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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: HEKS, neuropeptide Y receptor Y1,
p21WAF-1  p55PIK - cytokeratin 18 (cloned  twice),
fructose-1,6-biphosphatase, cytokeratin 8, TGF f1
binding protein, elongation factor 1 a2 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 ERand ERF-1/AP-2yin 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 Ill. 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

DDBJ/EMBL/GenBank accession no. AF007170

found more frequently in post-menopausal womgm).( 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 redegidrfS2and
heat shock protein 2700BIgp27 that have a role in proliferation
and differentiation {-9). Studies ofER mRNA structure have
identified alternately spliced’ Sexons {0-13) and have also
characterized exon skipping variants that have been found not only
in breast tumors, but also in normal breast tiséde1(7). The
genomic structure dER 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 tB&® gene and the inheritance
of breast cancer, ER-negative status or overexpressidERof
(18-20).

These observations have led us to proposé&Ré only one of
a set of expressed genes that are responsible for the phenotype o
hormone-responsive breast cancer. In support of this hypothesis is
the finding that ER-negative cells transfected &iftdemonstrate
paradoxical responses to estradiol)( Further support for this
hypothesis is that expressioradtin ER-positive breast carcinomas
is controlled at the level of transcriptide2(23) and transcriptional
regulation of theER gene may be controlled by the ERF-1/AP-2
transcription factor, which binds theuhtranslated region of teR
gene R4-27). In addition, expression &RF~1/AP-2y correlates
with ER expression in multiple breast and endometrial carcinoma
cell lines @4). Consequently, the hypothesis has been extended to
include the concept that factors such as ERF-1AARa@/ control
transcription of a set of genes, in additioficR® 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

The estrogen receptor (ER) is routinely used as a prognostic azatcinoma cell line system. We used differential screening @3%) (
predictive marker in the clinical management of breast cancand suppression subtractive hybridization (SSt4) (o identify
patients. Women with ER-positive breast cancer have a betigenes that are expressed in hormone-responsive ER-positive MCF7
prognosis {,2) and generally have hormone-responsive tumorsells that are absent or minimally expressed in hormone-

that are more likely to respond to endocrine thera&pd).(In

unresponsive ER-negative MDA-MB-231 cells. Further analysis of

addition, ER-positive tumors are more highly differentiated and atbese genes identified a subset that are estrogen-responsive a:
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well as a subset that are not estrogen-responsive but that anel cytokeratin 18 cDNA respectively, thus allowing identification
coordinately regulated wittER These genes may encode of clones that corresponded to these genes.
proteins that play a critical role in establishing the clinical

phenotype of hormone-fasnsive breast cancer. Suppression subtractive hybridization

SSH was performed with the Clontech PCR-SElecDNA
Subtraction Kit (Clontech Laboratories Inc., Palo Alto, CA) as
described by the manufacturer but with the following modifications.
Starting material consisted off® MCF7 mRNA as tester and

Cell lines MCF7, T-47D, BT-20, MDA-MB-231 and HBL-100 2 Hg MDA-MB-231 mRNA as driver. Primary and secondary PCR
(American Type Culture Collection, Rockville, MD) were conditions were altered to increase specificity of amplification
maintained in minimal essential medium (Gibco BRL,according to either plan A or B. Both A and B reduced the
Gaithersburg, MD); ZR-75-1 was maintained in RPMI 164(extension time and the number of cycles of the primary PCR to
(Gibco BRL); MDA-MB-361 was maintained in Leibovitz’s 2 min and 26 cycles and the primary PCR products were diluted
L-15 medium (Gibco BRL). Media were supplemented with 1094./50 prior to use in the secondary PCR. All other aspects of plan
fetal calf serum (Hyclone, Logan, UT), 10 U/ml penicillin GA were as per the instructions of the manufacturer. Plan B
(Gibco BRL), 10ug/ml streptomycin (Gibco BRL) and 6 ng/mi diverged from plan A in two ways. First, the initial cycle of
bovine insulin (Sigma Chemical Co., St Louis, MO). All cellsPrimary PCR was performed using annealing and extension times
were incubated at 3T in 5% CQ except MDA-MB-361, which  that had been reduced to 15 s and 1.5 min respectively. Second,
were maintained in a GGree environment. MCF7 cells that for subsequent cycles the denaturing time was increased to 10 s
were induced with estradiol were grown under normal condition&hile the annealing and extension times were reduced to 15 s and
as described above unfi5% confluent. The medium was 1.5 min respectively. All PCR products generated using both
subsequently changed to phenol red-free minimal essentRlrns A and B were subcloned into the pGRvector using the
medium supplemented with 10% charcoal-stripped fetal cafriginal TA Cloning” Kit (Invitroger). Clones 1-11 and 17-48
serum, 10 U/ml penici”in G, 1pg/m| Streptomycin, 6 ng/m| Were generated using plan A, while clones 12-16 were generatEd
bovine insulin for 6 days. MCF7 cells were induced witl08  using plan B.

M water solublg3-estradiol (Sigma Chemical Co.) for 3 days.

