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ABSTRACT

Comparing patterns of gene expression in cell lines
and tissues has important applications in a variety of
biological systems. In this study we have examined
whether the emerging technology of cDNA microarrays
will allow a high throughput analysis of expression of
cDNA clones generated by suppression subtractive
hybridization (SSH). A set of cDNA clones including
332 SSH inserts amplified by PCR was arrayed using
robotic printing. The cDNA arrays were hybridized with
fluorescent labeled probes prepared from RNA from
ER-positive (MCF7 and T47D) and ER-negative (MDA-
MB-231 and HBL-100) breast cancer cell lines. Ten
clones were identified that were over-expressed by at
least a factor of five in the ER-positive cell lines.
Northern blot analysis confirmed over-expression of
these 10 cDNAs. Sequence analysis identified four of
these clones as cytokeratin 19, GATA-3, CD24 and
glutathione-S-transferase p-3. Of the remaining six
cDNA clones, four clones matched EST sequences
from two different genes and two clones were novel
sequences. Flow cytometry and immunofluorescence
confirmed that CD24 protein was over-expressed in the
ER-positive cell lines. We conclude that SSH and
microarray technology can be successfully applied to
identify differentially expressed genes. This approach
allowed the identification of differentially expressed
genes without the need to obtain previously cloned
cDNAs.

INTRODUCTION

Methodsto definepatternsof geneexpressiorhaveapplications
in a wide range of biological systems.One approachto
understandinghysiologicamechanismistoidentify patternsf
geneexpressiomssociatewvith varyingphysiologicaktatesFor
exampleinvestigatordave beeinterestedh examiningdifferential
geneexpressiorin differentcell types,in cells during different
stagesof differentiation,undervariousgrowth conditionsand
afterintroductionof a clonedgene suctasa newtranscription
factor Variousmethodgo compargattern®f geneexpressiommave
beendescribedjncluding differential hybridization screening(1),

subtractive library construction (2), representationabifferene

anaysis (RDA) (3,4), dfferential display (5,6), conventional
cDNA arrayhybridization(7) and serid analysis of gene expresson

(SAGE) (8,9) A technique cdled wppression subtractive
hybridization(SSH)hasrecentlybeendescribedvhichis based
on technology similar to RDA but with modifications to

normalizefor mMRNA abundancé€10).

SSH haspreviouslybeen usedo comparepatternsof gene
expressiolin breastancecelllinesdiscordanfor ERexpression
(12,12) In a sudy to identify geneddifferentially expressedh
ER-positivecells,RNA from ER-positiveMCF7 cellswasused
as'testef andRNA from ER-negativéVIDA-MB-231 cellswas
usedas'driver’ (11). IndividualcDNA clonesgeneratedy SSH
were usedas probeson northernblot to identify differentially
expressedyenes.Of 48 clonesrandomly chosenfor analysis,
42 hadnsertsthatwereusedasprobedor northernblot analysis
and of these,29 cloneswere confirmedto be differentially
expressedh ER-positiveMCF7 cells. Althoughtheseexperiments
were successfulscreeningfor differentially expressedtlones
with northernblot is tedious and expensive.The emeging
technologyof cDNA microarrayhybridizationoffers the possibility
of providing arapid, high throughputmethodto screeran SSH
cDNA library for expressiorin a panel ofcell lines.

Microarrays containing cDNA clones have been usetb
compargatternf geneexpressiorin whichthousandsf genes
canbe examinedn a single hybridization(13-15) As usualy
applied,clonedcDNAs of knowngenesareplacedon the array
andthesecDNAs arechoserto includethe 3 endof themRNA.
Fluorescenprobesarepreparedrom mRNA usinganoligo(dT)
primer and reversetranscriptaseWe hypothesizedhat cDNA
microarray chips could be usedto efficiently screenan SSH
library. However SSH generatesmall cDNA clonesranging
from 50t0 (11000 bp.ThecDNA clonesggeneratethy SSHcanbe
from anypartof themRNA andarenot3' selectedOnepossible
advantagef this approachs thatdifferentiallyexpressegenes
couldbeidentifiedwithouttheneedo examinereviouslycloned
geneslin addition,the SSHselectionstepincreaseshe number
of differentially expressedjenestherebydecreasinghe examin
ation of multiple ‘house-keepinggenesThisstudywasdesigned
to determinethefeasibility of combingthe technologieof SSH
and cDNA microarraysas a meansof obtaining differentially
expressed@enes.
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MATERIALS AND METHODS
Cdl culture

MCF7,MDA-MB-231, T47D andHBL-100 cellswereobtained
from ATCC. All cell linesweremaintainedn DME supplemented
with 10%fetal calf serumaspreviouslydescribed16).

