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Object: The present study was accomplished to obtain a gene expression profile of the luminal
epithelium during embryo apposition in comparison of implantation (IM) and interimplantation (INTER)
sites.

Material and Method: The mouse uterine luminal epithelium from IM and INTER sites were
sampled on day 4.5 (Day of vaginal plug = day 0.5) by Laser Captured Microdissection (LCM). RNA
was extracted from LCM captured epithelium, amplified, labeled and hybridized to microarrays.
Results from microarray hybridization were analyzed by Significance Analysis of Microarrays (SAM)
method. Differential expression of some genes was confirmed by LCM followed by RT-PCR.

Results: Comparison of IM and INTER sites by SAM identified 73 genes most highly ranked at IM,
while 13 genes at the INTER sites, within the estimated false discovery rate (FDR) of 0.163. Among 73
genes at IM, 20 were EST/unknown function, and the remain 53 were categorized to the structural, cell
cycle, gene/protein expression, immune reaction, invasion, metabolism, oxidative stress, and signal
transduction. Of the 24 structural genes, 14 were related especially to extracellular matrix and tissue
remodeling. Meanwhile, among 13 genes up-regulated at INTER, 8 genes were EST/unknown function,
and the rest 5 were related to metabolism, signal transduction, and gene/protein expression. Among
these 58 (53+5) genes with known functions, 13 genes (22.4%) were related with Ca*" for their function.

Conclusions: Results of the present study suggest that 1) active tissue remodeling is occurring at the
IM sites during embryo apposition, 2) the INTER sites are relatively quiescent than IM sites, and 3) the
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Ca®" may be a crucial for apposition. Search for human homologue of those genes expressed in the
mouse luminal epithelium during apposition will help to understand the implantation process and/or

implantation failure in humans.
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Table 1. Sequences of oligonucleotide primers and their annealing temperature and RT-PCR product sizes

Description of the Gene

Oligonucleotide Sequences

Annealing ('C)  Size (bp)

Procollagen, type 1, al

Serine/cysteine proteinase inhibitor
(HSP 47)

Proteoglycan, secretory granule

Secreted acidic cysteine rich
glycoprotein (SPARC)

Follistatin-like
Collapsing response mediator protein 1
(CRMP-1)

Calpain 7

5-GCCAGAACATCACCTATCAC-3'
5-GAGGGAGTTTACACGAAGC-3'

5-GACATGGAGCCCAGATACTA-3'
5-CATAACAGTTCTAGGGCAGG-3'

5-GGGGTAACAGGATTCAAGAG-3'
5S-GATGACTATGGGTCAGGTTC-3'

5“TACTGTGAGACCTGAGGACC-3’
5-CCTGTGAGATCTGACCATTC-3'

5'-TCTAAGAAGAGGCACAGAGC-3'
5-ACACAGGTAACTAGTTGGGC-3'

5-CACAGAGGGTCAGAGACTCA-3'
5~CACTAGAAAGATGTGGTCCC-3'

5'-GGATGGAGAACCAGAGTACA-3'
5“CAGCTTCAGTCATTACTCCC-3'

63 315
63 356
63 350
63 480
63 517
53 290
63 383
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& 8I31.2H, Image Analyzer (Vilber Lourmat, France)
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6. Statistical Analysis
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Table 2. List of genes related to the structural proteins, cell cycle, gene/protein expression, immune-related, metabolism,
oxidative stress and signal transduction, significantly increased at the implantation site (IM)

Description of the Gene Agf:;ginﬁb_ S((:g)r ¢
ECM and ECM-related genes
Procollagen, type I, alpha 1 AlI839149 2.39
Serine/cysteine proteinase inhibitor (hsp 47), member 1 AlI326777 1.681
Proteoglycan, secretory granule AI327055 1.48
Secreted acidic cysteine rich glycoprotein (SPARC) Al845741 1.167
Follistatin-like Al426300 1.134
Procollagen, type I1], alpha 1 AlB42703 0.893
Prolyl 4-hydroxylase, beta polypeptide AlB42506 0.734
Procollagen, type IV, alpha 1 AI528741 0.726
Tissue remodeling
Collapsin response mediator protein 1 (CRMP-1) Al326238 1.453
Calpain 7 Al847197 1.017
Homeo box AS (HoxAS) AlI326778 0.961
Cathepsin K AW212949 0.956
Matrix metalloproteinase 2 (MMP-2) Al464548 0.951
Cathepsin C AI450135 0.797
Structural proteins
p53 apoptosis effector related to Pmp22 AI854029 1.715
Solute carrier family 20, member 1 AI385598 1117
Tropomyosin 1, alpha Al854333 1.023
Actin, alpha 2, smooth muscle, aorta AI838959 1.008
Beta-spectrin 2, non-erythrocytic AlB40676 0.937
Gelsolin AI850094 0.811
Solute carrier family 25, member 4 AI851730 0.783
Microtubule-associated protein 1 B AlI848068 0.767
Transmembrane 4 superfamily member 8 Al843741 0.74
Fascin homolog 1 (actin bunding protein) Al837654 0.736
Cell cycle
Cyclin-dependent kinase inhibitor 2C (p18) Al853181 1.362
Degenerative spermatocyte homolog Al852792 1.128
Checkpoint suppressor 1 Al448353 0.949
Cyclin D1 AlI894115 0.786

