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Estrogen plays important roles in the reproductive
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We previously identified a human estrogen-responsive
ene, EBAG9 (ER-binding fragment-associated anti-
en9) (Watanabe, T. et al., Mol. Cell. Biol. 18, 442–449,
998). It was later reported as RCAS1 (receptor-binding
ancer antigen expressed on SiSo cells) that induced
poptosis and suppressed the growth of several cells
uch as activated T cells (Nakashima, M. et al., Nat. Med.
, 938–942, 1999). Here, we have isolated both cDNA and
enomic DNA of mouse EBAG9/RCAS1. Mouse EBAG9
ene spans about 30 kb in genomic DNA and consists of
exons. Mouse EBAG9 cDNA encodes a protein that

ontains the transmenbrane segment and coiled-coil do-
ain. An alignment between the predicted mouse and
uman EBAG9 shows a high degree of homology at the
mino acid level (98%). Northern and Western blot anal-
ses demonstrate that EBAG9 is expressed in several
issues including the heart, brain, spleen, liver, kidney,
nd testis, and also in developing embryo. In the uterus,
target organ for estrogen, the EBAG9 was shown to be
pregulated in vivo by 17b-estradiol. To determine the
iological action of mouse EBAG9, NIH3T3 fibroblastic
ells were incubated with recombinant EBAG9 protein,
esulting in suppression of cell growth. These findings
uggest that EBAG9 is an in vivo estrogen-responsive
ene that inhibits the cell growth. © 2001 Academic Press

Key Words: estrogen; estrogen receptor; cell growth;
strogen responsive gene; gene structure; EBAG9.

Abbreviations used: ER, estrogen receptor; ERE, estrogen respon-
ive element; bp, base pair(s); EBAG9, ER-binding fragment-
ssociated gene 9; RCAS1, receptor-binding cancer antigen ex-
ressed on SiSo cells; SSC, standard saline citrate; PVDF,
olyvinylidene difluoride; PBS, phosphate-buffered saline; DIG,
igoxigenin; dpc, days of post coitus; BrdU, five-bromo-29-deoxyuri-
ine; ORF, open reading frame.
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ystem as a sex steroid hormone (1). It also functions in
he central nervous system (2, 3), skeletal system (4, 5),
nd cardiovascular system (6, 7). Moreover, estrogen
lays critical roles in carcinogenesis including growth
ontrol of breast cancers (8), immunological function
9–11) and induction of apoptosis (12–14). These vari-
us actions are mediated by the estrogen receptor (ER)
hich is a member of the steroid/thyroid hormone re-

eptor superfamily (15–17). ER binds to the estrogen
esponsive element (ERE) located in the regulatory
egion of target genes in the ligand dependent manner
nd regulates their transcription directly. However,
elatively few genes that are directly regulated
hrough the ERE by this hormone have been identified
o far (18, 19). To obtain more estrogen-responsive
enes, we have developed a method designated
genomic binding site cloning” and isolated several
RE-containing genomic fragments from human CpG

sland library (20). Using one of these fragments
amed EB9 as a probe, we have cloned a novel estro-
en-responsive gene, EBAG9 (ER-binding fragment-
ssociated antigen 9) from MCF-7 cDNA library (20).
he cDNA of human EBAG9 encodes an open reading

rame (ORF) of 213 amino acids. The EBAG9 mRNA is
pregulated by estrogen in MCF-7 breast cancer cells
20) and its promoter responds to estrogen through the
omplete palindromic ERE that was located in the
9-upstream region of the gene (21).
Recently, RCAS1 (receptor-binding cancer antigen

xpressed on SiSo cells), which had been isolated as the
ntigen recognized by 22-1-1 antibody (22) against a
uman uterine adenocarcinoma cell line SiSo (23) was

solated as a type II transmenbrane protein (24), hav-
ng identical amino acid sequence with EBAG9 (25).
ype II transmenbrane protein is a protein of which
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-terminal region exists outside of the cell (24).
BAG9/RCAS1 protein detected using 22-1-1 antibody
as found in various cell lines, and also in uterine and
varian carcinomas (22, 23). The frequency of EBAG9/
CAS1 expression was correlated with poor prognosis

