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Abstract

A public database,SAGEmap, wascreated asa componentof the Cancer
Genome Anatomy Project to provide a central location for depositing, re-
trieving, and analyzinghuman geneexpressiondata. This databaseusesserial
analysisof geneexpressionto quantify transcript levelsin both malignant and
normal human tissues.By accessingSAGEmap (http://mww.ncbi.nim.nih-
.goVv/SAGE)the user can comparetranscript populations betweenany of the
posted libraries. As an initial demonstration of the database'sutility, gene
expressionin human glioblastomaswas comparedwith that of normal brain
white matter. Of the 47,174unique transcripts expressedn thesetwo tissues,
471 (1.0%) were differentially expressedby more than 5-fold (P < 0.001).
Classification of thesegenesrevealedfunctions consistentwith the biological
properties of glioblastomas,in particular: angiogenesistranscription, and
cell cyclerelated genes.

Introduction

The adventof new technologieshas madeanalysisof overall gene
expressiorpatternsa practicalreality (1+3).A majorgoal of CGAP* has
beenthe identification of genesthat undergoalterationin expression
during malignanttransformationjn part by capitalizingon theserecent
technicaladvance8.However the meando efficiently generatepublicly
distribute,andanalyzecomprehensivgeneexpressiordatafrom multi-
ple laboratorieddid not exist previously. SAGE was chosento createa
comprehensivguantitativeexpressiordatabaséor CGAP, becauseéhis
assayprovidesabsolutetranscriptnumbersn a digital format (3, 4) and
can be easily adaptedto provide statisticalcomparisonf datafrom
multiple laboratoriesThebasisof SAGEis to countexpressettanscripts
by sequencing 14-bptag’ of thegene whichis normally sufficientfor
geneidentification. The four basesof the 39mostNlalll restrictionsite
plusthefollowing tenvariablebaseslefinethetranscriptag. PastSAGE
experimentdaverevealedhata small, but likely important,fraction of
atissue'sexpressedieneshassustaineda substantiachangein expres-
sion after malignanttransformation(5, 6). Unfortunately,the large data
setsfrom thesestudiesarenot easilyaccessibléor mostresearchergnd
the time and cost of generatingnew tumor specific dataare generally
prohibitive. The goal of this projectwasto createthe meango dissem-
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inate to the researchcommunity, without restrictions,comprehensive
geneexpressiordatafor the studyof mostcommonhumancancersTo
initiate this first public quantitativegeneexpressiordatabaseye cloned
and sequence®AGE tagsfrom 25 different normal and tumor tissues
andcreateda systemfor rapidtransferof the datato the SAGEmapweb
site.Custontoolswerecreatedor thiswebsiteto analyzetheexpression
of a single genein multiple tissuesor to comparethe full expression
patternbetweentissues.Furthermorewe demonstrateone use of this
databaséy reportingdifferentially expressedenedound by comparing
glioblastomawith normalbraintissue.This is oneof manycomparisons
that may be performedon SAGEmap.

Materials and Methods

Tumor and Normal Samples. Thefollowing samplesvereusedto construct
the first 25 SAGEmaplibraries: two colorectalcarcinomaprimary tumors,four
colorectalcancercell lines, two normal colon epitheliumsamplesfour ovarian
carcinomacell lines, one normal ovary surfaceepithelium,two ovariantumors,
oneprostatecell line, one GBM primary tumor, one pool of five GBM primary
tumors,onefibrillary astrocytomapne glioblastomacell line, two medulloblas-
tomacell lines,onenormalhumanastrocyteculture,andtwo normalbraincortical
white mattersamples One normal brain white matterlibrary was madefrom a
rapid autopsysamplewith a postmortendelayof 3 h and15 min andconfirmed
normal histology (provided by the Bryan Alzheimer DiseaseResearchCenter,
Duke University). The other normal brain library was constructedrom normal
surroundingbrainremovedduringthe surgicalapproacho removea seizurefocus
or a glioblastoma.For eachglioblastomasamplea neuropathologis{R. E. M.)
confirmedtheappearancef aGBM (GradelV astrocytoma)without necrosispy
examiningadjacenstainedsectionsrom the samplemarginsImmunohistochem-
istry and slide histology were performedon fixed tissuesectionsembeddedn
paraffin.HAM56, amousemonoclonabntibody(DAKO Corp.,CarpinteriaCA),
wasusedto identify macrophagepecificmarkersn primaryGBM tissuesections.

