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Abstract. Adenomyosis is one of the most common gyneco-
logical diseases worldwide. Despite intense efforts to elucidate
the pathogenesis, the molecular mechanisms responsible for
adenomyosis are not yet fully understood. The aim of this
review was to screen candidate functional networks and
identify key genes to differentiate adenomyosis from endo-
metriosis. A search was conducted between 2000 and 2018
through the English language literature (online MEDLINE
PubMed database) using the key words, adenomyosis combined
with endometriosis, differentially expressed genes (DEGs)
and functional networks. Eligible microarray datasets were
collected from the NCBI Gene Expression Omnibus (GEO)
database, NCBI-GEO (http://www.ncbi.nlm.nih.gov/geo/).
The mRNA and/or protein expression of adenomyosis candi-
date genes was confirmed by the published data (https:/www.
ncbi.nlm.nih.gov/pubmed). The comprehensive gene expres-
sion analysis based on the NCBI-GEO database revealed the
candidate DEGs and functional networks. Among a total
of 3,119 genes collected from the adenomyosis signatures,
2,845 genes (91.2%) overlapped in the endometriosis signa-
tures. A total of 274 DEGs were identified to be specific to
adenomyotic lesions. Among these, we selected 50 genes whose
expression profiles have been published in a public repository.
Although the two conditions may share common pathways,
a set of DEGs, including insulin-like growth factor 1 (IGF1),
osteopontin (OPN), KiSS-1 metastasis suppressor (KISSI),
neural cell adhesion molecule 1 (NCAMI, also known as
CD56), versican (VCAN), L-selectin ligand and Annexin A2,
(ANXA?2), have been suggested to play a pivotal role in the
pathophysiology of adenomyosis. The enriched functions and
pathways of the DEGs include the process of endometrial
invasion, cell survival, wound healing, scarring and fibrosis.
On the whole, in this review, we present a comprehensive gene
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expression analysis based on NCBI-GEO database to identify
adenomyosis candidate genes. DEGs and functional networks
help us to understand the molecular mechanisms underlying
the pathogenesis of adenomyosis, and provide candidate
targets for the diagnosis and treatment of adenomyosis.
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1. Introduction

Adenomyosis is a benign uterine condition characterized by
the presence of ectopic endometrial glands and stroma in the
myometrium and muscular hypertrophy/hyperplasia associated
with increased vascularity and reactive fibrosis (1). According
to the most convincing theory, adenomyosis was originally
thought to originate from the invagination of the basalis of the
endometrium into the inner myometrium (1,2). In addition, this
disorder may possibly result from metaplastic alterations of
Miillerian duct remnants. Adenomyosis is a clinical condition
with a high association of endometriosis and vice versa, with a
marked prevalence in women of reproductive age (3). Emerging
evidence has indicated that this disorder appears to consist of
heterogeneous subtypes with different causes and etiologies (4).
Certain adenomyosis populations occur in the uterine outer
layer without affecting the inner myometrial structures (4). A
number of various pathogenetic theories have described the
mechanisms through which adenomyosis develops; however,
the origin of adenomyosis remains unclear (1).

On the other hand, endometriosis is a common benign
disease caused by the presence of endometrial tissue outside
the uterine cavity or in ectopic locations, e.g., peritoneal
implants, ovarian cysts and deep infiltrating nodules (5). There
are a number of hypotheses regarding the complex etiology of
endometriosis: Retrograde menstruation, coelomic metaplasia
and Miillerian duct remnants; however, none have been postu-
lated to completely explain the etiology of endometriosis (5).
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Several researchers have performed a large-scale survey for
the identification of differentially expressed genes (DEGs)
between the eutopic and ectopic endometrium of women with
endometriosis (6-11). Some studies have examined the global
transcriptome of isolated ectopic and eutopic tissues from
women with adenomyosis (12-14). However, to date, to the
best of our knowledge, there is no clear evidence to indicate
that fundamental differences exist in the underlying mecha-
nisms of disease development between adenomyosis and
endometriosis. Therefore, in this review, multiple independent
microarray datasets that are available through an open access,
comprehensive database, were utilized to identify reliable
adenomyosis-specific pathways and DEGs. The expression
levels of adenomyosis candidate genes were confirmed by
the data published in a peer-reviewed journal. The aim of
this review was to summarize the studies available to date on
candidate key genes and functional networks involved in the
differentiation between adenomyosis and endometriosis.

2. Search strategy, selection criteria and data collection

A review of the literature was conducted in order to screen
candidate key genes and functional networks that differentiate
adenomyosis from endometriosis. A MEDLINE search was
performed using the key words ‘adenomyosis’, ‘endometriosis’,
‘differentially expressed genes’ and ‘functional networks’.
English language publications in PubMed and references
from relevant articles published between January, 2000 and
December, 2018 were analyzed. There were 17 articles avail-
able for ‘differentially expressed genes’ AND ‘functional
networks’ AND ‘endometriosis’, and 1 article available for
‘differentially expressed genes’ AND ‘functional networks’
AND ‘adenomyosis’ by search. References in the studies
identified were also searched. In addition, the development
of bioinformatics methods, including DNA microarray and
RNA-Seq technologies, could provide a better understanding
of the pathogenetic events of the development of adenomyosis
and endometriosis at the genome level. These data have
been made available through an open access, comprehensive
PubMed database that compiles up-to-date omics tech-
nologies regarding human adenomyosis and endometriosis.
Eligible archives for functional genomics microarray datasets
were collected from the National Center for Biotechnology
Information (NCBI)-Gene Expression Omnibus (GEO)
database, NCBI-GEO (http://www.ncbi.nlm.nih.gov/geo/).
GEO dataset searches up to December, 2018, using keywords
‘adenomyosis’ and ‘endometriosis’ and the accession number
of meta-data tag. 47 articles were available in the GEO
database for endometriosis and adenomyosis by search. The
inclusion criteria included the following: i) Original genomic
studies that screened for DEGs among adenomyosis, endo-
metriosis, or healthy individuals; ii) array analysis studies
of gene expression profiling; and iii) studies comprised of
raw files. The following data can be accessed via key word
search: ‘Adenomyosis AND ectopic AND human’ [n=4, GEO
accession nos. GSE68870 (14), GSE74373 (12), GSE78851 (13)
and GSE7307]; and ‘endometriosis AND ectopic AND
human’ [n=12, GEO accession nos. GSE68870 (14), GSE7307,
GSE25628 (6), GSE40186 (7), GSE47359 (11), GSE51981 (8),
GSE73948 (9), GSE94414, GSE99949, GSE105764 (10),
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GSEI105765 (10) and GSE124010] (Table I). Fourteen publica-
tions available in the GEO database were selected based on
the final selection taking into account the experiment type,
overall design and microarray platforms. The flow chart of the
literature search are presented in Fig. 1.