n uterine cancer (22). Moreover, it was suggested that
utative receptor for EBAG9/RCAS1 was present on T
nd NK cells through which EBAG9/RCAS1 inhibited
roliferation of these cells stimulated by IL-2 and anti-
D3 antibody (25). These observations support the

dea that EBAG9/RCAS1 expressed in tumor cells may
e involved in escape from immune system action of
he tumor cells (25).

Thus, EBAG9/RCAS1 is assumed to have a role in
roliferation and invasion of cancer as an estrogen-
esponsive gene. So far, the expression, regulation and
unction of EBAG9 gene especially in normal tissues
ave been unknown. Here, we have cloned the mouse
omolog of human EBAG9 cDNA. The mouse EBAG9
DNA contained a consensus sequence for eukaryotic
ranslation initiation site (CANCATG) (26, 27) sur-
ounding the first ATG codon. We also isolated the
ouse EBAG9 genomic clones and analyzed the

enomic organization. Northern and Western blot
nalyses demonstrated that mouse EBAG9 was ex-
ressed in several tissues. Recombinant EBAG9 pro-
ein was shown to affect cell proliferation of NIH3T3
ells. We then demonstrated regulation of EBAG9 in
ivo by estrogen in mouse uterus.

ATERIALS AND METHODS

Screening of mouse cDNA and genomic libraries and DNA sequenc-
ng and analysis. To obtain mouse EBAG9 clones, partial EBAG9
DNA fragments were obtained by RT-PCR using mouse uterus RNA
hich was extracted as described previously (28). On the basis of the

nformation obtained from the putative mouse EBAG9 EST sequence
AA657187), two primers (59-TATTCGTCTGTCCCTAAGCAG and
9-TTAGGATAGCTTCACACCG) which corresponded to the amino
cid sequence 48-213 were used in the RT-PCR. The PCR products
ere subcloned into pCR2.1 (Invitrogen, Carlsbad, CA) and the in-

ert was used for the probe. A Lamda ZAP II cDNA library (5.0 3 105

laques) (Stratagene, La Jolla, CA) prepared from poly(A)1 RNA of
ouse brain was screened (18) with the 32P-labeled fragment of the

artial EBAG9 cDNA described above. The plaque-transferred filters
ere hybridized with the probe at 65°C for 18 h in 53 standard

aline citrate (SSC). The filters were washed twice at room temper-
ture for 15 min in 23 SSC, 0.1% SDS, and then exposed to X-ray
lm at 280°C for 24–48 h. Further screening was repeated, until a
ingle positive signal was obtained. To isolate the gemonic clones
rom mouse Lamda FIX II library (Stratagene), a mouse EBAG9
pen reading frame (ORF) cDNA fragment was used as a probe.
The nucleotide sequences were determined by sequencing both

trands of the plasmid using ABI Prism BigDye Terminators and
nalyzed on an ABI PRISM 310 automated DNA sequencer (PE
pplied Biosystems Division, Foster City, CA).

Northern blot analysis of various mouse tissues. A mouse multi-
le tissue Northern blot of poly(A)1 RNA, purchased from Clonthech
Palo Alto, CA), was probed with a 32P-labeled EBAG9 ORF cDNA
ragment according to the manufacturer’s instruction.
3

