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The activation of transcription by steroid hormones
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In order to search for novel estrogen-responsive
enes, we performed serial analysis of gene expression
SAGE) for estrogen-treated MCF-7 human breast can-
er cells. SAGE analysis of 31,000 and 30,856 tags from
on-treated and 17 b-estradiol (E2)-treated cells for
4 h, respectively, facilitated the identification of
5,037 different transcripts. Comparison of these two
AGE libraries indicated a remarkable similarity in
xpression profiles. Among the identified transcripts,
our genes were found to be markedly increased for
2-treated cells compared with control cells. Three of

he transcripts were cathepsin D, pS2 and high mobil-
ty group 1 protein, which have been described as
strogen-inducible genes. The fourth gene was WISP-2
Wnt-1 inducible signaling pathway protein 2) which
as recently been reported as an up-regulated gene in
he mammary epithelial cell line C57 MG transformed
y the Wnt-1 oncogene. The increase in WISP-2 mRNA
as completely prevented by co-incubation with a
ure anti-estrogen ICI 182,780, but not by coincuba-
ion with cycloheximide, indicating that WISP-2 is di-
ectly regulated by the estrogen receptor. The WISP-2
ene was also induced by treating with environmental
strogens, such as bisphenol-A or nonylphenol. This
tudy represents the first comprehensive gene expres-
ion analysis of estrogen-treated human breast cancer
ells. © 2000 Academic Press

Key Words: breast cancer cells; estrogen; serial anal-
sis of gene expression; WISP-2.
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onylphenol; SAGE, serial analysis of gene expression; WISP-2:
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s mediated by their specific nuclear receptors acting as
igand-activated transcription factors interacting spe-
ifically with cognate responsive elements. Estrogens
nteract with the estrogen receptor (ER) with high
ffinity. The ER is a member of the steroid hormone
eceptor superfamily, and the mechanism of action of
strogens is similar to that of other steroid hormones
1, 2). Upon binding to estrogens, the ER becomes
ctivated and binds to specific estrogen-response ele-
ent in the enhancer region of target genes (1, 2).
Estrogen plays a crucial role in cell growth and pro-

iferation of breast cancer cells (3, 4). This process
ncludes DNA synthesis and cell division. Several stud-
es have shown that this E2-induced response is accom-
anied by modulation of the expression of a set of genes
hat regulate cell cycle progression (5, 6). For example,
reatment of MCF-7 cells with 17 b estradiol (E2) is
ccompanied by increased c-fos, cyclin D1 mRNA and
rotein, cdk7-, cdk2-, and cdk4-dependent kinase ac-
ivities, cdc25A phosphatase protein, and increased
hosphorylation of retinoblastoma (Rb) protein (5–8).
any other genes such as c-myc (9), E2F1 (10), bcl-2

11), insulin receptor substrate-1 (12), insulin-like
rowth factor-binding protein-4 (13), c-Ha-ras (14)
ere also induced by E2 in breast cancer cells. After
ddition of E2, transcripts of these genes were induced
apidly and transiently in human breast cancer cells
5–9, 11, 14).

Recently, scientific attention has been drawn to a
umber of environmentally-dispersed chemicals that
ay bind to estrogen receptors and mimic estrogenic

ctivity, such chemicals being termed environmental
strogens (xenoestrogens) (15, 16). These include a
umber of pesticides and herbicides, some polychlori-
ated biphenyls, and some alkylphenolic compounds
16, 17). These compounds are suspected of playing a
ivotal role in alterations to the normal sexual devel-
pment of wildlife species (16–18). Thus, novel mark-
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hemicals are clearly warranted.
To search novel estrogen-responsive genes and pos-

ibly markers for the chronic exposure to xenoestro-
ens (XEs), we conducted serial analysis of gene ex-
ression (SAGE) to establish a comprehensive gene
xpression profile in estrogen-treated and -untreated
uman breast cancer cell line, MCF-7. SAGE generates
14- or 15-bp “tag” sequence from a defined position
ithin the transcript, which is sufficient to uniquely

dentify an individual transcript (19–23). By using
AGE, we tried to identify a set of estrogen responsive
enes in MCF-7 cells treated with E2 for 24 h.

