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in all endometriotic samples. A lot of genes related with metabolic process,

cellular ketone metabolic process and ncRNA metabolic processing were in-
cluded. Expression patterns of selected five genes were validated by quantita-

factor binding protein 1. Six hundred forty three genes were down-regulated

tive real time PCR. The results of this analysis support that the eutopic endo-
metrium from patients with advanced-stage endometriosis has distinct gene
expression profile from eutopic endometrium of control without endometri-
osis.
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1. Introduction

Endometriosis is defined as the presence of endometrial tissue outside the uterus,
and this condition affects 6% - 10% of women of reproductive age. Endometri-
osis causes diverse clinical manifestations including subfertility, pelvic pain, and
dysmenorrhea, and has a significant detrimental impact on quality of life and
work productivity [1] [2]. Although the etiology of endometriosis remains elu-
sive, retrograde menstruation into the peritoneal cavity during menstruation is
widely accepted as a major contributing factor in the pathogenesis of this dis-
ease. However, backflow of menstrual materials through the fallopian tubes into
the pelvic cavity is a common phenomenon that occurs in up to 90% of menstruat-
ing women with patent fallopian tubes [3]. Therefore, it has yet to be determined
why endometriosis affects only a certain group of women. Furthermore, this find-
ing suggests that there may be immunological and genetic factors that determine
a woman’s susceptibility to endometriosis.

Endometriosis is a major cause of infertility and women with endometriosis
are twice as likely to have infertility [4] [5]. The correlation between endometri-
osis and infertility has not been clearly verified; damage to the anatomical rela-
tionship between the ovaries and the fallopian tubes due to serious endometri-
osis may be strongly suspected as the cause of infertility, but the association of a
mild condition of endometriosis that is not accompanied by such anatomical dam-
age with infertility is very controversial. The above finding suggests that there are
endometrial abnormalities that may obstruct embryo implantation, which may trig-
ger infertility.

In the past, gene expression research was able to work on only one gene each
time, but the introduction of DNA microarray technology enabled rapid and con-
current examination of mutual gene expression changes under different conditions
and in different types of cells [6]. A recent report that compared gene expression
patterns in the uterus linings of an endometriosis group and a control group
without the disease presented that the expression of certain genes in the endo-
metriosis group significantly decreased during the embryo implantation, which
may disturb implantation and result in infertility [7]. It also added that the ex-
pression of other genes in the endometriosis group significantly increased dur-
ing the embryo implantation and such increased expression may be associated
with the onset of endometriosis. Further, there was research reporting that en-
dometriosis patients had aberrant expressions of a certain gene associated with
the generation of the disease and impact on the abdominal cavity and other tis-
sues and that such patients’ normal uterus linings may look histologically nor-
mal but were biochemically abnormal [8] [9] [10]. Based on the above research
results, it is inferred that relative over-expression or under-expression of certain
genes in endometriosis patients’ uterus linings may generate the disease itself or
hinder embryo implantation during the implantation period. This study intends
to compare genes that show differences in expression in the normal uterine lin-

ing areas of an endometriosis group and in the uterine linings of a normal group
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and classify their expression regulation patterns in functional terms.

2. Materials and Methods
2.1. Selection of the Subjects

Endometrial biopsy specimens were obtained from endometriosis patients and
those with other diseases who underwent laparoscopy or laparotomy in the De-
partment of Gynecology and Obstetrics of Seoul National University Hospital
between January 2004 and December 2010. Among them, five endometriosis pa-
tients who were confirmed by laparoscopy or laparotomy as being in a moderate
or severe stage according to the guidelines of American Society for Reproductive
Medicine (1997) and five patients with no endometriosis detected in surgical find-
ings and pathohistological examination were selected; their endometriums were
qualified as being in the late secretory phase. Table 1 shows the endometriosis
group’s clinical characteristics. All 10 subjects were 40 years old or under, had a
regular menstruation period (26 - 35 days), were not pregnant, and had no his-
tory of taking drugs. The Institutional Review Board for human research of each
of the centers approved this project, and written informed consent was obtained

from each participant.

2.2. Collection of Endometrial Tissue and RNA

A biopsy of endometrial tissue using the Wallace Endometrial Sampler or Novak
Curette was taken from the uterus base of the subject. The tissue was transferred
to a 4°C RNA later (10 pl/1 mg of tissue) and trizol reagent (Gibco) and 200 pl
chloroform (Sigma) were added to it. They were well mixed. Then the solution
was centrifuged at 4°C at 12,000 rpm for 15 minutes. Only its clear upper layer
fluid was collected and it was moved it to a new tube. It was well mixed with an
equivalent amount of isopropanol (Sigma) and the solution was maintained in a
fixed state for 10 minutes. Then it was recentrifuged at 4°C at 12,000 rpm for 15
minutes. Its upper layer fluid was discarded and 1 ml 75% ethanol was added to

Table 1. Clinical characteristics of subjects: moderate/severe endometriosis group (n = 5).

