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hAG-2, the human homologue of the Xenopus laevis
cement gland gene Xenopus Anterior Gradient-2 (XAG-
2), has been found to be coexpressed with estrogen
receptor (ER) in breast cancer cell lines by using sup-
pression subtractive hybridization. Sequence analysis
of clones obtained from a human breast adenocarci-
noma MCF7 cDNA library suggests that at least three
MRNA transcripts, differing in their 3’-untranslated
regions, are transcribed from the hAG-2 gene. North-
ern blot analyses identified two principal hAG-2 sig-
nals in all ER-positive breast carcinoma cell lines that
were absent in cell lines not expressing, or minimally
expressing, ER. Coexpression of hAG-2 with ER sug-
gests that hAG-2 may be involved in the tumor biology
specific to the well-differentiated phenotype of
hormonally-responsive breast cancers. © 1998 Academic
Press

Key Words: estrogen receptor; breast cancer; differ-
entiation; Northern analysis.

Hormone-responsive breast cancer is associated with
the expression of the estrogen receptor (ER) transcrip-
tion factor. Breast carcinomas that express ER (ER-
positive) have significant biological and histopatholog-
ical differences when compared to breast carcinomas
that fail to express ER (ER-negative) [1, 2]. Generally
ER-negative breast carcinomas are less well-
differentiated and tend to be more aggressive clinically
than ER-positive breast tumors [3-7]. Although the
expression of ER is intimately associated with the bi-
ology of breast carcinoma, the mechanisms regulating

1 The nucleotide sequences described in this paper have been sub-
mitted to the GenBank database at NCBI and assigned the following
accession numbers: hAG-2/C, AF007791; hAG-2/l, AF038452; hAG-
2/R, AF038451; mAG-2, AF044262.

Abbreviations: ER, estrogen receptor; SSH, suppression subtrac-
tive hybridization, CNS, central nervous system; NCBI, National
Center for Biotechnology Information; bp, base pair(s); kb, Kilo-
base(s).
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transcription of ER and the role of ER in tumorigenesis
have not been elucidated. In addition, the molecular
basis for the differences between ER-positive and ER-
negative tumors and the relationship of ER to the
hormone-responsive phenotype remain unclear.

The tumor biology underlying differences between
hormone-responsive and hormone-unresponsive breast
cancers may be elucidated by the identification of genes
that are differentially expressed between these two
sub-groups. Recent studies from this laboratory and
others have identified several proteins that may con-
tribute to the differing phenotypes including the tran-
scription factors AP-2y/ERF-1 [8] and GATA-3 [9], pro-
teins involved in proliferation and differentiation that
include progesterone receptor [10], pS2 [11, 12] and
heat shock protein 27,000 [13, 14], and the intermedi-
ate filament proteins cytokeratin 8 and 18 [15-17], and
a G protein-coupled receptor (GPR30) [18].

By using the technique of suppression subtractive
hybridization (SSH) [19], this laboratory recently re-
ported the identification of 29 gene fragments that
were expressed in the ER-positive MCF7 breast carci-
noma cell line that were absent or minimally expressed
in the ER-negative MDA-MB-231 breast carcinoma cell
line [17]. One of these gene fragments, DEME-2 (Gen-
Bank EST accession AA506763), exhibited an expres-
sion pattern that correlated with the expression of ER
in a panel of eight breast carcinoma cell lines [17]. The
full-length message containing the DEME-2 fragment
has now been isolated and found to represent the hu-
man homologue of the Xenopus laevis cement gland
gene Xenopus Anterior Gradient-2 or XAG-2 [20] (Gen-
Bank accession AF025474) (previously referred to as
np77 [21] GenBank accession U82110), named accord-
ing to its pattern of expression during cement gland
development. DEME-2 has therefore been renamed
hAG-2. Co-expression of hAG-2 with ER suggests that
hAG-2 may be involved in the tumor biology specific to
the well-differentiated phenotype of hormonally-
responsive breast cancers.
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MATERIALS AND METHODS