ATERIALS AND METHODS

Materials. The human breast cancer cell line MCF-7 (24) was
btained from American Type Culture Collection (Manassas, VA).
harcoal, 17 b-estradiol (E2), and bisphenol-A (BPA), were pur-

hased from Sigma Chemical Co. (St. Louis, MO). Nonylphenol (NP)
as purchased from Aldrich Chemical Co., Inc. (Milwaukee, WI).
he estrogen antagonist ICI 182,780 was purchased from Tocris

Bristol, UK). All other chemicals were of the highest purity avail-
ble from commercial sources.

Cell culture and treatment. MCF-7 cells were treated as de-
cribed previously (25). Cells were grown in minimum essential
edium (MEM: Life Technologies, Inc., Gaithersburg, MD) supple-
ented with 10% fetal calf serum (FCS). For induction experiments,

ells were cultured in phenol red-free medium containing 10% FCS
reated with dextran-coated charcoal for three days, then added the
ndicated concentrations of estrogens. Stock solutions of E2, BPA,
nd NP were prepared in ethanol and the final concentration of
thanol was 0.1% or less.

SAGE protocol. The SAGE protocol has been described in detail
lsewhere (19–23). MCF-7 cells were treated, for 24 h, with 10 nM
2 in the presence of 10% serum treated with dextran-coated char-
oal in phenol-red free MEM. Control cells were treated with 0.1%
thanol (vehicle). Total RNA from the cells was isolated by direct
ysis in RNAzolB (TEL-TEST, INC., Friendswood, TX). Polyadenyl-
ted RNA was isolated using the FastTrac mRNA purification kit
Invitrogen, Carlsbad, CA) according to the manufacturer’s instruc-
ions. Polyadenylated RNA was converted to double-stranded cDNA
y the SuperScript Choice System (GIBCO-BRL, Gaithersburg, MD)
ith a 59-biotinylated oligo dT primer. Double-stranded cDNA was
igested with NlaIII and most 39 primed fragments were bound to
ynabeadsM-280 Streptavidin (Dynal A.S., Oslo, Norway). Subse-
uent to ligation of the oligonucleotides containing recognition sites
or Bsm F1, the linkered cDNA was released from the beads by
igestion with BsmF1. Released tags were ligated to one another,
lunt-ended, concatemerized, and cloned into the SphI site of the
Zero-1 vector (Invitrogen, Carlsbad, CA). Samples were sequenced
y an ABI PRISM 377 DNA Sequencer with a BigDye Terminator
ycle Sequencing Kit (PE Biosystems, Foster City, CA). Sequenced
les were analyzed by SAGE software (19), NCBI’s SAGE database
http://www.ncbi.nlm.nih.gov/SAGE/) and NCBI’s sequence search
ool (Advanced BLAST search, http://www.ncbi.nlm.nih.gov//
LAST/).

Northern blot analysis. Northern blot analyses were performed
s described (25). Human WISP-2, cathepsin D, pS2 and high mo-
ility group 1 protein cDNA probes were generated by PCR from
CF-7 cDNA using specific primers and amplified products were

onfirmed by DNA sequencing.

Statistical analysis. The statistical significance of difference be-
ween samples was calculated as described previously by Madden,
109
1 and N2 represent the larger and smaller of the two numbers,
espectively, and k is the degree of confidence.