3. Differentially expressed genes and their functions
between adenomyosis and endometriosis

We combined the data derived from GEO, analyzed the simi-
larities and differences between ectopic tissue samples from
patients with adenomyosis and those from patients with endo-
metriosis, and then focused on the unequivocal identification
of the adenomyosis related genes. The DEGs between adeno-
myosis samples and endometriosis samples were screened using
GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r). Probe sets
without corresponding gene symbols were removed. Following
pre-processing, DEGs with log2 fold change >2 or <1/2, a
false discovery rate <0.05 and P-value <0.01 were selected as
described previously (15). Functional annotation and gene regu-
latory networks were performed based on the Gene Ontology
(GO) database (https://david.ncifcrf.gov/tools.jsp). The expres-
sion of adenomyosis candidate genes were confirmed by the
data published in a peer-reviewed journal (https://www.ncbi.
nlm.nih.gov/pubmed and https://www.ncbi.nlm.nih.gov/gene).

Screening of key genes with which to differentiate adeno-
myosis from endometriosis. In this section, the gene
expression features and core regulatory genes which can
be used to differentiate adenomyosis from endometriosis
by using high-throughput microarray genomics datasets
downloaded from the NCBI-GEO database are discussed.
The GEO database for adenomyosis [n=4, GEO accession
nos. GSE68870 (14), GSE74373 (12), GSE78851 (13) and
GSE7307] and GEO database for endometriosis [n=12, GEO
accession nos. GSE68870 (14), GSE7307, GSE25628 (6),
GSEA40186 (7), GSE47359 (11), GSE51981 (8), GSE73948 (9),
GSE94414, GSE99949, GSE105764 (10), GSE105765 (10)
and GSE124010)] enabled us to screen DEGs between the
two conditions. Among these databases, we selected the gene
expression profiles of GSE68870 (14), GSE78851 (13) and
GSE7307 for adenomyosis and GSE68870 (14), GSE7307 and
GSE25628 (6) for endometriosis, particularly when taking
their experiment type, overall design and platforms into
consideration (Table I).

To reveal the differences in gene expression between
the adenomyosis and endometriosis tissues, the top ranked
genes with a log2 fold change >2 or log2 fold change <1/2
were selected for analysis. Among a total of 3,119 genes
collected from the adenomyosis signatures, 2,845 genes
(91.2%) overlapped in the endometriosis signatures. This
suggests that patients with adenomyosis and endometriosis
share a common genetic pathophysiology. On the other
hand, a total of 274 DEGs were identified to be specific to
ectopic lesions of patients with adenomyosis. Among these
adenomyosis candidate genes, we selected 50 genes (18.2%)
whose expression profiles have been published in a public
repository, PubMed database (https://www.ncbi.nlm.nih.
gov/pubmed/) (Table II). In comparison with the genetic and
proteomic data previously published for adenomyosis and
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Number of
studies for
endometriosis
and adenomyosis
that were
quantified by
microarray and
RNA-seq (n=242)

Number of studies meeting database
search criteria (initial literature search
retrieved 18 total articles), including
‘differentially expressed genes' AND
‘functional networks' AND
‘endometriosis’ (n=16)" and 'differentially
expressed genes' AND ‘functional
networks' AND ‘adenomyosis’ (n=1).

After the initial review of titles and abstracts, 126 articles were retained.

‘Adenomyosis AND ectopic AND human' (n=4, GEO .
accession: GSE68870, GSE74373, GSE78851and | Cone SrPression
GSET307); and ‘endometriosis AND ectopic AND human’ al:1a|\,r5|s using
(n=12, GEO accession: GSE68870, GSE7307, GSE25628, | Microarray and
GSE40186, GSE47359, GSE51981, GSE73948, GSE94414,| RNA-sequencing
GSE99949, GSE105764, GSE105765 and GSE124010) data (n=110)

| ]

Following review of the full text, 24 articles remained.

|

After the removal of duplicates and exclusion criteria, 14 articles were
included.

Figure 1. Study selection for a comprehensive literature search. This figure
shows the flow chart of the literature search.

endometriosis, a set of DEGs, including insulin-like growth
factor 1 (IGF1) (16-19), osteopontin (OPN) (20-22), KiSS-1
metastasis suppressor (KISS1) (23-27), neural cell adhesion
molecule 1 (NCAMI, also known as CD56) (28,29), versican
(VCAN) (13,30), L-selectin ligand (31) and Annexin A2
(ANXA2) (32-35), were considered to be target genes for
adenomyosis. These previous studies revealed that, among
these, 4 genes (IGF1, KISS1, NCAMI1 and ANXA2) were
upregulated, and 3 genes (OPN, VCAN and L-selectin ligand)
were downregulated.

Functional pathways of adenomyosis candidate genes.
GO term enrichment analysis suggested that DEGs were
significantly enriched in survival and apoptosis, immune and
inflammatory response, invasion and extracellular matrix
remodeling, adhesion, hormonal response, epithelial-mesen-
chymal transition, cell cycle regulation, angiogenesis, oxidative
damage, mitochondrial dysfunction and prostaglandin biosyn-
thesis (Table II). Taken together with the DEGs, the enriched
functions and pathway analysis revealed that the adenomyosis
candidate genes may be the core regulatory functions and may
play pivotal roles in the processes of invasion of the endome-
trial basalis into the myometrium (KISS1), avoidance of the
immune attack (OPN), cell survival (IGF1), wound repair,
healing and scarring (NCAMI) and fibrosis (ANXA2). The
biological functions of adenomyosis candidate genes in impli-
cating disease pathways were comprehensively searched using
the PubMed database.