Cell lines. All cell lines were obtained from American Type Cul-
ture Collection (ATCC; Rockville, MD). Cell lines MCF7, T-47D,
BT-20, MDA-MB-231, HBL-100 were maintained in Minimal Essen-
tial Medium (Life Technologies), ZR-75-1 and BT-474 were main-
tained in RPMI 1640 (Life Technologies, Inc.) and MDA-MB-361 was
maintained in Leibovitz's L-15 medium (Life Technologies, Inc.).
Media were supplemented with 10% fetal calf serum (Hyclone), 10
U/mL penicillin G (Life Technologies, Inc.), 10 ug/mL streptomycin
(Life Technologies, Inc.), and 6 ng/mL bovine insulin (Sigma). All cell
lines were incubated at 37°C in 5% CO, except MDA-MB-361 which
was maintained in a CO,-free environment.

Poly(A)* RNA isolation and SSH. Poly(A)* RNA was isolated
from cell lines using the Fast Track Kit 2.0 (Invitrogen) according to
the manufacturer’s instructions. SSH was performed with the
CLONTECH PCR-Select cDNA Subtraction Kit (Clontech) as de-
scribed previously [17].

Northern blot analysis. Northern blots containing poly(A)™ RNA
from human breast carcinoma cell lines were prepared, hybridized
and washed as described previously [22]. The commercial human
and mouse Multiple Tissue Northern (MTN) blots (Clontech) and the
Human RNA Master Blot (Clontech) were hybridized [in Ex-
pressHyb Hybridization Solution (Clontech) with probes labelled by
random priming (Boehringer Mannheim)] and washed according to
the conditions recommended by the manufacturers.

Screening of cDNA libraries. The human breast adenocarcinoma
MCF7 cell line cDNA library described previously (23) was screened
to isolate hAG-2. Approximately 1 X 10° A phage plaques were
probed with the 3?P-labelled 376 bp hAG-2 (previously called
DEME-2) fragment isolated previously by SSH [17], using the con-
ditions described in Thompson and Weigel [22]. Isolated plaques
were processed to excise the cDNA inserts from the A vector to yield
recombinant pBK-CMV phagemids (Stratagene) in Escherichia coli
XL1-Blue MRF’ cells (Stratagene).

The cDNA encoding mAG-2, the mouse homologue of hAG-2, was
isolated from a 17-day mouse embryo cDNA library (5'-STRETCH
PLUS, oligo(dT) + random primed, Agt10; Clontech) by screening
with hAG-2/R (see Results section for terminology). Approximately
1 X 10° X phage plaques were screened with the 3?P-labelled 1077 bp
hAG-2/R clone, using conditions as described in Thompson and Wei-
gel [22]. The cDNA inserts were released from the A vector by EcoR
| digestion, and the fragments cloned into pBluescript KS+ (Strat-
agene) by transformation of E. coli XL1-Blue MRF’ cells.

DNA sequence analysis. DNA sequencing reactions were carried
out on double-stranded templates using the dideoxynucleotide chain-
termination method [24] with [a-**S]dATP (Amersham Pharmacia
Biotech) and the Sequenase version 2.0 DNA Sequencing Kit (Am-
ersham Pharmacia Biotech) with SP6 (pCR I1) or T3 (pBK-CMV and
pBluescript KS+) and T7 promoter primers, and custom primers
obtained from Operon Technologies. Template DNA for all sequenc-
ing reactions was prepared using the Wizard Plus Minipreps DNA
Purification System (Promega). All sequence data reported was de-
termined on both DNA strands.