ESULTS

AGE Tag Abundance in MCF-7 Cells

A total of 31,000 tags from nontreated (ethanol ve-
icle only) MCF-7 cells facilitated the identification of
ore than 15,000 different transcripts. Table 1 lists

he top 50 transcripts from MCF-7 cells. The most
requently expressed gene in MCF-7 cells was identi-
ed as keratin 8, with an expression frequency of
.72% (Table 1). Keratin 8 is the major component of
he intermediate-filament cytoskeleton of simple epi-
helia (26, 27). A high expression rate for many genes
ncoding ribosomal proteins was observed.
Table 2 lists the top 50 transcripts of 30,856 tags in
2-treated MCF-7 cells. Comparison of the two SAGE

ibraries indicated a remarkable similarity in expres-
ion profiles.

omparison of Expression Patterns in E2-Untreated
and Treated MCF-7 Cells

Among the identified transcripts, several genes were
ound to be significantly increased for E2-treated cells
s compared with control MCF-7 cells (Table 3). To
alidate this observation, we performed Northern blot-
ing using specific probes. We observed that the expres-
ion of four genes was confirmed to be increased in
2-treated cells compared with nontreated cells (Fig.
). Among these four genes, three have already been
eported as estrogen-responsive genes, cathepsin D
28), pS2 (29) and high mobility group 1 protein (30).
he remaining gene is identified here as a novel
strogen-responsive gene, WISP-2 (Wnt-1 inducible
ignaling pathway protein 2). WISP-2 has been re-
ently cloned as an up-regulated gene in a mouse mam-
ary epithelial cell line, C57MG transformed by
nt-1, an oncogene activated by the insertion of mouse
ammary tumor virus in virus-induced mammary ad-

nocarcinoma (31). We failed to confirm the other genes
o be E2-inducible by Northern blotting (data not
hown).

ime Course of WISP-2 Expression and
Dose-Dependent Induction by E2

Analyses of WISP-2 mRNA revealed that E2 up-
egulated WISP-2 mRNA in a time-dependent manner
Fig. 2). In the absence of E2, expression of WISP-2 was
bserved. This is probably due to low amount of estro-
en still present in the charcoal-treated serum. The
xpression of WISP-2 mRNA was enhanced, and this
ncrease continued for up to 72 h subsequent to the
ddition of E2. In contrast, the expression of WISP-2
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RNA remained low levels for no E2-treated cells
Fig. 2).

Dose–response experiments indicated that the in-
uction of WISP-2 mRNA by E2 is dose-dependent and
hat the estimated EC50 levels lay between 10 and 100
M (Figs. 3A and B).

Transcripts Profi

Abundance (%) Tag sequence UnGene

1.72 CCTCCAGCTA 7374
1.62 CCCATCGTCC
1.35 TTGGTCCTCT 1081
1.24 CACCTAATTG
1.23 TGATTTCACT
1.19 TTCATACACC mito
0.97 CAAGCATCCC 2232
0.81 CCCGTCCGGA 1808
0.75 CTAAGACTTC
0.75 AAAAAAAAAA
0.71 AGCCCTACAA
0.70 ATAATTCTTT 539
0.69 CCAGAACAGA
0.63 CAAACCATCC 6511
0.60 TGCACGTTTT 1697
0.59 CACTACTCAC
0.50 CCTCAGGATA
0.49 AAAACATTCT mito
0.48 TAGGTTGTCT 1192
0.48 CTGGGTTAAT 1267
0.47 ACCCTTGGCC mito
0.46 ACTTTTTCAA 1495
0.43 ATTTGAGAAG mito
0.41 CTCATAAGGA mito
0.39 GTGAAACCCC
0.38 AAGGTGGAGG 1635
0.37 TTGGGGTTTC 6295
0.37 CCTGTAATCC
0.36 CGCCGCCGGC 1828
0.36 GCAGCCATCC 4437
0.35 CCCCAGCCAG 7545
0.34 GGCCGCGTTC 5174
0.34 ACTAACACCC
0.34 ATGGCTGGTA 1824
0.33 AAGACAGTGG 1841
0.32 TGGTGTTGAG 7536
0.31 TGTGTTGAGA 1811
0.31 CACAACGGT 1945
0.31 AGCACCTCCA 7530
0.30 CGCCGACGAT 2120
0.29 GGGAAGCAGA
0.28 CCTAGCTGGA 1829
0.28 GAAGCAGGAC 1803
0.28 ACCGCCTGTG 2144
0.28 TAAAAAAAAA
0.28 GGGCTGGGGT
0.27 GAAAAATGGT 1813
0.27 AGGCTACGGA 1191
0.26 CATTTGTAAT
0.26 CCACTACTGC

