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a b s t r a c t

Comparison of the transcriptomes and proteomes of the decidualization-specific genes that express high
vs low levels of the eutopic and ectopic endometrium of women with endometriosis compared with con-
trols, could be useful in understanding the pathogenesis of endometriosis. Genome-wide comparison
between decidual tissue and non-decidual tissue identified many genes significantly modulated in the
process of decidualization. Comparison of eutopic endometrium and endometriotic sites also revealed
up- and down-regulated genes. A combined analysis of the experimental data showed specific genes
up-regulated both at the endometriotic site and in the decidualization process, representing a broad
diversity of molecular functions, including cell cycle regulation, angiogenesis and adhesion molecules.
In contrast, down-regulated genes identified in endometriosis among genes overexpressed in decidual-
ization encode Müllerian embryogenesis, which includes transcription factors, hormonal regulation
and cytokine expression. The mechanism responsible for insufficient decidualization in endometriosis
may be mediated through down-regulation of the Müllerian embryogenesis-related genes. In conclusion,
a range of decidualization resistance has been associated with endometriosis. Future study will identify
the putative mechanisms relating epigenetic changes of decidualization susceptibility genes in early life
to the risk of developing endometriosis in adulthood.
� 2013 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
2. Review of the literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
3. Results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

3.1. Specific role of genes associated with the decidualization process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
3.2. Endometriosis susceptibility genes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
3.3. Functional category lists of genes identified in endometriosis among the genes overexpressed in decidualization . . . . . . . . . . . . . . . . . 211

3.3.1. Growth factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
3.3.2. Cell cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
3.3.3. Angiogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
3.3.4. Hormone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
3.3.5. Cytokine/chemokine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
3.3.6. Immune. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
3.3.7. Transcription factors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
3.3.8. Signal transduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
3.3.9. Metabolism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
3.3.10. Adhesion/ECM remodeling. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
3.3.11. Protease/inhibitor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
3.3.12. Others . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

4. Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

0198-8859/$36.00 - see front matter � 2013 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.humimm.2013.12.012

⇑ Corresponding author. Address: Department of Obstetrics and Gynecology, Nara
Medical University, 840 Shijo-cho, Kashihara 634-8522, Japan. Fax: +81 744 23
6557.

E-mail address: hirokoba@naramed-u.ac.jp (H. Kobayashi).

Human Immunology 75 (2014) 208–217

Contents lists available at ScienceDirect

www.ashi-hla.org

journal homepage: www.elsevier .com/ locate/humimm

http://crossmark.crossref.org/dialog/?doi=10.1016/j.humimm.2013.12.012&domain=pdf
http://dx.doi.org/10.1016/j.humimm.2013.12.012
mailto:hirokoba@naramed-u.ac.jp
http://dx.doi.org/10.1016/j.humimm.2013.12.012
http://www.sciencedirect.com/science/journal/01988859
http://www.elsevier.com/locate/humimm


5. Future perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Conflict of interest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

Acknowledgment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Appendix A. Supplementary data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

1. Introduction

Despite a great advancement in identifying disease- and host-
susceptibility genes using genome-wide or (epi)genetic studies,
the majority of endometriosis cases are still underrepresented.
The challenge in post-genetic studies era is to investigate func-
tional causative genetic and environmental epigenetic factors of
endometriosis.

Uterine endometrium undergoes structural and functional
changes essential for uterine receptivity during the menstrual cy-
cle in fertile women [1]. Endometrial cells establish their dynamic
gene expression signature programs to endow them with the req-
uisite set of cellular functions by phase-dependent expression
throughout the menstrual cycle [2]. The menstrual cycle-specific
proteins, which are influenced by steroid hormones, act by regulat-
ing gene expression through DNA methylation, histone acetylation,
chromatin remodeling and the action of small-interfering RNAs
and microRNAs [1]. The most highly expressed gene signature in
the proliferative phase is characterized by angiogenesis, inflamma-
tion and immune function [2]. Comparison of differentially regu-
lated genes in the window of implantation occurring during the
mid-secretory phase revealed regulation of host defense mecha-
nism, immune function and tissue remodeling [3].

