypertension, 
depression, obesity, and rheumatoid arthritis. The primary 
technology platforms for VXDS have been differential 
gene expression from microarrays and genotype–phenotype 
relationships. Such collaborations should ultimately play a 
key role in the qualification of the next generation of 
biomarkers in endometriosis. 
 
 Common human diseases originate from a complex 
interplay between constellations of changes in DNA and a 
broad range of factors such as diet, age, gender, and 
exposure to environmental toxins (96); endometriosis is no 
exception (1). Schadt et al. recently noted that the 
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molecular biology revolution led to an intense focus on the 
study of interactions between DNA, RNA, and protein 
biosynthesis to develop a more comprehensive 
understanding of the cell (97). One consequence of this 
focus was a reduced attention to whole-system physiology, 
making it difficult to link molecular biology to clinical 
medicine. A transition from the molecular level to the 
system promises to revolutionize our understanding of 
complex biological processes such as disease. Schadt et al. 
summarized the progress made over the past few years to 
integrate DNA variation, molecular profiling, and clinical 
data collected in populations to construct causal 
probabilistic networks of disease, providing a more 
comprehensive view of disease than can be achieved by 
examining the individual data (97). Integrating large-scale, 
high-dimensional molecular and physiological data holds 
promise not only for defining the molecular networks that 
directly respond to genetic and environmental perturbations 
associated with disease but also for causally associating 
such networks with the physiological states associated with 
disease dimensions on their own (97). Integrating a 
genomics approach with reconstructing networks not only 
leads to more predictive network models, but also may save 
time and money by decreasing the amount of data (i.e., 
number of experiments and number of subjects) (98). One 
study provided preliminary evidence that integrating 
genomic information with clinical and pathological risk 
factors can refine prognosis and improve therapeutic 
strategies for early-stage breast cancer. A total of 964 breast 
tumor samples were clinically annotated from five data sets 
(Gene Expression Omnibus [GEO] microarray data 
repository at http://www.ncbi.nlm.nih.gov/geo/) (99). All 

patients in each data set were followed up for an average of 
>11 years (99). 
 
 Integrating large-scale, high-dimensional molecular 
and physiological data in collaboration with both scientific 
and clinical communities may enable identification of 
clinically relevant endometriosis markers for patients with 
endometriosis. Recent advances of deep sequencing 
technology might boost collabotarive, comparative and 
integrative genomics studies in endometriosis (100, 101).  
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