Note. Top 50 transcripts expressed in MCF-7 cells are listed. The t
ore information on this table is available at our web site (http://w
110
he Induction of the WISP-2 Gene by E2 Is Mediated
through an ER in MCF-7 Cells

To clarify whether the effect of E2 on WISP-2 gene
xpression was mediated by an ER, a pure anti-
strogen ICI182,780 was added, contemporaneously,

in MCF-7 Cells

ter Description

keratin 8
Multiple match
homologue to yeast ribosomal protein L41
Multiple match
Multiple match
tag matches mitochondrial sequence
EST
ribosomal protein L13
Multiple match
Multiple match
Multiple match
ribosomal protein S29
Multiple match
keratin 18
ribosomal protein L32
No match
Multiple match
tag matches mitochondrial sequence
tumor protein, translationally-controlled 1
ribosomal protein S19
tag matches mitochondrial sequence
DKFZp 564E1616
tag matches mitochondrial sequence
tag matches mitochondrial sequence
Multiple match
ribosomal protein L18a
ferritin, heavy polypeptide 1
Multiple match
ribosomal protein L35
ribosomal protein L28
ribosomal protein S3
ribosomal protein S17
Multiple match
ribosomal protein S2
ribosomal protein L37a
clone 1033B10 on chromosome 6p21.2–21.31
eukaryotic translation elongation factor 1 alpha 1
ribosomal protein S27
eukaryotic translation elongation factor 2
interferon, alpha-inducible protein
No match
peptidylprolyl isomerase A
cofilin 1
EST
Multiple match
Multiple match
laminin receptor 1 (67 kD)
23 kD highly basic protein
Multiple match
No match

equence represents the 10-bp SAGE tag. UnGene cluster are listed.
.prevent.m.u-tpkyp.ac.jp/SAGE.html).
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ith E2 (Fig. 4). The presence of ICI182,780 completely
recluded the induction of the WISP-2 gene by E2,
ndicating that the induction of WISP2 mRNA by E2 is
R-dependent (Fig. 4, lane 3).
In order to determine whether the induction of
ISP-2 mRNA requires protein synthesis, MCF-7 cells
ere treated with E2 in combination with a protein-

Transcript Profile in E

Abundance (%) Tag sequence UnGene clust

1.62 CCCATCGTCC
1.35 TTGGTCCTCT 108124
1.35 CACCTAATTG
1.14 TTCATACACC mito
1.11 TGATTTCACT
0.96 CCTCCAGCTA 73742
0.86 ATGGCTGGTA 182426
0.83 CCAGAACAGA
0.82 CCCGTCCGGA 180842
0.79 CAAGCATCCC
0.78 CTGGCCCTCG
0.76 CTAAGACTTC
0.75 AAAAAAAAA
0.58 ATAATTCTTT 539
0.57 AGCCCTACAA
0.56 TGCACGTTTT 169793
0.53 CACTACTCAC
0.51 TGTGTTGAGA 181165
0.46 AAGACAGTGG 184109
0.43 TGGTGTTGAG 75362
0.42 GAAAAATGGT 181357
0.41 CTCATAAGGA
0.41 TAGGTTGTCT 119252
0.40 CTGGGTTAAT 126701
0.40 ATTTTGAGAAG
0.38 CCTAGCTGGA 182937
0.38 GTGACCACGG 36451
0.37 TTCAATAAAA
0.36 CGCCGCCGGC 182825
0.35 CCACTACTGC
0.34 AAGGTGGAGG 163593
0.34 AGGCTACGGA 119122
0.34 ACCCTTGGCC
0.34 CCTGTAATCC
0.33 CCTCAGGATA
0.32 CACAAACGGT 195453
0.32 CAAACCATCC 65114
0.32 CCCCAGCCAG 75459
0.32 CCCAAGCTAG
0.31 CTCAACATCT 73742
0.29 TTGGGGTTTC 62954
0.29 AGGGCTTCCA 29797
0.29 GTGAAACCCC
0.29 GGCCGCGTTC 5174
0.29 CATTTGTAAA
0.29 AATCCTGTGG 178551
0.28 AAAACATTCT mito
0.27 ACTAACACCC
0.27 GAAGCAGGAC 180370
0.27 GCAGCCATCC 4437