RNA isolation

Cell linesweregrownto [(B0-90%confluenceprior to lysis for
preparatiorof MRNA. Approximately10’ cellswereusedfor each
batch.CellswerelysedandmRNA isolatedusingthe FastTrack2.0
Kit (Invitrogen)accordingto the manufactures instructionsRNA
yield wasdeterminedy measuringabsorbencyt 260 rm.

cDNA microarray

A cDNA microarraychip containing332 SSHcloneswasmade
as previouslydescribed13,14) Briefly, inserts in the pCR I
vector(Clontech)wereamplified with PCR usingprimersfrom
sequencesflanking the cloning site. PCR fragments were
visualizedon 1% agarose geb ensureadequaté®® CRamplification
prior to beingrobotically printedonto glassslides.Onemicrogram
of MRNA from eachcell line wasusedo makecDNA probedor
hybridizationto the microarray Probeswere madeby reverse
transcriptionof MRNA in the presencef either Cy-5 or Cy-3
labeleddUTP (AmershamusingSuperScriptl (Gibco-BRL)as
previoudy described (15) Hybridizations and subsequent scanning,
visualization and quantitationwere performedas previously
described (13,14)

Northern blot assay

DifferentmRNA isolatesfrom the samecell line werepooledto

minimizevariability from batch tdbatch.Onemicrogranof each
MRNA was electrophoresean a standard1.2% formamide
agaros@elpriorto mRNA transfetto Nytranusingthe Turboblot
System(Schleicherand Schuell). Probeswere madefrom the
previouslyisolatedSSHfragmentsusingarandomprimedDNA

labeling kit (Boehringer Mannheim) in the presence of

[a-32P]dCTP(Amersham)Blotswerehybridizedandwashedhs
previouslydescribedAll autoradiographshownarefollowing

anovernightexposureo film.

DNA sequencing

Eachclonefrom SSHwassubclonednto thevectorpCRII that
hasSP6and T7 promotersequenceflanking the cloning site.
Dideoxynucleotidesequencingvas performedusing [0-3>S]dATP
andthe Sequenasprotocol(USB) with primersthatannealed to
the SP6and T7 sequencesSequencingeactionproductswere
subsequentlglectrophoresedn 4% acrylamidegels andexposed
to film. Homologysearchesvere performedusingthe BLAST
program.

Flow cytometry

Cell lines were grown to confluenceprior to harvestfor flow
cytometry Cell monolayersverewashedwice with phosphate-
bufferedsaline(PBS)andweredetachedvith 0.5mM EDTA in
PBS. Cells were collectedby centrifugationand washedonce
with PBS. Cells were labeled with the CD24 monoclonal

antibody ML5(Pharmingengta concentratiorof 10 mg/ml for

30 min, followed by three washesin PBS. The secondary
antibodywasanFITC-conjugatedjoatanti-mousdgG (Sigma)
diluted 1/100, followed by two washesin PBS. Cells were

analyzed on a FACScan (Becton Dickinson) using LYSIS

softwareandweregated tancludeonly wholecells.

I mmunofluor escence

Cellsweregrownto confluenceon FalconCultureSlidegBecton
Dickinson).Cellswerefixed with 4% paraformaldehydfer 10min,

followed by permeabilizationvith methanofor 2 min. TheML5

monoclonalantibody (Pharmingen)was used as the primary
antibodyfollowed by detection withan FITC-conjugatedyoat
anti-mouseégG (Sigma) Cellswerewashedhreetimeswith PBS
following eachantibody Cellswereimagedwith ZeissAxioskop
(Carl Zeiss) and imageswere capturedusing a Zeiss digital
camerausingAdobePhotoshop.

RESULTS
cDNA microarrays

We havepreviouslydescribedhe useof SSHto generateDNA
clonesof genedlifferentiallyexpresseih ER-positive {1) and
ER-negativeg12) breest cancer cdl lines. However, ou previous
experimentseliedon screening DNA cloneswith northernblot
analysis,which severelyrestrictedthe numberof clonesthat
could be analyzed.In this study we soughtto use cDNA
microarraytechnologyto performa high throughputanalysisof
cDNA cloneswith the intent of identifying genesexpressedn
associatiorwith the ER phenotypén breastcancercell lines.