MATERIALS AND METHODS

Cell lines

Isolation of a 2.6 kbDEME-6 cDNA

mRNA isolation Approximately 1x 1P plaques from the MCF7 cDNA library were

. . screened using oligonucleotide probes derived from the 111 b
Polyadenylated RNA was isolated using the Fast Frack SSH-generate%DE%/lE—G clone. pFifteen picomoles each of P

(InvitrogeHj Corp., Carlsbad, CA) as per the recommendationéligonucleotides 06-1 (FGGGCCTTTCTCCAGCATCTCT-

of the manufacturer. TCAGCC-3) and 06-2 (5GTGATAATCTCAAGTATCCCAT-
CCG-3) were end-labeled individually with F8Ci [y-32P]ATP
Differential screening (6000 Ci/mmol; Amersham) using T4 polynucleotide kinase

B ) . ) (New England Biolabs, Beverly, MA). Labeled 06-1 and 06-2
An amplified oligo(dT)-primed MCF7 cDNAA library was  ere then combined and hybridized to plaque lifts on Opfitran
generated using the ZAP ExpriésEcaRI/Xhd] cDNA Synthesis  (Schleicher and Schuell) under the following conditions: 20%
Kit (Stratagene, La Jolla, CA). Aliquots of By MCF7 and  formamide, % Denhardt's, 8 SSPE, 0.1% SDS and 106/ml
MDA-MB-231 mRNA were reverse transcribed with randomdenatured salmon sperm DNA af42 Plaque lifts were washed
primers (Perkin Elmer, Foster City, CA). One twentiéfti0ng)  in 2x SSC and 0.1% SDS at 42 for 20 min, followed by one
of MCF7 and MDA-MB-231 cDNA was labeled by random wash with % SSC and 0.1% SDS at45 for 20 min. Plaque lifts
priming (Boehringer Mannheim, Indianapolis, IN) with 0i  \ere placed on film with an intensifying screen at:@®Plaques
[a-32P]dCTP (3000 Ci/mmol; Amersham Life Science Inc.that had a signal were isolated and purified by a secondary round
Arlington Heights, IL). Approximately 50 000 plaques of the MCF7of screening. Isolated plaques were processed to excise the cDNA

cDNA ||brary were screened by hybrIdIZIng dUplicate Prafran inserts from th& vector into pBK-CMV phagemids_
(Schleicher & Schuell, Keene, NH) plaque lif&0)( with either

MCF7 or MDA-MB-231 cDNA probes. All pre-hybridizations and
hybridizations were performed under tr@ldwing conditions:
50% formamide, § Denhardt's, 8 SSPE, 0.1% SDS and Aliquots of 1 ug mRNA were electrophoresed on a 1%
50 ug/ml denatured salmon sperm DNA at’@2 Membranes agarose—formaldehyde denaturing gel i MIOPS and then
were washed with 2 SSC and 0.1% SDS at 42 for 15 min, transferred to a Nytrah membrane (Schleicher & Schuell).
followed by 0. SSC and 0.5% SDS at €5 for 30 min. Samples of 25-50 ng of each clone in pORor pBK-CMV
Autoradiographs were compared and plaques that had a signal inwere32P-labeled by random priming (Boehringer Mannheim). In
MCF7 but not the MDA-MB-231 cell line were isolated and purifiedaddition, 80 ng of a 530 bp PCR-generated fragment of
by a secondary round of screening. Isolated plaques were proceds&dF-1 cDNA (spanning a region from bp 2134 to 2664 in the
to excise the cDNA inserts from the vector into pBK-CMV  3'-untranslated region? ) was labeled similarly. Northern blots
phagemids. Subsequent to repeated isolations of cytokeratin 8 amere pre-hybridized and hybridized in 50% formamide, 5
cytokeratin 18 cDNAs the strategy of using a third plaque lift fronDenhardt’s, 8 SSPE, 1% SDS and 106/ml denatured salmon
plates during the secondary round of screening was adopted. Téeerm DNA at 42C. Blots were washed irx2SSC and 0.1%
third lift was probed sequentially with 25 ng labeled cytokeratin &DS at 42C for 20 min, followed by two washes in 8 3SC and

Northern analysis
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0.1% SDS at 65C for 20 min each. Northern blots were placed
on film with an intensifying screen at —<80D. A Computing
Densitometer 300A (Molecular Dynamics, Sunnyvale, CA) was
utilized to determine relative expression. Values were normalized
againsf3-actin.

- MDA-MB-231
- MCF7?
- MDA-MB-231
- MCF7?
|— MDA-MB-231

' L MCF7

Cytokeratin 18 GPCR-Br ER

P

Sequencing analysis

—
All sequencing was performed on double-stranded templates )
using the dideoxynucleotide chain termination metf3aj\gith Cytokeralin 8 | Hsp27 | i f-Actin
[a-35S]dATP (1000 Ci/mmol; Amersham). Sequencing reactions
were carried out with the Sequenase2.0 DNA Sequencing Kit

(US Biochemical, Cleveland, OH)' Sequence for the 2.6 I(tgcreening. Northern blots demonstrate that clones isolated using differential

DEME-6 cDNA was determined on both strands using anscreening detect mRNAs that are differentially expressed. The cDNAs were

automated ABI 373 DNA sequencing system and a standard dyged as probes on Northern blots of mRNA isolated from ER-positive MCF7
terminator Amp“Taq Kit. T3 and T7 promoter primers and and ER-negative MD'A-M.B-.231 ceII_s. The same blots were hybridized with
custom sequence-specific primers were used for clones i?]—_actm cDNA to confirm S|m|Iar_I(_)ad|ng and transfer of the mRNA, as well as

. with ER cDNA to serve as a positive control. Northern blots were placed on film
pBK-CI\/_IV, whereas SP6 and T7_ promoter primers were used fo&t —80 C with a screen and the time needed to visualize hybridization signals
clones in pCRIl. The nucleotide sequence of the 2.6 kb ranged from 1 to 12 h.