Note. Top 50 transcripts expressed in MCF-7 cells are listed. The t
ore information on this table is available at our web site (http://w
111
ynthesis inhibitor, cycloheximide at 10 mg/ml. The
nduction of WISP-2 was not abolished by cyclohexi-

ide (lane 4), suggesting that the increase in WISP 2
RNA elicited by E2 is independent from new protein

ynthesis. Next, we investigated as to whether the E2
ffect on WISP-2 mRNA expression occurred at the
ranscriptional or the post-transcriptional level, by

Treated MCF-7 Cells

Description

Multiple match
homologue to yeast ribosomal protein L41
Multiple match
tag matches mitochondrial sequence
Multiple match
keratin 8
ribosomal protein S2
Multiple match
ribosomal protein L13
Multiple match
Multiple match
Multiple match
Multiple match
ribosomal protein S29
Multiple match
ribosomal protein L32
No match
eukaryotic translation elongation factor 1 alpha 1
ribosomal protein L37a
clone 1033B10 on chromosome 6p21.2–21.31
laminin receptor 1 (67 kD)
Multiple match
tumor protein, translationally-controlled 1
ribosomal protein S19
Multiple match
peptidylprolyl isomerase A
glutamate receptor, ionotropic
Multiple match
ribosomal protein L35
No match
ribosomal protein L18a
23 kD highly basic protein
Multiple match
Multiple match
Multiple match
ribosomal protein S27
keratin 18
ribosomal protein S3
Multiple match
keratin 8
ferritin, heavy polypeptide 1
DNA segment on chromosome X 648 expressed sequence
Multiple match
ribosomal protein S17
Multiple match
ribosomal protein L8
tag matches mitochondrial sequence
Multiple match
confilin 1
ribosomal protein L28

equence represents the 10-bp SAGE tag. UnGene cluster are listed.
.prevent.m.u-tokyo.ac.jp/SAGE.html).
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reating cells with 10 nM E2 in the presence of 5 mg/ml
f an RNA-synthesis inhibitor actinomycin D. In con-
rast to cycloheximide, the RNA-synthesis inhibitor
ctinomycin D prevented the induction of WISP2
RNA for E2-treated MCF-7 cells (lane 5).

ISP-2 Gene Is also Regulated by Xenoestrogens

In order to clarify as to whether the expression of the
ISP-2 gene is also regulated by xenoestrogens (XEs),
e treated cells with the XEs, bisphenol-A (BPA) (32)
nd nonylphenol (NP) (33). Our results indicate that
reatment of MCF-7 cells with BPA or NP induced the
xpression of WISP-2 (Fig. 5, lanes 2 and 3), and the
reatment of MCF-7 cells with a mixture of BPA and
P resulted in an additive effects (lane 4). These ef-

ects of XEs were antagonized by a pure antiestrogen,
CI 182,780, implying that the effects of these com-
ounds are also mediated through an ER (lanes 5
nd 6).

ISCUSSION

One approach to understanding the molecular basis
f estrogen action is to identify differences in gene
xpression profile between estrogen treated and non

FIG. 1. Northern blot analysis of estrogen-regulated mRNAs.
ifferential expression patterns were confirmed by Northern blot
nalyses. Total RNA was isolated at 24 h from MCF-7 cells in the
resence (1) or absence (2) of 17 b estradiol (E2) (10 nM). The
lotted membrane was hybridized with 32P-labeled WISP-2 or ca-
hepsin D (Cat D) or pS2 or high mobility group (HMG) 1 protein
DNA probe. GAPDH mRNA is shown as a loading control.