ST-EBAG9 fusion protein, the EBAG9 ORF cDNA fragments were
mplified by PCR using 59-ATACGGAATTCCGATGGCCATCACT-
AGTTTCGG and 59-GTCCCTCGAGGTTAGGAAAGCTTCACACC-
ATTTTG primers and ligated into the EcoRI-XhoI site of a prokaryotic
xpression vector pGEX4T-2 (Amersham Pharmacia Biotech, Arlington
eights, IL). The fusion protein was expressed in Eschericha coli strain
LR (DE3) pLysS, by incubation with 0.1 mM isopropyl b-D-

hiogalactoside for 3 h. The cells were sonicated in cell lysis buffer (25%
ucrose, 50 mM Tris–HCl (pH 7.4), 0.5% NP-40, 5 mM MgCl2). After
ntact cells and debris were removed by centrifugation, GST fusion
rotein was purified by Glutathione Sepharose 4B (Amersham Phar-
acia Biotech) by elution with reduced glutathione (29). The purified

usion protein was desalted with Hi Trap Desalting column (Amersham
harmacia Biotech) to remove remaining detergent, and was sterilized
y passing through a filter unit with 0.22-mm pores, divided into ali-
uots and stored at 280°C. For GST-DEBAG9 fusion protein, partial
BAG (48-213 amino acids) generated by PCR was ligated in frame into

he EcoRI-XhoI site of pGEX4T-2. Recombinant GST protein was also
ynthesized as a control.

Preparation of anti-EBAG9 polyclonal antibody. Rabbit poly-
lonal anti-EBAG9 antisera were generated by subcutaneous injec-
ion of GST-EBAG9 fusion protein emulsified in complete Freund’s
djuvant (Difco LABORATORIES, Detroit, MI). Expression and
reparation of GST-EBAG9 fusion protein was described under ex-
ression and preparation of proteins. To remove antibody to GST and
urify the antiserum specific for EBAG9, CNBr-actived Sepharose
B (Amersham Pharmacia Biotech) coupled with recombinant GST
rotein or GST-EBAG9 fusion protein were used. One and a half
rams of each CNBr-activated Sepharose 4B coupled with 20 mg of
ecombinant GST protein or GST-EBAG9 fusion protein was pre-
ared as depletion matrix or affinity matrix, respectively. Four mil-
ilers of antiserum was added to the depletion matrix and incubated
otating end-over-end at room temperature for 1.5 h. After the ma-
rix was centrifuged at 1000g for 2 min, the supernatant was re-
oved and added on the affinity matrix, and then incubated in the

ame way as for depletion matrix. The affinity matrix with the
ntibody was transferred to the empty column and eluted with 0.15

glycine, pH 2.5 into the tube containing 2 M Tris–HCl, pH 8.0 and
ixed briefly.

Characterization of anti-EBAG9 polyclonal antibody and Western
lot analysis. For characterization of EBAG9 antibody, Western
lot analysis was performed using recombinant EBAG9 protein. Full
engths of mouse and human EBAG9 ORF cDNA were ligated into
ukaryotic expression vector pcDNA3 (Invitrogen), and then mouse
nd human EBAG9 proteins were produced using TNT T7 Quick
oupled Transcription/Translation System (Promega, Madison, WI).
estern blot analysis was performed as described (18). Briefly, 10 mg

f each sample was fractionated on SDS-12.5% polyacrylamide gels,
nd electrophoretically transferred onto polyvinylidene difluoride
PVDF) membranes (Immobilon, Millipore Corp., Bedford, MA). The
embranes were blocked at room temperature for 1 h in phosphate-

uffered saline (PBS) with 3% skim milk, then incubated at room
emperature for 1 h with 5 ml each of 1:2000 diluted purified anti
BAG9 antibody. Each membrane was washed in PBS with 0.1%
ween 20 and incubated with 1:5000 diluted horseradish peroxidase-
onjugated donkey anti-rabbit IgG (Amersham Pharmacia Biotech)
t room temperature for 1 h. Bands were visualized with the
hemiluminescence-based ECL or ECL plus detection system (Amer-
ham Pharmacia Biotech). The membranes were exposed to X-ray
lm or placed on the STORM system (Molecular Dynamics, Sunny-
ale, CA). To detect the distribution of EBAG9 at the protein level,
issues of 8-week-old ICR mice purchased from SLC (Shizuoka, Ja-
an) were collected and homogenized in lysis buffer (5 mM phos-
hate buffer, pH 7.4, with 0.1% Triton X-100), then 10 mg of each
ample was used for Western blot analysis. To analyze estrogen
egulation, 8-week-old ICR mice were ovariectomized. Two weeks
fter surgery, the mice were treated with 17b-estradiol (20 mg/kg) or
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live oil (solvent control) and were sacrificed at the indicated time.
he uteri of these mice were collected for Western blot analysis.