DEME-6 cDNA was compared against the GenBank/EMBL and
Expressed Sequence Tag (ES3)) (databases. In addition_, the Two-step PCR was utilized to amplify the genes and was
amino acid sequence of DEME-6 was compared against th@iformed on a Perkin Elmer 9600 DNA thermal cycler as
PROSITE protein motif databasg3| and analyzed by SOSUI fo|i0ws: one cycle of 94C for 1 min; 30 cycles of 94 for 30 s,
(Secondary Struqture. Pred|ct|9n of Membrane Proteinggec for 3 min; followed by 68C for 3 min. PCR samples were
http://www.tuat.ac.jilmitaku/sosui/). then analyzed foPEME-6, ER andGAPDH by electrophoresis

on 8% non-denaturing polyacrylamide gels.

igure 1. Northern blots of differentially expressed genes from differential

Isolation of genomic clones 0DEME-6

Approximately 1x 106 A phage from a human genomic library RESULTS

(generated from human placental tissue) in EMBL3 SP6/TAita ential screening

cloning vector (Clontech) were screened with the oligonucleotides

andDEME-6 cDNA under the conditions described for screenind he DS technique identified four genes that were over-expressed
of the cDNA library. Clones that hybridized to the probes wera MCF7 cells when compared with ER-negative MDA-MB-231
isolated and plaque purified. These genomic clones were theells (Fig.1). Sequence analysis identified these four genes as

compared with the cDNA to identify intron—exon borders. cytokeratin 8, cytokeratin 18{sp27and a novel member of the
G protein-coupled receptor superfam®PCRBr (34). Tablel
RT-PCR from primary tumors indicates that these genes each displayed 6-fold or greater

] ] expression in MCF7 than in MDA-MB-231 cells, as determined
Primary human breast tumor tissue was collected fresh frogting Northern blots and densitometric analysis. Of the 157
mastectomy and biopsy specimens and snap frozen in liguidbnes isolated by DS, 123 (75%) were confirmed to be
nitrogen. Normal human breast tissue was obtained frogfifferentially expressed by Northern blot analysis. As shown in
mastectomy specimens in a region of normal breast. Apprommatqﬁme 1, the majority (110 of the 123) were found by sequence
0.5 mg tissue were homogenized and total RNA was isolated usiggialysis to represent cytokeratin 18. In comparison, cytokeratin
TRIzol- reagent (Gibco BRL) as per the manufacturersy was cloned 11 times, whildsp27and GPCRBr were each
recommendations. An aliquot ofi RNA from each sample was isolated once. Northern analysis hybridization signal&RER
reverse transcribed using random hexamers with the Advantagr were visualized in 12 h, while signals for cytokeratin 8,
RT-for-PCR Kit (Clontech) as per the manufacturer'scytokeratin 18 anddsp27 were seen within 2 h. Isolation of
recommendations. The RORT sample was diluted to 1p0with  cytokeratin 8, cytokeratin 18 ardsp27 was expected, since
water and then @l each sample analyzed by PCREEME-6,  (differential screening is known to isolate differentially expressed
ERandGAPDHmessages using the AdvantagedDNA PCRKit  genes of high abundancs) and these genes have been previously
(Clontech) with Advantage KlenTag Polymerase mix and described in the literature as being among those genes that are
ge_ne-spemﬂc primers designed across intron—exon junctiongifferentially expressed at high leves36). In an attempt to isolate
Primers forDEME-6 were 06B-5 (SGCTTCACCTACAAGG-  genes such &R PgRandpS?2 that are differentially expressed at
GCCAGTGGAAGATGTCC-3) and 06B-6 (STTCACCAAG-  |ower levels, SSH was subsequently performed.
CACTCGTCATCCACTGAGTACTCG-3, which generated a
439 bp DNA fragment. Primers for ER were oER-1A-long
(5-GTGCCCTACTACCTGGAGAACGAGCCCAGC-3 and
OER-1B-long (5AGCATAGTCATTGCACACTGCACAGTA- The subtractive cloning strategy of SSH generated 332 clones
GCG-3), which generated a 195 bp DNA fragment. Primers fowith cDNA insert sizes ranging from 55 @000 bp (Table).
GAPDHwere GAPDH-5(5-TGAAGGTCGGAGTCAACGG- Forty eight of the 332 clones were further characterized. Six did
ATTTGGT-3) and GAPDH-3(5-CATGTGGGCCATGAGGT- not have cDNA inserts and 29 of the remaining 42 clones (69%)
CCACCAC-3), which generated a 983 bp DNA fragment.examined by Northern analysis of mMRNA from MCF7 and

Suppression subtractive hybridization
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MDA-MB-231 cell lines were confirmed to be differentially that correlated with the ER-positive phenotype. Genes coordinately
expressed genes. These 29 clones have been desiDEAMiE] regulated withER are likely to play an important role in
(differentially expressed in MF7 with_estradiol). Figur@ shows  hormone-responsive tumors and may be transcriptionally regulated
that these genes were expressed in MCF7 cells while absentogrmechanisms similar to those controll&g expression. Of the
minimally expressed in MDA-MB-231 cells. Among the 29subset of differentially expressed genes that are not estrogen-
clones, differences in expression ranged from 6-fold to on/offesponsive only one genBEME-6, demonstrated a pattern of
The time needed to visualize Northern analysis hybridizatioaxpression that correlated wiER expression in the panel of