SAGE. Total RNA for usein the SAGE protocolwaspreparedrom tissueor
cell lines by ultracentrifugationover a cesium chloride gradientfollowed by
mRNA selectionby oligo(dT) cellulose(Life TechnologiesGaithersburgMD).
The SAGE ibrarieswereconstructecisdescribedreviously(3, 7). For thebrain
libraries, 24 colonieswerescreenedrom eachlibrary beforelarge-scalesequenc-
ing to ensurehattheyhadaninsertcontainingSAGE ditags.Approximately2500
bacterialcolonieswererandomlypickedby arobotandarrayedn 384-wellplates.
Plasmidsfrom eachcolony were purified and sequenceds describedoreviously
(8). Transcripttags were extractedfrom the sequencdiles, using the SAGE
softwareyv3.03.Tagsmatchinglinker sequencéapproximately4%) andduplicate
ditagswere excludedbeforeanalysisor postingon the web site. To estimatethe
total numberof expressedienesn eachlibrary, the uniquetagswerematchedo
alist of presumegossible’real' tags® This list compromisesnly thosetagsthat
areunlikely to occurby randomsequencingrrors,in part, dueto the numberof
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J.M. Petroziello K. Polyak,L. Zawel,W. Zhang,X. Zhang,W. Zhou,F. G. HaluskaJ. Jen,
S. Sukumar,G. M. Landes,G. J. Riggins, B. Vogelstein,and K. W. Kinzler. Analysis of
humantranscriptonessubmittedfor publication.
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Fig. 1. Schematioof dataflow to andfrom the SAGEmapweb site. SAGE libraries
from varioustumors,normaltissue,and cell lines are constructedat the variouslabora-
tories,andthe bacterialclonesare platedandshippedfor arrayingandsequencingFrom
the raw sequencinglata,the ten bp of unique SAGE tag sequencés extractedandused
as a geneidentifier. The National Centerfor Biotechnologylnformation manageshe
informaticsandlinks a UniGeneclusterto eachtag. Web site userscandefine groupsof
librariesandstatisticalparameterfor on-linecomparisonsit is alsopossibleto infer gene
expressiorlevelsby determininga gene'sSAGE tag and looking at its frequencyin the
differentlibraries,usinga virtual Northernfunction. Mappinginformationis providedas
aresourceo SAGE usersto enhancehe ability to locatethe correctgenefrom a SAGE
tag. The dataarefully downloadablefor local analysis.

timesthey were observedn a pool of 3.5 million transcripts Statisticalcompar-
isonsof transcriptnumbersand P valuespresentecherewere derivedfrom the
Monte-Carloanalysisin the SAGE software(5). SAGE tagsfrom colon libraries
were a combinationof newly generatedagsfor this projector from a previous
study (5).

Northern Blotting and RT-PCR. For northernanalysis,total RNA was
isolated by ultracentrifugationover a cesium chloride gradient from five
normalbrainsamplessevenglioblastomgprimarytumors,threecell lines,and
six xenograftsRadioactivdabeledPCRprobesveremadefrom thefollowing
genes(with GenBankaccessiomumberin parentheses):

(a) a-glucosidasgX87237);

(b) p1-cdc46(X74795);

(c) cartilage-39glycoprotein(M80927);

(d) nmb (X76534);

(e) nicotinamideN-methyltransferas€u08021);

(f) SPARC(J03040);

(g) insulin-like growth factor binding protein 2 (M35410);

(h) CAPL (M80563);

(i) CSRP2(U57646);

(i) Eph-familyprotein (D83492);

(K) SH3GL2(X99657);

(I) hCDCrel-1(U74628);and

(m) EST(AI214960).