Patient ID MCD# Age (yr) Para Stage Chief complaints and findings

Lower abdominal discomfort,
Ovarian mass,
R2381 MCD #25 38 1-0-1-1  Severe EMS . i
Leiomyoma, severe adhesion,

s/p myomectomy

Ovarian mass,

R2392 MCD #27 32 0-0-1-0  Severe EMS
Recurrent EMS
R2445 MCD #23 33 0-0-0-0 Moderate EMS I'infertility, Ovarian mass

Ovarian mass,

R2563 MCD #23 37 0-0-3-0 Moderate EMS . .
Leiomyoma, Adenomyosis

R2857 MCD #27 33 1-0-0-1  Severe EMS Ovarian mass

MCD: Menstrual count date; LSE: late secretory endometrium; EMS: endometriosis.
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it and mixed in. Then the solution was recentrifuged at 4°C at 8500 rpm for 10
minutes and its upper layer fluid was removed. The sediments were air dried for
5 to 10 minutes and melted in 100 pl nuclease-free water. The separated RNA
quantity and absorption ratios (260/280 ratio and 260/230 ratio) were measured
using the Nanodrop Spectrophotometer (ND-1000).

2.3. Microarray and Data Analysis

Total RNA was separated from the endometrial tissue and both cDNA and cRNA
were cleaned up. Hybridization, detection, and scanning were performed according
to the company Affymetrix’s standard protocol. The robust multi-array average me-
thod using Affymetrix’s GeneChip® Human Gene 1.0 ST array system was applied
for data analysis. The raw intensity values were processed through background
adjustment, normalization, and log2 transformation.

Among the standardized data that were p < 0.01 in the Student t-test, differen-
tially expressed genes (DEG), defined to the standards of 1.5 fold changes and maxi-
mum expression levels at 6 or higher, in the endometriosis group and in the con-
trol group were analyzed.

A heat map that shows graphic information of the measured gene intensity
values and a dendrogram that depicts the relationship between the groups were
drawn. In order to differentiate similar patterns of gene expression, hierarchical
clustering analysis was conducted according to the Ward-algorithmic method [11]
[12] and the distances between each test group in expression degrees were cal-
culated regarding expression degrees of DEG. Further, in order to assess the un-
certainty in the hierarchical clustering analysis, the pvclust method was employed
[13]; each group’s statistical significance standards were identified based on ap-

proximately unbiased (AU) p-value and bootstrap probability (BP) value.

2.4. Gene Oncology and Pathway Analysis

Genes that had differences in expression, as identified by the analysis of genet-
ic chip data, were classified by their functions, and a functional annotation clus-
ter of them was made using Database for Annotation, Visualization, and Inte-

grated Discovery (DAVID) software (http://david.abcc.ncifcrf.gov/summary.jsp)

[14] [15]. Moreover, attempts to obtain more detailed visual information on
pathways on which the genes acted were executed using the Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway database connected with DAVID soft-

ware.

2.5. Verification of Gene Expression Data

Genes with specific expression differences in the Affymetrix microarray analysis
included CYP24A1 and MMP10, whose expressions have been known to increase
in endometriosis patients by prior studies, GSTM5 and HOXA11, whose expres-
sions have known to decrease in such patients by prior studies, and IGFBP1, whose

results in this analysis conflicted with those from prior reports, were selected and

DOI: 10.4236/arsci.2017.54009

78 Advances in Reproductive Sciences


https://doi.org/10.4236/arsci.2017.54009
http://david.abcc.ncifcrf.gov/summary.jsp

K. R. Hwang et al.

Table 2. Sequences of the probes and primers for real time PCR.

Assay ID Sequence
MMP10 Hs00233987_ml TTACAGGCATTTGGATTTTTCTACT
CYP24A1 Hs00167999_m1 TGCGGTGGAAACGACAGCAAACAGT
IGFBP1 Hs00236877_m1 TCACAGCAGACAGTGTGAGACATCC
HOXAI11 Hs00194149_m1 GCCGGCGGCTCCAGTGGCCAACGCA
GSTM5 Hs00757076_m1 CTCCCGCTTTGAGGGTTTGAAGAAG

Annealing temperature: 60°C.

their relative expressions were verified through quantitative real time polyme-
rase chain reaction (PCR) using the ABI PRISM® 7000 sequence detection sys-
tem (SDS 7000, Perkin-Elmer Applied Biosystems, Lincoln, CA). As PCR master
mix components, indicated end concentration 2.5 ul water, 2.5 ul forward pri-
mer (9 pM), reverse primer (9 uM), 2.5 ul probe (2.5 uM), and 12.5 ul TagMan
PCR 2x master mixture (applied biosystems) were prepared and 50 ng reverse
transcribed total RNA in 5 ul was added as a PCR template. Table 2 shows the
used PCR primer and probe.

After the initial activation of uracil-N-glycosylase at 50°C for 2 minutes, Am-
pliTaq Gold was activated at 95°C for 10 minutes. The subsequent PCR condi-
tions consisted of 45 cycles of denaturation at 95°C for 15 seconds and annealing
and extension at 60°C for 1 min per cycle. During the PCR amplification, the am-
plified products were measured continuously through the determination of the
fluorescence emission.

