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ABSTRACT

Differences in gene expression are likely to explain the
phenotypic differences between hormone-responsive
and hormone-unresponsive breast cancer. We have
identified differentially expressed cDNAs in the estrogen
receptor (ER)-positive MCF7 breast carcinoma cell line
compared with the ER-negative MDA-MB-231 breast
carcinoma cell line. Differential screening isolated four
differentially expressed genes: cytokeratin 8, cytokeratin
18, Hsp27 and GPCR-Br. To identify differentially
expressed genes of lower abundance, suppression
subtractive hybridization was utilized and 29
differentially expressed clones were isolated. Sequence
analysis revealed that 11 clones were from previously
described genes: HEK8, neuropeptide Y receptor Y1,
p21WAF–1, p55PIK, cytokeratin 18 (cloned twice),
fructose-1,6-biphosphatase, cytokeratin 8, TGF β1
binding protein, elongation factor 1 α2 and pS2. The
remaining 18 clones did not match sequences in the
GenBank/EMBL database, indicating that they may be
novel genes. Expression of pS2, neuropeptide Y
receptor Y1 and three novel clones was induced by
estradiol, indicating estrogen-responsiveness. The
expression pattern of one novel gene, DEME-6,
correlated with expression of ER and ERF-1/AP-2γ in a
panel of breast carcinoma cell lines. A 2.6 kb cDNA of
DEME-6 was sequenced and contains an open reading
frame of 574 amino acids that demonstrates 62.4%
similarity with a gene from Caenorhabditis elegans
chromosome III. Expression of DEME-6 was also
detected in primary breast carcinomas but not in
normal breast tissue, as determined by RT-PCR. These
findings support the hypothesis that a set of genes
coordinately regulated with ER, but not necessarily
estradiol-responsive, are characteristic of the hormone-
responsive breast cancer phenotype.

INTRODUCTION

The estrogen receptor (ER) is routinely used as a prognostic and
predictive marker in the clinical management of breast cancer
patients. Women with ER-positive breast cancer have a better
prognosis (1,2) and generally have hormone-responsive tumors
that are more likely to respond to endocrine therapy (3,4). In
addition, ER-positive tumors are more highly differentiated and are

found more frequently in post-menopausal women (5,6). The
molecular basis for these observed differences between ER-positive
and ER-negative tumors remains unclear and the role of ER in
hormone-responsive breast cancer remains to be delineated.

These findings have led to the hypothesis that alterations in ER
may account for biological differences between hormone-responsive
and hormone-unresponsive tumors. ER is known to be an
estrogen-induced transcription factor that transactivates expression
of ER-regulated genes such as progesterone receptor (PgR), pS2 and
heat shock protein 27000 (Hsp27) that have a role in proliferation
and differentiation (7–9). Studies of ER mRNA structure have
identified alternately spliced 5′ exons (10–13) and have also
characterized exon skipping variants that have been found not only
in breast tumors, but also in normal breast tissue (14–17). The
genomic structure of ER has also been analyzed; however, these
studies have been unable to demonstrate a consistent correlation
between amplifications, deletions, rearrangements or restriction
fragment length polymorphisms of the ER gene and the inheritance
of breast cancer, ER-negative status or overexpression of ER
(18–20).

These observations have led us to propose that ER is only one of
a set of expressed genes that are responsible for the phenotype of
hormone-responsive breast cancer. In support of this hypothesis is
the finding that ER-negative cells transfected with ER demonstrate
paradoxical responses to estradiol (21). Further support for this
hypothesis is that expression of ER in ER-positive breast carcinomas
is controlled at the level of transcription (22,23) and transcriptional
regulation of the ER gene may be controlled by the ERF-1/AP-2γ
transcription factor, which binds the 5′-untranslated region of the ER
gene (24–27). In addition, expression of ERF-1/AP-2γ correlates
with ER expression in multiple breast and endometrial carcinoma
cell lines (24). Consequently, the hypothesis has been extended to
include the concept that factors such as ERF-1/AP-2γ may control
transcription of a set of genes, in addition to ER, whose expression
gives rise to the well-differentiated phenotype of hormone-
responsive breast tumors.

In this present study we set out to compare the patterns of gene
expression in ER-positive and ER-negative breast cancer cell lines
by isolating differentially expressed genes in a human breast
carcinoma cell line system. We used differential screening (DS) (28)
and suppression subtractive hybridization (SSH) (29) to identify
genes that are expressed in hormone-responsive ER-positive MCF7
cells that are absent or minimally expressed in hormone-
unresponsive ER-negative MDA-MB-231 cells. Further analysis of
these genes identified a subset that are estrogen-responsive as
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well as a subset that are not estrogen-responsive but that are
coordinately regulated with ER. These genes may encode
proteins that play a critical role in establishing the clinical
phenotype of hormone-responsive breast cancer.