A setof 332clonesvasgeneratethy SSHin which ER-positive
MCF7 mRNA was used as ‘testef and ER-negativeMDA-
MB-231 cDNA wasusedas ‘driver’. This setof cDNA clones
should be enrichedfor genesoverexpressedn MCF7 cells
comparedto MDA-MB-231 cells. The cDNA insertsof each
clonewereamplifiedwith PCRandspottecbnamicroarrayusing
robotic printing. Multiple housekeepingienesand randomly
selecteccDNAs werealsoprintedon the samearrayto serveas
internalcontrols.The microarraysveresubsequentliybridized
with cDNA probeslabeledwith fluorochromes.Probeswere
preparedrom two ER-positivecell lines(MCF7andT47D)and
two ER-negativecell lines (MDA-MB-231 and HBL-100). An
exampleof onesuchhybridizationis shownin Figurel in which
the MCF7 cDNA probeis labeledwith Cy-5 fluorochrome(red)
and MDA-MB-231 is labeledwith Cy-3 fluorochrome(green).
Redandgreenfluorescencéndicategyreaterelativeexpression
in MCF7 andMDA-MB-231, respectivelyyellow fluorescence
indicatesequal expressiofihe portionsof thearrayimprintedwith
SSHgeneratedlonesareoutlinedby boxes.As notedin Figurel,
nearly every red hybridizing clone indicating overexpressionin
MCF7 wasgeneratedby SSH.RandomlyselectechumancDNAs
areunlikely to demonstrateslativeoverexpressiorin MCF7 cells.

ThreeseparatenRNA isolationswereobtainedrom eachcell
line andpairwise hybridizationsvereperformedn which each
ER-positivecell line (MCF7 andT47D) wascomparedo each
ER-negative cell line (MDA-MB-231 and HBL-100). The
hybridizationswere scannedand quantitativeinformation was
obtainedor eachhybridizationIn previousstudiesnortherrblot
analysiswasperformedor clonesl-48of which 42 hadcDNA
inserts(11). In thesenorthernblots, mMRNA from MCF7 and



Nucleic Acids Research, 1999, \ol. 27, No. 6 1519

MCF7: RED MDA-MB-231: GREEN

GATA-3

Figure 1. Microarrayhybridizedwith MCF7 andMDA-M B-231. A cDNA microarraywashybridizedwith fluorescentabeledprobespreparedrom MCF7 (red)
andMDA-MB-231 (greenmRNA. Redcolorindicateselativeoverexpressiorin MCF7andgreencolorindicategelativeoverexpressionin MDA-M B-231.Yellow
colorindicatesequalexpressioiin bothcell lines. Theportionsof thearrayimprintedwith clonesgeneratethy SSHareoutlinedwith boxes Thelocationsof GATA-3

andCD24 arealsoindicated.

MDA-MB-231 were hybridized to eachclonedinsert, and a
guantitativevaluefor differentialexpressiomwasobtainedusing
densitometry By northern blot analysis,29 cDNA clones
demonstrated diérentialexpressionn MCF7 by afactorof five
or more.Using the samecriteria of differentialexpressiorby a
factor of five comparingMCF7 andMDA-MB-231, five of the
42 clonesweredeterminedo be overexpresseith MCF7based
on microarray data. These data were also analyzed using
differentialexpressiomatiosof four, threeandtwo. At aratio of
four, six cloneswereidentifiedby microarrayall of whichwere
alsodeterminedo be differentially expressedby northernblot.
Loweringthelevel of differentialexpressiono a factorof three

or more,14 cloneswould beconsideredlifferentiallyexpressed.

Thirteenof thesel4 cloneswerealsoidentified asdifferentially
expressedy northernblot. At a ratio of two, 21 cloneswere
identified with microarray of which 17 were differentially
expressedby northernblot.

Thedatafor hybridizationcomparisongor theentiresetof 332
cDNA cloneswerealsoanalyzedAt adifferentialratio of three,
76 of the332cDNA cloneq23%)wereconsideredlifferentially
expressedhasedon the two-cell line compariso(MCF7 versus
MDA-MB-231). The hybridizationcomparisonavere considered
for all four cell lines with the requirementthat a clone be
differentially overexpressedn the two ER-positivecell lines
comparedto the two ER-negativecell lines. At a differential
expressiomatio of three,22 cDNA clones(7%) weredifferentially
expressed/Vhenthedifferentialratiowasincreasedo afactorof
five or more,10 cDNA clones(3%) wereconsideredlifferentially
expressedThesel0 cDNA clonesweresubsequentlanalyzed
by northernblot.