Gene expression was standardized on the basis of the GAPDH (VIC/MGB probe,
primer limited) expression, corresponding to the Ct values of GAPDH by which
cycle numbers (threshold cycle, Ct) of detectable gene transcripts were denoted
as delta Ct. The relative quantitative value was expressed as 2744t in which
DeltadeltaCt refers to the difference in the values of delta Ct between the test
groups and the reference [16].

3. Results
3.1. Analysis of Gene Chip Data

In order to examine gene expression changes in relation to endometriosis, this
study obtained the endometrial tissues of five endometriosis patients and five oth-
er patients with no endometriosis whose endometriums were in the late secreto-
ry phase. However, during Affymetrix GeneChip analysis, the array data of two
patients that may be biological outliers were excluded and the endometrial tis-
sues of the other three endometriosis patients and the control group were used.
The excluded two subjects’ clinical characteristics (R2563 and R2857 in Table 1)
were not obviously different from those of the other three endometriosis patients
(Table 1) and such outliers were verified to be neither a byproduct of graphic

results that were not corrected through the Ward-algorithmic and Pvclust me-
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thods or a result of abnormal hybridization by the common reference probe
(Figure 1).

Among a total of 18,633 genes obtained by Affymetrix GeneChip analysis, the
expression of 462 genes increased (up-regulated) and the expression of 643 de-
creased (down-regulated), as selected by the standards of p < 0.01 in the Student
t-test, 1.5 fold changes, and maximum expression levels at 6 or higher.

Genes whose expression increased in the endometrium tissues of female patients
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Figure 1. Analysis of endometrium data by microarray. (a) Distance between samples by
Ward algorithm; (b) Heatmap. Red colors indicate relatively up-regulated genes compared
to normal endometrium, green colors indicate relatively down-regulated genes compared to
normal endometrium; (c) Statistical supports of hierarchical clustering. (AU: Approximate-
ly unbiased; BP: Bootstrap probability).

who developed endometriosis compared to the control group included matrix
metalloproteinase 10 (MMP10), cytochrome P450, family 24, subfamily A poly-
peptide 1 (CYP24A1), matrix metalloproteinase 3 (MMP3), chemokine (C-C mo-
tif) ligand 20 (CCL20), Rho family GTPase 1 (RND1), interleukin 1-beta (IL1B),
and insulin-like growth factor binding protein 1 (IGFBP1), and genes whose ex-
pression decreased were KIAA1210, serpin peptidase inhibitor, clade A (alpha-1
antiproteinase, antitrypsin), member 5, insulin-like growth factor binding pro-
tein 5 endoplasmic reticulum aminopeptidase 2, ectonucleotide pyrophosphatase/
phosphodiesterase 3,Homeobox All (HOXA11), and glutathione S-transferase mu
5 (GSTMS5).

3.2. Gene Ontology (GO) Analysis Result Using DAVID Software

Among the 462 genes whose expression increased by 1.5 fold or higher in the
endometrium tissues of female patients who developed endometriosis compared
to the control group, the GO group was selected; a biological process cluster
consisting of 134 genes was selected. Annotation groups with great significance
and high scored enrichment, characterized by their response to external stimu-
lus, immune system process, positive regulation of cell motion, and angiogene-
sis, were observed (Table 3) and the part of the genes in this GO group whose
expression increased are presented in Table 4.

Among the 643 genes whose expression decreased by 1.5 fold or higher in en-

dometrium tissues of female patients who developed endometriosis compared to
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the control group, GO group was selected; a biological process cluster consisting

of 109 genes was selected. Annotation groups involved in metabolic process,

cellular ketone metabolic process, and ncRNA metabolic processing were observed

Table 3. Gene ontology groups with significant over-representation among genes with

>1.5 fold increased expression in endometriosis.

No. of Enrichment

Category Specific GO Term Genes Score*
GOTERM_BP_ALL GO:0009605~response to external stimulus 71 10.92
GOTERM_BP_ALL GO:0002376~immune system process 57 9.69
GOTERM_BP_ALL GO:0051272~positive regulation of cell motion 16 7.68
GOTERM_BP_ALL GO:0001525~angiogenesis 19 6.86
GOTERM_BP_ALL GO:0042060~wound healing 26 6.54
GOTERM_BP_ALL GO:0007165~signal transduction 102 5.91
GOTERM_BP_ALL GO:0007275~multicellular organismal development 104 5.38
GOTERM_BP_ALL GO:0006935~chemotaxis 19 523
GOTERM_BP_ALL GO:0042127~regulation of cell proliferation 41 5.07
GOTERM_BP_ALL GO:0006915~apoptosis 34 4.99
GOTERM_BP_ALL GO:0030574~collagen catabolic process 6 3.49

Enrichment score*: To rank overall importance (enrichment) of gene group.

Table 4. Genes significantly highly up-regulated in endometriosis (p < 0.01, maximum

expression > 6).