Survival and apoptosis (13 genes). Adenomyosis
is involved in eutopic endometrial invagination/infiltration
into the inner myometrium by modulating the proliferative,
invasive and angiogenic responses, which is a hallmark of
adenomyosis (13). Increased proliferation and decreased
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apoptosis may be critical for the pathophysiology of adeno-
myosis and endometriosis; however, the underlying regulatory
mechanisms remain elusive (36). In adenomyosis, Ki-67 is
expressed in the glandular epithelium of the ectopic endome-
trium and myometrial cells associated with hyperplasia and
hypertrophy, irrespective of the menstrual phases (36-38).
The genes and pathways involved in the regulation of apop-
tosis have been shown to be aberrantly expressed in the
endometrium of women with adenomyosis, compared to the
controls (39). We found that the survival and apoptosis-related
genes were upregulated or downregulated in the previous
studies cited. Thus, the proliferation- and growth-related
genes, including IGF1 (16-19), IGF2 (19), vascular endo-
thelial growth factor (VEGF) (40-42), hepatocyte growth
factor (HGF) (43-45), nerve growth factor (NGF) (46-48),
platelet-derived growth factor (PDGF) (16,49), epidermal
growth factor receptor (EGFR) (16,17,49,50), fibroblast
growth factor 2 (FGF2) (49,51,52) and mechanistic target
of rapamycin kinase (mTOR) (53,54), were upregulated in
both the ectopic and eutopic endometria from subjects with
adenomyosis compared with the eutopic endometria from
women without adenomyosis, while the anti-apoptotic or
autophagy-related genes, such as BCL2 apoptosis regulator
(BCL2) (38,55-57),beclin 1 (BECN1) (58,59) and programmed
cell death 4 (PDCD4) (60,61), were much higher in the ectopic
and eutopic endometria than in the control endometria.
Furthermore, the decreased expression of BCL2 associated
X, apoptosis regulator (BAX) has been observed in adeno-
myosis, suggesting that the downregulation of apoptotic cell
death machinery is a hallmark of adenomyosis (39). Among
these genes, IGF1 was identified as one of the candidate key
regulators to differentiate adenomyosis from endometriosis.

i) IGF1. IGF1 may influence the growth and survival of
the endometrium by regulating its receptor IGFIR signaling
pathway. The immunohistochemical protein expression
of IGF1 and IGFI1R has been shown to be upregulated in
adenomyosis foci and the myometrium in the prolifera-
tive phase than in the secretory phase (16,17). It has been
demonstrated that the overexpression of IGFIR mRNA and
protein is not altered throughout the menstrual cycle in the
eutopic endometrium of patients with adenomyosis (17).
On the other hand, the protein expression of IGF1 and
IGFIR has been shown to be similar between ectopic and
eutopic endometrial tissues of patients with endometriosis
throughout the cycle (18). The IGF1 levels in peritoneal fluid
have been shown to be higher in patients with endometriosis
than in control subjects, although the data remain controver-
sial (19). Therefore, the IGF1 levels are significantly higher
in adenomyosis cases compared to endometriosis cases.
As previously demonstrated, the IGF2 levels did not differ
between the two diseases (19).

The expression levels of the ‘survival and apoptosis’
related genes, including BAX, BCL2, IGF2, VEGF, HGF,
NGF, PDGF, EGFR, FGF2, MTOR, BECNI and PDCD4,
were similar between the two diseases.

ii) BCL2. In general, ectopic cells of adenomyosis
and endometriosis can block apoptotic cell death, which
is regulated by the anti-apoptotic factor BCL2 family and
caspase family of proteins. BCL2 is upregulated in adeno-
myosis during the proliferative phase, reaching a peak during
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Table II. Functional classification of differentially expressed genes in adenomyosis and endometriosis.

Differentially expressed genes

The major pathways ADM>END*  ADM<END® ADM=END (Refs.)
Survival and apoptosis (n=13) IGF1 (16-19)
BAX 39)
BCL2 (38,55-57)
IGF2 (19)
VEGF (40-42)
HGF (43-45)
NGF (46-48)
PDGF (16,49)
EGFR (16,17,49,50)
FGF2 (49,51,52)
mTOR (53,54)
BECNI (58,59)
PDCDA4 (60,61)
Immune and inflammatory response (n=12) OPN (20-22)
KIR3DL1, KIR2DL3 (63,64)
GM-CSF (65,66)
NF-«xB 67)
TGF- (68-71)
LIF (72,73)
TLR4 (74,75)
IL-1p (46,76)
IL-10 (77,78)
CXCL1 (40,79,80)
TrkB (81,82)
COX-2 (83-86)
Invasion and extracellular matrix remodeling (n=5) KISS1 (23-27)
MMP-2, -9 (83,87-89)
MSN (90,91)
FAK (92,93)
LOX (68,94)
Adhesion (n=5) NCAMI1 (28,29)
VCAN (13,30)
L-selectin ligand 31)
SRGAP2 (96,97)
ADAMI12 (96,98.99)
Hormonal response (n=5) ESR1 (37,67,102,103)
ESR2 (37,67,102,103)
PR-B (67,102,103)
RXRa (16,104)
OXTR (105-107)
Epithelial-mesenchymal transition (n=3) ANXA2 (32-35)
ILK (111-113)
CTNNBI1 (45,114-117)
Cell cycle regulation (n=3) MSII1 (119,120)
SOX2 (121)
4-Oct 12n
Angiogenesis (n=1) HIF-1a (41,123)
Oxidative damage (n=1) GPX (13,125)
Mitochondrial dysfunction (n=1) SOD2 (127,128)
Prostaglandin biosynthesis (n=1) PTGS2 (83-86)

A search in the PubMed repository to collect information about the expression of target genes and proteins was carried out. *Gene and protein
expression is increased in the ectopic endometrium of patients with adenomyosis compared to that of patients with endometriosis. "Gene and
protein expression is increased in the ectopic endometrium of patients with endometriosis compared to that of patients with adenomyosis.

ADM, adenomyosis; END, endometriosis.
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ovulation to decrease to values close to zero in the late luteal
phase (57,62). BCL2 is also overexpressed in endometrial
stromal cells of patients with adenomyosis (57). Furthermore,
the expression of BCL2 has been shown to be increased in
endometriotic stromal cells compared to the paired eutopic
cells (38). BCL2 is persistently overexpressed during both
proliferative and luteal phases of the cycle in ovarian
endometriotic tissues (55).

iii) BAX. Bax protein forms a heterodimer with Bcl-2, and
functions as an apoptotic activator. The protein expression of
Bax has been shown to be decreased in the eutopic endome-
trium from endometriosis compared with the control (39). No
significant differences in BAX expression have been between
endometriosis and adenomyosis (55).

iv) VEGF. Angiogenesis and neovascularization are consid-
ered to be the major pathological features of adenomyosis and
endometriosis (42). VEGF expression has been shown to be
increased in the eutopic endometrium in patients with adeno-
myosis compared to women without adenomyosis (40,41). In
adenomyosis, 17p-estradiol (E2) has been shown to induce
pro-angiogenic activity in vascular endothelial cells through
the snail family transcriptional repressor 2 (SNAI2)-VEGF
axis (42).

