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Comparison of Gene Expression Profile in Eutopic Endometria with or
without Endometriosis: A Microarray Study
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Obijective: Pathogenesis of the endometriosis is very complex and the etiology is still unclear. Our hypothesis is that
there may be some difference in gene expression patterns between eutopic endometriums with or without endometriosis.
In this study, we analyzed the difference of gene expression profile with cDNA microarray.

Methods: Endometrial tissues were gathered from patients with endometriosis or other benign gynecologic diseases.
cDNA microarray technique was applied to screen the different gene expression profiles from early and late secretory
phase endometria of those two groups. Each three mRNA samples isolated from early and late secretory phase of
endometrial tissues of control were pooled and used as master controls and labeled with Cy3-dUTP. Then the
differences of gene expression pattern were screened by comparing eutopic endometria with endometriosis, which
were labeled with Cy5-dUTP. Fluorescent labeled probes were hybridized on a microarray of 4,800 human genes.
Results: Twelve genes were consistently overexpressed in the endometrium of endometriosis such as ATP synthase
H transporting F1 (ATP5BY), eukaryotic translation elongation factor 1, isocitrate dehydrogenase 1 (NADP+), mitochondrial
ribosomal protein L3, ATP synthase H+ transporting (ATP5C1) and TNF alpha factor. Eleven genes were consistently
down-regulated in the endometriosis samples. Many extracellular matrix protein genes (decorin, lumican, EGF-containing
fibulin-like extracellular matrix protein 1, fibulin 5, and matrix Gla protein) and protease/protease inhibitors (serine proteinase
inhibitor, matrix metalloproteinase 2, tissue inhibitor of metalloproteinase 1), and insulin like growth factor Il associated
protein were included. Expression patterns of selected eight genes from the cDNA microarray were confirmed by
quantitative RT-PCR or real time RT-PCR.

Conclusion: The result of this analysis supports the hypothesis that the endometrium from patients with endometriosis
has distinct gene expression profile from control endometrium without endometriosis.
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Table 1. PCR primers for differentially expressed genes
in endometrial tissues with or without endometriosis

Genes PCR primers
Hypothetical protein 5'-tggacagctgtgtetttget-3'
BCO011593 5'-ggcagcatttgagtttccat-3'
Hypothetical protein 5'-getecttggagagagtgtgg-3'
MGC4251

S'-ccctgagaacccatgtgact-3'

5'-gagatccaaaacgcttcgag-3'
IGF-II associated protein 828 geliceas
5'-gatggagagccacgactagg-3'

S'-tcatccagaaacagggaagg-3'
PAPSSI g 28gaageg
5'-gcagaccaaaactgatgcaa-3'

S'-agcgttttgagcagaaagga-3'
5'-gaaggaggggaaatggatgt-3'
5'-gtgtggectgtgatcaaatgg-3'
S'-cgttatctgeetctccaage-3'

Non-metastatic cell 1

Leptin receptor-related
protein

5'-gcagtgagcatgtggaagaa-3'
S'-agtgcacaaaggggaaacac-3'

Thioredoxin interacting
protein

) S'-tecttttgggteectttctt-3'
Calumenin
S'-aggctctettgecacacagt-3'
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Figure 1. Gene expression patterns of secretory endome-
trium with endometriosis (n=9). The vertical axis corre-
sponds to genes, and the horizontal axis to tissues. Red
colors indicate relatively up-regulated genes compared
to normal endometrium, green colors indicate relatively
down-regulated genes compared to normal endometrium.

(a) The clustering result of early secretory phase chip in
5 cases

(b) The clustering result of late secretory phase chip in 4
cases

E.S: Early secretory, L.S: Late Secretory.
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Table 2. Commonly up- or down-regulated genes in endometrium of endometriosis compared to control