Gene name Gene symbol Gene ID Fold change

Collagen catabolic process

matrix metallopeptidase 10 MMP 10
matrix metallopeptidase 1 MMP1
matrix metallopeptidase 8 MMP8

Response to external stimulus

cytochrome P450, family 24, subfamily A, polypeptide 1 CYP24A1

matrix metallopeptidase 3 MMP3
insulin-like growth factor binding protein 1 IGFBP1
interleukin 8 IL8

Immune system process

chemokine (C-C motif) ligand 20 CCL20
interleukin 1, beta IL1B
interleukin 1, alpha IL1A

intercellular adhesion molecule-1 ICAM1

Signal transduction

rho family GTPase 1 RND1

4319

4312

4317

1591

4314

3484

3576

6364

3553

3552

3383

27289

89.0

9.4

5.3

294

20.8

7.7

7.0

25.6
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Table 5. Gene ontology groups with significant over-representation among genes with

>1.5 fold reduced expression in endometriosis.

No. of Enrichment

Category Specific GO Term Genes Score*
GOTERM_BP_ALL GO:0008152~metabolic process 336 5.46
GOTERM_BP_ALL GO:0042180~cellular ketone metabolic process 41 3.38
GOTERM_BP_FAT GO:0034660~ncRNA metabolic process 21 2.58
GOTERM_BP_FAT GO:0016054~organic acid catabolic process 15 2.49
GOTERM_BP_ALL GO:0006259~DNA metabolic process 32 2.32
GOTERM_BP_FAT GO:0051186~cofactor metabolic process 17 1.84
GOTERM_BP_ALL GO:0006629~lipid metabolic process 42 1.82
GOTERM_BP_FAT GO:0022613~ribonucleoprotein complex biogenesis 17 1.77
GOTERM_BP_FAT GO:0051276~chromosome organization 28 1.51
GOTERM_BP_ALL GO:0006259~DNA metabolic process 32 1.46

Enrichment score*: To rank overall importance (enrichment) of gene group.

Table 6. Genes significantly highly down-regulated in endometriosis (p < 0.01, maximum

expression > 6).

Gene name Gene Gene  Fold
symbol ID  change

Metabolic process
KIAA1210 KIAA1210 57,481 -6.9
serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), SERPINAS 5104 56
member 5
insulin-like growth factor binding protein 5 IGBBP5 3488 =51
endoplasmic reticulum aminopeptidase 2 ERAP2 64,167 -44
ectonucleotide pyrophosphatase/phosphodiesterase 3 ENPP3 5169 -4.3
synaptotagmin-like 5 SYTL5 94,122 4.2
homeobox A1l HOXA1l 3207 -3.6
3-hydroxy-3-methylglutaryl-Coenzyme A reductase HMGCR 3156 -3.2
glutathione S-transferase mu 5 GSTM5 2949 -3.2
interleukin 20 receptor, alpha IL20RA 53,832 -24

(Table 5) and part of the genes in this GO group whose expression decreased are

presented in Table 6.

3.3. Pathway Analysis

Among the genes whose expression increased or decreased, a total of 21 Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathways were identified (Table

7). In the case of the cytokine-cytokine receptor interaction pathway and the adi-

pocyte signaling pathway, both genes with increased expression and decreased

expression were denoted on a single map (Figure 2).
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Table 7. KEGG Pathways selected by DAVID analysis in endometriosis.

Category Term Count %* P Value* Genes
Up-regulated
CXCL1, TNFRSF21, TNFRSF12A, CSF1, CXCL2, TNFSF15, CCLS,
KEGG_  hsa04060:Cytokine-cytokine TNFRSF8, CX3CL1, TNFRSF11B, TNFRSF1B, IL23A, CCL20,
. X 28 7.272727273 5.42E-09
PATHWAY receptor interaction TNFRSF18, CSF3R, IL1B, CSF2RB, PRL, IL1A, IL2RA, IL8, OSM,

INHBA, IFNAR2, RELT, TNFRSF10D, CXCL16, PDGFRB
FGF18, PLD1, EPAS1, PTGS2, IL8, NFKBIA, NFKB2, BIRC3,

KEGG_ hsa05200:Pathways in ” 6.233766234 6.57E-05 RALGDS, MMP1, SHH, IGF1R, RASSF5, CBLB, CDKN1A,
PATHWAY cancer ’ ' CDKN2B, LAMC3, ETS1, ITGAV, SLC2A1, CSF3R, PDGFRB,
RUNX1, FGF2
KEGG_ hsa04621:NOD-like CXCL1, NOD2, IL8, CXCL2, CCL8, NFKBIA, IL1B, RIPK2,
L 10 2.597402597 6.83E-05
PATHWAY receptor signaling pathway TNFAIP3, BIRC3
KEGG_ hsa04640:Hematopoietic IL2RA, GP1BB, ITGAS5, CSF1, IL1B, CSF3R, ITGB3, IL1A,
. 10 2.597402597 7.80E-04
PATHWAY cell lineage HLA-DRA, CD7