The nucleotide sequences of the hAG-2 and mAG-2 cDNA clones and
the 175 amino acid protein sequences of hAG-2 and mAG-2 were com-
pared against the NCBI databases (http://www.ncbi.nlm.nih.gov/) using
BLASTNn and BLASTDp, respectively. In addition, the amino acid se-
quence of hAG-2 and mAG-2 were analyzed using the PROSITE Motif
dictionary [http://www.genome.ad.jp/SIT/MOTIF.html] [25], SOSUI
(Secondary Structure Prediction of Membrane Proteins) [http:/
www.tuat.ac.jp/~mitaku/sosui/], PSORT Il [http://psort.nibb.ac.
jp:8800/] [26], and the programs at the ExPASy server [http://
expasy.hcuge.ch].
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RESULTS
Identification and Sequence of hAG-2

A 376 bp cDNA fragment, DEME-2, was isolated
previously from ER-positive MCF7 cells (tester) using
SSH with ER-negative MDA-MB-231 cells as driver
[17]. By using the 376 bp *?P-labelled SSH fragment as
probe, approximately 76 positive A phage plaques were
identified in a MCF7 cDNA library. Following phage
purification and insert excision to phagemids, six
cDNA clones were sequenced and revealed three dif-
ferent, though overlapping, transcripts that were des-
ignated hAG-2/C, hAG-2/1 and hAG-2/R. Comparisons
of these cloned cDNA sequences with the GenBank/
EMBL databases using BLASTn and BLASTp indi-
cated a high similarity with the Xenopus laevis cement
gland gene XAG-2 (Xenopus Anterior Gradient-2) [20]
(GenBank accession AF025474) (previously known as
np77; [21] GenBank accession U82110), with a lower
similarity to XAG-1 [20] (GenBank accession U76752).
In the likelihood that these clones represent the hu-
man homologues of XAG-2, they were named hAG-2
(human Anterior Gradient-2). The three different
hAG-2 transcripts have been submitted to GenBank
with the accession numbers AF007791 (hAG-2/C),
AF038452 (hAG-2/1) and AF038451 (hAG-2/R).

The combined 1,702 nucleotide sequence of the
hAG-2 cDNAs obtained from the sequence data derived
for the individual hAG-2/C and hAG-2/l and hAG-2/R
transcripts is depicted in Figure 1A, in addition to the
deduced 175 amino acid sequence of the hAG-2 protein.
The sequence of the 376 bp hAG-2 (previously
DEME-2) fragment isolated by SSH lies within the 3’
noncoding region and is underlined in Figure 1A. The
individual hAG-2 transcripts isolated from the MCF7
cDNA library are also indicated. The hAG-2/R cDNA
clone was 1,077 bp in length (including a polyA-tail
with 14 ‘A’s ), the 5’ end beginning at nucleotide -58
and terminating at base +1,006 (denoted with the sym-
bol (*) in Fig. 1A). The hAG-2/C cDNA clone was 838 bp
in length (including a polyA-tail with 32 ‘A’s ) with the
5’ end at nucleotide -10 and the 3’ end at +796 (denot-
ed with the symbol (") in Figure 1A). The hAG-2/I
cDNA clone was 859 bp in length that began at nucle-
otide +786 and terminated at base +1,644 (denoted
with the symbol (°) in Figure 1A). It is emphasized that
the full length sequence depicted in Figure 2 does not
represent an isolated biological transcript, but com-
bines the sequences of the individual transcripts (hAG-
2/C, hAG-2/1 and hAG-2/R) obtained from the library
screening.

Isolation and Sequence of mMAG-2

The 1,077 bp hAG-2/R cDNA clone was used to probe
a fetal mouse Multiple Tissue Northern (MTN) blot
containing 2 ug/lane of poly(A)™ RNA from 7-, 11-, 15-
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A

-58 %CCGCATCCTAGCCGCCGACTCACACAAGGCAGGTGGGTGAGGAAATQCAGAGTTGCC -1
1 ATG GAG AAA ATT CCA GTG TCA GCA TTC TTG CTC CTT GTG GCC CTC TCC TAC ACT CTG GCC AGA GAT ACC ACA GTC 75
1M E X I P v S A F L L L v A L S Y T L A R D T T v 25

76 AAA CCT GGA GCC AAA AAG GAC ACA AAG GAC TCT CGA CCC AAA CTG CCC CAG ACC CTC TCC AGA GGT TGG GGT GAC 150
26 K P G A K K D T K D S R P K L P Q T L S R G w G D 50