In situ hybridization. For mouse EBAG9 RNA probe, mouse
BAG9 cDNA fragment (nucleotide 1-1454) was subcloned into the
coRI/NotI site of eucaryotic exprssion vector pcDNA3 (Invitrogen)
nd amplified. In situ hybridization was performed essentially as
escribed (30). Briefly, digoxigenin (DIG)-labeled antisence RNA
robes were synthesized by RNA Labeling kit (Boehringer Mann-
eim Corp., Indianapolis, IN) and hybridization was performed at
5°C for 12 h and slides were washed. Hybridized probes were

FIG. 1. Molecular structure of mouse EBAG9. (A) Nucleotide an
cids are shown below their respective codons. The TAA stop codo
ositions of intron–exon junctons are indicated by arrowheads. (B) Di
egment (hatched box) and coiled-coil domain (stippled box) are sho
4

etected with anti-DIG-alkaline phosphate antibody (Boehringer
annheim Corporation) and finally visualized with DAB kit (Funa-

osi, Tokyo, Japan).

Assay for cell proliferation. NIH3T3 cells were cultured in Dul-
ecco’s modified Eagle medium (DMEM) with 10% calf serum
GIBCO BRL, Rockville, MD). 3 3 104 cells in 5 cm petri dishes were
ultured with 1 mg/ml of GST-EBAG9, GST-DEBAG9 or GST as
escribed. At 24–72 h culture, cells were collected and counted with
oulter Counter (BECKMAN COULTER, Fullerton, CA). 1 3 103

ells/well were cultured in 96 well-plates with the same concentra-

educed amino acid sequences of mouse EBAG9. The deduced amino
) and the polyadenylation signal (underline) are also shown. The
ammatic representation of mouse EBAG9 protein. Trans-membrane
aa, amino acid.
d d
n (*
agr
wn.
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ion of each protein. At 24–72 h culture, DNA synthesis was detected
y Cell Proliferation ELISA System (Amersham Pharmacia Biotech).

ESULTS

Isolation of mouse EBAG9 cDNA. Two EBAG9
lones were isolated by the screening of a mouse brain

FIG. 2. Genomic organization of mouse EBAG9. (A) Genomic c
apped with restriction enzymes. Exons are shown as boxes and num

n exon 2, whereas the stop codon and poly (A)1 addition signal is loc
f mouse EBAG9 cDNA. Exons 1–7 are shown by boxes. The open
equences of each exon–intron junction. The donor sites (GT) and ac
5

DNA library. Both clones were found to be derived
rom the same RNA by sequencing. The longest assem-
led cDNA was 1454 bp which encodes an ORF of 213
mino acids (Fig. 1A), containing a consensus sequence
or eukaryotic translation initiation site (CANCATG)
26, 27) surrounding the first ATG codon. The 39-

es containing mouse EBAG9 coding sequences were isolated and
red. The first methionine codon of the open reading frame is located
in the last exon 7. kb, kilobase pairs. (B) Schematic representation

ading frame is indicated by arrow. aa, amino acid. (C) Nucleotide
tor sites (AG) of introns are underlined.
lon
be

ated
re
cep
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erminus of the cDNA ended with a poly (A)1 tail
receded by a polyadenylation signal at nt 1280-1285
underlined in Fig. 1A).

Structure of mouse EBAG9 cDNA. Mouse EBAG9
DNA encodes a protein of calculated relative molec-
lar mass of 24,376 Da. The putative mouse EBAG9
rotein contains a transmenbrane segment (24) near
he N-terminal position and a coiled-coil domain (31–
3) in the C-terminal region (Fig. 1B), indicating
hat mouse EBAG9 is a type II membrane protein
24).