Total RNA waselectophoresedn anagaroseel andblottedovernight.Bands
were normalizedto b-actin and comparedusing autoradiography.

To confirm expressionchangesby PCR, total RNA was convertedto
random-primedDNA usingreverse-transcriptader a panelof threenormal
brain samples,six glioblastomaprimary tumors, two cell lines, and two
xenografts PCR of eachcDNA was performedfor 20, 25, 28, and 32 cycles
using primers specific for b-actin, lipocortin (GenBankaccessionX05908),
threeESTs(GenBankaccession#1302970,A1022985,and AA903288),and
dynamin(GenBankaccessiom.07807).The PCRreactionsverenormalizedo
the b-actin levels,andthe productswere comparedon gel electrophoresiby
bandintensityto confirm largechangesn geneexpressiorbetweertumorand
normal.

SAGEmap Informatics. Tag-to-genemappingwasaccomplishedy first
orienting GenBanksequencessing polyadenylatiorsignalandtail andplac-
ing the sequencesmto five 2confidenceclassesln eachof theseconfidence
classesfagswere extractedfrom the ten-basetag directly 33-adjacentto the
39mostNlalll site,andthenlinked to a UniGeneclusteridentifier, basedon
the sequence'dniGeneclusterassignmentThis full mappingwas usedto
provide the tag-to-geneand gene-to-taginformation on the web site. In
addition,a ‘reliable' tag-to-genamappingwasdesignedo reducethe effectsof
sequencingerrorsin EST GenBankentries.To correctfor theseerrors, tag-
genepairingswerefirst orderedby the frequencythata tagwasobservedn a
particularcluster.Assumingthe errorsoccurrandomlyanda sequencingrror
rateof 1% perbase 10 basesaveroughlya 10%chancg1-(0.99)9 of having
one or more errors. Therefore,the lowest 10% of the rank-orderedag-gene
pairingswere eliminated.It wasthis mappingthat is usedto maketag-gene
assignmentfor SAGEtagfrequencyonthewebsite. Theaboveapproactwas
written into an automatic algorithm, which is usedto update SAGEmap
weekly.

To avoid the randomsimulationsrequiredto assesstatisticalsignificance
by the SAGE software(5), which would be impracticalfor aninteractiveweb
site, SAGEmapusesa previouslydescribedBayesianapproach(9). We have
extendedhis methodso thatit candealwith unequalaggregatenumbersof
tagsA and B from the two libraries being compared For an mRNA species
with concentrationsy and z in these libraries, we study the quantity
x5 y4 (y1l z), whichwe assuméasa prior probabilitydensityf(x) overthe
intervalzeroto one.This functioncaptureknowledgeaboutthedistributionof
relative mRNA concentrationgor the completeset of mRNA specieslt is
reasonabléo assumehatf(x) will peakat, andbesymmetricabout,0.5(5, 10),
and,for simplicity, f(x) may be takenproportionalto x°(1 2 x)°. Settingc5 1
hasbeenproposed?9), but variousdata(5, 10) suggest greaterconcentration
of x near0.5,implying c 5 3 isamoreappropriatevalue.If a andb copiesof
atagcorrespondingdo a specificmRNA aresequencedtom the two libraries,
the posterior probability density for x (i.e., the density given thesedata) is
proportionalto g(x), given by the following equation(derivationomitted).

x3~12 x!P
@1l ~A/B2 1lx#tb

g~x!'5 f~x! (A)

Onemay calculatefrom g(x) the posteriorprobability that the concentratiory
exceedz by any given factor. Specifically,y exceeds by at leastthe factor
F whenx$ L, whereL5 F4 (F1 1). Thedesiredprobabilityis simply the
proportionof g(x), viewedasa density,thatfalls greaterthanL. The posterior
probability that this is the caseis given by the following equation.