v) HGF. HGF may contribute to endometrial cell invagi-
nation deep into the myometrium at the endo-myometrial
junction in women with adenomyosis through the epithe-
lial-mesenchymal transition (EMT) pathway (43). The
upregulation of HGF, VEGFR2, hypoxia inducible factor 1
subunit o (HIF-1a), PDGFB, neuropilin 1 (NRP1) and EPH
receptor B4 (EPHB4) has been identified in the ectopic and
eutopic endometrium of women with endometriosis compared
to that of the controls (44,45).

vi) NGF. NGF mRNA expression has been shown to be
increased in the ectopic endometrium of patients with adeno-
myosis (46) or endometriosis (48) compared to the eutopic
endometrium or normal endometrium. E2 promotes NGF
production in adenomyosis endometrial stromal cells, but not
in control endometrial stromal cells (47).

vii) PDGF. The expression level of PDGF has been shown
to be decreased in adenomyosis (16) and endometriosis (49)
compared with the control.

viii) EGFR. EGFR is downregulated in the adenomy-
otic (16) and endometriotic (50) tissues compared to that in the
normal endometrial tissues.

ix) FGF2. FGF2 has been shown to be upregulated in
adenomyosis (51) and endometriosis (49) compared to healthy
controls, which may contribute to the proliferation of ectopic
cells through the FGF2/Extracellular signal-regulated kinase
(ERK)1/2 signaling pathway (52).

x) MTOR. Endometrial cells proliferate, migrate and
survive by modulating the phosphatidylinositol 3-kinase
(PI3K)/AKT/p-mTOR signaling pathway (53). The expres-
sion of p-mTOR has been shown to be higher in the ectopic
endometrium than in the eutopic endometrium of patients with
endometriosis or adenomyosis (53,54).

xi) BECNI. BECNI is an autophagy-related gene (58). The
expression of Beclin 1 mRNA and protein has been shown to
be decreased in both ectopic and eutopic endometriotic tissues
from women with adenomyosis (58) or endometriosis (59)
compared with endometrium from healthy women, suggesting
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that autophagy hisrelated to the pathogenesis and progression
of the two conditions.

xii) PDCD4. PDCD4 is involved in the apoptotic pathway
and is a tumor suppressor gene, which is downregulated in
adenomyosis (60) and endometriosis (61) possibly through
the nuclear factor (NF)-kB/mammalian target of rapamycin
(MMP)2/MMP?9 signaling pathway.

Immune and inflammatory response (12 genes). The
alterations to the immune response and inflammation in the
surrounding microenvironment may play a role at different
stages of adenomyosis and endometriosis development,
including initiation, invasion, promotion, survival and progres-
sion. The pathway involved in ‘Immune and inflammatory
response’ includes OPN, killer cell immunoglobulin-like
receptors (KIRs; KIR3DL1 and KIR2DL3), granulo-
cyte-macrophage colony-stimulating factor (GM-CSF),
NF-xB, transforming growth factor-pf (TGF-p), leukemia
inhibitory factor (LIF), Toll-like receptor (TLR), interleukin
(IL)-1p, IL-10, C-X-C motif chemokine ligand 1 (CXCLI),
tropomycin receptor kinase B (TrkB) and cyclooxygenase-2
(COX-2).

i) OPN. OPN is a multifunctional cytokine and upregu-
lates the expression of interferon-y (IFN-y) and IL-12.
IFN-vy, one of the immunostimulatory cytokines, activates
natural killer (NK) cell cytotoxicity. IL-12, a pleiotropic
cytokine, also plays an essential role in the activation of
both innate (NK cells) and adaptive (cytotoxic T lympho-
cytes) immunities. Higher OPN mRNA and protein levels
have been observed in both the ectopic and eutopic endo-
metrium from subjects with endometriosis compared with
the endometrium from women without endometriosis (22).
Conversely, the expression levels of OPN mRNA and protein
have been shown to be lower in patients with adenomyosis
than in the controls (20,21). The altered expression of OPN
programs an immune environment that may be obligatory
for adenomyosis progression.

No significant difference in the expression levels of the
following genes was noted in adenomyosis and in endome-
triosis: NK cell markers (KIR3DL1, KIR2DL3), GM-CSF,
NF-«B, TGF-f, LIF, TLR, IL-1p, IL-10, CXCL1, TrkB and
COX-2.

ii) KIR. NK cells contribute to early defense against
infected cells and tumor cells. NK cells have a decreased
expression of inhibitory KIRs, including KIR3DLI1 (also
known as NKB1) and KIR2DL3 (also known as GL183),
on their surface and have enhanced cytotoxic functions. In
endometriosis, peripheral NK cells and peritoneal NK cells
exhibit an increased expression of KIRs and have reduced
levels of cytotoxicity (63). Endometriotic cells develop several
strategies to escape immune surveillance to avoid attack from
the immune system. Ectopic lesions of adenomyosis have an
increased expression of KIRs (64). By contrast, the expression
of inhibitory KIRs is decreased in the eutopic endometrium,
but not in the ectopic lesion, in women with adenomyosis,
demonstrating a greater cytotoxic activity (64).

iii) GM-CSF. GM-CSF is highly expressed in the ectopic
compared with the eutopic tissue in patients with endome-
triosis (65), as well as in patients with adenomyosis (66).
GM-CSF-activated phagocytes cause tissue damage during
inflammation.
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iv) NF-kB. NF-xB is a critical pro-inflammatory regu-
lator that has been suggested to play a pivotal role in the
expression of proinflammatory genes, including cytokines,
chemokines and adhesion molecules (67). NF-xB is consid-
ered to play a central role in the pathogenesis of endometriosis
and adenomyosis (67).

v) TGF-B. The ectopic endometrium of women with
adenomyosis and endometriosis exhibits an increased expres-
sion of TGF-f31 and phosphorylated SMAD family member 3
(Smad3), markers of EMT, and increased fibrosis as compared
with the normal endometrium (68,69). TGF-$1/Smad3 and
IL-6/Janus kinase 2 (JAK?2)/signal transducer and activator of
transcription 3 (STAT3) signaling pathways are upregulated in
adenomyosis (70). TGF-{ is increased in the serum, peritoneal
fluid, ectopic endometrium and peritoneum of women with
endometriosis compared to women without endometriosis (71).

vi) LIF. LIF has biological actions in maternal receptivity
to blastocyst implantation, embryo implantation and placental
formation, possibly through the activation of STAT3 and ERK
signaling (72). Adenomyosis and endometriosis have negative
impacts on embryo implantation. Patients with adenomy-
osis (72) or endometriosis (73) exhibit a decreased expression
of LIF and its receptor, LIFR, in the eutopic endometrium as
compared with healthy women.