Isolation and structural analysis of mouse EBAG9
ene. We screened a mouse genomic library with
ouse EBAG9 cDNA as a probe and obtained overlap-

FIG. 3. Tissue distribution of mouse EBAG9 mRNA and protein
ouse EBAG9 ORF cDNA. kb, kilobase pairs. (B) Immunoblot analy

mbryos were resolved by SDS–PAGE and transferred to PVDF me
1:2000) and a 32-kDa native protein was detected. Lane 1, control (pr
, in vitro translated mouse EBAG9; lane 3, in vitro translated huma
estis, ovary, uterus; lanes 14–16, embryo of 12, 14, and 16 dpc, res
6

ing genomic clones. The mouse EBAG9 gene spans
bout 30 kb of genomic DNA and contains 7 exons (Fig.
A). Exon 1 is 308 bp in length and contains only 59
ntranslated segment of EBAG9 cDNA. The exon 2, 98
ucleotides long, specifies the remaining 15 bp un-
ranslated nucleotides and the first 28 amino acids of
he protein, of which 21 represent the transmenbrane
egment. Exon 3 to 6 encode amino acid residues 29-
74, which comprise the spacing region between trans-
enbrane segment and coiled-coil domain. Exon 7 en-

odes amino acid residues 175-213, of which 28
epresent the coiled-coil domain (Fig. 2B). The 59 donor
nd 39 acceptor splice sites in all of the introns conform
o the consensus sequences for exon–intron boundaries
34) (Fig. 2C).

) Northern blot analysis of various mouse tissues using 32P-labeled
of mouse EBAG9. The cell extracts from various mouse tissues and

rane. Blot was probed with the EBAG9-specific polyclonal antibody
ix of TNT T7 Quick Coupled Transcription/Translation System); lane
BAG9; lanes 4–13, heart, brain, spleen, lung, liver, muscle, kidney,
tively. dpc days of post coitus.
. (A
sis
mb
em
n E
pec
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Expression of mouse EBAG9. Northern blot analy-
is was performed using the DNA fragment of EBAG9
RF cDNA fragment as a probe. Six different sizes of

ranscripts were detected. Two transcripts, 1.5 and 1.8
b in size, were detected in the heart, brain, liver,
idney, and testis. In the spleen and lung, 1.5 kb tran-
cripts were weakly detected. A 1.2 kb transcript was
etected in the heart and testis. A 3 kb transcript was
etected in the heart, liver, and testis. A 4 kb tran-
cript was detected in the liver, and a 6.5 kb was
etected in the heart and muscle (Fig. 3A). Although
he EBAG9 mRNA was detected in almost all tissues
xamined, the levels of the expression were various
mong tissues. Higher levels of expression were ob-
erved in the heart, liver, and testis, whereas the
RNA was hardly detectable in the spleen, lung, and
uscle.
Using the generated antibody (for details see
aterials and Methods), Western blot analysis de-

ected 32-kDa bands, which corresponded to the
redicted molecular weight of EBAG9, in various
ouse tissues and also in various days of post coitus

dpc) of mouse embryo (Fig. 3B). The signals detected
y the anti-EBAG9 antibody are shown in the brain,
pleen, lung, liver, kidney, testis, and embryo. In the
eart, muscle, ovary, and uterus, the bands are de-
ected at a lower intensity compared with that of
ther organs.