signals ranged from 1 h to 2 weeks. breast carcinoma cell lines examined.
Table 1. Summary of cDNA clones isolated from an MCF-7 cell line by Table 2. Summary oDEME cDNA clones generated from an MCF7 cell line
differential screening by SSH
Gené mRNA (kb}) No. of Differential DEME® Size Gené MRNA Differential
isolation$ expressiofl (bpy (kb)d expressiof
Cytokeratin 18 1.5 110 15-fold 2 297 - 17 t
Cytokeratin 8 1.8 11 19-fold 6 111 - 2.7 t
Hsp27 0.9 1 6-fold 7 297  HEKS 6.9/4.6 9-fold
GPCRBre 2.6 1 20-fold 8 358 - 35 *
9 341 - 1.4/1.0 +
";Seq_uence ide_ntity based on comparison with GenBa_nk/EMBL database. g 206 _ 1.4/1.0 +
CEstlmgte of §|ze (kb) of mMRNA from Northem analy3|s: . . f’l.2 125 NPY Rc V1 8.7/2.7 +
123 differentially expressed clones were isolated by differential screening o
an MCF7 cDNA library with MCF7 and MDA-MB-231 cDNA. 13 (350) - 9.0/4.4/3.3/1.8
dRelative expression is based on Northermn analysis of MCF7 and MDA-MB-23115 148 p2IWARL 21 6-fold
mRNA. Values attained by densitometry and normalized by comparisof-adtin 16 (800) p55IK 6.0 21-fold
(x-fold, degree of over-expression in MCF7 cells). 19 396 Cytokeratin 18 15 8-fold
€GPCRBIr, G protein-coupled receptor—breast. 23 384 _ 51/3.6 +
Sequence analysis revealed that 11 of the 29 clones matchéd 114 Fructose-1,6-bisphosphatase 1.4 t
previously described genes in the GenBank/EMBL database, &8 274 Cytokeratin 8 18 19-fold
indicated in Tabl&. Cytokeratin 8 and cytokeratin 18, that have 27 201 - 6.6/4.3)2.4  7-fold
been previously cloned using the alternative technique of D9 11 - 12 t
were isolated again using SSH. A known estrogen-responsiveo (800) - 8.5 +
gene pS2(DEME-40), which had previously been characterized 31 63 - 1.8 +
as a differentially expressed ger#, (was also isolated. The 33 162  TGB1 binding protein 6.8 8-fold
sequences of the other 18 clones did not match any entries in the 95 Cytokeratin 18 15 7-fold
GenBank/EMBL database and are likely to be novel. Sixteen ofg 62 Elongation factord2 1.8 25-fold
the novel clones showed on/off differences in expression betweeyy 148 - 71 7-fold
the MCF7 and MDA-MB-231 cell lines. 40 122 ps2 0.7 +
41 135 - 3.6 +
Estrogen-responsiveness and pattern of expression in a panel 42 98 _ 0.5 +
of breast carcinoma cell lines 43 82 _ 37 +
Each gene that had been identified as being differentially46 (750) - 53 *
expressed in MCF7 cells as compared with MDA-MB-231 cells*’ % - 17 *
was used as a probe for Northern blots of mMRNA from MCF748 (1000) — 8.3 *

cells that had been grown in the presence or absence =8f 48 ciones six had no PCR-generated cDNA insert. The remaining 42 were
B-estradiol. Figur® shows that expression of five of these genegnalyzed by Northern blots. Differential expression was confirmed for the 29
was augmented 3estradiol treatment. The expressiorp82  DEME clones above.

(DEME-40), neuropeptide Y receptor Y1 (NPY Rc Y1;bSize of PCR-generated insert, if known, or estimated size in parentheses.
DEME-12) and three novel cloneDEME-2, DEME-31 and  “Sequence indentity based on comparison with GenBank/EMBL database. —, novel
DEME-47) was shown to be estrogen-responsive. The inductigfauence; NPY Rc Y1, neuropeptide Y receptor typep¥%™<, P55 phospho-

of pS2by estradiol has been previously descrigdifhile these ~ lidyinositol kinase. _

five clones exhibited 4-fold or on/off induction, the majority of .=Simate of size (kb) of mRNA by Northern analysis.

differentiallv expressed genes showed minimal (O 5- to 2.5-fol SRelative expression is based on Northern analysis of MCF7 and MDA-MB-231
y exp 9 ) : RNA. Values attained by densitometry and normalized by comparison with

or no re_sponse to estradiol treatmer_]t' . B-actin. &, expression in MCF7 and not in MDA-MB-23%:fold, degree of
The differentially expressed genes identified were based only @Qerexpression in MCF7).

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 correlationERIth |sojation of DEME-6 cDNA

expression in the panel of cell lines examined (data not shown).

However, we were particularly interested in identifying genes thatn MCF7 cDNA library was screened with an oligonucleotide
were not estrogen-responsive but exhibited a pattern of expressimobe prepared from the partial sequenc®BME-6. Fifteen
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; a Actin - Figure 3. Northern blots demonstrating estrogen-responsiveness. The cDNAs
= . ] 29 |» of five DEME clones were used as probes for Northern blots of mRNA from

1 l L the ER-positive MCF7 cells that had been grown in the presence (+) or absence

(-) of B-estradiol. The remaining differentially expressed clones examined
showed minimal (0.5- to 2.5-fold) or no respons@-&stradiol treatment (data
not shown). The same blots were hybridized \@itfctin to confirm similar
Figure 2. Northern blots of differentially express&EME genes from SSH. loading and transfer of the MRNBEME-40, pS2 DEME-12, neuropeptide
Northern blots demonstrate that BEME clones generated from an MCF7 minus Y feceptor YIDEME-2, DEME-31 andDEME-47 are novel.

MDA-MB-231 subtraction using SSH detect mRNAs that are differentially

expressed. Of the 48 SEHEME clones examined 29 were used as cDNA probes DEME-6 expression also parallels the expression pattern of the
for Northern blots of mMRNA isolated from ER-positive MCF7 and ER-negative ERF-1/AP-% transcription factor