MATERIALS AND METHODS

Cell lines

Cell lines MCF7, T-47D, BT-20, MDA-MB-231 and HBL-100
(American Type Culture Collection, Rockville, MD) were
maintained in minimal essential medium (Gibco BRL,
Gaithersburg, MD); ZR-75-1 was maintained in RPMI 1640
(Gibco BRL); MDA-MB-361 was maintained in Leibovitz’s
L-15 medium (Gibco BRL). Media were supplemented with 10%
fetal calf serum (Hyclone, Logan, UT), 10 U/ml penicillin G
(Gibco BRL), 10 µg/ml streptomycin (Gibco BRL) and 6 ng/ml
bovine insulin (Sigma Chemical Co., St Louis, MO). All cells
were incubated at 37�C in 5% CO2 except MDA-MB-361, which
were maintained in a CO2-free environment. MCF7 cells that
were induced with estradiol were grown under normal conditions
as described above until ∼25% confluent. The medium was
subsequently changed to phenol red-free minimal essential
medium supplemented with 10% charcoal-stripped fetal calf
serum, 10 U/ml penicillin G, 10 µg/ml streptomycin, 6 ng/ml
bovine insulin for 6 days. MCF7 cells were induced with 1 × 10–8

M water soluble β-estradiol (Sigma Chemical Co.) for 3 days.

mRNA isolation

Polyadenylated RNA was isolated using the Fast Track  Kit
(Invitrogen  Corp., Carlsbad, CA) as per the recommendations
of the manufacturer.

Differential screening

An amplified oligo(dT)-primed MCF7 cDNA λ library was
generated using the ZAP Express  [EcoRI/XhoI] cDNA Synthesis
Kit (Stratagene, La Jolla, CA). Aliquots of 2 µg MCF7 and
MDA-MB-231 mRNA were reverse transcribed with random
primers (Perkin Elmer, Foster City, CA). One twentieth (∼100 ng)
of MCF7 and MDA-MB-231 cDNA was labeled by random
priming (Boehringer Mannheim, Indianapolis, IN) with 50 µCi
[α-32P]dCTP (3000 Ci/mmol; Amersham Life Science Inc.,
Arlington Heights, IL). Approximately 50 000 plaques of the MCF7
cDNA library were screened by hybridizing duplicate Protran
(Schleicher & Schuell, Keene, NH) plaque lifts (30) with either
MCF7 or MDA-MB-231 cDNA probes. All pre-hybridizations and
hybridizations were performed under the following conditions:
50% formamide, 5× Denhardt’s, 5× SSPE, 0.1% SDS and
50 µg/ml denatured salmon sperm DNA at 42�C. Membranes
were washed with 2× SSC and 0.1% SDS at 42�C for 15 min,
followed by 0.1× SSC and 0.5% SDS at 65�C for 30 min.
Autoradiographs were compared and plaques that had a signal in the
MCF7 but not the MDA-MB-231 cell line were isolated and purified
by a secondary round of screening. Isolated plaques were processed
to excise the cDNA inserts from the λ vector into pBK-CMV
phagemids. Subsequent to repeated isolations of cytokeratin 8 and
cytokeratin 18 cDNAs the strategy of using a third plaque lift from
plates during the secondary round of screening was adopted. This
third lift was probed sequentially with 25 ng labeled cytokeratin 8

and cytokeratin 18 cDNA respectively, thus allowing identification
of clones that corresponded to these genes.

Suppression subtractive hybridization

SSH was performed with the Clontech PCR-Select  cDNA
Subtraction Kit (Clontech Laboratories Inc., Palo Alto, CA) as
described by the manufacturer but with the following modifications.
Starting material consisted of 2 µg MCF7 mRNA as tester and
2 µg MDA-MB-231 mRNA as driver. Primary and secondary PCR
conditions were altered to increase specificity of amplification
according to either plan A or B. Both A and B reduced the
extension time and the number of cycles of the primary PCR to
2 min and 26 cycles and the primary PCR products were diluted
1/50 prior to use in the secondary PCR. All other aspects of plan
A were as per the instructions of the manufacturer. Plan B
diverged from plan A in two ways. First, the initial cycle of
primary PCR was performed using annealing and extension times
that had been reduced to 15 s and 1.5 min respectively. Second,
for subsequent cycles the denaturing time was increased to 10 s
while the annealing and extension times were reduced to 15 s and
1.5 min respectively. All PCR products generated using both
plans A and B were subcloned into the pCR II vector using the
Original TA Cloning  Kit (Invitrogen ). Clones 1–11 and 17–48
were generated using plan A, while clones 12–16 were generated
using plan B.