KEGG_ hsa04610:Complement and

8 2.077922078  0.003833629 PLAT, C5AR1, CFB, F3, TFPI, PLAU, F2R, PLAUR
PATHWAY coagulation cascades

KEGG_ hsa04666:Fc gamma
. i 8 2.077922078  0.020908628 PLDI1, MYO10, FCGR2C, CFL2, SPHK1, ASAP1, FCGR2A, FCGR3A
PATHWAY  R-mediated phagocytosis
KEGG_ hsa04810:Regulation of GNA13, FGF18, SSH1, MRAS, GNA12, ITGB3, ITGA5, ITGAV,
) 13 3.376623377  0.021870623
PATHWAY actin cytoskeleton CFL2, ITGB6, PDGFRB, FGF2, F2R
KEGG hsa04630:Jak-STAT OSM, IFNAR?2, CBLB, IL23A, IL2RA, SOCS3, PIM1, CSF2RB,
- 10 2.597402597  0.037676726
PATHWAY signaling pathway CSF3R, PRL
KEGG_ hsa04920:Adipocytokine
i i 6 1.558441558  0.045904686 IRS2, TNFRSF1B, NFKBIE, SOCS3, SLC2A1, NFKBIA
PATHWAY signaling pathway
KEGG_ hsa04010:MAPK signaling FGF18, MRAS, RELB, GNA12, NFKB2, DUSP4, RASGRP1,
14 3.636363636  0.046369117
PATHWAY pathway GADD45G, MAP3K8, IL1B, PDGFRB, NFATC2, FGF2, IL1A
Down-regulated
KEGG hsa00280:Valine. leuci ALDH6A1, ACADM, BCAT2, EHHADH, BCKDHB, ACAT1,
- savbeshivaling, feucine 1y 2337228715 5.24E-10 ALDH3A2, HIBADH, DBT, ALDH7AL, IVD, MCCC1, OXCTT1,
PATHWAY and isoleucine degradation
PCCB
KEGG_ hsa00640:Propanoate ALDHG6A1, LDHB, ALDH7A1, ACADM, SUCLG2, EHHADH,
k 11 1.83639399 3.10E-08
PATHWAY metabolism ACACA, ACSS2, ACATI1, PCCB, ALDH3A2
KEGG_ hsa00071:Fatty acid CPT1C, ALDH7A1, ACADM, EHHADH, ADH5, ADH5P4, ACATI,
i 9 1.502504174 3.05E-05
PATHWAY metabolism ALDH3A2, DCI, CPT1A
KEGG_ hsa00310:Lysine 3 1.335559265 435604 SETDBI, ALDH7A1, EHHADH, SETMAR, TMLHE, ACAT1,
PATHWAY degradation ’ ’ ALDH3A2, SUV420H1
KEGG_ hsa00620:Pyruvate 7 1168614357 0.001551163  LDHB, ALDH7A1, ACACA, DLAT, ACSS2, ACAT1, ALDH3A2
PATHWAY metabolism
KEGG_ hsa00010:Glycolysis/ LDHB, GALM, ALDH7A1, ADH5, DLAT, PFKM, ACSS2, ADH5P4,
i 8 1.335559265  0.002853392
PATHWAY Gluconeogenesis ALDH3A2
KEGG_ hsa00650:Butancate 6 1.001669449  0.003677294 ALDH7A1, OXCT1, EHHADH, ACAT1, BDHI, ALDH3A2
PATHWAY metabolism ’ ’ ? ? ’ ? ’
KEGG hsa00072:Synthesis and
- degradation of 3 0.500834725  0.031809524 OXCT1, ACAT1, BDH1
PATHWAY )
ketone bodies
KEGG_ hsa00410:beta-Alanine 4 0.667779633  0.031983898 ALDH7A1, ACADM, EHHADH, ALDH3A2
PATHWAY metabolism
KEGG_ hsa00380:Tryptophan 5 0834724541  0.038178672 ALDH7A1, CYP1B1, EHHADH, ACAT1, ALDH3A2
PATHWAY metabolism ’ ’ ? ? ’ ’
KEGG hsa00980:Metabolism of
PATHW_AY xenobiotics by 6 1.001669449 0.0399123 GSTA4, GSTM4, CYP1B1, GSTK1, ADH5, ADH5P4, GSTM5
cytochrome P450

%*: Number of genes involved in given term is divided by the total number of input genes; p value': To examine the significance of gene-term enrichment
with a modified Fisher’s exact test.
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tathway information generated by KEGG. i [¥|:Stop Blinking

3.4. Verification of Genes

Among the genes whose expression increased or decreased in endometriosis tis-
sues, the expression patterns of five types of genes, MMP10, IGFBP1, CYP24Al,
HOXAI11 and GSTM5, were verified with the real time PCR method. The sam-
ples used here were the same ones used in the gene chip experiment. With
2-deltadeltaCt of the control group used in the gene chip experiment assumed as
1, fold changes in each endometriosis patient were identified.