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 hybridize@-aditn and
GAPDH cDNA to confirm similar loading and transfer of the mRNA as well as RT-PCR from primary tumors
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 signaldDEME-6 expression was examined in a panel of primary breast
:?]IjgeD?E fl\r/lolgnlé h ptgl%v X/Fe_fi!&géﬁg,llgEssaaal?Esl\élr%tﬁi&esggmggidgEY Mrgclegtor carcinomas. l\iljappinhg of the ggnomic clones indic;ted that ﬁn
' = ' ' b } , ~2  intron occurred in the region between nt 999 and 1313. The
Eyé‘ﬁ'ﬁgggn %?;’?f'flMEﬁgingu?ﬁi[ﬁ;’ggkﬁ?;ghiﬁ?@ﬁﬁs'1?;’.505322'6?' ider]tificat_ion of this intrqr_l was an important feature u;ed to
elongation factor 42; DEME-40, pS2 design primers that amplifiddEME-6 cDNA across this splice
site. RT-PCR was used to examBDEME-6, ER and GAPDH
expression in 12 primary breast tumors and two samples of
) ) normal breast tissue as shown in Fig@teeDEME-6 was
cDNAs were isolated, the largest of which was 2.6 kb. Thgypressed in half of the tumor samples (top panel) but was not
sequence of the 2.6 KBEME-6 cDNA is shown in FigurdA.  getected in normal breast tissue. As reported previcdglyER
This cDNA contains an open reading frame of 574 amino acids,RNA was detected in all tumor samples but was more abundant
that may extend 'Sto the end of this cDNA clone, and a i, tumors that were classified as ER-positive by immunoenzyme
3-untranslated region of 917 bp. The sequence was compareq V\g@;ay (middle panel). The cell lines MCF7 and MDA-MB-231
the GenBank/EMBL database and does not match any previoughére included as positive and negative controls respectively.
reported gene; however, the predicted amino acid Sequenkfhough the primary tumors examined are comprised of a very
demonstrf_;ltes an ove_zral_l 62.4%_ similarity (36.6% |d_e_nt|ty and 25-8%éterogeneous population of cell types, these data demonstrate
conservative - substitution) with thé€Caenorhabditis egans  thatDEME-6 was expressed in a significant fraction of the primary

C32D5.6gene (GenBanaccession no. 746469) (F4B). The  preast tumors but was not detected in normal mammary tissue.
predicted amino acid sequence also shows homology to various

sequences in the human EST database and further analysis
identified a putative RNA binding region RNP-1 signature and aIBP‘\"&CUSSIOI\l
highly hydrophobic region that may represent an anchoringhe molecular basis for the hormone-responsive phenotype and
transmembrane domain (F#f). The sequence f@REME-6 has  improved prognosis associated with ER-positive status is poorly
been submitted to the GenBank/EMBL database and assigneaaderstood. To shed light on the underlying tumor biology we have
accession no. AF007170. compared the pattern of gene expression in two breast carcinoma
The 2.6 kb cDNA foDEME-6 was hybridized to a panel of breast cell lines. DS and SSH were used to isolate a panel of genes that are
carcinoma cell lines. As shown in FiglieDEME-6 is expressed over-expressed in hormone-responsive ER-positive MCF7 cells as
in the ER-positive cell lines MCF7, T47-D, MDA-MB-361 and compared with hormone-unresponsive ER-negative MDA-MB-231
ZR-75-1.DEME-=6 is also expressed in the ER-negative BT-20 celtells. Since SSH can isolate cDNAs from different regions of the
line, which expresses low levels of mutdER mMRNA (37).  same gene, we cannot be certain that each SSH clone represents
Expression oDEME-6 is absent or minimal in the ER-negative celldifferent gene. However, based on the transcript size, differential
lines MDA-MB-231 and HBL-100. As can be seen in Figbire expression and estrogen-responsiveness we estimate that this pane