Isolation of a 2.6 kb DEME-6 cDNA

Approximately 1 × 106 plaques from the MCF7 cDNA library were
screened using oligonucleotide probes derived from the 111 bp
SSH-generated DEME-6 clone. Fifteen picomoles each of
oligonucleotides o6-1 (5′-TGGGCCTTTCTCCAGCATCTCT-
TCAGCC-3′) and o6-2 (5′-GTGATAATCTCAAGTATCCCAT-
CCG-3′) were end-labeled individually with 75 µCi [γ-32P]ATP
(6000 Ci/mmol; Amersham) using T4 polynucleotide kinase
(New England Biolabs, Beverly, MA). Labeled o6-1 and o6-2
were then combined and hybridized to plaque lifts on Optitran
(Schleicher and Schuell) under the following conditions: 20%
formamide, 5× Denhardt’s, 5× SSPE, 0.1% SDS and 100 µg/ml
denatured salmon sperm DNA at 42�C. Plaque lifts were washed
in 2× SSC and 0.1% SDS at 42�C for 20 min, followed by one
wash with 2× SSC and 0.1% SDS at 45�C for 20 min. Plaque lifts
were placed on film with an intensifying screen at –80�C. Plaques
that had a signal were isolated and purified by a secondary round
of screening. Isolated plaques were processed to excise the cDNA
inserts from the λ vector into pBK-CMV phagemids.

Northern analysis

Aliquots of 1 µg mRNA were electrophoresed on a 1%
agarose–formaldehyde denaturing gel in 1× MOPS and then
transferred to a Nytran  membrane (Schleicher & Schuell).
Samples of 25–50 ng of each clone in pCR II or pBK-CMV
were 32P-labeled by random priming (Boehringer Mannheim). In
addition, 80 ng of a 530 bp PCR-generated fragment of
ERF-1 cDNA (spanning a region from bp 2134 to 2664 in the
3′-untranslated region) (26) was labeled similarly. Northern blots
were pre-hybridized and hybridized in 50% formamide, 5×
Denhardt’s, 5× SSPE, 1% SDS and 100 µg/ml denatured salmon
sperm DNA at 42�C. Blots were washed in 2× SSC and 0.1%
SDS at 42�C for 20 min, followed by two washes in 0.2× SSC and
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0.1% SDS at 65�C for 20 min each. Northern blots were placed
on film with an intensifying screen at –80�C. A Computing
Densitometer 300A (Molecular Dynamics, Sunnyvale, CA) was
utilized to determine relative expression. Values were normalized
against β-actin.

Sequencing analysis

All sequencing was performed on double-stranded templates
using the dideoxynucleotide chain termination method (31) with
[α-35S]dATP (1000 Ci/mmol; Amersham). Sequencing reactions
were carried out with the Sequenase  v.2.0 DNA Sequencing Kit
(US Biochemical, Cleveland, OH). Sequence for the 2.6 kb
DEME-6 cDNA was determined on both strands using an
automated ABI 373 DNA sequencing system and a standard dye
terminator AmpliTaq Kit. T3 and T7 promoter primers and
custom sequence-specific primers were used for clones in
pBK-CMV, whereas SP6 and T7 promoter primers were used for
clones in pCR II. The nucleotide sequence of the 2.6 kb
DEME-6 cDNA was compared against the GenBank/EMBL and
Expressed Sequence Tag (EST) (32) databases. In addition, the
amino acid sequence of DEME-6 was compared against the
PROSITE protein motif database (33) and analyzed by SOSUI
(Secondary Structure Prediction of Membrane Proteins,
http://www.tuat.ac.jp/∼mitaku/sosui/).

Isolation of genomic clones of DEME-6

Approximately 1 × 106 λ phage from a human genomic library
(generated from human placental tissue) in EMBL3 SP6/T7
cloning vector (Clontech) were screened with the oligonucleotides
and DEME-6 cDNA under the conditions described for screening
of the cDNA library. Clones that hybridized to the probes were
isolated and plaque purified. These genomic clones were then
compared with the cDNA to identify intron–exon borders.