151 CAA CTC ATC TGG ACT CAG ACA TAT GAA GAA GCT CTA TAT AAA TCC AAG ACA AGC AAC AAA CCC TTG ATG ATT ATT 225
51 Q L I w T Q T Y E E A L Y K S K T S N K P L M I I 75

226 CAT CAC TTG GAT GAG TGC CCA CAC AGT CAA GCT TTA AAG AAA GTG TTT GCT GAA AAT AAA GAA ATC CAG AAA TTG 300
76 H H L D E C P H s Q A L K K v F A E N K E I Q K L 100

301 GCA GAG CAG TTT GTC CTC CTC AAT CTG GTT TAT GAA ACA ACT GAC AAA CAC CTT TCT CCT GAT GGC CAG TAT GTC 375
101 A E Q F v L L N L v Y E T T D K H L S P D G Q Y v 125

376 CCC AGG ATT ATG TTT GTT GAC CCA TCT CTG ACA GTT AGA GCC GAT ATC ACT GGA AGA TAT TCA AAT CGT CTC TAT 450
126 P R I M F v D P S L T \ R A D I T G R Y S N R L Y 150

451 GCT TAC GAA CCT GCA GAT ACA GCT CTG TTG CTT GAC AAC ATG AAG AAA GCT CTC AAG TTG CTG AAG ACT GAA TTG 525
151 A Y E P A D T A L L L D N M K K A L K L L K T E L 175

526 TAAAGAAAAAAAATCTCCAAGCCCTTCTGTCTGTCAGGCCTTGAGACTTGAAACCAGAAGAAGTGTGAGAAGACTGGCTAGTGTGGAAGCATAGTGAACA 625

626 CACTGATTAGGTTATGGTTTAATGTTACAACAACTATTTTTTAAGAAAAACATGTTTTAGAAATTTGGTTTCAAGTGTACATGTGTGAAAACAATATTGT 725

1026 CCAAGAAAATCACATCACTACCTAGAGTCAACTCTGGCCAGGAACTCTAAGGTACACACTTTCATTTAGTAATTAAATTTTAGTCAGATTTTGCCCAACC 1125

1126 TAATGCTCTCAGGGAAAGCCTCTGGCAAGTAGCTTTCTCCTTCAGAGGTCTAATTTAGTAGAAAGGTCATCCAAAGAACATCTGCACTCCTGAACACACC 1225

1226 CTGAAGAAATCCTGGGAATTGACCTTGTAATCGATTTGTCTGTCAAGGTCCTAAAGTACTGGAGTGAAATAAATTCAGCCAACATGTGACTAATTGGAAG 1325

1326 AAGAGCAAAGGGTGGTGACGTGTTGATGAGGCAGATGGAGATCAGAGGTTACTAGGGTTTAGGAAACGTGAAAGGCTGTGGCATCAGGGTAGGGGAGCAT 1425
1426 TCTGCCTAACAGAAATTAGAATTGTGTGTTAATGTCTTCACTCTATACTTAATCTCACATTCATTAATATATGGAATTCCTCTACTGCCCAGCCCCTCCT 1525
1526 GATTTCTTTGGCCCCTGGACTATGGTGCTGTATATAATGCTTTGCAGTATCTGTTGCTTGTCTTGATTAACTTTTTTGGATAAAACCTTTTTTGAACAGA 1625

1626 AAAAAAAAAAAAAAAAANA 1644
o

XAG-2 MQTGLSLACLVLLCSVLGEAALRKPKRQAGATDTNGAAKSEPAPVKTKGLKTLDRGWGEDIEWAQTYEEGLAKARENNK PLMVIHH

MAG-2 MEK-FSVSAILLLVAI--SGTLAK------ DTTVKSGAKKDPKDSRPKLPQTLSRGWGDQLIWTQTYEEALYRSKTSNRPLMVIHH
hAG-2 MEK-IPVSAFLLLVAL--SYTLAR------ DTTVKPGAKKDTKDSRPKLPQTLSRGWGDQLIWTQTYEEALYKSKTSNKPLMI THH
* ‘.‘k* .. .* . * . _** * ‘** ****". *‘*****.* e ’*.***.**‘k