P
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ARG GAG GCG GCC TCC GGG AAA AGC GAC CGC AGG ACT CCT GAG AGC AGC CTC CAT GAG GCC CTG GAC CAG TGC ATG ACC GCC CTG GAC CTC 90
1 K E A s G X D R R T E § S L H E L D Q ¢ M T A L L 30
91 TTC CTC ACC AAC CAG TTC TCA GAA GCA CTC AGC TAC CTC AAG CCC AGA ACC AAG GAA AGC ATG TAC CAC TCA CTG ACA TAT GCC ACC ATC 180
1 F L N 0 F $ E A L S8 Y L K P R T K E S8 M Y H g T Y A T I 60
181 CTG GAG ATG CAG GCC ATG ATG ACC TTT GAC CCT CAG GAC ATC CTG CTT GCC GGC AAC ATG ATG AAG GAG GCA CAG ATG CTG TGT CAG AGG 270
£ L E M 0 A M M T F D P Q D I L L A G N M M XK E A Q M L C § R _ 30
2 CAC CGG AGG AAG TCT TCT GTA ACA GAT " AGC AGC CCC ACG CTG GGC CAA TTC ACT GAA GAA GAA ATC CAC GCT 360
122 H R B K 5 S V¥V T D 3 s s P T L G 9 F T E E E I H A 120
GAG TGC CTG CTG CAG CGA GCA GCC CTG ACC TTC CTG CAG GAC GAG AAC ATG GIG AGC TTC ATC ARA GGC GGC ATC 450
E ¢ L L 0 R A & F L 0 D E N M V s F I K G G I 150
391 AAA GTT CGA BAC AGC TAC CAG ACC TAC AAG GAG CTG GAC AGC CTT GTT CAG TCC TCA CAA TAC TGC AAG GGT GAG AAC CAC CCG CAC TTT 540
8L K v R N S Y Q@ T Y K E L D S$ L V Q S S Q Y ¢ K G E N H P H F 180
541 GAA GGA GGA GTG AAG CTT GGT GTA GGG GCC TTC AAC CTG ACA CTG TCC ATG CTT CCT ACT AGG ATC CTG AGG CTG TTG GAG TTT GTG GGG 630
88 B G 6 vV K L 6 V 6 A F N L T L S M L P T R I L R L L E F VvV G 210
631 TTT TCA GGA AAC ARG GAC TAT GGG CTG CTG CAG CTG GAG GAG GGA GUG TCA GGG CAC AGC TTC CGC TCT GTG CTC TGT GIC ATG CTC CTG 720
201 F ¢ ¢ N X D Y G L L Q L E G $ 6 B 8§ F R S V L C V L L 240
721 CTG TGC TAC CAC ACC TTC CTC ACC TTC G C AAC ATC GAG GAG GCC GAG AAG CTC TTG AAG CCC TAC C1G AAC 810
241 L Y H T F L T F V N I E E A E K L L K P Y L N 270
811 GTC ATT AAA GGC AAC ATT GAT GCA GCC ATC CGG CGT TTC GAG 900
271 v I XK 6 N I D A A I R R E 300
901 GAG TGC TGT GAG CAG CAC TC TAC TGG GAG CTG ATG TGG TGC TTC ACC TAC AAG GGC CAG TGG 990
301 E E H W w E L M W C F T Y K G Q W 330
TAC TTC TAC GCOC GAC CTG CTC AGC AAG GAG AAC AAG GCC ACC TAC ATT TAC ATG AAG GCC GCC TAC CTC AGC 1080
Y F A D L K E XN K & Y I Y M K A Y L S 360
AAG GAG GAC CAC AAG CCG TIC GGG GAC GAC GAA GTG GAA TTA TTT CGA GCT GTG CCA GGC CTG AAG CTC AAG ATT GCT GGG 1170
D H K P F G D D E ¥V E L F R A V P 6 L K L K A G 390
CCC ACA GAG AAG TTT GCC ATC CGG AAG TCC CGG CGC TAC TTC TCC TCC AAC C CCA GTG CCT GCT CTG GAA 1260
PoT K F & R K 8 R R Y ¥ 8 s N P I S L P VvV P & E 420
L1261 ATG ATG TAC ATC TGG AARC GGC TAC GCC GTG ATT GGG AAG CAG CCG ARA CIC ACG GAT GGG ATA CTT GAG ATT ATC ACT AAG GCT GAA GAG 1350
421 M ¥ I w N G Y A V I G X Q P K L T D G I L E I I T K A E E 450
1351 ATG CTG GAG AAA GGC CCA GAG AAC GAG TAC TCA GTG GAT GAC GAG 7GC TTG GIG AAA TTG TTG AAAR GGC CTG TGT CTG AAA TAC CTG GGC 1440
451 ¥ L & X G P E N E Y S8 ¥V D D E C L V K L L K G L € L K Y L G 480
1431 CGT GTC CAG GAG GCC GAG GAG AAT TIT AGG AGC ATC TCT GCC AAT GAA AAG AAG ATT ARA TAT GAC CAC TAC TTG ATC CCA AAC GCC CIG 1530
481 RV Q A E E N F R S I & A N E K X I K Y D H Y L T N A L 510
1531 CT3 GAG CTG GCC CTG CTG CTT ATG GAG CAA GAC AGA AAC GAA GAG GCC ATC AAR CTT TTG GAA TCT GOC AAG CAA AAC TAC AAG AAT TAC 1620
511 F L A L L L M E ¢ D R N E E A I X L L E S A K Q N Y K N Y 540
1621 TCC ATG GAG TCA AGG ACA CAC IT CGA ATC CAG GCA GCC ACA CTC CAA GCC AAG TCT TCC CTA GAG AAC AGC AGC AGA TCC ATG GTC TCA 1710
54i s M E s R T H F R I © A A T L ¢ A K S S L E N R S M V § 570
1711 TCA GTG TCC TTG TAG CTTTGTGCAGCAGTTCCGGGCTGGAAGACAGAGACAGC TGGACAGAGCTCCTG, CATTTCAARATACCCCCTCCCCCTGCCCTGCCCTGCCTTIGG 1824
571 s VvV § L = 575
1725 GETCCACCGGCACTCCAGTTGGATGGCACAACATAGTGTATCCGTGCAGAAGCCGAGC TGGCATTTTCACCAGTGTAGCCARGGGCCT TTGCCAAGGGCAGAGCAGGTGGAGCCCTCTG 1943
1944 CCTGCCCT, CACATACGGGTACTTGCTTTTCACTGTGATGT TTAAGAGAATGTATGAACAGTTTACATTT TCC TTAGAAATACATTGATGGGATCACAGTTGGCTTTARARACCAR 2062
2063 CAACAATCAACCACCTGTAAGTCTTTGTCTTCACCTATTATCATCTGGAGGTAAATCTCTT TATATGATGATGCCARAGGGCARATTGCTTTTCAAATTCAGCAAGTTCTCAGCTTGTG 2181
2182 TGACGGAAGGTCCTTCAGAGGACCTGAGGAATGCCTGGEAGAGGCTAAGCCTCAGGCTTCARTGCTTCTGCGGTTGGGCATGAGGATGTACACAGACACCCACTACCTTACTACTCACA 2300
2301  CTTCATTT CCTTTTGTAAATTTCCAATTTARAAATCAAGCACGTCTITTTTAGTGAGATAARAT CTGAGC TCT TCTGTAGAAARATCARTCTCTACCAGTAGAAARTGCCAGGGCT 2415
2420 TGATGGAAGAGCTGTGTAGCCCTTTCTATGCCARRGCCAGGAART ITGGGGGGCAGGAGGAGGTTCTCAGAAT CCAGTCTGTATC TTTGCTGTATGCCARACTGARACCACTGGGARTA 2538
539 ATTTATGAAACATAAAAATCTTCTGTACT TCACTCCAAGGTACAT MIGCTTACTGACAGCATTTTTGTTARAACTG TTATTC TTGAMAAAAAAAAARAAAANAA 2642
DEME-6 K-EAASGK: TPESS LHEALDQCMTALDLFLINQFSEALSYLK PRTKESMYHSLTYATILEMOAMMTFDPODT LLAGNMMKEAQMLCQRH
B C32D5.6  MGEIERPRSLSRITVHSDAEYLDAYDHVTYSNSLELLDTIAETQITLNLFMNNKFELAEERMAELYDKSMYHSMGYTCILFTKAVMT MEKAAEASKLSCEITEKF
DEME-6 RKSSVTDSFSSLVNR PTLGQF TEEETHAEVCYAECLLORAALTF LQDENMVSF IKGGTKVRNSYQTYKELDSLVQSSQYCKGEN - - -HPHFEGGVKLGVGAFNLTLSML
C32D5.6  RERRSIKETIFGASAKGK--KMTDEELHAFLCYAQSLLIRAMLTFFHDDNFASFIKGALNIRTCYQTYRYCEKLMNE, KKVQEQFESGTRMGLGTFSLMLSVL
P PEPT RS PraE PR « P wx kL x ok ke ome e
DEME-6 PTRILRLLEFVGFSGNKDYGLLQLEEGAS -GHSFRSVLCVMLLLCYHTFLTFVLGTGNVNI EEAEKLLKPYLNRY PKGATFLFFAGR TEVIKGNIDAAIRRFEECCEAQQ
€32D5.6  PSKVLRLLEVVGFSGDKVAGMRDLHHVASMIGTLCSPLAKMVLLTWHLI I SFVLGTGOPDLEVCKRLMPGLTHLWPRGATMLFMKARLLL I SGDIEAATHYFNMSTESQD
WL ama arxer A kL aa e wwwow PR « - T e s x
DEME-6 HWKQFHHMCYWELMACF TY KGQWKMSYF YADLLSKENCIWSKATY T YMKAAYLSMPGKEDHK PFGDDEVELFRAVPGLKLK T AGKSLPTEKFAT RKSRRYFSSNPISLBVE
€32D5.6  VYKQFHHGCYWELLFAHGYQRRWSHSANYARLLMKESKWSRCVYTYLLCIFFAADETVEEGRRNETINALAGKVDGI RIRTAGKST PVEKYCGRKAKRETTTN - - SLLFA
Rt WLk ak owk ome xExw PR PR v e
DEME-6 ALEMMY IWNGYAVIGKQPKLTDGILEI I TKAEEMLEKGPENEYSVDDECLVKLLKGLCLKYLGRVQEAEENFRS I SANEKK TKYDHYLT PNALLELALLLMEQDENEEAT
€32D5.6  HYEFTYFWNGFDIFGKNSKMVRGIVEDMDRVWEM----KKSTCDIDDYCLYYFLKGVALRHLSLHAQAEECFKTVLERESS 1KSFTYLPPNATYELAMLRT SEQOFMEAQ
W w wan P P wxowx Lkt ok ow wxx PR ax
DEME-6 KLLESAKQN "RIQAA- -TLQAKSSL
C32D5.6