RT-PCR from primary tumors

Primary human breast tumor tissue was collected fresh from
mastectomy and biopsy specimens and snap frozen in liquid
nitrogen. Normal human breast tissue was obtained from
mastectomy specimens in a region of normal breast. Approximately
0.5 mg tissue were homogenized and total RNA was isolated using
TRIzol  reagent (Gibco BRL) as per the manufacturer’s
recommendations. An aliquot of 1 µg RNA from each sample was
reverse transcribed using random hexamers with the Advantage
RT-for-PCR Kit (Clontech) as per the manufacturer’s
recommendations. The 20 µl RT sample was diluted to 100 µl with
water and then 2 µl each sample analyzed by PCR for DEME-6,
ER and GAPDH messages using the Advantage  cDNA PCR Kit
(Clontech) with Advantage  KlenTaq Polymerase mix and
gene-specific primers designed across intron–exon junctions.
Primers for DEME-6 were o6B-5 (5′-GCTTCACCTACAAGG-
GCCAGTGGAAGATGTCC-3′) and o6B-6 (5′-TTCACCAAG-
CACTCGTCATCCACTGAGTACTCG-3′), which generated a
439 bp DNA fragment. Primers for ER were oER-1A-long
(5′-GTGCCCTACTACCTGGAGAACGAGCCCAGC-3′) and
oER-1B-long (5′-AGCATAGTCATTGCACACTGCACAGTA-
GCG-3′), which generated a 195 bp DNA fragment. Primers for
GAPDH were GAPDH-5′ (5′-TGAAGGTCGGAGTCAACGG-
ATTTGGT-3′) and GAPDH-3′ (5′-CATGTGGGCCATGAGGT-
CCACCAC-3′), which generated a 983 bp DNA fragment.

Figure 1. Northern blots of differentially expressed genes from differential
screening. Northern blots demonstrate that clones isolated using differential
screening detect mRNAs that are differentially expressed. The cDNAs were
used as probes on Northern blots of mRNA isolated from ER-positive MCF7
and ER-negative MDA-MB-231 cells. The same blots were hybridized with
β-actin cDNA to confirm similar loading and transfer of the mRNA, as well as
with ER cDNA to serve as a positive control. Northern blots were placed on film
at –80�C with a screen and the time needed to visualize hybridization signals
ranged from 1 to 12 h.

Two-step PCR was utilized to amplify the genes and was
performed on a Perkin Elmer 9600 DNA thermal cycler as
follows: one cycle of 94�C for 1 min; 30 cycles of 94�C for 30 s,
68�C for 3 min; followed by 68�C for 3 min. PCR samples were
then analyzed for DEME-6, ER and GAPDH by electrophoresis
on 8% non-denaturing polyacrylamide gels.

RESULTS

Differential screening

The DS technique identified four genes that were over-expressed
in MCF7 cells when compared with ER-negative MDA-MB-231
cells (Fig. 1). Sequence analysis identified these four genes as
cytokeratin 8, cytokeratin 18, Hsp27 and a novel member of the
G protein-coupled receptor superfamily, GPCR-Br (34). Table 1
indicates that these genes each displayed 6-fold or greater
expression in MCF7 than in MDA-MB-231 cells, as determined
using Northern blots and densitometric analysis. Of the 157
clones isolated by DS, 123 (75%) were confirmed to be
differentially expressed by Northern blot analysis. As shown in
Table 1, the majority (110 of the 123) were found by sequence
analysis to represent cytokeratin 18. In comparison, cytokeratin
8 was cloned 11 times, while Hsp27 and GPCR-Br were each
isolated once. Northern analysis hybridization signals for GPCR-
Br were visualized in 12 h, while signals for cytokeratin 8,
cytokeratin 18 and Hsp27 were seen within 2 h. Isolation of
cytokeratin 8, cytokeratin 18 and Hsp27 was expected, since
differential screening is known to isolate differentially expressed
genes of high abundance (35) and these genes have been previously
described in the literature as being among those genes that are
differentially expressed at high levels (9,36). In an attempt to isolate
genes such as ER, PgR and pS2, that are differentially expressed at
lower levels, SSH was subsequently performed.

Suppression subtractive hybridization

The subtractive cloning strategy of SSH generated 332 clones
with cDNA insert sizes ranging from 55 to ∼1000 bp (Table 2).
Forty eight of the 332 clones were further characterized. Six did
not have cDNA inserts and 29 of the remaining 42 clones (69%)
examined by Northern analysis of mRNA from MCF7 and
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MDA-MB-231 cell lines were confirmed to be differentially
expressed genes. These 29 clones have been designated DEME
(differentially expressed in MCF7 with estradiol). Figure 2 shows
that these genes were expressed in MCF7 cells while absent or
minimally expressed in MDA-MB-231 cells. Among the 29
clones, differences in expression ranged from 6-fold to on/off.
The time needed to visualize Northern analysis hybridization
signals ranged from 1 h to 2 weeks.