E~x!dx

L

E~x!dx

0

Px$ LI5 (B)

Resultsand Discussion

More than 1,000,000transcripttags from 25 different tumor or
normaltissueSAGE librarieswere cloned,sequencedand deposited

Tablel Comparisonof transcript numbersfrom GBM and normal brain

Total Elevated Reduced %

transcripts Unique transcripts transcripts differentially

Library comparison compared transcript§ . 5-fold® . 5-fold® expressed
GBM vs. white matter(single casesno pooling) 164,810 33,582 172 217 1.16
GBM (singlecase)vs. GBM Cell line 128,753 28,571 158 170 1.15
GBM vs. white matter(4 libraries, no cell lines) 282,760 47,174 194 277 1.00
All GBM vs. all normalbrain (with cell lines) 389,881 56,625 175 320 0.87
GBM Cell line vs. culturednormal humanastrocytes 108,569 23,975 79 97 0.73
GBM vs. white matter(pooledlibrary only) 119,717 28,395 63 92 0.55
GBM (singlecase)vs. GBM (pooledcase) 132,006 30,325 30 32 0.20
Autopsywhite mattervs. surgicalwhite matter 152,521 30,769 23 33 0.18

2 Unique transcriptsare the numberof nonredundantagsobservedone or moretimes and presentin a list of likely tag$.
Elevatedor reducedranscriptsverederivedby comparingdifferentsetsof humanSAGEtaglibrariesandcountingthe numberof transcriptsnducedor repressednorethan5-fold

andwere also statisticallysignificant(P , 0.001).
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Fig. 2. Distribution of the SAGE tagsfrom surgically resectedlioblastomasand
normal white-matterlibraries. The number of times each unique SAGE tag was
observedwas plotted on a logarithmic scale, using a total of 107,349tags from
surgicallyresectedylioblastomagy-axig versus123,880tagsfor primary brainwhite
matter(x-axig. Tagswith no expressiorin oneof the two groupsweresetto a value
of one;andthe tag populationswere normalized.The line with slopeof onethrough
the centerpredictsequalgeneexpressionin the two tissues.The P thatan observed
differencewasrealwascalculatedor eachgene.Thosegeneswith a significantP less
than0.001("1 "' symbolin black) are furthestfrom the line, whereasmore than 99%
of the genesfell closerwith a P between0.001and0.01(, ) or P greaterthan0.01
(E).

in the SAGEmapdatabaseusing the project organizationshownin
Fig. 1. Six of theselibraries were designedto study glioblastoma
pathogenesisSome of the possibletranscriptnumbercomparisons
from thesdibrariesareshownin Tablel. Fromthesecomparisonsve
soughtone that might provide insight into the patternof expression
necessarfor glioblastomamaintenancer formation.Glioblastomas
a deadly, highly malignantform of brain cancerthoughtto arise
mostly from astrocytegpresentin cortical white matter(11). There-
fore,we choséfor furtheranalysishe expressiortomparisorbetween
surgicallyremovedglioblastomasndnormalbrainwhite matter.Tag
countsgeneratedy sequencinghe librarieswere usedto determine
transcriptexpressiorievelsandto find statisticallysignificantdiffer-
encesbetweenthe expressedgenes.This comparisonyielded the
expecteddistribution (5) of the 282,760 SAGE tags (Fig. 2) and
showedthat1.0% (471) of the uniqueexpressedeneshadmorethan
a 5-fold expressiorchangebetweenthe tissuesanda P, 0.001.
By matchingtag sequenceso the predictedtag from GenBank
humantranscriptentrieswe identifiedwell-characterizedamedGen-
Bank entriesto 160, or 34%, of the differentially expressedags.
Forty-threepercentof thesetagsmatchedone or more ESTs.For the
remaining 23%, there was no obvious matching GenBank entry,
although one could retrieve the gene experimentallyby using a
PCR-basedibrary screen(10) or by searchingother sequencelata-
basedor a match.This latter group suggestghat thereare a signifi-
cantnumberof expressedjenesin thesetissueswithout a GenBank
sequencesntry.
Propertag-to-genenappingwasobviouswhenthetagidentifiedan
accuratefull-length sequencesuchas most of the namedGenBank