The real time PCR expression of MMP10, IGFBP1, and CYP24A1 increased in
all endometriosis patients, while that of GSTM5 decreased in all endometriosis
patients. In the case of HOXAL1I, its expression in one patient did not decrease

but the average value of the three patients showed an overall decreasing pattern
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Figure 2. Differential expression of genes involved in cytokine-cytokine receptor interaction (a) and adipocyte signaling pathway
(b) in late secretory endometrium from women with vs. without endometriosis. In this diagram, each box represents a particular
gene. Up-regulated genes are represented in red, whereas down-regulated genes are represented in blue. Diagram adapted from
KEGG (http://www.genome.jp/kegg/).
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in expression, which was consistent with the gene chip experiment result (Table

8). Spearman’s correlation method verified that changes in expression measured

by the gene chip analysis and those measured by the real time PCR method were

statistically and significantly correlated (p = 0.037, R* = 0.97) (Figure 3).

4. Discussion

Retrograde menstruation, coelomic epithelial cell metaplasia and lymphatic or

vascular dissemination have all been put forward as possible hypotheses for the

Table 8. Real time PCR results in the mRNA levels of MMP10, IGFBP-1, CYP24A1, HOXA11,

and GSTMS5 in each case of the endometriosis group.

Fold Change by PCR

Gene Symbol Fold'Change by
R2381 R2392 R2445  Case mean Microarray
MMP10 5716 629.2 455.3 2266.8 89.0
IGFBP-1 842.2 183.3 1099 708.2 33.69
CYP24A1 191.3 97.23 17.96 102.2 15.86
HOXAI11 0.328 1.594 0.658 0.9 3.6
GSTMS5 0.461 0.142 0219 0.3 32

Values are fold change from control group.
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Figure 3. Relationship between fold changes in gene expression by microarray versus real
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pathogenesis of endometriosis. Genetic, immunologic, and environmental factors
have also been found to be associated with endometriosis. However, the exact mo-
lecular mechanism of the development of endometriosis has not been elucidated.
It has recently been proposed that there are differences between the endometrial
tissues of women with endometriosis and those of normal women, and these may
be the cause of infertility in these patients.

This study used the Affymetrix GeneChip system, which prints the genetic
information directly onto a chip by photolithography. Compared to the conven-
tional spotted oligonucleotide microarray, it offers excellent reproducibility and
high specificity and sensitivity, and has many advantages in quantitative analy-
sis.

In a study on the molecular mechanism of implantation problem in endome-
triosis, Giudice et al reported that the products of specific genes were significantly
decreased in the endometriosis group compared to the control group in the
“window of implantation”, which corresponds to the middle period of the se-
cretory stage of the endometrium [8]. These genes were integrin av and /3, leu-
kemia inhibitory factor (LIF), HOXA-10 and HOXA-11. These genes show in-
creased expression in the secretory stage in normal patients and play a key role
in the establishment and maintenance of embryo implantation. However, they
show decreased expression in endometriosis patients and may cause infertility
due to failed implantation.

Studies that compared the eutopic endometria of endometriosis patients with a
normal control group are listed in Table 9. Kao ef al used high-density oligonucleotide

Table 9. Gene expression microarray studies performed on human endometrial tissue.

Cycl No. of No. of
Study YEe EMs stage Subjects Array reference -0 00
phase Up-regulated genes Down-regulated genes
i EMS (+):8 Affymetrix 91 genes 1150 genes
K t al, 2003 MSE Mild derat:
aoeta ild/moderate g 16 ()7 GeneChip Hu95A (EST 28) (EST 29)
LPE, Not defined/ Clontech ATLAS Epithelial cell Epithelial cell
. ESE, . EMS (+):12 3/11/6/5 1/28/8/20
Matsuzaki et al, 2005 epithelial HUMAN 1.2 cDNA
MSE, EMS (-):12 K Stromal cell Stromal cell
vs stromal cell expression array
LSE 1/44/0/2 7/7112/1
PE EMS (+):21
’ (6/6/9) Affymetrix 252/747/428 447/1741/293
Burney, efal, 2007  ESE. Moderate/severe
MSE EMS (-):16 Human U133-Plus 2.0 (>1.5 fold) (>1.5fold)
(5/3/3)
EMS (+):
Sherwin ef al, 2008 LSE Minimal/mild 5>4 C'usto‘m—made arra‘y, 8 genes 1 gene
Moderate/severe 5>4 University of Cambridge  (p < 0.01, >1.75 fold) (p <0.01, >1.75 fold)
EMS (-):6
ESE EMS (+):9 KNU 4.8K cDNA ESE: 25 genes ESE: 25 genes
Chung et al, 2007 Not defined (5/4) .
LSE EMS (=):3 chip LSE: 4 genes LSE: 1 genes

PE, proliferative endometrium; SE, secretory endometrium; MSE, midsecretory endometrium; LPE, late proliferative endometrium; ESE, early secretory

endometrium; LSE, secretory endometrium; EMS, endometriosis.
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microarrays to search genes that showed different expression levels between these
two groups in the implantation phase. They confirmed these differences through
reverse transcriptase polymerase chain reaction, Northern blot and dot blot ana-
lyses. As a result, they found that some genes showed increased expression in the
normal endometrium in the implantation phase, but showed significantly low
expression in endometriosis and vice versa. Thus, they claimed that the expres-
sion levels of these specific genes in endometriosis patients could be the cause of
implantation problems or endometriosis [7]. In 2005, Matsuzaki et al. compared
the genetic expression of the epithelial and matrix cells of the endometrium of
normal women to those of women with severe endometriosis by cDNA expres-
sion array. They reported that in the late secretory stage, the expression levels of
genes related to two signal transduction paths significantly increased [17].