Table 1. Summary of cDNA clones isolated from an MCF-7 cell line by
differential screening

Genea mRNA (kb)b No. of Differential
isolationsc expressiond

Cytokeratin 18 1.5 110 15-fold

Cytokeratin 8 1.8 11 19-fold

Hsp27 0.9 1 6-fold

GPCR-Bre 2.6 1 20-fold

aSequence identity based on comparison with GenBank/EMBL database.
bEstimate of size (kb) of mRNA from Northern analysis.
c123 differentially expressed clones were isolated by differential screening of
an MCF7 cDNA library with MCF7 and MDA-MB-231 cDNA.
dRelative expression is based on Northern analysis of MCF7 and MDA-MB-231
mRNA. Values attained by densitometry and normalized by comparison with β-actin
(x-fold, degree of over-expression in MCF7 cells).
eGPCR-Br, G protein-coupled receptor–breast.

Sequence analysis revealed that 11 of the 29 clones matched
previously described genes in the GenBank/EMBL database, as
indicated in Table 2. Cytokeratin 8 and cytokeratin 18, that have
been previously cloned using the alternative technique of DS,
were isolated again using SSH. A known estrogen-responsive
gene, pS2 (DEME-40), which had previously been characterized
as a differentially expressed gene (8), was also isolated. The
sequences of the other 18 clones did not match any entries in the
GenBank/EMBL database and are likely to be novel. Sixteen of
the novel clones showed on/off differences in expression between
the MCF7 and MDA-MB-231 cell lines.

Estrogen-responsiveness and pattern of expression in a panel
of breast carcinoma cell lines

Each gene that had been identified as being differentially
expressed in MCF7 cells as compared with MDA-MB-231 cells
was used as a probe for Northern blots of mRNA from MCF7
cells that had been grown in the presence or absence of
β-estradiol. Figure 3 shows that expression of five of these genes
was augmented by β-estradiol treatment. The expression of pS2
(DEME-40), neuropeptide Y receptor Y1 (NPY Rc Y1;
DEME-12) and three novel clones (DEME-2, DEME-31 and
DEME-47) was shown to be estrogen-responsive. The induction
of pS2 by estradiol has been previously described (8). While these
five clones exhibited 4-fold or on/off induction, the majority of
differentially expressed genes showed minimal (0.5- to 2.5-fold)
or no response to estradiol treatment.

The differentially expressed genes identified were based only on
a two cell line comparison, thus it was important to examine each
on a panel of breast cancer cell lines. As anticipated, the
estrogen-responsive genes demonstrated a correlation with ER
expression in the panel of cell lines examined (data not shown).
However, we were particularly interested in identifying genes that
were not estrogen-responsive but exhibited a pattern of expression

that correlated with the ER-positive phenotype. Genes coordinately
regulated with ER are likely to play an important role in
hormone-responsive tumors and may be transcriptionally regulated
by mechanisms similar to those controlling ER expression. Of the
subset of differentially expressed genes that are not estrogen-
responsive only one gene, DEME-6, demonstrated a pattern of
expression that correlated with ER expression in the panel of
breast carcinoma cell lines examined.

Table 2. Summary of DEME cDNA clones generated from an MCF7 cell line
by SSH

DEMEa Size Genec mRNA Differential

(bp)b (kb)d expressione

2 297 – 1.7 ±
6 111 – 2.7 ±
7 297 HEK8 6.9/4.6 9-fold

8 358 – 3.5 ±
9 341 – 1.4/1.0 ±
10 206 – 1.4/1.0 ±
12 125 NPY Rc Y1 8.7/2.7 ±
13 (350) – 9.0/4.4/3.3/1.8±
15 148 p21WAF-1 2.1 6-fold

16 (800) p55PIK 6.0 21-fold

19 396 Cytokeratin 18 1.5 8-fold

23 384 – 5.1/3.6 ±
24 114 Fructose-1,6-bisphosphatase 1.4 ±
25 274 Cytokeratin 8 1.8 19-fold

27 201 – 6.6/4.3/2.4 7-fold

29 111 – 1.2 ±
30 (800) – 8.5 ±
31 63 – 1.8 ±
33 162 TGFβ1 binding protein 6.8 8-fold

35 95 Cytokeratin 18 1.5 7-fold

36 62 Elongation factor 1α2 1.8 25-fold

37 148 – 7.1 7-fold

40 122 pS2 0.7 ±
41 135 – 3.6 ±
42 98 – 0.5 ±
43 82 – 3.7 ±
46 (750) – 5.3 ±
47 55 – 1.7 ±
48 (1000) – 8.3 ±

aOf 48 clones six had no PCR-generated cDNA insert. The remaining 42 were
analyzed by Northern blots. Differential expression was confirmed for the 29
DEME clones above.
bSize of PCR-generated insert, if known, or estimated size in parentheses.
cSequence indentity based on comparison with GenBank/EMBL database. –, novel
sequence; NPY Rc Y1, neuropeptide Y receptor type Y1; p55PIK, P55 phospho-
tidylinositol kinase.
dEstimate of size (kb) of mRNA by Northern analysis.
eRelative expression is based on Northern analysis of MCF7 and MDA-MB-231
mRNA. Values attained by densitometry and normalized by comparison with
β-actin. (±, expression in MCF7 and not in MDA-MB-231; x-fold, degree of
overexpression in MCF7).