Increased Transcripts in

Tag number

Fold Tag sequence UnGUntreated Treated

41 241 5.9 CTGGCCCTCG
104 266 2.6 ATGGCTGGTA
20 76 3.8 GAAATACAGT
8 51 6.4 AGTAGGTGGC
1 16 16.0 CACACGGGCG
1 16 16.0 GAAATTTAAA
3 27 9.0 GGCAGAGGAC

Note. Table represents the increased tags showing differentials w
alculated as described under Materials and Methods. The tag seque
f times the tag was identified.
112
strogen-treated cells. Several methods, such as North-
rn blotting, RT-PCR, differential display, and sub-
raction, are useful for such studies. However, these
echnologies can analyze only a limited numbers of
enes, and the quantitative analysis of the transcrip-
ion of individual genes is difficult. Although microar-
ay technology can potentially examine the expression
atterns of a relatively large number of genes, the
ethod can only examine expressed sequences that

ave already been identified. The SAGE method allows
or a quantitative and simultaneous analysis of a large
umbers of transcripts in any particular cell system,
ithout prior knowledge of the genes (19–23). Thus,
e chose to use SAGE to identify the novel estrogen

esponsive genes.
MCF-7 human breast cancer cells express the ER

nd represent a prototypical estrogen-responsive cell
ine which has been widely used for studies on
strogen- and antiestrogen-induced responses (3, 4).
he present study identified WISP-2 as a novel
strogen-responsive gene in MCF-7 cells. This gene has

FIG. 2. Time course of WISP-2 induction by E2 in MCF-7 cells.
otal RNA was isolated at indicated times from MCF-7 cells in the
resence (1) or absence (2) of 17b-estradiol (E2) (10 nM). The
lotted membrane was probed for WISP-2 mRNA, and GAPDH
RNA is shown as a loading control. The WISP-2 signal under E2

reatment was determined by densitometric analysis and was nor-
alized to the GAPDH signal from each lane. The data expressed as

ercent of the time 0 were as follows: 0, 100; 4 h, 152; 8 h, 260; 24 h,
79; 48 h, 520; 72 h, 403.

2-Treated MCF-7 Cells

cluster Description

6 pS2 protein
426 ribosomal protein S2
72 cathepsin D
o tag matches mitochondrial sequence
679 WNT1 inducible signaling pathway protein 2
509 high mobility group 1 protein
639 non-metastatic cells 1, protein (NM23A) expressed in

confidence P , 0.001. Statistical significance between samples was
represents the 10-bp SAGE tag. Tag number indicates the number
E

ene

140
182
795
mit
194
189
118

ith
nce
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ecently been identified by Pennica et al. (31) as being
ocated downstream from Wnt-1 signaling. To identify
ownstream genes in the Wnt signaling pathway that
re relevant to the transformed cell phenotype, these

FIG. 3. Dose dependence of WISP-2 induction by E2. (A) MCF-7
ells were treated for 48 h with the indicated concentrations of E2.
otal RNAs were analyzed on a Northern blot using 32P-labeled
ISP-2 or GAPDH cDNA probe. (B) The levels of RNA were deter-
ined by densitometric analysis. Values were corrected for varia-

ions with GAPDH levels. Results are expressed as percentages of
he maximum. Results are expressed as the mean 6 SD of three
ndependent experiments.