vii) TLR4. The expression of TLRs (TLR1,2,4,5 and 9) is
higher in the ectopic endometrium and eutopic endometrium
in adenomyosis as compared with the normal endometrium,
and positively correlates with IL-6 and IL-8 (74). Similar
to adenomyosis, TLR4 is overexpressed in endometriosis,
indicating that both conditions are a state of inflammatory
pathology (75).

viii) IL-18. The overexpression of IL-1f has been identified
in adenomyosis (46) and endometriosis (76), which is linked
with an ability to transform acute inflammation to the chronic
inflammation.

ix) IL-10. The anti-inflammatory cytokine, IL-10, may play
critical roles in suppressing immunity against embryo implan-
tation (77). IL-10 protein is overexpressed in the ectopic and
eutopic endometrium of women with adenomyosis compared
to the normal endometrium (78). The serum level of IL-10 in
patients with endometriosis is also higher than that in healthy
subjects (77).

x) CXCLI (also known as GROI or GRO«a). The CXCLI1
chemokine is a secreted growth factor that signals through
the G-protein coupled receptor, CXC receptor 2, and acts
as a neutrophil-activating factor. CXCLI is overexpressed
in the epithelium of the endometrium in adenomyosis (40)
and endometriosis (79,80). VEGF contributes to the produc-
tion of CXCLI in endometrial epithelial cells through the
NF-kB signaling pathway (40). IL-17A also induces CXCL1
expression (80).

xi) TrkB. TrkB is a receptor for the main neurotrophins
(NGF and BDNF) and detected in endometriosis tissue. TrkB
is expressed in te eutopic endometrium of proliferative phase
of women with endometriosis (81), while its expression has
been detected in the secretory endometrium of women with
adenomyosis (82). TrkB has not been found in the endometrium
of the proliferative or secretory phase in the control group (81).

xii) COX-2 [also known as prostaglandin-endoperoxide
synthase 2 (PTGS2)]. COX-2 is responsible for the prostaglandin

biosynthesis involved in inflammation. Several studies have
demonstrated the overexpression of COX-2 in adenomy-
osis (83,84) and endometriosis, particularly in the endometriotic
ovarian cyst wall (85,86). IL-1f induces the expression of COX-2
and VEGF through the MAPK/ERK signaling pathway (86).

Invasion and extracellular matrix remodeling (5 genes).
The eutopic endometrium of women with adenomyosis
exhibits multiple pathways that predispose to the endometrial
infiltration and invasion (13). ECM degradation and remod-
eling may be the cause of eutopic and ectopic endometrial
invasion in adenomyosis and endometriosis. Below, key DEGs
that promote adenomyotic and endometriotic cell migration
and invasion are discussed.

i) KISS1. KISS1 was initially found to function as a
metastasis suppressor and also involved in endocrine func-
tions, glucose homeostasis and insulin secretion (26). KISS1
suppresses the metastases of melanomas, colon cancer
and breast cancer through inhibiting cell-matrix adhesion,
cytoskeletal reorganization, chemotaxis and invasion (24).
KISSI prevents the growth and colonization of metastatic
cells in distant sites and delays the metastatic cascade.
KISS1 exerts multiple effects on cancer cell biology through
a G-protein-coupled receptor, GPR54. The expression of
KISSI1 is upregulated in adenomyosis (23), but not in endome-
triosis (25). Thus, the question may be raised as to whether and
how KISSI is involved in the pathogenesis of adenomyosis.
The existing data are controversial. Fratangelo er al reported
that KISS1 plays a role in the early steps of breast cancer
development (27).

Although MMP-2, MMP-9, moesin (MSN), focal adhesion
kinase (FAK) and lysyl oxidase (LOX) are overexpressed in
the ectopic endometrium of women with adenomyosis and
endometriosis, the expression levels of these genes have been
found to be similar between the two conditions.

ii) MMP. The increased expression of MMP-2 and -9
in the eutopic endometrium may play a role in the develop-
ment of adenomyosis (83,87) and endometriosis (88). The
MMP-7-181A/G polymorphism may be associated with the
susceptibility to adenomyosis and endometriosis (89).

iii) MSN. MSN is a member of the ezrin, radixin and
moesin (ERM) protein family that participates in the key
events of the carcinogenesis processes, such as cellular
morphology, adhesion, migration and tumor invasion
through a cross-linking between membrane proteins and
the actin-based cytoskeleton. MSN mRNA and protein
expression levels have been shown to be upregulated in
adenomyosis (90). In addition, MSN is overexpressed and
produced in ovarian endometrioma (91).

iv) FAK. FAK is a cytoplasmic protein tyrosine kinase that
is overexpressed and activated in several types of cancer (92).
FAK promotes cell motility, survival and proliferation through
the EMT process and the PI3K/AKT signaling pathway (92).
FAK expression is increased in adenomyosis (92) and endo-
metriosis (93). FAK may play a role in the pathogenesis of the
two conditions.

v) LOX.LOX is an enzyme involved in collagen deposition,
extracellular membrane remodeling and invasive potential.
LOX exressionis increased in adenomyosis (68) and endome-
triosis (94). The aberrant expression of LOX destabilizes the
ECM, resulting in ECM degradation and remodeling.
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Adhesion (5 genes). The adhesion and migration of endo-
metrial cells are required to establish adenomyotic lesions
within the myometrium. The levels of adhesion-related genes,
neural cell adhesion molecule 1 (NCAM]1), versican (VCAN),
L-selectin ligand, SLIT-ROBO Rho GTPase activating
protein 2 (SRGAP2) and disintegrin and metalloproteinase
domain-containing protein 12 (ADAMI2), are altered in
both the ectopic and eutopic endometrium from patients
with adenomyosis compared with the eutopic endometrium
from women without adenomyosis. Among these, NCAMI is
upregulated and VCAN and L-selectin ligand are downregu-
lated in the ectopic endometrium in adenomyosis than in the
corresponding eutopic endometrium and control groups. A
adenomyotic cell-induced switch of attachment into detach-
ment may, in turn, trigger a range of cell invasive signals
accompanied by destruction of ECM, thus creating an optimal
niche for adenomyotic cells to grow.