XAG-2 LEDCPYSIALKKAFVADKMAQKLAQEDFIMLNLVHPVADENQSPDGHYVPRVIFIDPSLTVRSDLKGRYGNKLYAYDADDIPELIT
mAG-2 LDECPHSQALKKVFAEHKEIQKLA-EQFVLLNLVYETTDKHLSPDGQYVPRIVFVDPSLTVRADITGRY SNRLYAYEPSDTALLYD
hAG-2 LDECPHSQALKKVFAENKEIQKLA-EQFVLLNLVYETTDKHLSPDGQYVPRIMFVDPSLTVRADITGRY SNRLYAYEPADTALLID

* *k k kkkk Xk * *kkk K X% * % % % * *kkk KKkKkk * kkkkkkk ok *kk Kk khkkk * *

XAG-2 NMKKAKSFLKTEL
mAG-2 NMKKALKLLKTEL
hAG-2 NMKKALKLLKTEL

* Kk kok ok * k% k Kk

FIG. 1. Nucleotide and deduced amino acid sequences of hAG-2 cDNA and alignment with other species. (A) The 1,702 bp nucleotide
sequence of hAG-2 determined by DNA sequence analysis is shown with the first nucleotide of the start codon designated as +1. The
nucleotide sequence of hAG-2 contains an open reading frame which encodes a protein of 175 amino acids as indicated. The region
underlined indicates the sequence of the 376 bp DEME-2/hAG-2 fragment isolated by SSH. The 5’ and 3’ ends of the hAG-2/R, hAG-2/C
and hAG-2/1 cDNA clones are denoted beneath the nucleotide sequence with the symbols (*), () and (°), respectively. The occurrences
of the potential polyadenylation signal motif, AATAAA, are underlined with a dashed line. Sequence analyses utilized the computer
program DNA Strider 1.2 [30]. (B) The deduced protein sequences of human hAG-2, mouse mAG-2 and Xenopus laevis XAG-2
were aligned using Clustal V [31]. Identical amino acids are indicated with an asterisk and conserved amino acids are indicated with
a period.
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and 17-day old whole mouse embryos. A strong hybrid-
ization signal was obtained from the 17-day whole
mouse embryo (data not shown). Subsequently, a 17-
day whole mouse embryo cDNA library screened with
the hAG-2/R cDNA clone yielded a 781 bp cDNA clone
encoding the mouse homologue of hAG-2, named
mMAG-2. The nucleotide sequence for mAG-2 has been
submitted to the GenBank database at NCBI and as-
signed accession number AF044262. DNA sequence
analysis revealed that mAG-2 was 87% similar to hAG-
2/R at the nucleotide level and also encoded 175 amino
acid protein.

An alignment of the protein sequences of hAG-2,
MAG-2 and XAG-2 is shown in Figure 1B. hAG-2 and
MAG-2 have a similarity of 98.3% with 91.4% identical
residues, whereas each of the mammalian proteins
share 73.3% similarity with XAG-2 and with 47.4 %
identical residues. Analysis of the protein sequences of
hAG-2 and mAG-2 with PSORT Il [26] predicts that
both proteins have cleavable 20 amino acid signal pep-
tides, a feature that is similar to the 18 amino acid
signal peptide predicted for XAG-2 [21]. However, the
predicted isoelectric points for the mature portions of
both the hAG-2 and mAG-2 proteins is 9.06, whereas
that predicted for the mature XAG-2 protein is sub-
stantially lower at 7.17. An analysis of the hAG-2 and
mMAG-2 proteins using the PROSITE Motif dictionary
[25] did not reveal any features that might allow a
functional role to be ascribed to either protein. The
results from SOSUI did indicate that hAG-2 and
mMAG-2 would be soluble proteins based on the hydro-
phobicity index.