Fig. 3. Screenmagesfrom the SAGEmapweb site. Userscanselectlibrariesor groupsof librariesfor comparisorandview lists of differentially expressedags(A). In this case,
only thosegeneswith greaterthan5-fold differencewereincludedin the searchparametersOver-or underexpressegenesarecolor-codedn greenor red, the numberof tagsin each
grouplisted,a measurgrovidedof thevariationof thetagnumberwithin agroup(CoV), alevel of statisticalconfidencethatthe differenceis not dueto randomchanceandahyperlink
to the relevanttag containingUniGeneclusteris provided. SAGEmapuserscanpasteinto the virtual Northerntool a sequencef interest(containingthe 39end of the gene)andthe
web site will extractthe likely tag andshowits expressiorlevel in all of the availableSAGE libraries. Tagsproducedirom library comparisonsre also linked to this function. The
resultof creatinga virutual Northernfor VEGF, from a known sequenceastedirom GenBank,is shownin B.
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Table2 Genesinducedor repressedn glioblastomascomparedwith normal brain tissue

SAGE tag sequence Genesymbol (namef AccessionNo” PubMedID® Fold chang@
Metaplasi&
GTATGGGCCC CHI3L1 (cartilage glycoprotein39) M80927 8245017 Inc 823
TGGGATTCCC CHIT1 (YKL-39precurso) U49835 8702629 Inc 173
AGTGGTGGCT FMOD (fibromodulin U05291 9480886 Inc 163
GGAAGCTAAG OSF2(osteoblast-specifiéactor 2) D13666 8363580 Inc 103
Cell cycle regulators
GAAGGAAGAA CDK4 (cyclin-dependenkinase4) M14505 8259215 Inc 333
ATCTGCTCGG NMB (neuromedinB) M21551 9178908 Inc 143
GACTCGCCCA MCM5 (P1-cdel6) X74795 8265339 Inc 113
ATCCCTTCCC PNUTL1 (peanut-likel/CDCREL) Y11593 9385360 Red93
Transcriptionfactors
CCCAGTAAGA CSRP2(cysteineand glycine-rich protein 2) U57646 9286703 Inc 103
GTCCACACAG ZNF230(Zinc finger protein/FDZF2 u95044 2499084 Red83
CTCACTTTTT CEBPD (nuclearfactor IL6 b) M83667 1741402 Inc 63
AACCACTGCT ID3 (HLH 1R21/heil) X69111 8437843 Inc 53
GGGCAGGCGT (Transcriptionfactor ETR10)} M62831 2061303 Inc 53
ACCCACGTCA JUNB (jun B proto-oncogene X51345 2513129 Inc 53
Angiogenesis
TTAAACTTAA CXCR4 (neuropeptideY receptorY3) LO6797 9634237 Inc 153
AGATGGTATA TIMP4 (tissueinhibitor of metalloproteinaset) u76456 9791730 Inc 133