i) NCAMI (also known as CD56). NCAM1, also known as
CD56, is a NK cell marker and is involved in cell-to-cell inter-
actions, as well as cell-matrix interactions. NCAMI expression
has been shown to be increased in the ectopic endometrium
of patients with adenomyosis (28), while a decreased NCAM1
expression has been observed in the ectopic endometrium of
patients with endometriosis (29). Muscle repair and scarring are
driven by migratory CD56* NK cells, macrophages and fibro-
blasts that infiltrate injury sites and secrete growth factors (95).
This suggests that adenomyosis-related wound healing and
scarring may be associated with an increased CD56* cell
infiltrate. Therefore, an increased NCAMI expression may be
associated with the severity of dysmenorrhea (28).

ii) VCAN, versican. VCAN, a major component of the
ECM, is a large chondroitin sulfate proteoglycan. This gene
plays a central role in tissue morphogenesis and mainte-
nance through cell adhesion, migration, proliferation and
angiogenesis. VCAN is one of the molecules upregulated in
endometriosis (30), while this protein is downregulated in
adenomyosis (13).

iii) L-selectin ligand. The selectins mediate inflammatory
leukocyte trafficking on vascular endothelial cell surfaces,
which transduces the intracellular signal transduction
processes through selectin ligands. L-selectins induce the
integrin 2-dependent tyrosine phosphorylation of multiple
proteins, resulting in the enhancement of target cell adhesion,
slow rolling and recruitment. The expression of L-selectin
ligands is increased in endometriosis, but decreased in
adenomyosis (31). Aberrant adhesion represents an acquired
advantage of tumor cells directly responsible for an invasive
phenotype, which is considered to be a hallmark of cancer
progression. A reduced expression of adhesion molecules may
contribute to an enhanced invasive phenotype of adenomy-
otic cells. However, constitutive defects in L-selectin ligand
expression may be attributed to poor uterine receptivity and
cause implantation failure (31). Future studies are required to
focus on the mechanisms through which L-selectin ligands
affect adenomyotic cell adhesion, migration and invasion.

iv) SRGAP2. SLITs stimulates the GTPase activity of
RACI through the transmembrane receptor roundabout
(ROBO). SLIT/ROBO signaling has been linked to roles in
neuronal migration, leukocyte chemotaxis, angiogenesis
and cancer progression (96). The microvascular density is
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associated with SLIT expression (96). SRGAP2 increases cell
adhesion spreading and decreases cell migration. SLIT/ROBO
expression is higher in the ectopic endometrium from women
with adenomyosis (97) and endometriosis (96) compared with
the normal endometrium. SLIT/ROBO expression is higher in
recurrent endometriosis cases than in non-recurrent cases (96).

v) ADAMI2. ADAMI2 has been shown to be involved in
the regulation of a variety of biological processes, including
fertilization, muscle development, neurogenesis and tumor
angiogenesis. ADAMI12 facilitates tumor angiogenesis
through the activation of EGFR/STAT3/AKT-dependent
pathways (98). Similar to adenomyosis, ADAMI12 levels are
upregulated in endometriosis that has undergone a switch
to the angiogenic phenotype (96). ADAMI2 is involved in
heparin binding EGF-like growth factor (HB-EGF) shedding
in endometriosis (99).

Hormonal response (5 genes). Estrogen receptor (ER)
may be an important regulator in controlling gene expression
in endometriosis and may contribute to disease formation,
establishment, maintenance and progression (100). Functional
downstream target genes of ER may contribute to the epigen-
etic susceptibility to endometriosis (100). An enhanced
ERp (ESR2) activity stimulates the progression of endome-
triosis by inhibiting tumor necrosis factor-o. (TNF-a)-induced
apoptosis and increasing IL-1B-dependent cellular adhesion
and proliferation (101). The steroid hormone-mediated decidu-
alization signaling pathway is considered to be dysregulated
in endometriosis (100). Progesterone resistance is associated
with endometriosis and contributes to impaired decidualiza-
tion. The expression levels of ESR2, progesterone receptor
isoform B (PR-B), retinoid X receptor o (RXRa) and oxytocin
receptor (OXTR) genes and/or proteins are dysregulated in
the ectopic endometrial tissues of women with adenomyosis
and endometriosis. We could not find any key genes that can
differentiate adenomyosis from endometriosis.

i) Estrogen receptor 1 (ESRI; ERa); ii) ESR2 (ERf);
and iii) progesterone receptor isoform B (PR-B). The
ectopic endometrium in adenomyosis is rarely influenced
by hormonal changes and has potent proliferative proper-
ties (37). In adenomyosis and endometriosis, the promoters
of ERf and PR-B are hypomethylated and hypermethylated,
respectively (67,102,103). ER-p overexpression and the lack of
PR-B expression may explain progesterone resistance (103).
A similar expression pattern of ER-f and PR-B was found in
adenomyosis and endometriosis.

iv) RXRA (RXRa). RXRA is a member of the steroid
and thyroid hormone receptor superfamily of transcriptional
regulators. A decreased RXRA expression has been found in
endometriotic stromal cells of patients with adenomyosis (16)
and endometriosis (104).

v) OXTR. OXTR is upregulated in smooth muscle cells and
epithelial cells in adenomyosis (105) and peritoneal endome-
triotic lesions and ovarian endometriotic cysts (106). OXTR
overexpression may be responsible for increased uterine
contractility and dysmenorrhea (107).

EMT (3 genes). EMT contributes pathologically to both
adenomyosis and endometriosis, and this transition may be the
fundamental event, such as increased cellular invasiveness and
fibrogenesis (108). We explored key genes, including ANXA2,
integrin linked kinase (ILK) and catenin betal (CTNNBI).
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ANXA?2 may be a susceptibility gene that controls this
transition.

i) ANXA2. ANXA2 acts as a tumor-associated protein
and promotes cancer proliferation, invasion, EMT and
metastasis (35). ANXA2 expression has been found to be
upregulated (32) and downregulated (33,34) in adenomyosis
and endometriosis, respectively. E2 stimulates the expression
of ANXA?2 in adenomyotic endometrial cells and induces
EMT and angiogenesis via the p-catenin/T-cell factor (Tcf)
and HIF-1o0/VEGF-A signaling pathways (32). In addition,
ANXAZ2 contributes to lung (109) and liver (110) injury and
fibrosis, suggesting that ANXA?2 may be involved in fibrotic
process in adenomyosis occurring at the inner or the outer
myometrium

ii) ILK. oV3-integrins promote tumor growth and metas-
tasis by activating ILK via the Akt/mTOR and glycogen
synthase kinase 3 beta (GSK-3[3)/B-catenin signaling path-
ways (111). ILK plays a role in intercellular adhesion and
triggers the process of EMT, which plays a significant role
in the pathogenesis of adenomyosis and endometriosis (112).
ILK-induced EMT promotes the invasive phenotype in
adenomyosis (112) and endometriosis (113).

iii) CTNNBI. The aberrant activation of the Wnt/B-catenin
pathway may be involved in the pathophysiology of adeno-
myosis (114,115) and endometriosis (116,117). E2 drives
Wnt/B-catenin triggered up-regulation of MMP-9 and
VEGF (114,117).