Expression Patterns of hAG-2 and mAG-2

As described above, sequence analyses of the
hAG-2 clones suggests that at least three separate
MRNA transcripts, hAG-2/R, hAG-2/C, and hAG-2/1,
that differ in their polyA-tails are encoded by the
hAG-2 gene. Northern blot analysis using the hAG-
2/R transcript as probe identified two mRNA mes-
sages of approximately 0.9 kb and 1.6 kb in all ER-
positive breast carcinoma cell lines, as shown in
Figure 2. Interestingly, the same blot probed with
the 376 bp hAG-2 SSH fragment detected only the
1.6 kb message as shown in Figure 2. The use of a
cDNA probe encoding ER confirmed that all breast
cancer cell lines described as ER-positive (MCF7,
T-47D, MDA-MB-361, ZR-75-1 and BT-474) did in-
deed express ER, and the use of a B-actin probe
demonstrated that similar amounts of RNA from
each cell line were present (Figure 2).

The analysis of hAG-2 expression in a human Mul-
tiple Tissue Northern (MTN) showed a strong signal in
lung with two bands of approximately 0.9 kb and 1.6 kb
in size, and a weaker signal in pancreas, as shown in
Figure 3A. When a human RNA Master Blot was an-
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FIG. 2. Northern analysis of poly(A)"RNA from a panel of hu-
man breast carcinoma cell lines. A Northern blot comprised of 1 ug
of poly(A)* RNA per lane from the ER-positive breast carcinoma cell
lines MCF7, T-47D, MDA-MB-361, ZR-75-1, BT-474, and BT-20 [the
latter makes low levels of a mutated ER mRNA] and the ER-negative
breast carcinoma cell lines MDA-MB-231 and HBL-100 was hybrid-
ized sequentially with the following 2P-labelled cDNA probes as
indicated: the 376 bp DEME-2/hAG-2 fragment isolated by SSH, the
1,077 bp hAG-2/R transcript, ER and B-actin.

alyzed for hAG-2 expression, as shown in Figure 3B,
strong signals were detected in trachea (F3), lung (F2),
stomach (C8), colon (C4), prostate (C7) and small in-
testine (E3), with weaker signals (listed in decreasing
order) in pituitary gland (D4), salivary gland (D7),
mammary gland (D8), bladder (C5), appendix (F1),
ovary (D2), fetal lung (G7), uterus (C6), pancreas (D3),
kidney (E1), fetal kidney (G3), testis (D1), placenta
(F4) and thyroid gland (D6) (the latter two are seen on
a longer exposure of the blot). Expression of hAG-2 was
absent in all parts of the human central nervous sys-
tem (A1-A8, B1-B7), heart (C1), aorta (C2), skeletal
muscle (C3), adrenal gland (D5), liver (E2), spleen (E4),
thymus (E5), peripheral leukocyte (E6), lymph node
(E7), bone marrow (ES8), fetal brain (G1), fetal heart
(G2), fetal liver (G4), fetal spleen (G5) and fetal thymus
(G6) (Fig. 3B). (F5-F8 and G8 do not contain RNA,
H1-H8 are controls).

Similarly, Northern analysis of mMAG-2 expression,
shown in Figure 4, displayed strong signals in adult
mouse lung tissue and 17-day old mouse embryos, with
weaker signals in 15-day old mouse embryos and adult
mouse skeletal muscle, testis and liver. mAG-2 expres-
sion was absent from 7- and 11-day old mouse embryos,
and adult mouse tissues including brain, heart, spleen
and kidney. Figure 4 illustrates that only one message
of approximately 0.9 kb was observed in all the mouse
tissues examined.
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FIG. 3. hAG-2 expression in various tissues. A human Multiple
Tissue Northern (MTN) blot (Clontech) containing 2 ug of poly(A)*
RNA per lane from the tissues indicated (A) and a Human RNA
Master Blot (Clontech) (B) were probed with the hAG-2/R cDNA that
had been labelled with *2P as described in the Materials and Meth-
ods section.