The study by Chung et al in 2007 is the only Korean study on the differences
in gene expression in endometriosis and used the KNU 4.8 k cDNA chip. They
reported that genes associated with energy production, metabolism and signal
transduction showed higher expression levels in endometriosis patients than in
the control group and genes associated with the composition and function of the
extracellular matrix showed lower expression levels. However, this study meas-
ured the expression level of a very small number of genes: 4 genes that showed
increased expression and 1 gene that showed decreased expression in the late se-
cretory stage. It is difficult from this result to determine whether endometriosis
patients have significantly different expression profiles in the late secretory stage
compared to the control group [18].

In 2008, Sherwin ef al used a custom made array to analyze the genetic ex-
pression profile in the endometrial tissues in the late secretory stage of 8 endo-
metriosis patients (4 in minimal/mild stage and 4 in moderate/severe stage) and
6 control subjects. They found 8 genes that showed increased expression and 1
gene that showed decreased expression. They concluded that as there were no tran-
scripts distinguishing between the minimal/mild stage and the moderate/severe
stage, this did not provide a theoretical basis for the minimal invasive theory of
endometriosis [19].

The present study found that in late stage endometriosis patients, the expres-
sion of 462 genes significantly increased, whereas the expression of 643 genes
decreased. The genes that showed greatest increased expression levels in the en-
dometrial tissues of women with endometriosis compared to the control group
were matrix metalloproteinase 10 (MMP10), cytochrome P450 family 24 subfa-
mily A polypeptide 1 (CYP24A1), matrix metalloproteinase 3 (MMP3), chemo-
kine (C-C motif) ligand 20 (CCL20), Rho family GTPase 1 (RND1), interleukin
1-beta (IL1B), and insulin-like growth factor binding protein 1 (IGFBP1).

Matrix metalloproteinases (MMP) decompose extracellular matrix and assist
the disruption of normal endometrium and the growth of new endometrium. The
expression of MMP in endometrial tissue increases in the early menstrual cycle
but is suppressed by the action of progesterone in the secretory stage. However, the

expression of MMP during the secretory stage of endometriosis patients shows
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abnormal resistance to the suppression effect of progesterone. This allows endo-
metrial cells that have been introduced into the abdominal cavity due to retro-
grade menstruation to invade the peritoneal surface and proliferate [20] [21] [22].

It has been reported that Intercellular adhesion molecules (ICAM-1) also de-
crease the activity of natural killer cells (NK cells) and the increasing concentra-
tion of soluble ICAM-1 in the abdominal cavity of endometriosis patients is as-
sociated with the decreasing activity of NK cells [23] [24]. Furthermore, ICAM-1
is separated from the cell surface by proteolytic cleavage of extracellular matrix;
therefore the concentration of ICAM-1 in endometriosis lesions is associated with
the expression of MMPs such as MMP-1 and MMP-9 [25] [26] [27]. This study
also found increased expression of MMP-1 and ICAM-1 genes in late secretory
stage endometrium in endometriosis patients, which lends weight to the theory
that avoidance of immune surveillance is associated with the initial formation of
endometriosis lesions.

The ectopic endometrium is known to be resistant to apoptosis. When exposed
to the intra-abdominal environment, genes related to anti-apoptosis such as inter-
leukin 1-beta (IL1B) and tumor necrosis factor alpha-induced protein 3 (TNFAIP3)
increase to improve cell survival. The expression of genes related to chemokine
activity and cytokine activity, as well as those related to the NF-kappa combina-
tion also increase, and this implies that defects in inflammatory response and
signal transduction are involved in the pathogenesis of endometriosis.

IGFBP-1 is known to be a marker that is sensitive to the decidualization of ma-
trix cells. In a study, the expression of IGFBP-1 in the endometrium of women
with endometriosis in the window of implantation (middle of secretory stage)
was compared to that of the control group [28]. However, it was only in the late
secretory stage that expression was found to increase. In a study using immuno-
cytochemistry and functional bioassay, Klemmt et al. reported that IGFBP-1 se-
creted from endometrial matrix fibroblasts cultured from women with endome-
triosis was decreased relative to normal women [29]. This may be associated with
loss of endometrial differentiation capacity and could affect the proliferation and
survival ability of endometrial cells in the heterotopic environment. Although
this study has the limitation that progesterone was not used to induce deciduali-
zation and the cells were randomly obtained in various phases of the menstrual
cycle, this finding suggests that the decidualization signal transduction system
and endometrial receptivity could be affected in these patients. Kim et al reported
that HOXA10 mRNA increased in the normal endometrium of baboons with in-
duced endometriosis, and that the expression of IGFBP1 mRNA showed a greater
reaction to estradiol, medroxyprogesterone acetate and dibutyryl c-AMP compared
to the endometrial matrix cells of normal baboons. Furthermore, they observed
that HOXA10 in the matrix of cultured human endometrial cells in vitro decreased
the level of IGFBP1 mRNA expression [30]. Therefore, HOXA10 should act con-
trary to the expression of IGFBP1 in decidualized cells and the decrease of HOXA10

in endometriosis may be partially related to the changing environment of the ute-
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rus.