Continue
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Table 2. List of genes related to the structural proteins, cell cycle, gene/protein expression, immune-related, metabolism,
oxidative stress and signal transduction, significantly increased at the implantation site (IM)

Description of the Gene A(c}:;lsesgﬁ.o. ng)r ¢
Gene/protein expression
Inhibitor of DNA binding 3 AJ839283 1.84
Transcription factor E2a Al324257 1.003
Acidic nuclear phosphoprotein 32 AI853170 0.855
Mitochondrial ribosomal protein L.27 Al844807 0.753
Immune-related
Leukemia-associated gene AI850105 1.367
Silica-induced gene 81 AIB46739 1.165
Interferon-induced protein with tetratricopeptide repeats 3 AlB54552 0.977
Cytotoxic T lymphocyte-associated protein 2 alpha AlI845860 0.961
Tumor rejection antigen gp96 AW411644 0.958
Myxovirus (influenza virus) resistance 2 AI528743 0.772
Metabolism
Gamma-glutamyl hydrolase Al846732 1.541
Phosphofructokinase, platelet AI853802 0.911
Peroxiredoxin 4 AI326091 0.882
Creatine kinase, muscle Al324268 0.821
Ormithine decarboxylase, strqctural AIB48698 0.735
Heterogeneous nuclear rionucleoproteins methyltransferase-like 2 AlB46916 0.725
(S. cerevisiae)
Oxidative stress
Kelch-like ECH-associated protein 1 AlB54035 1.218
Prohibitin AW321813 0.737
Signal transduction
Protein kinase C, gamma AI852515 1.887
Stromal cell derived factor 1, chemokine Al528734 1.114
Small inducible cytokine subfamily B (Cys-X-Cys), member 14 Al414372 0.979
N-myc downstream regulated 1 Al852317 0.937
3-monooxgenase/tryptophan 5-monooxgenase activation protein, AI839589 0.827
gamma polypeptide
Intersectin (SH3 domain protein 1A) Al427528 0.802
Stromal cell derived factor 2 _ AI853825 0.737
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Table 3. List of genes significantly increased at the interimplantation site INTER)

Description of the Gene ASE:;BO?TI\}'O. Szzc(i))r ¢
Glutathione S-transferase omega 1 AlIB53885 -1.129
Proteosome (prosome, macropain) subunit, beta type 9 (large multifunctional protease 2) Al323618 -1.076
Cysteine dioxygenase 1, cytosolic Al854020 -1.041
Alpha actinin 4 Al327147 -1.010
ATPase, H+ transporting, lysosomal (vaculolar proton punp) AIB41075 -0.960

Table 4. Genes having Ca®" as a regulator for their functions among genes significantly increased at the imiplantation as

well as interimplantation sites (FDR<16.3%)

Gene Bank. Score

Description of the Gene Accession No. ) Category

Implantation site

Protein kinase C, gamma AI852515 1.887  Signal transduction

Secreted acidic cysteine rich glycoprotein (SPARC) Al845741 1.167 ECM

Follistatin-like Al426300 1.134  ECM

Stromal cell derived factor 1 Al528734 1.114 Signal transduction

Tropomyosin 1, alpha Al854333 1.023 Structural protein

Calpain 7 AlR47197 1.017  Tissue remodeling

Beta-spectrin 2, non-erythrocytic AI840676 0.937  Actin binding protein

Phosphofructokinase, platelet AIB53802 0.911 Enzyme

3-monooxgenase/tryptophan S-monooxgenase AIB39589 0.827  Signal transduction

activation protein, gamma polypeptide

Creatine kinase, muscle Al324268 0.821 Enzyme

Gelsolin AI850094 0.811 Actin binding protein

Prolyl 4-hydroxylase, beta polypeptide AI842506 0.734  ECM-related
Interimplantation site

Alpha actinin 4 Al327147 -1.01 Signal transduction
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Figure 1. Microphotographs depicting the LCM procedure. A. Uterine section before LCM, B. Uterine tissue after
LCM of luminal epithelium, and €. Homogeneous luminal epithelium captured on the transfer film.
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Figare 2. Identification of the genes with significant changes in expression. Graph show the scatter plot of the
observed relative difference d(i) versus the expected relative difference dgfi). The solid line indicates the line for
d(i)=di), where the observed relative difference is identical to the expected relative difference. The dotted lines are
drawn at a distance D=0.117 from the solid line. The red spots (right upper area) indicate the genes with higher
expression at IM site and the green spots (left lower area) indicate the genes with higher expression at INTER site.
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Figure 3. Results of LCM-RT-PCR for 7 genes related to ECM and tissue remodeling. Total RNA was isolated from
LCM-captured luminal epithelium of implantation sites (IM) and interimplantation sites (INTER) of day 4.5 pregnant
mice. Data were mean=SEM from at least three replicate experiments. Relative amount of each mRNA was normalized
with G3PDH mRNA levels first and compared between IM and INTER sites, and expressed as fold change (*, p< 0.05).
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