TLLDKARA-YKSYSLENKLHFRIHSAMGTMGCRTEM
w kwan % w

Figure 4. Nucleotide and deduced amino acid sequence of the HDEME&-6 gene.A) The 2642 bp nucleotide sequenc®&ME-6 cqntains a Iong_ope_n reading
frame which encodes a protein of 574 amino acids as indicated. Sequence analyses utilized the computer program DN 8}riiarthet examination of the
DEME-6 protein using PROSITE (33) and SOSUI (http://iwww.tuat.atrjjpaku/sosui/) revealed a putative eukaryotic RNP-1 motif _that is |nd|_cated with the
demarcationy( Vv v v) under the amino acids and a candidate anchoring transmembrane domain that is indicated With_ the demarcatl_on (hf-}a)mnc_lﬂcids.

(B) Using the computer program Clustal V (48) the longpeh reading frame (574 amino acidsp&ME-6 was aligned with the 578 amino aqd protein product
from C32D5.60f C.elegangGenBank accession no. 746469), demonstrating an overall similarity of 62.4%. Identical amino acids are indicated vk @h aste
and conserved amino acids are indicated with a period (.).

of genes includes at least 28 separate genes. Isolation of cytokeratipeated isolation of abundant genes. As a result, cytokeratin 18
8 and cytokeratin 18 by both DS and SSH attests to the validity ofas isolated 110 times (Tallg Furthermore, even though 75%
these two techniques, since these two genes have been previoofihe genes isolated using differential screening were differentially
described as being differentially express&s).(

Comparison of DS and SSH

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 beer
characterized as a member of the G protein-coupled receptor

The simplicity of the DS technique is advantageous, however, Dssiperfamily and is associated witRexpression in breast cancer

is limited by its ability to isolate only those genes that areell lines and primary tumors4). While differential screening
abundantly expressed, such as cytokeratin 8, cytokeratin 18 ancan effective strategy, known genes differentially expressed at
Hsp27(9,35,36). An additional disadvantage is the inability to low levels in an on/off fashion, such BR, PgRandpS2 were
equalize the differing levels of mRNAs, which contributes tanot isolated. This prompted the use of the recently developed
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Figure 6. Examination ofDEME-6 expression in primary breast tumors by
Figure 5. Northern blots demonstrating a correlation with estrogen receptor RT'ECR' Elect'r'ophore5|s of RT-PCR productsDErM_E—B, ER andGAPDH
status. cDNA from the 2.6 kb clone BEME-6 andERF1/AP-2y were used for six ER-positive (20, 25, 26, 21, 22 and 24) and six ER-negative (12, 13, 33,
to probe Northern blots containing mRNA from several ER-positive (MCF7 9, 10 and 32) tumors determined by |mmgnoh|stoche_m|stry, two normal brgast
T-47D, MDA-MB-361 and ZR-75-1) and ER-negative (BT-20, MDA-MB-231 ' samples (34 and 35) and two breast carcinoma cell lines, MCF7 (ER-positive)
and HBL-100) breast carcinoma cell lines. Blots were re-hybridized with and MDA-MB-231 (ER-negativeJ5APDHwas identified in all samples.
B-actin to confirm approximately equal loading and transfer as well aERith
cDNA to serve as a positive control.