Previously, it had been reported that IGFBP1 was expressed in the endome-
trium in the late secretory stage [31] and that baboons with induced endometri-
osis showed this phenotype rather than the phenotype of the middle secretory
stage [32]. These results agree with the findings of this study that the expression
of IGFBP1 in both the genetic chip analysis and quantitative real time PCR in-
creased in the late secretory phase of the endometriosis patient group. It is not
easy to understand the relationship of IGFBPI to the receptivity of the endome-
trium, as this mechanism has not been clearly investigated. However, we can
imply from these results that IGFBP1 could enter the abdominal cavity by retro-
grade flow and stimulate the proliferation of endometrial cells previously depo-
sited there.

Genes that showed relatively decreased expression in the endometrial tissues
of women with endometriosis were mainly associated with metabolic processes,
such as ketogenesis and the generation of ncRNA. This could play a part in the
development of endometriosis by creating an environment in which more men-
strual blood flows backward into the abdominal cavity. It was found that the ex-
pression of glutathione S-transferase M5 (GSTMS5), part of the phase II detoxifi-
cation system, decreased. This enzyme removes toxic materials activated by the
phase I enzyme CYP450 by combining them with glutathione. This could be sig-
nificant, as there is a possibility that dioxin levels are connected to endometri-
osis.

There have been many recent studies on suppression resistance of estradiol-
induced mitosis, which is mediated by progesterone in normal endometrial tis-
sues, as well as attenuation mediated progesterone resistance. Burney et al reported
that the expression levels of the progesterone control genes (MIG6, FOXO1A,
metallothionines, glycodelin, ILR1, and stanniocalcin) significantly decreased in
the early and middle secretory stages, but decreased levels of progesterone in the
late secretory stage were not associated with significantly decreased expression
of these genes [28]. This suggests that the control mechanisms of progesterone
secretion in endometriosis patients could vary between the early and middle se-
cretory stages and the late secretory stage. Furthermore, it was found that the
expression of the HOXA-11 gene is up-regulated in the window of implantation
in normal endometrial tissue, but down-regulated for women with endometriosis
[33]. Lee et al. reported that when the endometrium of normal mice was exposed
to the endometriosis environment, the expression of progesterone-reactive genes
(Hoxal0, Hoxall) associated with the receptivity of the endometrium decreased
[34].

In the above-described results obtained with high-density oligonucleotide mi-
croarrays, certain genes showed significantly different expression levels in en-
dometriosis patients in progressed stages compared to the normal endometrium
of the control group. A real-time PCR was conducted with the genes that showed
increased expression in endometriosis such as CYP24A1 and MMP10, the genes
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that decreased expression such as GSTM5 and HOXAL11, as well as the IGFBP1
gene, and it was found that they agreed with the results of the genetic chips in this
study. As a high number of target groups would improve the power of study re-
sults and decrease the false discovery rate [35], the use of a relatively small number
of samples in the microarray could be a limitation of this study. However, the sig-
nificance is sufficient, considering that the existing studies on endometriosis pa-
tients experimented with similar sample sizes.

According to a recent review article, the inflammatory nature of endometri-
osis, accompanied by excess estrogen action, leads to a constellation of changes
in the eutopic endometrium that interferes with normal embryo implantation.
Also Signaling pathways associated with proliferation and cell survival are acti-
vated in endometriosis, and antiproliferative progesterone pathways are turned
off [36]. Although endometrial receptivity is not impaired in women with endo-
metriosis when healthy embryos reach the endometrial cavity [37], it seems clear
that the eutopic endometrium of women with endometriosis biologically affect
endometrial receptivity based on our results.

Furthermore, whereas existing studies compared the groups mainly in the im-
plantation phase, focusing on infertility due to embryo implantation defects, this
study used a high-density oligonucleotide microarray which can objectively ana-
lyze the pathogenesis of endometriosis and a large number of genes related to the
pathophysiology in the late secretory stage which is presumed to be close to the
time of retrograde menstruation.

The question still remains whether the interactions or differences between genes
that show increased or decreased expression is the cause or result of endometri-
osis, and so studies are required to compare the genetic expression in each sub-
divided phase of menstrual cycle and which use more diverse bioinformatics. How-
ever, the confirmation of the existence of pathophysiologically meaningful genes in
patients with endometriosis through microarray analysis both broadens our un-
derstanding of the pathogenesis of endometriosis and assists the development of

noninvasive diagnosis techniques and new approaches to therapy.
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