Northern blot

Northern blot analysiswas used to confirm the results of
microarrayhybridizations.Clones87, 99, 129, 154, 173, 189,
191, 198, 21@nd236 all demonstratedonsistenbverexpression
in ER-positivecell lines by a factor of five or more. Figure 2
showsheresultof northerrblotsprobedwith eachclonednsert.
Northernblotshybridizedwith probedor ERandactinareshown
as controls. As seenin Figure 2, eachclone hybridizesto an
MRNA with overexpressiolin ER-positivecell lines(MCF7and
T47D) comparedo ER-negativecell lines (MDA-MB-231 and
HBL-100). Theseresultsconfirm thatthe microarrayhybridization
at a ratio of differentialexpressiorof a factor of five or more
identified genesoverexpressedh ER-positivecells.

Eachof theseclonedinsertswassequencedndthe sequence
was comparedio known sequencef the GenBankdatabase.
Theseresultsaresummarizedh Table 1. Clones99, 154and191
wereidentifiedasexpressedequencéags(ESTS) thatmapto a
singlecDNA encodinga proteinwith unknownfunction (accession
no. AA442829). Clone 236 was identified to another EST
(accessiomo. T08550).Clones173 and 189 did not matcha
previouslyreportedsequencehowevey the size of the mRNA
and the patternof hybridizationmakesit likely that thesetwo
clonesarefrom the samegene.

Amongtheknowngenesnonehadpreviouslybeerreportedo
bedifferentially expresseth ER-positivecomparedo ER-negative
breastcancercell lines.Clones87, 129, 19&nd219werefrom
the genescytokeratin 19, GATA-3, CD24 and glutathione-
S-transferasgu-3, respectively CD24 is a membraneantigen
previouslyreportedto beinvolvedin differentiationof hemato-
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poieticandneuralcells(17—19) One previous reportexamined $ ~
CD24expressiotin agroupof cancercell linesoneof whichwas I & I &
derived from a lreast cancer (20). However, noassociation with A f o A v’? o
ER expressionhas been reported. Further experimentswere FEL FEEP

performedto determinaf CD24 proteinwasexpresseth these
breastcancercell lines.

Table 1. Differentially expressed clones

&
7z 0P 191 ..

99 .. 198 0 ™
Clone Sequence mMRNA Fold Over [
identity sze (kb) expresson

Na ma 129 — 219 = -
87 Cytokeratin 19 14 5 13
99 EST 1.0 5 17 154 .. 236 .
129 GATA-3 2.0 8 14
154 EST 1.0 4 14
173 unknowr 0.9 16 13 173 . ' ER
189 unknowrf 0.9 9 53
191  EST 1.0 4 11 189 B p-Actin ....
198 CD24 2.0 6 19
219 Glutathione-S-transferage3 0.8 8 15
236 EST 15 10 24

Figure 2. Northernblots of selectedclones.Northernblots were performed
with RNA from cell linesasindicated Eachblot wasprobedwith insertsfrom

aN, northerrblot; M, microarrayFold overexpression for northern blots based the SSH clones as numbered,ER or actin. These results demonstrate
upon densitometry from MCF7 mRNA compared to MDA-MB-231 mRNA overexpressiorof eachof the10cDNA clonesn MCF7andT47Dcompared
usingpB-actin levels for normalization. Fold overpressiofior microarraydata {0 MDA-MB-231andHBL-100.

basedupon ratio of fluorescence for MCF7 probe compared to MDA-
MB-231 probe.

bClones99, 154 and 191 were each identical to separats E®T have been

foundto map to a single expressed cDNA.

CThe sequences of clones 173 and 189 did not match any other sequence in
GenBankdatabaseHowever based upon the similarity of their mobility in

data confirm that CD24 protein is overexpressedin the
%I%—positivecell linescomparedo the ER-negativdines.

RNA gels and banding patterns, we believe these clones are separate isolatd I SCUSSION

the identical expressed mRNA.