Isolation of DEME-6 cDNA

An MCF7 cDNA library was screened with an oligonucleotide
probe prepared from the partial sequence of DEME-6. Fifteen
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Figure 2. Northern blots of differentially expressed DEME genes from SSH.
Northern blots demonstrate that the DEME clones generated from an MCF7 minus
MDA-MB-231 subtraction using SSH detect mRNAs that are differentially
expressed. Of the 48 SSH DEME clones examined 29 were used as cDNA probes
for Northern blots of mRNA isolated from ER-positive MCF7 and ER-negative
MDA-MB-231 cells. The other 19 clones either had no insert or were equally
expressed in the two cell lines. The same blots were hybridized with β-actin and
GAPDH cDNA to confirm similar loading and transfer of the mRNA as well as
with ER cDNA to serve as a positive control. Northern blots were placed on film
at –80�C with a screen and the time needed to visualize hybridization signals
ranged from 1 h to 2 weeks. DEME-7, HEK8; DEME-12, neuropeptide Y receptor
Y1; DEME-15, p21WAF–1; DEME-16, p55phosphotidylinositol kinase; DEME-19,
cytokeratin 18; DEME-24, fructose-1,6-biphosphatase; DEME-25, cytokeratin 8;
DEME-33, TGFβ1 binding protein; DEME-35, cytokeratin 18; DEME-36,
elongation factor 1α2; DEME-40, pS2.

cDNAs were isolated, the largest of which was 2.6 kb. The
sequence of the 2.6 kb DEME-6 cDNA is shown in Figure 4A.
This cDNA contains an open reading frame of 574 amino acids,
that may extend 5′ to the end of this cDNA clone, and a
3′-untranslated region of 917 bp. The sequence was compared with
the GenBank/EMBL database and does not match any previously
reported gene; however, the predicted amino acid sequence
demonstrates an overall 62.4% similarity (36.6% identity and 25.8%
conservative substitution) with the Caenorhabditis elegans
C32D5.6 gene (GenBank accession no. 746469) (Fig. 4B). The
predicted amino acid sequence also shows homology to various
sequences in the human EST database and further analysis has
identified a putative RNA binding region RNP-1 signature and a
highly hydrophobic region that may represent an anchoring
transmembrane domain (Fig. 4A). The sequence for DEME-6 has
been submitted to the GenBank/EMBL database and assigned
accession no. AF007170.

The 2.6 kb cDNA for DEME-6 was hybridized to a panel of breast
carcinoma cell lines. As shown in Figure 5, DEME-6 is expressed
in the ER-positive cell lines MCF7, T47-D, MDA-MB-361 and
ZR-75–1. DEME-6 is also expressed in the ER-negative BT-20 cell
line, which expresses low levels of mutant ER mRNA (37).
Expression of DEME-6 is absent or minimal in the ER-negative cell
lines MDA-MB-231 and HBL-100. As can be seen in Figure 5,

Figure 3. Northern blots demonstrating estrogen-responsiveness. The cDNAs
of five DEME clones were used as probes for Northern blots of mRNA from
the ER-positive MCF7 cells that had been grown in the presence (+) or absence
(–) of β-estradiol. The remaining differentially expressed clones examined
showed minimal (0.5- to 2.5-fold) or no response to β-estradiol treatment (data
not shown). The same blots were hybridized with β-actin to confirm similar
loading and transfer of the mRNA. DEME-40, pS2; DEME-12, neuropeptide
Y receptor Y1; DEME-2, DEME-31 and DEME-47 are novel.

DEME-6 expression also parallels the expression pattern of the
ERF-1/AP-2γ transcription factor.

RT-PCR from primary tumors

DEME-6 expression was examined in a panel of primary breast
carcinomas. Mapping of the genomic clones indicated that an
intron occurred in the region between nt 999 and 1313. The
identification of this intron was an important feature used to
design primers that amplified DEME-6 cDNA across this splice
site. RT-PCR was used to examine DEME-6, ER and GAPDH
expression in 12 primary breast tumors and two samples of
normal breast tissue as shown in Figure 6. DEME-6 was
expressed in half of the tumor samples (top panel) but was not
detected in normal breast tissue. As reported previously (38), ER
mRNA was detected in all tumor samples but was more abundant
in tumors that were classified as ER-positive by immunoenzyme
assay (middle panel). The cell lines MCF7 and MDA-MB-231
were included as positive and negative controls respectively.
Although the primary tumors examined are comprised of a very
heterogeneous population of cell types, these data demonstrate
that DEME-6 was expressed in a significant fraction of the primary
breast tumors but was not detected in normal mammary tissue.