Cell cycle regulation (3 genes). p27*?" and p21°™ are
key cell cycle regulators of endometriosis (95,118). The
dysregulation of the cell cycle control is one of the hallmarks
of adenomyosis and endometriosis. Musashi RNA binding
protein 1 (MSI1) and pluripotency markers [SRY-box tran-
scription factor 2 (SOX2)/POU class 5 homeobox 1 (OCT4)]
are overexpressed in adenomyosis; however, they are not able
to distinguish adenomyosis from endometriosis.

i) MSII (also known as Musashi-1). MSI1, a stem cell
marker, was identified as a regulator of cancer progression.
MSI1 reduces the expression of p21™ and promotes cell prolif-
eration and cell division. MSI1 expression has been shown to
be increased in adenomyosis (119) and endometriosis (120).

ii) SOX2; and iii) OCT4 (also known as POUSFI).
The transcription pluripotency factors, SOX2 and OCT4,
have been shown to be overexpressed in adenomyosis and
endometriosis (121).

Angiogenesis (1 gene). Ectopic endometriotic lesions
produce multiple pro-angiogenic factors, including VEGEF,
angiopoietin (Ang)-1 and Ang-2, PDGF, IL-1f, IL-6 and
IL-8, TNF-a, and TGF-f, Notch and HIF-1a that were also
upregulated in eutopic endometrium from patients with
endometriosis in comparison with endometrium from healthy
women (122). HIF-1a represents a key regulator of angiogen-
esis. HIF-1a expression has been shown to be increased in
adenomyosis (41,123) and endometriosis (120).

i) HIF-la. The ectopic endometrium of women with
adenomyosis (41) and endometriosis (123) may contribute to
an increased HIF-1a expression and the stimulation of angio-
genesis.

Oxidative damage (1 gene). Hemoglobin and iron origi-
nating from cyclic menstrual hemorrhage generate a wide
range of reactive oxygen species (ROS) and hydroxy radicals,
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which also induce redox signaling (124). Oxidative stress and
redox signaling may be implicated in the pathophysiology of
adenomyosis and endometriosis.

i) GPX, glutathione peroxidase. The expression of the
antioxidant protein, GPX, in adenomyosis has been shown
t obe upregulated throughout the menstrual cycle (13,125).
The aberrant expression of GPX in the ectopic and eutopic
endometrium also suggests a pathophysiological role in endo-
metriosis (125). Thus, the expression level of GPX may be
similar between two conditions.

Mitochondrial dysfunction (1 gene)

i) Superoxide dismutase 2 (SOD2; also known as
Mn-SOD). Since mitochondrial DNA is sensitive to oxidative
stress, ROS induces mitochondrial dysfunction. Adenomyosis
and endometriosis may be associated with mitochondrial
dysfunction, as reflected by enhanced inflammatory reaction
and decreased ATP production (13,126,127). ROS may induce
mitochondrial antioxidant enzyme, superoxide dismutase
(Mn-SOD) in ectopic endometrium of adenomyosis (128) and
endometriosis (127).

Prostaglandin biosynthesis (1 gene)

i) Prostaglandin-endoperoxide synthase 2 (PTGS2).
The expression of (PTGS2 (also known as prostaglandin
H synthase) is high in the ectopic endometrium of patients
with adenomyosis and endometriosis compared with eutopic
endometrium, suggesting that ectopic lesions are capable of
prostaglandin synthesis (84,129).

4. Conclusions and future considerations

Despite the advent of numerous genetic techniques and molec-
ular assessment, direct comparisons between adenomyosis
and endometriosis have not been performed to date, at least to
the best of our knowledge. In this review, we discuss the gene
expression features and core regulatory genes with which to
differentiate adenomyosis from endometriosis. Bioinformatics
approaches were applied to analyze the high-throughput
microarray datasets that were downloaded from NCBI-GEO.
Patients with adenomyosis displayed both coincident (91.2%)
and distinct (8.8%) gene expression profiles compared to
patients with endometriosis. Through the comparison of
the two conditions, we identified 274 (8.8%) adenomyosis
candidate genes that have little overlap with endometriosis.
Among these, we selected 50 genes whose expression profiles
have been published in a public repository (https:/www.ncbi.
nlm.nih.gov/pubmed/). Compared to endometriosis, adeno-
myosis exhibits an upregulation of IGF1, KISS1, NCAM1
and ANXAZ2, and a downregulation of OPN, VCAN and
L-selectin ligand. The candidate genes specifically altered
in adenomyosis may be related to the processes of invasion
of the endometrial basalis into the myometrium (KISS1), cell
survival and apoptosis (IGF1 and OPN), wound healing and
scarring (NCAM]1) and fibrosis (ANXA?2).

First, several researchers have explored the proposed
mechanisms of the pathogenesis of endometriosis. Recent
biological studies have used large-scale datasets combined with
bioinformatics to investigate global patterns of gene expres-
sion in a group of clinically heterogeneous disorders. The
differential gene expression profiles were compared between
ectopic and eutopic endometrial tissues of endometriosis via
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global genomics, transcriptomics and proteomics, coupled
with bioinformatics and biostatistics (6-11,130). Endometriosis
is involved in pathways, such as hormonal regulation, prolif-
eration, anti-apoptosis, cell cycle regulation, cytokines,
chemokines, (pro)inflammatory and immune response, stress
response and detoxification, metabolism, cell adhesion,
motility, invasion and survival of endometriotic cells. These
data have paid special attention to the role of oxidative stress,
which may be implicated in the pathophysiology of endome-
triosis, causing a general inflammatory response (131,132). The
retrograde flow of menstrual blood followed by severe hemo-
lysis occurs during the development of endometriosis, which
results in high levels of free heme and iron (131,132). These
compounds lead to DNA damage, oxidatively modify lipids
and proteins, and subsequently promote cell death, fibrosis
and carcinogenesis (131). Iron may also alter genome stability
through oxidative DNA damage and may have an impact on
gene expression (132). The highly expressed genes in endo-
metriosis mainly take part in the process of stress response,
detoxification and anti-apoptosis (131,132). Both the ectopic
endometrium and eutopic endometrium in endometriosis
exhibit anti-apoptotic activity (133). The aberrant expression
of anti-apoptotic molecules, such as BCL2 may be involved
in viability of ectopic endometrial cells by increasing cell
proliferation and decreasing cell apoptosis (38,55). Given that
endometriotic cells live in harsh environmental conditions, an
altered gene expression may result in enhanced anti-apoptosis
in order to cope with oxidative stress.