Characterization of CD24 expression

Flow cytometryutilizing a commerciallyavailableantibodyto
CD24 was performedon the ER-positiveand ER-negativecell
lines.As seenin Figure3, CD24is expresseth the ER-positive
cell lines MCF7 and T47D. As expected,thereis no CD24
expressiordetectedn the ER-negativecell ine MDA-MB-231.
Therewasa slight shift in fluorescencaotedin HBL-100 even
thoughno CD24 mRNA wasdetectedy northernblot.
Indirectimmunofluorescenceasusedto furthercharacterize
theexpressiof CD24.As expectedor acell surfacemolecule,
MCF7 andT47D cellsdemonstratedtrongfluorescencen the
cell membranewhile no fluorescencevas detectedin MDA-
MB-231 cellsor inthenegativecontrols(Fig. 4). HBL-100 cells
hadauniquefluorescencgatternwheresignalwasdetectedn a
punctatepatternthat was not presentin the negativecontrol
(Fig.4d and h). The immunofluorescencenas not clearly
associatedvith the cell surfaceor with any specificsubcellular
organelle. HBL-100 cells are transformednormal mammary
epithelialcellsandwerenotderivedfrom aprimarybreastumot
There are a number of possibilitiesto explain this finding;
however in light of this unusuapatternof fluorescencendthe
fact thatno CD24 mRNA wasdetectedthis resultis likely due
to crossreactivitywith anantigenexpresseth HBL-100. These

The recently developedtechnique of SSH has allowed the
isolationof cDNA clonedlifferentiallyexpressedomparingwo
RNA populationg10). We have previously usedSSHto identify
genesexpressedn breastcancercells in associationwith ER
expresson (11,12) However, ou previousexperiencecreening
SSH generatectlonesby northernblot analysisprovedto be
tedious and inefficient. In this study we have successfully
combined thetechnologieof SSH and cDNA microarraysto
developa high throughpusscreeningroceduredo identify genes
differentially expressedh associatiorwith the ER phenotype.
Theuseof cDNA arraysfor geneticscreenindiasthe obvious
advantageof allowing the analysisof multiple cloneswith a
singlehybridization.However conventionahrraysnecessitata
manualcomparisorof two hybridizationsto identify differentially
expressedienesMicroarray technologyoffers severaladvantage
over conventionalcDNA arrays. First, the use of different
fluorescentagsallowsadirectcomparisorof therelativemRNA
abundancé two RNA populationsSecondthesmallsizeof the
arrayallowshybridizationgn decreasedolumeswith lessprobe
than conventionaltechnology Computerizedscanningof the
array providesa quantitativevalue of the relative abundance
comparingtwo cell types (basedon color). Screeningclones
generatedby SSH resultedin a smaller array enriched for
differentiallyexpressedenesin addition,the useof thearrayto
screercDNA clonegyeneratethy SSHallowedtheidentification
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Figure 3. Flow cytometrywith CD24 antibody Flow cytometrywas usedto examineCD24 proteinexpressionn the four cell linesasindicaed. Thetwo curves
represenfluorescenceavith CD24 antibodycomparedo control(secondanantibodyonly). A shiftin the curveindicatesexpres®n in MCF7andT47D. Theslight

shift notedin HBL-100 s likely dueto crossreactivity (seetext for details).

of previouslyunknowngenes—dinding thatwould not have been
possibleusingconventionakrraysof previouslyclonedgenes.
Microarraysmay have somedisadvantagesomparedo the
more tedioustechniqueof northernblot screening.The SSH
clonesplacedon the array included48 cDNA clonesthat had
previouslybeenscreenedy northernblot analysis.Microarray
screeningfailed to identify somegeneghat wereknown to be
differentially expressedy northernblot. Of particularinterest
were clones 19 and 35, both of which were derived from
cytokeratin 18. By northernblot, both clones demonstrated
differentialhybridizationin MCF7 by a factor of 7—8-fold(11).
Microarrayhybridizationcorrectlyidentifiedclone19but not35.
Clone19containsa292 bpinsertfrom thecytokeratinl8 cDNA
positions499—790and clone 35 containsa 95 bpinsertfrom
nucleotides791-885.This result suggestghat smallerinserts
mayprovidelessreliableinformation.Clonesromlessabundant
MRNAs may also fall within the ‘noise’ of the hybridization
signals. Foexamplemicroarray<ailed to detectclones6 and8
which hadpreviouslybeerreportedo bedifferentiallyexpressed
by northernblot (11). However thesemRNAs were of low
abundancendclonest and8 hadinsertsizesof 111and358 bp,
respectivelyThereforecDNA insertsizeandmRNA abundance