Ref. Seq. Gene Title (Gene symbol) E.SAve. L.SAve. Total Ave.
Up-regulated genes
NM_005627 serum/glucocorticoid regulated kinase (SGK) 32 1.8 2.5
NM_001769 CD9 antigen (CD9) 2.7 1.7 22
NM_ 138408 hypothetical protein BC011593 24 1.9 2.1
NM_004862 LPS-induced TNF-alpha factor (LITAF) 22 1.6 1.9
NM_001686 ATP synthase, H+ transporting, F1 (ATP5B) 2.0 1.7 1.8
NM_005742 protein disulfide isomerase-related protein (PDIA6) 1.9 1.8 1.8
NM_174921 hypothetical protein LOC201895 (LOC201895) 2.0 1.7 1.8
NM_005517 high-mobility group protein 17 (HMGN2) 2.1 1.6 1.8
NM_006817 chromosome 12 open reading frame 8 (C120rf8) 2.0 1.6 1.8
NM_007355 HSPCB 90kD protein 1 (HSPCB) 1.8 1.8 1.8
NM_001404 eukaryotic translation elongation factor 1 (EEF1G) 2.1 1.5 1.8
NM_007263 coatomer protein complex, epsilon (COPE) 1.7 1.8 1.7
Down-regulated genes
NM_001007139 Insulin-like growth factor II associated protein 0.3 0.5 04
NM_004105 EGF-containing fibulin-like EMP1 (EFEMP1) 0.4 0.7 0.5
NM_ 000900 matrix Gla protein (MGP) 0.4 0.7 0.5
NM_000358 TGF, beta-induced (TGFBI) 0.5 0.6 0.5
NM_012223 Myosin IB (MYOI1B) 0.4 0.7 0.6
NM_005928 milk fat globule-EGF factor 8 protein (MFGES) 0.5 0.6 0.6
NM_001001392 CD44 (CD44) 0.5 0.6 0.6
NM_001839 calponin 3, acidic (CNN3) 0.6 0.6 0.6
NM_004612 TGF beta receptor 1 (activin A receptor type II-like kinase) 0.6 0.7 0.6
NM_003711 phosphatidic acid phosphatase type 2A (PPAP2A) 0.6 0.7 0.6
M0926-5 Unknown 0.4 0.7 0.5
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Table 3. Genes specifically up-regulated in early secretory phase endometrium with endometriosis

Ref. Seq. Gene Title E.S Ave. L.S Ave.
NM_005896 isocitrate dehydrogenase 1 (NADP+) 5.8 1.1
NM_ 138288 hypothetical protein MGC24447 44 1.3
NM_005443 3'-phosphoadenosine 5'-phosphosulfate synthase 1 (PAPSS1) 3.8 1.1
NM_032376 hypothetical protein MGC4251 (MGC4251) 34 1.2
NM_007208 mitochondrial ribosomal protein L3 (MRPL3) 2.9 1.1
NM_005340 histidine triad nucleotide binding protein 1 (HINT1) 2.5 1.1
NM_000671 alcohol dehydrogenase 5 (class III) 2.5 1.1
NM_002129 high-mobility group protein 2 2.5 1.3
NM_006082 tubulin, alpha, ubiquitous (K-ALPHA-1) 24 1.2
NM_004126 guanine nucleotide binding protein 11 (GNG11) 24 0.9
NM 001833 clathrin, light polypeptide (CLTA) 2.3 1.2
NM_001959 eukaryotic translation elongation factor 1 beta 2 (EEF1B2) 2.3 1.1
NM_004074 cytochrome ¢ oxidase subunit VIII (COX8) 22 1.4
NM 005174 ATP synthase, H+ transporting (ATP5C1) 22 1.1
NM 001948 dUTP pyrophosphatase (DUT) 22 1.3
NM_001865 cytochrome ¢ oxidase subunit VIIa polypeptide 2 (COX7A2) 22 1.2
NM 005731 actin related protein 2/3 complex, subunit 2 2.1 1.3
NM_000454 superoxide dismutase 1, soluble 2.1 1.3
NM_002952 ribosomal protein S2 2.1 0.8
NM_001404 eukaryotic translation elongation factor 1 gamma 2.1 1.5
NM_004508 isopentenyl-diphosphate delta isomerase 2.1 1.2
NM_000269 non-metastatic cells 1, protein (NM23A) 2.0 0.9
NM_000026 adenylosuccinate lyase 2.0 0.9
NM_ 033022 ribosomal protein S24 2.0 0.8
NM 139207 nucleosome assembly protein 1-like 1 2.0 1.3

U710l A (Figure 2b), ZL2]3L leptin receptor gene-
related protein, thioredoxin interacting protein, calumenin
= 7] ZRPIA F=2 STk Fde BYle
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Table 4. Genes specifically down-regulated in early secretory phase endometrium with endometriosis

