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Abstract. Rat uterine sensitization-assoCIated gene-l (USAG-l) mRNA is expressed in the uterus 
during出eperi-implantation period， and its mRNA expression in uterine epi血elialcells is highest on 
day 5 of pregnancy. On the other hand， since changes in USAG-l mRNA expression in the mouse 
uterus are not seen during the estrous cycle， USAG-l expression ffiight be specifically regulated by 
embryonic factors 目白erthan by the maternal environment. However， the expression pattern and 
function of USAG-l in the mouse uterus have not been determined. Thus， we examined the tissue-
specific USAG-l mRNA expression in the uteri of ICR mice during peri-implantation using real-time 
quantitative PCR. Uterine tissues， such as出emyome甘ium，luminal epi出e1ium，and stroma， were 
collected by laser capture microdissection at 3.5-6.5 dpc. USAG-l rnRNA was expressed in the uteri 
of pregnant mice from 3.5 dpc to 6.5 dpc， and the highest level of expression was seen at 4.5 dpc 
(P<O.01). Significantly high USAG-1 mRNA expression was detected in the luminal epi正heliumat 4.5 
dpc (P<0.05)百官stromaand myometrium exhibited unchanged expression levels of USAG-l m貯-IA
at 3.5-5.5 dpc. USAG-1 mRNA was undetectable in blastocysts and implanting embryos. Expression 
of USAG-1 mRNA appears to be associated wi血 blastocystimplantation to吐leluminal epi出elium，
suggesting that physiological or biochemical contact of the blastocyst to the uterus is required for 
USAG-1 expression 
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F町 successfules凶凶n削 of内 nar時
blastocyst development must proceed beyond 

the attachment stage and result in endometrial 
decidualization and subsequent placental 
formation. Estrogen and progesterone regulate仕1e

events出atlead to出ereceptivity and sensitization 
of the endometrium for the decidual cell reaction 
I1]. In rodents and humans， implantation is 
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initiated with an apposition between the 
trophoblast and apical surface of the lurninal 
epi出eliurn.This is followed rapidly by adhesion of 

the conceptus to the lurninal surface and then 
penetration through the luminal epithelium to也e
underlying stroma， which initiates the endometrial 
decidualization reaction [2， 3]. Uterine 

sensitization-associated gene-1 (USAG-1)， a gene of 
unknown function during conceptus development， 
is upregulated in the sensitized endornetrium of the 
rat uterus during吐1eperi-implantation period [4]. 
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Table 1. Primer/probe sequ四 ceused for real-曲目 quan出'ativePCR 

Transcript 

USAG-1 

p'rimer/probe sequence (5' to 3') GenBank accession number 

F GAGGCAGGCATTTCAGTAGCA 
R TGTATTTGGTGGACCGCAGTT 

NM 025312 

Beta-Actin 
FAM-T亡GAAACAGTCGAGTTCA-MGB

F GCTCTGGCTCCTAGCACCAT NM 007393 
R GCCACCGATCCACACAGAGT 

18SrRNA 

FAM-ATCAAG出TCA'τ下GCTCCTC-MGB
VIC-ABI (Part No. 43日8329)

F ABI (Cat No. 4304486旧日'22)
R ABI (Cat No. 4304490040号制

GAPDH VIC-ABI (Part No. 4308313) 
F ABI (Cat No. 0412021) 
R ABI (Cat No. 430410906026) 

compound (Tissue-Tech， 5akura， Tokyo， Japan) 
Serial cryostat sections were cut to 12-16μm in 
出icknessand mounted on autoclaved polye出ylene
naphthalate (PEN) foil on a glass slide (Leica， 
Wetzlar， Germany).τ'he slides were fixed in 70% 
ethanol : acetic acid (19:1) for 3 min and briefly 
rinsed with RNase-free DEPC-treated water for 1 
min. They were then stained with 0.05% toluidine 
blue仏Aerk，Darmstadt， Germany) dissolved in 
RNase-free DEPC-treated water for 1 min at room 
temperature and washed twice with RNase-free 
DEPC-treated water for 1 min each. The slides 
were then air-dried for 5 min and stored at -80 C 
LCM was performed using an A5 LMD laser 

microdissection system (Leica) to collect the 
attached blastocyst， myometrium， luminal 
epl出elium，and stromal tissues separately [9]. PEN 
foil slides were mounted on an A5 LMD laser 
microdissection system with the section facing 
downwards. After adjusting the intensity， 
aperture， and cutting velocity， the pulsed UV laser 
beam was carefully directed along the borders of 
the ce1l1ayer (Fig. 1). A 20x objective was used for 
the laser microdissection system along with the 
following settings: intensity was set to 45， aperture 

was set to 10， speed was set to 6， and offset was set 
to 39. The separated tissues were transferred by 
gravity alone into a microcentrifuge tube cap 
containing TRI reagent (5igma， 5t. Louis， MO， U5A) 
出atwas placed directly underneath the sections. 