DISCUSSION

Suppression subtractive hybridization has allowed
the identification of hAG-2, the human homologue of
the Xenopus laevis cement gland gene XAG-2, as being
co-expressed with ER in ER-positive breast cancer cell
lines. Although considerable data is emerging regard-
ing the role of XAG-2 during development of the frog, it
is important to establish the role of hAG-2 in a mam-
malian system in order to understand its potential
involvement in hormone-responsive breast carcino-
mas. The limitations of working with a human system
lead us to isolate mAG-2, the mouse homologue of
hAG-2. Mouse genetics has provided a useful model
system with which to study mammalian gene expres-
sion and control. Due to the similarity between hAG-
2/mAG-2 with the XAG proteins, we speculate that
hAG-2 and mAG-2 will be expressed in a gradient in
ectodermal tissues and is likely involved in the prolif-
eration of mammalian tissues, including hormone-
responsive breast carcinomas.
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Although the biological roles of hAG-2 and mAG-2
are unknown, some hints as to their possible functions
may be derived from the literature pertaining to the
Xenopus homologues XAG-1 and XAG-2. In Xenopus
laevis, the XAG family of genes are expressed in a
gradient in the ectoderm during early development of
the cement gland, and appear to be important factors
during differentiation of this organ [20, 21, 27]. The
cement gland is a mucus-secreting organ that lies at
the extreme anterior of the frog embryo and is involved
in the attachment of the embryo to a solid support prior
to swimming and feeding [20, 27]. Interestingly, the
tissues hAG-2 has been found to be expressed in con-
tain mucus secreting cells and/or function as endocrine
organs. The cement gland arises from the outer layer of
embryonic ectoderm and forms a cone of columnar ep-
ithelium. The Xenopus anterior gradient genes, XAG-1,
XAG-2 and XAG-3 are expressed at high levels in the
cement gland and disappear during involution [20, 27].
Similar to hAG-2 and mAG-2, the XAG-1 and XAG-2
genes encode secreted proteins [21, 27] that are later
expressed in the pharynx and lung primordium [27]

Evidence suggests that XAG-2 is activated by many
of the Spemann organizer-secreted signals involved in
neural induction, including noggin, chordin, follistatin
and cerberus [21]. It has been suggested that ho-
meobox gene, Xenopus otx2, acts as transcriptional
activator of cement gland differentiation genes includ-
ing XAG-1 [28]. Recently overexpression of XAG-2 was
shown to induce cement gland differentiation and the
expression of the anterior neural markers Xenopus
otx2 and XIF3 [21]. Furthermore XGSK3 (Xenopus gly-
cogen synthase kinase 3 beta) has been shown to acti-
vate both Xenopus otx2 and XAG-1 [29]. It is antici-
pated that additional information regarding the
regulation and function of the XAG-2 will contribute
significantly to defining these parameters for hAG-2
and mAG-2.

mouse embryos mouse tissues
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FIG. 4. mAG-2 expression in various tissues. Mouse Multiple
Tissue Northern (MTN) blots (Clontech) containing 2 ug of poly(A)*
RNA per lane from whole mouse embryos at different stages of
development (A) and from adult mouse tissues (B) were probed with
the mMAG-2 cDNA that had been labelled with *2P as described in the
Materials and Methods section.
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The original premise of this study was based on the
hypothesis that the enhanced response to endocrine
therapy and improved prognosis of women with ER-
positive breast cancer may be attributed to a pattern of
gene expression characteristic of the hormone-
responsive phenotype. The identification of the novel
gene hAG-2, co-expressed with ER in ER-positive
breast cancer cell lines, is one such candidate gene that
may contribute to the well-differentiated phenotype
associated with hormone-responsive tumors. It will be
of interest to analyze the 5'-flanking region of the
hAG-2 gene in order to identify potential regulatory
elements within the hAG-2 promoter. It will be partic-
ularly interesting to determine if hAG-2 gene expres-
sion is regulated in any way by the transcription fac-
tors ER, AP-2y/ERF-1 or GATA-3 that have been
implicated as potential contributors to the phenotypic
differences of breast cancer tumors.
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