The decidualization process is characterized by stromal cell pro-
liferation and differentiation into decidual cells. Progesterone-reg-
ulated genes are necessary for adequate decidualization process
and successful implantation [1]. Decidual cells promote expression
of differentiation marker proteins such as insulin-like growth
factor (IGFBP) 1, prolactin (PRL), glycodelin (also known as proges-
terone-associated endometrial protein, PAEP), leukemia inhibitory
factor (LIF), interleukin-1 receptor (IL1R), homeobox A10
(HOXA10), Forkhead Box O1 (FOXO1), CCAAT/Enhancer Binding
Protein-beta (C/EBPbeta) and glycogen synthesis, indicative of
decidualization [4,5]. Gene expression is regulated by the acetyla-
tion-deacetylation switch, which depends on the menstrual cycle
through the action of histone acetyltransferases (HATs) and
histone deacetyltransferases (HDACs) [1]. These decidualization-
specific genes might be under genetic and epigenetic controls.
Therefore, abnormal phenotypes in decidualization can be due to
changes in (epi)genetic modifications at specific loci, which may
be associated with endometrial pathologies, including implanta-
tion failure, pregnancy loss, preeclampsia and endometriosis [1].

We searched aberrantly expressed genes in endometriosis
among target genes that are up-regulated during the process of
decidualization and normal window of implantation.

2. Review of the literature

A review of the literature was conducted to investigate current
state of gene expression studies of decidualization and endometri-
osis. The techniques now available include microarray-based
genome-wide gene expression profiling, high-throughput gen-
ome-wide technology, genome-wide association studies, exon
microarray analysis, transcriptome RNA sequencing, DNA methyl-
ation profile, copy number variations, and their data set analyses.
In a typical genome-wide data analysis, significantly differentially

expressed genes are determined between disease samples and
their normal counterpart. A Medline search of the literature was
performed using the key words endometriosis, genome wide, gene
expression profiling, pathway analysis, susceptibility gene and
decidualization. English-language publications in PubMed and ref-
erences from relevant articles published up to July 2013 were ana-
lyzed. References in the studies identified were also searched.

3. Results

3.1. Specific role of genes associated with the decidualization process

Decidualization includes morphological and biochemical
changes of the fibroblast-like stromal cells by the action of ovarian
steroids 17b-estradiol and progesterone [6]. We first compared the
endometrial gene expression profile of decidualization to that of
non-decidualization. Genome-wide expression profiling and
proteomics studies identified a plethora of target genes and
proteins with potential roles in decidualization and implantation
[2–4,6–22]. Here, we analyzed 20 published datasets that are up-
and down-regulated during the process of decidualization and
normal window of implantation to increase the power of the iden-
tification of differentially expressed genes. Although the mecha-
nisms regulating the regional decidual cell differentiation are
complex, genome-scale approaches revealed that a number of spe-
cific genes are implicated in the decidualization process during
pre-implantation. 107 Genes involved in the steroid-regulated
pathways (estrogen receptor (ER), progesterone receptor (PR) and
FK506 binding protein 4 (FKBP4)), transcription factors (HOXA10,
FOXO1 and C/EBPbeta), cell-cycle molecules (cyclins, cyclin-depen-
dent kinases (CDKs) and CDK inhibitors), hormone (prolactin
(PRL)), cytokines (interleukin-11 (IL11), leukemia inhibitory factor
(LIF) and transforming growth factor (TGF)-beta), signalings
(Indian hedgehog (IHH), chicken ovalbumin upstream promoter
transcription factor 2 (COUP-TF2), bone morphogenic protein 2
(BMP2) and Wnt/beta-catenin), growth factors (insulin-like growth
factor (IGF), IGF-binding protein (IGFBP), hepatocyte growth factor
(HGF) and heparin-binding epidermal growth factor (HBEGF)),
angiogenesis (vascular endothelial growth factor (VEGF), angio-
poietins (ANGPTs) and Tie2), metabolism (prostaglandins and
cyclooxygenase 2 (COX2)) and adhesion (integrin and trophinin
(TRO)), were up-regulated [2–4,6–22]. A number of genes have
the potential roles of embryonic and uterine factors in implanta-
tion process, but only a small number of them, including IGF,
IGFBP, PRL, HOXA10, FOXO1, C/EBPbeta, IL11 and LIF, are critical
to this process. This study provides valuable information for under-
standing the potential roles of uterine genes in the progression of
decidualization.

Table 1 and Supplementary data show selected functional cate-
gory lists of up- and down-regulated genes identified in endome-
triosis among genes overexpressed in decidualization.

3.2. Endometriosis susceptibility genes

Secondly, we investigated whether endometriotic cells and
decidual cells share any distinctive functional characteristics. To
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