Real-time quantitative PCR 
Total RNA was extracted from frozen 

reproductive tissues and blastocysts by means of a 
TRI Reagent Kit (5igma) according to the 

manufacturer's protocol. The extracted total RNA 
was then subjected to real-time PCR analysis 
Primers and a TaqMan probe for the U5AG-1 gene 
and beta-actin [8] were designed using仕lepnmer 
design software Primer Express version 1.5 
(Applied Biosystems， Foster City， CA， USA). 
Primers and a TaqMan probe for 185 rRNA and 
GAPDH were purchased from a commercial 
supplier (Applied Biosytems). The GenBank 
Accession numbers of all the cDNA sequences are 
S田 nmarizedin Table 1. Quantification of all gene 
transcripts was carried out with an ABI Prism 7900 
HT (Applied Biosystems). Templates for real-time 
PCR were obtained by reverse transcriptase 
reaction using total RNA. For the RT-PCR reaction， 
a TaqMan One-5tep RT -PCR Master Mix Reagents 
Kit (Applied Biosystems) was used with 20μI/tube 
as follows: the template (20 ng) was mixed wi出 2x
Master Mix without UNG， 40 x MultiScribe and 
RNAse Inhibitor Mix， 200 nM TaqMan Probe， and 
900 nM of each primer. The reaction conditions 
were 1 cycle at 48 C for 30 min， 1 cycle at 95 C for 10 
IDin， and血en45 cycles of the amplification step (95 
C for 15 seconds and 60 C for 1 min). The gene 
expression levels of U5AG-1 were calculated as 

gene expre田ionrates， as reported previously [10]. 
Briefly， the amounts of USAG-1， 185 rRNA， 
GAPDH and beta-actin mRNA in血esamples were 
estimated with standard curves representing the 

log of the input amount (the log starting with 
cDNA molecules) as the X axis and the threshold 
cycle 出血eY axis. A relative standard curve (SC) 
for real-time PCR was used as a common set of 
samples that linked the experimental PCR plates 
together and permitted overall analysis of the 
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uterus at 4.5 dpc was localized mainly to the 
luminal epithelium (Fig. 3). On the other hand， the 
uterine stroma and rnyometrium exhibited minimal 
changes in USAG-1 mRNA expression at 3.5-5.5 
dpc. As shown in Fig. 3， USAG-1 mRNA 
expression was undetectable in blastocysts 
collected from the uterus at 3.5 dpc and implanted 
embryos at 4.5， 5.5 and 6.5 dpc 

Discussion 

USAG-1 expression in出ereproductive tract was 
first found in the rat [4]. Induction of USAG-1 
mRNA is restricted to the uterine glandular 
epithelial cells of the pregnant and pseudopregnant 
uteri on Oay 5 [4]. Given the remarkably tight 
localization of its expression， USAG-1 might be 
involved in the onset of endometrial receptivity for 

implantation. It has bee早demonstratedthat the 
expression of implantation-associated genes is 
influenced by ovarian hormones such as estrogen 
and progesterone [1]. We have previously 
examined the expression pattern of 16 
implantation-associated genes， including USAG-1， 
dur出gthe estrous cycle in mice [8]. Expression of 
出emajority of genes involved in the implantation 
process is temporally regulated during the estrous 
cycle [8]. However， interestingly， USAG-1 mRNA 
expression does not change during the estrous 
cycle in mice [8]. The resu1ts from these reports 
suggest出atUSAG-1 expression could be regulated 
by an embryonic signal(s) rather than an ovarian 
hormone(s) 
τ11e present study revealed血atUSAG-1 mRNA 

was expressed in both pregnant and 
pseudopregnant uteri throughout the peri-
implantation period， i.e.， from 3.5 dpc to 6.5 dpc， 
and was upregulated in pregnant animals on 4:5 
dpc (Fig. 2). Furthermore， USAG-1 mRNA was 

localized exclusively in the luminal epithelium of 

the pregnant uteri at 4.5 dpc (Fig. 3). The 
expression of USAG-1 in blastocysts at 3.5 dpc and 
implanting embryos at 4.5 and 5.5 dpc was not 
detected by analysis using real-time quantitative 
PCR (Fig. 3). Furthermore， USAG-1 expression was 

not upregulated in pseudopregnant uteri during 
the peri-implantation period. These results 
indicate that the presence of embryos and/or a 
factor(s) from the embryos were an essential for 
upregulation of USAG-1 expression in the luminal 
epithelium at implantation in the mice. Stimuli 
from implanting embryos may influence uterine 
endometrial tissues and subsequently upregulate 

USAG-1 gene expression. We believe that 
blastocysts make仕田町自rstmolecular contact with 
the luminal epithelium for establishment of 
implantation and decidualization in conjunction 
with the expression of USAG-l. It is known that 
Mif is released from the luminal epithelium and 
superficial glandular epithelium by IFN-tau， which 
is produced by trophoblast cells in the cow [13]， 
and that the epithelial cell-derived secreted 
adhesion proteins are regulated by progesterone 
and/or IFN-tau in sheep [14]. Although mice 
deficient in USAG-1 appear to be fertile [15] and the 
physiological function/s of USAG-1 for u'terine 
receptivity and the process of implantation are still 
unclear， further studies using of gene targeting 
should clarify the role of USAG-1 in mammalian 
implantation 
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