FIG. 4. Effect of ICI182,780 (ICI), cycloheximide (CHX), actino-
ycin D (Act D) on E2-mediated increase in WISP-2 mRNA levels in
CF-7 cells. Cells were treated for 24 h with E2 (10 nM), ICI 182,780

1 mM), cycloheximide (10 mg/ml), actinomycin D (5 mg/ml), individ-
ally or in various combinations, as indicated. The blotted mem-
rane was hybridized with 32P-labeled WISP-2, or GAPDH probe.
he WISP-2 signal was determined by densitometric analysis and
as normalized to the GAPDH signal from each lane. The data
xpressed as percent of the lane 1 were as follows: lane 1, 100; lane
, 420; lane 3, 12; lane 4, 410; lane 5, 120.
113
uthors performed a PCR-based cDNA subtraction
trategy, using RNA isolated from C57MG mouse
ammary epithelial cells and C57MG cells stably

ransformed by a Wnt-1 retrovirus. The WISP-2 gene is
p-regulated in C57MG cells transformed by the Wnt-1
etrovirus. WISP-2 is a member of the CCN family of
rowth factors which includes connective tissue growth
actor (31, 34, 35). Members of the Wnt signaling path-
ay have been implicated in the pathogenesis of colon

ancer and breast cancer (36). The rat ortholog, rCop-1,
as identified as a gene whose expression became lost
fter cell transformation (37). Transfection of rCop-1
nto transformed cells suppressed their growth and
his was attributed to cell death rather than growth
rrest (37). Potential tumor-suppressive properties are
urther suggested by the finding that WISP-2 is under-
xpressed in human colon tumors (31). Thus, the ex-
ressed levels of WISP-2 in mammary tumors may be
novel marker to predict the disease’s prognosis.
The exposure of MCF-7 cells to estrogens results in

he induction of certain mRNAs and proteins. Previous
tudies have demonstrated that the induction of ca-
hepsin D and pS2 in human mammary cells takes
lace at the transcriptional level and occurs in the
bsence of de novo protein synthesis (28, 29, 38). Like
hese two genes, WISP-2 mRNA was induced in the
bsence of de novo protein synthesis. Although nuclear
un-on experiments have not been performed, the RNA
ynthesis inhibitor actinomycin D abolished the induc-
ion of WISP-2 mRNA for E2-treated cells, suggesting
direct stimulation of transcription by E2. The iden-

ification of structural elements which are involved in
ediating the estrogen-response will be necessary to

FIG. 5. Northern blot analysis of WISP-2 mRNA levels after
reatment with xenoestrogens. Cells were grown in medium contain-
ng 1 mM bisphenol-A (BPA), 1 mM nonylphenol (NP) or both for 48 h.
he antiestrogen ICI 182,780 was added contemporaneously. Total
NA was then extracted, and 20 mg total RNA were loaded into each

ane. The blotted membrane was hybridized with 32P-labeled WISP-2
r GAPDH cDNA probe. The WISP-2 signal was determined by
ensitometric analysis and was normalized to the GAPDH signal
rom each lane. The data expressed as percent of the lane 1 were as
ollows: lane 1, 100; lane 2, 612; lane 3, 628; lane 4, 888; lane 5, 0;
ane 6, 0.
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ene induction by estrogens.
XEs are non-steroidal, human-produced chemicals

hat enter the body by ingestion, inhalation or adsorp-
ion (15–18). These compounds are suspected to play a
ausative role in alterations of sexual development in
ildlife species (16–18). Thus, novel markers to assess

he extent of individual exposure to such chemicals are
learly warranted. Due to the existence of a putative
ignal sequence and the absence of a transmembrane
omain, WISP-2 is considered to be secreted protein
31). For humans, WISP-2 mRNA is expressed in adult
keletal muscle, colon, ovary, and fetal lung (31). Al-
hough the expression of the WISP-2 in these organs is
egulated by estrogens yet to be determined, the ex-
ressed level of WISP-2 may be a novel marker to
valuate the exposure to estrogenic compounds. Fur-
her study is now underway in order to identify the

ISP-2 protein utilizing a specific antibody derived
rom culture supernatants or from the blood stream of
ndividuals exposed chronically to low concentrations
f xenoestrogens.
In summary, we show that WISP-2 is a novel estro-

en responsive gene in the MCF-7 human breast can-
er cell line, and this effect is directly regulated by an
R. The role of the WISP-2 in the progression of breast

ancer, and whether or not the WISP-2 could be a novel
arker for breast cancer prognosis and exposure to

enoestrogens remain to be established.
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