Second, both adenomyosis and endometriosis are identical
to their pathological and clinical features, although there are
some differences with regard to the proposed pathogenesis.
Adenomyosis results from the invagination of the endo-
metrial basalis into the myometrium, while endometriosis
originates from retrograde menstruation. The retrograde
menstruation theory does not explain adenomyosis (134).
Emerging evidence indicates that adenomyosis is a hetero-
geneous gynecologic condition and is subcategorized into
at least 3 subtypes: Subtype I adenomyosis results from the
invagination of the endometrial basalis into the myometrium;
subtype II occurs in the uterine outer layer without affecting
the inner structures; and subtype III adenomyosis results from
metaplasia (2,4). The identification of DEGs of each subtype
will provide a basis for the understanding of the complex
pathophysiology and etiology of adenomyosis and these
genes may be used as biomarkers of the early development
of adenomyosis. In addition, to explore the proposed mecha-
nisms of the pathogenesis of adenomyosis, the differential
gene expression profiles were compared between ectopic
and eutopic endometrial tissues of adenomyosis. Compared
with the eutopic endometrium of women with adenomyosis,
the major pathways in terms of highly significant functional
networks in ectopic lesions of adenomyosis included ER
signaling (steroid hormone responsiveness); cell death and
survival signaling (proliferation, angiogenesis and apoptosis);
cell-to-cell signaling (cell adhesion, interaction, movement
and invasion); signaling involved in extracellular matrix
remodeling; EMT signaling; would healing, scarring and
fibrosis; oxidative damage signaling (oxidative phosphoryla-
tion); inflammatory and immune response; mitochondrial
dysfunction; prostaglandin biosynthesis; and altered IncRNA
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and miRNA expression profiles (12-14,36,37,41,67,70,84,125,
131,135-137). Herndon et al reported that comparative tran-
scriptomic analysis identified 1,024 DEGs, 140 upregulated
and 884 downregulated genes, in the endometrium of women
with and without adenomyosis (13). The eutopic endometrium
in patients with adenomyosis has undergone extensive gene
expression changes (13). Not only the ectopic endometrium,
but also the eutopic endometrium in patients with adenomyosis
have fundamental abnormalities that may predispose to deep
myometrial invasion, inflammation, would healing, scarring
and then fibrosis, suggesting that these abnormalities may
play an important role in the pathogenesis of adenomyosis.

Third, we discuss for the first time, to the best of our
knowledge, the differential gene expression profiles of ectopic
tissues from women with adenomyosis and those from women
with endometriosis to explore core regulatory genes to differ-
entiate adenomyosis from endometriosis. The present review
provided a list of tissue-specific pathways that may be most
suited for adenomyosis, which were enriched in the terms
related to survival and apoptosis, immune and inflammatory
response, invasion and extracellular matrix remodeling, adhe-
sion and EMT (Table II). It was demonstrated that patients with
adenomyosis displayed both coincident (91.2%) and distinct
(8.8%) gene expression profiles compared to patients with
endometriosis. One may raise the question whether the two
conditions represent a continuum or separated clinical entities.
The answer to the question we posed is that the patterns of
gene expression profiling inferred from the two conditions
are genetically similar. However, particularly noteworthy
was that this study has revealed distinct molecular signatures
specific for adenomyosis features. We found that 8.8% of the
genes are considered to be adenomyosis candidate genes,
leading to an improved knowledge of adenomyosis etiology.
Vannuccini et al reported that adenomyosis and endometriosis
share common genetic mutations, although recent studies
offer a comprehensive landscape of different pathogenetic
mechanisms, including sex steroid hormone receptors, inflam-
matory molecules, extracellular matrix degradation enzymes,
growth factors and neuroangiogenic factors (138). A notable
characteristic is that adenomyosis may be more invasive and
survival benefit (increased expression of IGF1 and KISSI)
than endometriosis; adenomyosis has an array of defensive
mechanisms that can be adapted to cope with immune attack
(decreased expression of OPN); and adenomyotic lesions
show increased accumulation of ECM, leading ultimately to
fibrosis, possibly through increased expression of ANXA2.
Several genes and pathways that are specific to adenomyosis
may provide potential therapeutic targets for adenomyosis in
the future (135).

Finally, the results of this review are derived from
high-throughput microarray genomic datasets submitted by
the research community, which renders it difficult to draw firm
conclusions with regard to the etiology of adenomyosis from
existing evidence. Much of the published research datasets can
be influenced by the diagnostic approach, age, menstrual cycle
phase, the severity of the disease, intake of oral contracep-
tives, number of given births, tissue heterogeneity in lesions,
the concomitant presence of endometriosis, or the difference
in epigenetic modifications. Since both lesions consist of the
different cell types (e.g., epithelial glandular cells, stromal cells,
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fibroblasts, myofibroblasts, mesenchymal cells, inflammatory
cells, or immune cells), it is unclear which cells contribute
to gene expression variability. Among the 274 adenomyosis
candidate genes, we reviewed only 50 genes whose expression
profiles are being published in a public repository. To date,
the function of most of the candidate genes remain largely
unknown. Notwithstanding these limitations, this review will
help to elucidate the molecular mechanisms underlying the
pathogenesis of adenomyosis.

In conclusion, herein, we present a comprehensive gene
expression analysis of adenomyosis and endometriosis by
using NCBI-GEO database to identify adenomyosis candidate
genes and clarify the complex pathogenetic mechanisms.

5. Summary

Through eligible microarray data sets collected from
NCBI-GEQ, in this review, we present a large-scale survey
for the identification of candidate functional networks and
several key regulators to differentiate adenomyosis from
endometriosis. The results of bioinformatics analysis
revealed that adenomyosis patients displayed both coinci-
dent (91.2%) and distinct (8.8%) gene expression profiles
compared to endometriosis patients. Both conditions share
common pathways, but typical candidate genes are uniquely
regulated in adenomyosis. According to the functional
annotation of the DEG modules, the processes of invasion,
immune response, cell survival, wound repair and fibrosis
pathways are strongly associated with biological process
terms in adenomyosis.
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