ER .!1‘-

. . ! i Expression of DEME-6
technique of SSH, which has been refined to successfully identify

differentially expressed genes. An important goal of this project was to identify a set of genes
SSH combines subtractive hybridization with PCR to generatevehose expression may be characteristic of the hormone-responsive
population of PCR fragments enriched for sequences from gertagast cancer phenotype. ER and ER-regulated genes have long
that are differentially expressed. While the underlying concept h&gen associated with the hormone-responsive phenotype. Thus a
been used before in techniques such as representational differepagicular interest was in identifying genes that are coordinately
analysis 89), the strength and novelty of SSH stems from a procegxpressed witlER but not necessarily estradiol-inducible. One
called normalization. This process equalizes the wide differencessnch gene identified iIOEME-6. The expression pattern of
abundance of different mMRNA specie@9)( Consequently, DEME-6 parallels the expression BRin cell lines, however,
differentially expressed genes of low abundance that cannot BEME-6 is not an estrogen-responsive gene. This suggests the
detected by DS can be cloned. In addition, differentially express@assibility thatDEME-6 andER share common transcriptional
genes of high abundance are not isolated in excess. For examplechanisms. A candidate transcription factor that may coordi-
only two of the 29 differentially expressed SSH clones wereately regulate these two genes is ERF-1/4PH2has been
cytokeratin 18. Compared with other PCR-based cloning strategishiown that ERF-1/APyds involved in regulatingRexpression
such as differential displayt(), the problem of false positives in (24) and the expression pattern@EME-6 correlates with the
SSH seemed to be less of an isdtig)% of cloned inserts pattern of ERF1/AP-2y expression. Further experiments to
represented differentially expressed genes. Our results indicate thatermine iIiDEME-6 is regulated by ERF-1/AP¢2re currently
SSH is an effective technique of high sensitivity that identifiesinder investigation. It seems likely tH2lEME-6 may be one of

differentially expressed genes of high and low abundance. several genes that are coordinately regulatedE#th
DEME-6 was shown to be expressed in primary tumors,
Estrogen-responsive genes although a clear correlation wifRexpression was not exhibited

in these carcinoma samples. One possible explanation for this
Using cells that are ER-positive we expected that a subset of theligcrepancy might be that tumor tissue is comprised of a highly
genes would be estrogen-responsive and perhaps regulated by E#Rerogeneous population of cell types. Alternatively, this pattern
The estradiol-induce@S2 gene was first described as an ER-of expression may ultimately be found to be related to hormone-
regulated gene in MCF7 celkl), therefore, isolation of this gene responsiveness. Previously it has been shown that the lek&ls of
(DEME-40) validates our ability to identify estrogen-responsiveexpression in primary breast tumors is highly varial3i@). (
genes. Expression of NPY Rc Y1 has not previously beefilthough this was a limited number of primary tumors, those
reported as being induced by estradiol treatment, however, themors determined to be ER-positive by enzyme immunoassay
secretion of gonadotropin releasing hormone associated withat also had higiER mRNA levels were found to express
neuropeptide Y anBgRexpression has been linked to estradioDEME-6. It is, therefore, possible that transcriptional mechanisms
treatment 42,43). Three novel genes have also been characterizéal ER-positive, hormone-responsive tumors which result in
as estrogen-responsive, indicating that they may be regulateddyer-expression dRmRNA may also be involved DEME-6
ER. Given the central role &R expression in breast cancer, theexpression. Further studies examining the promotBEdE-6
identification of these novel genes that are candidate ER targetsy help to clarify mechanisms regulatibgME-6 expression
is an important contribution of this study. We are currentlyn primary breast cancers.
characterizing the structure of these genes in an attempt tdSequence analysis demonstrates extensive homology of
understand their functional significance. DEME-6 with the C32D5.6gene ofC.elegans C32D5.6was
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8 Brown,A.M.C., Jeltsch,J.-M., Roberts,M. and Chambon,P. (1984)

cloned as part of th&.eleganschromosome Il genomic
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sequencing project and is of unknown functiéf) (In addition 9 MorettiRomas 1. Fucia S AW, Montaomen R A. and McGuire WL
to its correlation with ER-positive status, the importance of as, ., muqua,o ALV, Vomgamen, = L
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DEME-6 is underscored by the fact that it is eV0|U_t|0”a“|Y1o Keaveney,M., Klug,J., Dawson,M.T., Nestor,P.V,, Neilan,J.G., Forde,R.C.
conserved. Further analysis revealed D&ME-6 contains a and Gannon,F. (1993) Mol. Endocrinal, 6, 111-115.
eukaryotic putative RNA binding RNP-1 signature as well as &l PivaR., BianchiN., Aguiari,G.L., Gambari,R. and del Senno,L. (1993)
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seen in various proteins, such as heterogeneous nuclear ribonuc “Thompson,D.A., McPherson,L.A., Carmeci.C., deConinck,E.C. and
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are required before a functional role of DEME-6 can be confirmeq5

In summary, we have identified a panel of genes that aré

differentially expressed in ER-positive MCF7 cells as compared
with ER-negative MDA-MB-231 cells. Studies with estradiol 16
indicate that NPY Rc Yéand three novel clones are ER-regulated

genes. In addition, the expression of one estrogen-unrespon

7

gene DEME-6, correlates witERandERF1/AP-2y expression
in a panel of breast carcinoma cell lines. These findings identifyy Nembrot,M., Quintana,B. and Mordoh,J. (19BBhem. Biophys. Res.
an additional candidate gene that may be involved in the Commun 166 601-607.
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negative breast carcinomas.
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