AAAGAGAAAG ADM (adrenomedullin D14874 9808778 Inc 113
ATGTGAAGAG SPARC (osteonectih J03040 8773299 Inc 103
ATCTTGTTAC FN1 (fibronectin-J X02761 6188316 Inc 83
TTTCCAATCT VEGF (vascularendothelialgrowth factor) AF024710 2479986 Inc 53
Neurotransmission
TACCCTTCTG SYT1 (synaptotagmir) U19921 7624059 Red 243
TGGTTCACAT NPTX1 (neuronalpentraxinl) U61849 8884281 Red133
GCCCCAGCTG GRIN 1 (NMDA receptorsubuni) L13266 7685113 Red133
CTTCAGGACC STXBP1 (Unc-18 homolog D63851 9545644 Red133
GTGCAGTGAA SYP (synaptophysin/p38 X06389 7903586 Red123
TGTCTGTTTG ZNT3 (zinc transporter3) u76010 8962159 Red113
TCCTGGTGCG SYNGR1 (synaptogyrinla) AJ002305 9760194 Red93
TTCCGACTGC SYNGR3 (synaptogyrin3) AJ002309 9760194 Red73
TCAATCAAGA YWHAH (14-3-3eta) L20422 8561965 Red73
Immunerelated
GCAAAACAAC LTF (lactoferrin) M93150 7672721 Inc 563
TGCAGCACGA HLA-C (MHC Classl| HLA C3 52) M21963 2843461 Inc 433
TTCTGTGCTG C1R (complementC1ir) X04701 3030286 Inc 283
AATAGAAATT SPP1(osteopontin J04765 9916729 Inc 123
CATCTGTACT HLA-DRB1 (MHC Classll HLA DR-b) M20429 3259543 Inc 113
GTTCACATTA CD74 (HLA-DR invariant chain p33) X00497 6586420 Inc 93
CTCCCCTGCC CAPG (macrophagecappingprotein) M94345 1322908 Inc 83
Metabolism
GCCAACAACG NNMT (nicotinamideN-methyltransferage u08021 8575745 Inc 243
GTCAACAGTA MRP3 (multidrug resistanceprotein 3) AB010887 9738950 Inc 183
AGCACTTACA APOC2 (apolipoproteinC-II) M29844 565877 Inc 163
TTCTAACATA ATP1B1 (Na' K ATPaseb-subuni) X03747 3008098 Red 143
AAATAAAGAA MGST1 (microsomalglutathioneS-transferase J03746 3372534 Inc 123
CACGGACACG GOT1 (cytosolicaspartateaminotransferase M37400 1974457 Red 113
TTTGAAATGA SAT (spermidine/sperminBl1-acetyltransferage M77693 8500690 Inc 93
Previouslyreportedas overexpresset glioblastoma
GAAGGAAGAA CDK4 (cyclin-dependenkinase4) M14505 8044775 Inc 333
AAAGAGAAAG ADM (adrenomedullin D14874 9396051 Inc 113
TCTTGATTTA A2M (a-2 macroglobuli) M36501 1371755 Inc 103
TCCAAATCGA VIM (vimentin M25246 3020864 Inc 93
ATCTTGTTAC FN1 (fibronectin-J) X02761 3974826 Inc 83
TTTCCAATCT VEGF (vascularendothelialgrowth factor) AF024710 1279432 Inc 53
CGTGGGTGGG HMOX1 (hemeoxygenasge X06985 8694803 Inc 53