Ref. Seq. Gene Title E.S Ave. L.S Ave.
NM_033011 plasminogen activator (PLAT) 0.2 1.1
NM_001124 adrenomedullin (ADM) 0.2 24
NM_000598 insulin-like growth factor binding protein 3 (IGFBP3) 0.2 2.0
NM_009964 crystallin, alpha B (Cryab) 0.2 1.9
NM_006329 fibulin 5 (FBLNS) 0.2 0.9
NM_006169 nicotinamide N-methyltransferase (NNMT) 0.2 1.1
NM_000362 tissue inhibitor of metalloproteinase 3 (TIMP3) 0.2 12
NM_004530 matrix metalloproteinase 2 (MMP2) 0.2 0.7
NM_006224 phosphotidylinositol transfer protein,alpha (PITPNA) 0.3 1.2
NM_000062 Serpin proteinase inhibitor (SERPING1) 0.3 0.8
NM_004370 collagen, type XII, alpha 1 (COL12A1) 0.3 1.3
NM_002345 lumican (LUM) 0.3 0.9
NM_001919 dodecenoyl-Coenzyme A delta isomerase (DCI) 0.3 0.8
NM_003254 tissue inhibitor of metalloproteinase 1 (TIMP1) 0.3 0.9
NM_014172 Phosphobhistidine phosphatase 1 (PHPT1) 04 1.5
NM_006432 Niemann-Pick disease, type C2 (NPC2) 04 0.9
AF200348 Peroxidasin homolog (PXDN) 0.4 0.9
NM_000165 gap junction protein, alpha 1 (connexin 43) 04 0.9
NM_006096 N-myc downstream regulated gene 1 (NDRG1) 04 1.2
NM_001920 decorin (DCN) 0.4 1.0
NM_001908 cathepsin B (CTSB) 0.5 1.2
NM_001731 B-cell translocation gene 1, anti-proliferative (BTG1) 0.5 1.0
NM_133503 decorin, transcript variant A2 0.5 12
NM_004385 chondroitin sulfate proteoglycan 2 (versican) 0.5 1.2
NM_004512 interleukin 11 receptor, alpha (IL11RA) 0.5 0.9

Table 5. Genes specifically up- or down-regulated in late secretory phase endometrium with endometriosis

Ref. Seq. Gene Title E.S Ave. L.S Ave.
Up-regulated genes
NM 017526 leptin receptor overlapping transcript (LEPROT) 1.0 2.8
NM_006472 thioredoxin interacting protein (TXNIP) 1.2 34
NM 001219 calumenin (CALU) 1.0 1.9
NM_ 022783 DEP domain containing 6 (DEPDC6) 0.7 1.9

Down-regulated genes

NM 020315 pyridoxal (vitamin B6) phosphatase (PDXP) 1.0 0.5
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Figure 2. RT-PCR analysis of selected genes from cDNA array. The sample list are indicated at the top of each panel

and the genes are shown on the right side of each lane.

(a) Group of up-regulated genes during entire secretory phase: hypothetical protein BC011593 and MGC4251.
(b) Group of up-regulated genes during early secretory phase: PAPSS1, Non-metastatic cell 1.
(c) Group of up-regulated genes during late secretory phase: leptin receptor-related protein, thioredoxin interacting protein

and calumenin.
E.S: Early Secretory, L.S: Late Secretory.
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Hypothetical protein BC011593 Hypothetical protein MGC4251
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Figure 3. Quantitative analysis of gene expressions. Each band intensity of the RT-PCR product was measured using
Image J software (http:/rsb.info.nih.gov/ij/).

(a) Group of up-regulated genes during entire secretory phase: hypothetical protein BC011593 and MGC4251.

(b) Group of up-regulated genes during early secretory phase: PAPSS1, Non-metastatic cell 1.

(c) Group of up-regulated genes during late secretory phase: leptin receptor-related protein, thioredoxin interacting
protein and calumenin.

(d) The down-regulated gene during entire secretory phase: IGF-II associated protein.

E.S. Normal: Early secretory phase of normal endometrium, E.S: Early secretory phase with endometriosis, L.S. Normal:
Late secretory phase of normal endometrium, L.S: Late secretory phase of endometriosis.
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