DISCUSSION

The molecular basis for the hormone-responsive phenotype and
improved prognosis associated with ER-positive status is poorly
understood. To shed light on the underlying tumor biology we have
compared the pattern of gene expression in two breast carcinoma
cell lines. DS and SSH were used to isolate a panel of genes that are
over-expressed in hormone-responsive ER-positive MCF7 cells as
compared with hormone-unresponsive ER-negative MDA-MB-231
cells. Since SSH can isolate cDNAs from different regions of the
same gene, we cannot be certain that each SSH clone represents a
different gene. However, based on the transcript size, differential
expression and estrogen-responsiveness we estimate that this panel
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Figure 4. Nucleotide and deduced amino acid sequence of the human DEME-6 gene. (A) The 2642 bp nucleotide sequence of DEME-6 contains a long open reading
frame which encodes a protein of 574 amino acids as indicated. Sequence analyses utilized the computer program DNA Strider 1.2 (47). Further examination of the
DEME-6 protein using PROSITE (33) and SOSUI (http://www.tuat.ac.jp/∼mitaku/sosui/) revealed a putative eukaryotic RNP-1 motif that is indicated with the
demarcation (v v v  v) under the amino acids and a candidate anchoring transmembrane domain that is indicated with the demarcation (- - - -) under the amino acids.
(B) Using the computer program Clustal V (48) the longest open reading frame (574 amino acids) of DEME-6 was aligned with the 578 amino acid protein product
from C32D5.6 of C.elegans (GenBank accession no. 746469), demonstrating an overall similarity of 62.4%. Identical amino acids are indicated with an asterisk (*)
and conserved amino acids are indicated with a period (.).

A

B

of genes includes at least 28 separate genes. Isolation of cytokeratin
8 and cytokeratin 18 by both DS and SSH attests to the validity of
these two techniques, since these two genes have been previously
described as being differentially expressed (36).

Comparison of DS and SSH

The simplicity of the DS technique is advantageous, however, DS
is limited by its ability to isolate only those genes that are
abundantly expressed, such as cytokeratin 8, cytokeratin 18 and
Hsp27 (9,35,36). An additional disadvantage is the inability to
equalize the differing levels of mRNAs, which contributes to

repeated isolation of abundant genes. As a result, cytokeratin 18
was isolated 110 times (Table 1). Furthermore, even though 75%
of the genes isolated using differential screening were differentially
expressed, none of them exhibited an on/off pattern of expression
and these 123 differentially expressed genes represented only
three known genes and one novel gene. This novel gene has been
characterized as a member of the G protein-coupled receptor
superfamily and is associated with ER expression in breast cancer
cell lines and primary tumors (34). While differential screening
is an effective strategy, known genes differentially expressed at
low levels in an on/off fashion, such as ER, PgR and pS2, were
not isolated. This prompted the use of the recently developed
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Figure 5. Northern blots demonstrating a correlation with estrogen receptor
status. cDNA from the 2.6 kb clone of DEME-6 and ERF-1/AP-2γ were used
to probe Northern blots containing mRNA from several ER-positive (MCF7,
T-47D, MDA-MB-361 and ZR-75-1) and ER-negative (BT-20, MDA-MB-231
and HBL-100) breast carcinoma cell lines. Blots were re-hybridized with
β-actin to confirm approximately equal loading and transfer as well as with ER
cDNA to serve as a positive control.

technique of SSH, which has been refined to successfully identify
differentially expressed genes.

SSH combines subtractive hybridization with PCR to generate a
population of PCR fragments enriched for sequences from genes
that are differentially expressed. While the underlying concept has
been used before in techniques such as representational difference
analysis (39), the strength and novelty of SSH stems from a process
called normalization. This process equalizes the wide differences in
abundance of different mRNA species (29). Consequently,
differentially expressed genes of low abundance that cannot be
detected by DS can be cloned. In addition, differentially expressed
genes of high abundance are not isolated in excess. For example,
only two of the 29 differentially expressed SSH clones were
cytokeratin 18. Compared with other PCR-based cloning strategies,
such as differential display (40), the problem of false positives in
SSH seemed to be less of an issue; ∼70% of cloned inserts
represented differentially expressed genes. Our results indicate that
SSH is an effective technique of high sensitivity that identifies
differentially expressed genes of high and low abundance.