may be factorsin reliably identifying differentially expressed
genesln addition,microarraytechnologyaspreviouslyreported,
utilized clonedcDNAs thatinclude the3' endof the cDNA with
probespreparedisingoligo(dT) primer Short SSHclonesfrom
the5 endof cDNAs arelesslikely to give reliablehybridization
signalsthanfull-length cDNAs. Improvementsn hybridization
conditionsto improve signalto noiseratio and refinementsin
statistical analysis of the data will improve the ability to
consistenthidentify low copy numbemRNAs andcloneswith
smallinserts.The useof cDNA probesgeneratedvith random
primed oligonucleotidegatherthanoligo dT would alsolikely
improvedetectionof clones.
Despitepossibldimitations,theability to screedarge numbers
of clonesoffers advantage®ver northernblot screeningand
provides information of biological interest. The 10 clones
identified with overexpressiorin the ER-positivecomparedo
ER-negativecell linesincludedfour previouslyidentifiedgenes:
cytokeratin 19, glutathione-S-transferasg-3, GATA-3 and
CD24. Cytokeratin8 and 18 have previouslybeenreportedto
have an associationwith the ER-positive phenotype (21).
Cytokeratinl9hasrecentlybeerreportedo beco-expressedith
cytokeratins8 and 18 and appeargo be associatedvith tumor
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MCF7 MDA-MB-231

T47D HBL-100

Figure4. Immunofluorescenceith CD24antibody Immunofluorescenceith CD24antibody(A-D) and regative mntrol (E-H) with secondanantibodyonly. Cell
linesareindicated.Membrandluorescencés notedin MCF7andT47D. MDA-MB-231 do notdemonstratexpressionHBL-100 demongiate a punctatestaining

(D), indicatingcrossreactivity with unknownantigen(seetextfor details).

grade (21,22) The m-expresson d these ostokeratins may
reflect common mechanismsof transcriptional regulation.
Studiesof glutathione-S-transferagxpressiornn breastcancer
indicate that expressiommay be importantfor developmenbf
drugresgtance(23,24) Genetic sudes have do linked inheritance
of certainpolymorphismso breastancesusceptibilitl25,26) We
have recently demonstrateda striking associationbetween
GATA-3 and ER expressionin breastcancercell lines and
primary breast tumors (27). GATA-3 is highly expressedn T
lymphoidcellsandis believedo playarolein T-celldevelopment
and expresson d Th2 ssociated genes (28,29) ad the a-chain
(30) and &-chain (31,32) d the T-cdl receptorStudiesn MCF7
cellsgrownin thepresencer absencef estradioindicatedthat
GATA-3isnotERresponsivé27). Itis interesting thatCD24was
identified in this study since this geneis also a lymphocyte
differentiationantigen(17-19) In addition, CD24 is normally
expressd in neurons (33) and keratinocytes(34). CD24 is an
extracellularglycoproteinthatis attachedo the cell membrane
via aglycosylphosphatidylinositohnchorandis associatevith
intracellular tyrosine kinases (35). Binding of CD24 with
monoclonalantibodiescan stimulatetyrosine phosphorylation
and increaseintracellularcalcium levels (36). CD24 hes keen
reportedto be associateavith the tyrosinekinasec-fgr in small
cell lung cancerandlyn in anerythroleukemiaell line (37). In
hepatocellulacarcinomaCD?24 overexpressiortorrelatesvith
p53 mutationand a poorly differentiatedphenotype(38). The
finding of CD24expressioim theER-positivecelllinesindicates
thatthepatternof expressiorof this genemay correlatewith ER
expressionn primary breastcancers.

Our resultsdemonstratehe novel application of SSH and
cDNA microarraydor identifyingdifferentiallyexpressedenes.
Despitethe limitations of cell line models,this approachhas
provided interesting results that can be translatedinto an
examinationof primarybreastcancersThe nextstepwill beto
extendthesetechniqueso characterizgoatternof geneexpression
in primarybreastancersTheuseof microarraysshouldallow a

rapid analysisof geneexpressionn a panel ofprimarycancers.
A recently publishedreport similarly demonstratedhe use of

RDA and cDNA microarrayhybridizationwith RNA derived
from two Ewing’s sarcomag§39). We anticipatethatin thefuture,

the genetic pattern of gene expressionwill serveto refine

histological informatiorto provide a bettercharacterizatiorof

breastcancemphenotype.
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