2 HUGO/GDB nomenclaturecommitteeapprovedsymbolsfor individual genes Eachgenesequencédiada poly-A signaland/orpoly-A tail andwas matchedto the SAGE tag.

P The GenBankaccessiomumberwas usedto identify the geneand containsthe differentially expressedag.

¢ The PubMedID is the referenceusedto supportthe functional classificationor a previousreportof elevatedexpressiorin glioblastoma(bottom category). PubMedID canbe

usedto retrievea referencesupportingthe functional classificationby searchingMedline with the indicatednumberat http://www.ncbi.nlm.ningov/PubMed/medline.html.

The fold increase(Inc) or reduced(Red) geneexpressiorwas calculatedby normalizingthe total numberof tagsin the two SAGE libraries andtaking the ratio of the tagsin

tumor:normal(Inc) or normal:tumor(Red).
€ A review of publicationsand databasesn eachgenewas usedto groupgeneswith potentially similar function.

entries.However,sequencingrrorsin ESTscancreateambiguityin  times a particulartag sequencés observedwithin eachcluster,the
the mappingprocessTo enhanceag-to-genemappingfor ESTs,an orientationof the sequenceand the presenceof a polyadenylation
algorithmbasedon UniGen€ was constructedo ascertainmapping  signalandtail. Thus,the likelihood thata particulartagis real andis
reliability. UniGenehassequenceimilarity clustersbuilt from over- not generatedby sequencingerrorsis assessednd usedfor proper
lapping sequenceand may have different tag sequencesvithin the  mapping.
samecluster.However,SAGEmaptakesinto accountthe numberof We alsoconstructeda tool for on-line statisticalcomparisonsf tag
populationsfor SAGEmap(Fig. 3A). This function allows compari-
sonsbetweenany possiblecombinationof libraries and providesa
5406
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confidencelevel for eachdifferentially expressedag. Desiredfold
differencescanbe specifiedto selectthe desiredtagsandlibrariesfor
comparisorto suit the particularneedsof an investigator.A “virtual
northern'functionis availablethat calculateghe fractionalrepresen-
tation of a particulargenein all of the postedlibraries (Fig. 3B). In
addition, tag frequenciesand mappinginformation are downloadable
for local analysis.

Our next stepwasto validateand analyzea sampleof individual
geneswith alteredexpressiorin our glioblastomaversusnormalbrain
comparisonAt leastsevenof the overexpressegeneswere previ-
ouslyreportedassuch(Table2, botton). Eighteenotherdifferentially
expressedjeneswere testedby Northernblot, or when the geneof
interesthad low expressiorievels, by RT-PCR.Differential expres-
sion was confirmed in the appropriatedirection using the original
tumors, suggestingthat tag-to-genemapping and the observedtag
differenceswere correct.However,alteredexpressiorin the original
samplesdid not normally predict altered expression,by Northern
analysis,in more than one-thirdof otherglioblastomagnot shown).
This likely reflectsthe molecularheterogeneityf thesetumors(12).
Neverthelessgenealterationin only a small fraction of casesmay
implicate a pathwayinvolved in tumor pathogenesis.

Functionalclassificationof theseglioblastomas'differentially ex-
pressedyeneswasusedto provideinsightinto the patternof altered
expressior(Table 2). Although comparingtumorwith normaltissues
producesnaveragaegeneexpressiortifference theobservedhanges
often reflectedour presentunderstandingf tumor biology. For ex-
ample,thereis an expectedossof geneexpressiorrelatedto neuro-
transmissionThe expressiorcomparisorwasconsistentvith boneor
cartilagemetaplasiaywhich canoccasionallybe observedy histology
in GBMs (11,13, 14). A groupof geneswith alteredexpressiorwere
relatedto macrophagéunction, which was supportedby probingthe
originaltumorswith amacrophage-specifantibody.This experiment
revealedpositive-stainingregionsadjacento necroticregionsof the
tumor but no stainingin normal brain areas(not shown).Also ob-
servedin the tumor sectionswas evidenceof angiogenesisa well-
documentedfeature of glioblastoma(15). This phenomenonwas
reflectedby the 5-fold overexpressiorof VEGF as determinedby
SAGE.lt is likely thatin the 471 differentially expressedenesthere
will beothersinvolvedin the ability of the tumorto sustainadequate
blood supplybut not revealedby our functionalclassification Exper-
imentsaimedatferretingoutthesegenesrom the candidatgpool may
provide usefultherapeutidargets.

SAGEmapis the first completelypublic databasdor quantitative
geneexpressioncomparisonsand providesa central repository for
SAGE data.Most major tumor typesand normaltissuesare planned
for representationn this databasaswell ascomparisonsiesignedo
provideinsightinto the majorgeneticpathwaysnvolvedin malignant
transformation(7, 16+£18).Anotherpracticaladvantagef this datais
that they provide candidatetumor-specificgenesfor immune-based
cancertherapy (19, 20). SAGEmapnow makes some large-scale
expressiordataandcomparisonguickly accessibleo anyresearcher
with InternetaccessThesedatademonstrat®neaspecbf the utility
of a geneexpressiondatabasethat providesa prototypefor future

reportinganddisseminatiorof quantitativegeneexpressiordata.lt is
hopedthat the virtual experimentgpossibleusing this databasewill
accelerateertainaspectof cancerresearch.
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