FIG. 4. EBAG9 was upregulated by estrogen in mouse uterus. In
sing EBAG9 RNA probe at 0 h (A) and 8 h (B). To facilitate orien
troma (s), and myometrium (myo) of uterus are indicated. The sca
nti-serum show that the level of EBAG9 signals is elevated after su
hree times and a representative pattern is shown.
7

Regulation of EBAG9 protein by estrogen in mouse
terus. To examine estrogen responsiveness of the
ouse EBAG9 gene in vivo, the effects of estrogen

dministration on the amount of EBAG9 transcript
nd protein were studied in the ovariectomized mouse
terus. To show the distribution of EBAG9 mRNA, we
erformed in situ hybridization using EBAG9 anti-
ence RNA probes. In overiectomized mouse uterus
ithout 17b-estradiol, EBAG9 transcripts were de-

ected in grandular luminal and epithelial cells, and
lso in stromal cells at a lower level of signals (Fig. 4A).
n the uterus after treatment of 17b-estradiol (8 h), the
BAG9 transcripts were significantly increased in ep-

thelial cells, stromal cells, as well as in myometrium
Fig. 4B). By Western blot analysis, the level of signals
etected by anti-EBAG9 antibody was increased grad-
ally, and reached about 3 times at 8 h after subcuta-
eous injection of 17b-estradiol (Fig. 4C).

Inhibition of cell growth by EBAG9. To analyze the
nvolvement of EBAG9 in the regulation of cell growth,
IH3T3 mouse fibroblastic cells were treated with 1
g/ml of GST-EBAG9, GST-DEBAG9, or GST proteins.
ach of their viability was evaluated for 72 h. The
rowth of NIH3T3 cells was decreased when the cells
ere treated with GST-EBAG9 compared with GST at
8 h (Fig. 5A). To analyze the effect of EBAG9 on DNA
ynthesis, NIH3T3 cells were treated with 1 mg/ml of
ST-EBAG9, GST-DEBAG9, or GST proteins. Five-

hybridization of 17b-estradiol treated ovariectomized mouse uterus
ion, the luminal epithelium (le), the glandular epithelium (ge), the
ar indicates 100 mm. (C) Western blot analysis using anti-EBAG9
taneous injection of 17b-estradiol. The experiment was carried out
situ
tat
le b
bcu
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romo-29-deoxyuridine (BrdU) was added to the cells
nd the DNA synthesis of the cells was measured at 24,
8, and 72 h. BrdU-incorporation to the cells was de-
reased when the cells were treated with GST-EBAG9
t 24, 48, and 72 h and with GST-DEBAG9 at 48 h,
ompared with GST (Fig. 5B).

ISCUSSION

In the present study, the mouse homolog of the hu-
an EBAG9/RCAS1 was cloned and characterized.
uman EBAG9 has been isolated as an estrogen-

esponsive gene by genomic binding site cloning using
recombinant ER protein. EBAG9 is highly conserved

etween mouse and human (98% homology) in the
mino acid level compared with other type II trans-
embrane proteins such as FasL (76.9%) (35) and
NF-a (75%) (36), suggesting that EBAG9 has biolog-

cally essential function beyond the species. Especially,
he coiled-coil domains of mouse and human EBAG9
re identical, and these domains are supposed to have
mportant function. In fact, some of coiled-coil domains
resent in proteins such as cFos-cJun (37), Gal4 (38), G
rotein b/g heterodimer (39, 40), DNA polymerase I
41) were known to have important functions of dimer
ormation and protein–protein interaction. As mouse

FIG. 5. Inhibition of growth of NIH3T3 cells by EBAG9. (A) Sup
ere cultured with GST, GST-DEBAG9, or GST-EBAG9 and cell nu
y GST-EBAG9. (B) Supression of DNA synthesis by EBAG9. NIH3
rdU uptake was measured every 24 h. DNA synthesis was suppr
epresent mean 6 SE from three separate experiments. n 5 3, * P
8

BAG9 is a membrane protein of which receptor-like
olecule is suggested to be present (25), we assume

hat the coiled-coil domain has functions of dimeriza-
ion or binding to its receptor.