Estrogen-responsive genes

Using cells that are ER-positive we expected that a subset of these
genes would be estrogen-responsive and perhaps regulated by ER.
The estradiol-induced pS2 gene was first described as an ER-
regulated gene in MCF7 cells (41), therefore, isolation of this gene
(DEME-40) validates our ability to identify estrogen-responsive
genes. Expression of NPY Rc Y1 has not previously been
reported as being induced by estradiol treatment, however, the
secretion of gonadotropin releasing hormone associated with
neuropeptide Y and PgR expression has been linked to estradiol
treatment (42,43). Three novel genes have also been characterized
as estrogen-responsive, indicating that they may be regulated by
ER. Given the central role of ER expression in breast cancer, the
identification of these novel genes that are candidate ER targets
is an important contribution of this study. We are currently
characterizing the structure of these genes in an attempt to
understand their functional significance.

Figure 6. Examination of DEME-6 expression in primary breast tumors by
RT-PCR. Electrophoresis of RT-PCR products for DEME-6, ER and GAPDH
for six ER-positive (20, 25, 26, 21, 22 and 24) and six ER-negative (12, 13, 33,
9, 10 and 32) tumors determined by immunohistochemistry, two normal breast
samples (34 and 35) and two breast carcinoma cell lines, MCF7 (ER-positive)
and MDA-MB-231 (ER-negative). GAPDH was identified in all samples.

Expression of DEME-6

An important goal of this project was to identify a set of genes
whose expression may be characteristic of the hormone-responsive
breast cancer phenotype. ER and ER-regulated genes have long
been associated with the hormone-responsive phenotype. Thus a
particular interest was in identifying genes that are coordinately
expressed with ER but not necessarily estradiol-inducible. One
such gene identified is DEME-6. The expression pattern of
DEME-6 parallels the expression of ER in cell lines, however,
DEME-6 is not an estrogen-responsive gene. This suggests the
possibility that DEME-6 and ER share common transcriptional
mechanisms. A candidate transcription factor that may coordi-
nately regulate these two genes is ERF-1/AP-2γ. It has been
shown that ERF-1/AP-2γ is involved in regulating ER expression
(24) and the expression pattern of DEME-6 correlates with the
pattern of ERF-1/AP-2γ expression. Further experiments to
determine if DEME-6 is regulated by ERF-1/AP-2γ are currently
under investigation. It seems likely that DEME-6 may be one of
several genes that are coordinately regulated with ER.

DEME-6 was shown to be expressed in primary tumors,
although a clear correlation with ER expression was not exhibited
in these carcinoma samples. One possible explanation for this
discrepancy might be that tumor tissue is comprised of a highly
heterogeneous population of cell types. Alternatively, this pattern
of expression may ultimately be found to be related to hormone-
responsiveness. Previously it has been shown that the levels of ER
expression in primary breast tumors is highly variable (38).
Although this was a limited number of primary tumors, those
tumors determined to be ER-positive by enzyme immunoassay
that also had high ER mRNA levels were found to express
DEME-6. It is, therefore, possible that transcriptional mechanisms
in ER-positive, hormone-responsive tumors which result in
over-expression of ER mRNA may also be involved in DEME-6
expression. Further studies examining the promoter of DEME-6
may help to clarify mechanisms regulating DEME-6 expression
in primary breast cancers.

Sequence analysis demonstrates extensive homology of
DEME-6 with the C32D5.6 gene of C.elegans. C32D5.6 was
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cloned as part of the C.elegans chromosome III genomic
sequencing project and is of unknown function (44). In addition
to its correlation with ER-positive status, the importance of
DEME-6 is underscored by the fact that it is evolutionarily
conserved. Further analysis revealed that DEME-6 contains a
eukaryotic putative RNA binding RNP-1 signature as well as a
candidate anchoring transmembrance domain. This RNP-1 motif is
seen in various proteins, such as heterogeneous nuclear ribonucleo-
proteins, small nuclear ribonucleoproteins and pre-RNA- and
mRNA-associated proteins (45,46) and the transmembrane domain
suggests a putative role as a membrane protein. Further experiments
are required before a functional role of DEME-6 can be confirmed.

In summary, we have identified a panel of genes that are
differentially expressed in ER-positive MCF7 cells as compared
with ER-negative MDA-MB-231 cells. Studies with estradiol
indicate that NPY Rc Y1 and three novel clones are ER-regulated
genes. In addition, the expression of one estrogen-unresponsive
gene, DEME-6, correlates with ER and ERF-1/AP-2γ expression
in a panel of breast carcinoma cell lines. These findings identify
an additional candidate gene that may be involved in the
phenotypic differences observed between ER-positive and ER-
negative breast carcinomas.

The nucleotide sequence of DEME-6 published in this paper
has been submitted to the GenBank/EMBL database at NCBI and
assigned accession no. AF007170. The nucleotide sequence of all
other DEME clones have been submitted to the EST database
(dbEST) at NCBI and assigned accession nos
AA506763–AA506795 in chronological order.
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