The EBAG9 mRNA was expressed at a relatively
igh level in the heart, liver, and testis. In other or-
ans, such as the brain, lung, kidney, and skeletal
uscle, the expression of EBAG9 mRNA was detected,

ut the intensity was different among the organs. The
izes of EBAG9 transcripts were variable as shown by
ultiple bands ranging from 1.2–6.5 kb. It was mainly

xpressed as 1.5 and 1.8 kb products, but other sizes of
he products were observed such as 1.2, 3, 4, and 6.5
b, suggesting the existence of alternative splicing or
lternative end. In order to analyze the expression of
BAG9 at the protein level, we performed Western blot
nalysis in various mouse tissues. EBAG9 protein de-
ected as a 32 kDa band is present in the brain, spleen,
ung, liver, kidney, and testis as well as in the embryo.
he relatively low levels of expression were observed in
he heart, uterus, and ovary, and it is hardly detectable
n the skeletal muscle. Comparing with the expression
attern of EBAG9 at the mRNA level, we detected
ome disparity between the expression at the protein
evel in some tissues. In the lung and spleen, for in-
tance, the expression of mRNA was hardly seen, al-

ssion of cell growth by recombinant EBAG9 protein. NIH3T3 cells
ers were counted every 24 h. The cell growth was inhibited at 48 h
cells were cultured with GST, GST-DEBAG9, or GST-EBAG9 and

ed by both GST-EBAG9 and GST-DEBAG9 at 48 h. Values shown
.05, ** P , 0.01.
pre
mb
T3

ess
, 0
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ively high. In the case of the heart, the EBAG9 protein
as hardly detectable while the mRNA levels was rel-
tively high. Thus, we have detected the expression of
BAG9 protein at least in normal mouse organs in-

luding embryo. It was suggested that the EBAG9 pro-
ein was expressed in the tumor cells and involved in
mmune escape from the attack by the lymphocytes
25). Here, we also demonstrated that EBAG9 was
xpressed in normal tissues and suppressed the growth
f fibroblastic NIH3T3 cells. Deletion mutant analysis
uggested that N terminal portion of EBAG9 was in-
ispensable for full activity of cell growth inhibition.
e speculate that EBAG9 controls morphogenesis or

rganogenesis considering its relatively robust expres-
ion in embryonal stages.
Upregulation of human EBAG9 protein was detected

t 8 h after estrogen treatment in MCF-7 cells (20). In
he present study, the regulation of mouse EBAG9
rotein by estrogen was demonstrated in mouse
terus. We performed Western blot analysis using es-
rogen treated ovariectomized mice. The level of
BAG9 protein was increased about three times at 8 h
y estrogen treatment, and its higher level was main-
ained until 24 h. Therefore, EBAG9 is suggested to
strogen responsive in vivo.
It is reported that the human EBAG9 bound to its

utative receptor and induced the apoptosis or cell
rowth inhibition of its receptor positive cells (25). In
he present study, we demonstrated that mouse
BAG9 had the function of cell growth inhibition on
IH3T3 cells. Although we studied the induction of
poptosis by mouse EBAG9 with terminal deoxynu-
leotidyl transferase-mediated dUTP-nick end labeling
ethod, the apoptosis could not be detected by this
ethod (data not shown). These differential observa-

ions may be due to the difference of experimental
onditions, cells, or species.

Taken together, we demonstrated in this study that
ouse EBAG9 was expressed in normal tissues and

mbryo, and functions to inhibit the cell growth. More-
ver, we demonstrated that EBAG9 protein was up-
egulated by estrogen in mouse uterus. In mouse
terus, the endometrial cells proliferate by estrogen
ia estrogen receptor (42). The factors driving the cell
rowth such as c-fos (43), c-jun (44), TGF-b (45), VEGF
46), and cyclin D1 (47, 48) are known to be regulated
y estrogen, and contribute to the cell growth in the
terus. For the cells of vascular smooth muscle (49–51)
nd certain kinds of tumor cells (52), on the other hand,
strogen inhibits the cell growth. Thus, estrogen has
pposite dual functions to the cell growth. Besides the
loning of EBAG9, identification of EBAG9 receptor
nd the elucidation of regulatory machinery of EBAG9
ill contribute to the explanation of these differential

unctions of estrogen to cell proliferation, differentia-
ion, and cell cycle.
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