Materials and Methods relating to Breast Cancer
Di agnosis Field of the Invention The present invention
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di agnosi s of breast cancer. Particularly, the present
i nvention concerns the diagnosis and/or classification
of "low confidence" tumours which exhibit a
significantly worse overall survival and shorter tine
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affects the subsequent course of treatnent - if
furni shed wi_th such information, the treating
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traditional light-microscopy approaches (15,16). Despite
this potential, a number of issues have to be resolved
before the use of gene expression data for clinical
diagnosis can become a reality. For example, algorithms need
to be implemented that, besides delivering the correct
classification, can also accurately determine the confidence
of the prediction. This is particularly important if the
classification affects the subsequent course of treatment -
if furnished with such information, the treating physician
can then weigh the confidence of prediction with the
potential morbidity of a specific intervention to make an

informed clinical choice.

The classification of breast tumours into Estrogen Receptor

positive (ER+) and negative (ER-) subtypes is a critical



counterparts, and ER+ tunours are routinely treated

usi ng anti- hornonal therapies such as tanoxifen (1).
w@e@s®esi3Be, a tunour' ER status is routinely detEGBRVGM04190

by i mmunohi stochem stry (1 HC) or immunoblotting using

an antibody to ER This techni que, however, is

inperfect - for exanple, it may fail to detect tunours

harboring genetic alterations in ER that render it
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previous theorles that ER+ and ER- tumours may arise from

distinct breast epithelial cell types (3).

Another group has reported the use of supervised learning
methodélogies on expression data to classify breast tumours
by ER subtype (4). One common observation in these studies
was that that although the majority of breast tumours could
usually be accurately classified into ER+ and ER- subtypes
to a high degree of certainty, there always existed a set of
‘low-confidence’ samples that were either misclassified or
where the statistical ‘confidence’ of the predictions was
marginal. Although it was proposed that these ‘low-
confidence’ samples might reflect the effects of population
heterogeneity (4), the hypothesis that such ‘low-confidence’
samples might be biologically distinct from their ‘high-



Sunmary of the Invention The present inventors
considered the possibility that the . 'l ow confidence
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characteristics. In order to assess this, they
performed a classification analysis using an in-house
gener ated breast cancer expression dataset, and
deternmined that in conparison to the high confidence’
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distinction is currently not discernible by conventional

immunohistochemical strategies used to detect ER.

The inventors have surprisingly further determined that high
expression levels of the ERBB2 receptor are significantly
correlated with breast tumours exhibiting a ‘low confidence’
prediction, and validated this association across three
independently-derived breast cancer expression datasets
generated from different patient populations/array
technologies, and analyzed using different computational
methods. The association between ERBB2 expression and the
widespread perturbations of ER-discriminator genes observed
in the ‘low-confidence’ tumours is intriguing, as ERBB2

activity is known to contribute, in both breast tumours and



However, despite being inportant for ER subtype

discrimnation, the inventors found that a significant
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to be estrogen responsive, and using a recently

descri bed bioi nformatics al gorithm (DEREF) al so

denonstrated that these genes do not contain potentia

estrogen- response elenents (ERE ) in their
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subtype.

Thus, the present inventors have determined sets of éenes
(*multigene classifiers”), which may be used to classify a
breast tumour sample as a "low confidence" tumour or a "high
confidence" tumour. The inventors have determined for the
first time that the “low confidence” group of tumours has
significant medical implications with regard to prognosis

and treatment.

For each of ER+ and ER-, the inventors have provided a

number of genes that have altered expression levels between
“high confidence” and “low confidence” tumours. These genes
are identified in Table 2. The levels of expression of these

perturbed genes can be used to discriminate between high



conpared to high confidence tunours, irrespective of

the ER status of the tunmour, are identified in Tables
WA\1008433336e foll ow ng description will make useCDGBRIVE/004190

term "expression profile" . This refers to the

expression levels in a sanple of a set of genes froma

mul tigene classifier. The expression |levels wll

general ly be represented nunerically. The expression
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multigene classifier. The subset may correspond to a sub-
grouping of the multigene classifier e.g. upregulated genes
in ER+ low confidence breast tumours. The content of the
plurality of genes may vary across multigene classifiers and,
for a particular multigene classifier, across different

aspects of the invention. The term may mean all of the genes

of a particular multigene classifier or a subset thereof.

Accordingly, at its most general, the present invention
provides new diagnostic methods and assays for classifying,
using a multigene classifier, a breast tumour sample as a
high or low confidence sample. The invention further
identifies multigene classifiers for use in classifying
breast tumour samples and apparatus comprising a multigene

classifier or a plurality of genes therefrom. The multigene



In a first aspect, there is provided a nmethod of
produci ng a nucleic acid expression profile for a
whe@ass3ssamour sanpl e conprising the steps of Ped/GB2004/004190
i sol ati ng expression products from said breast tunour
sanple; (b) identifying the expression |levels of a
plurality of genes selected from Table S4; and (c)
produci ng fromthe expression |l evels an expression
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descri bed in our co-pending application

PCT/ GB03/ 000755 . The genes of Table S4 are shown in
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of genes that are downregul ated (Table S4(a) _
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(c) producing from the expression levels an expression

profile for said breast tumour sample.

The tumour sample may be high confidence and/or low
confidence. The tumour sample may be an ER+ high confidence
breast tumour sample and/or ER+ low confidence breast tumour
sample and/or ER- high confidence breast tumour sample
and/or ER- low confidence breast tumour sample. Preferably,
the ER status of the breast tumour sample is determined. The
ER status of the breast tumour sample is preferably
determined before step a) of the method. The ER status of
the breast tumour sample may be determined using gene
expression profiling as described in our co-pending

application PCT/GB03/000755.

The genes of Table S4 are shown in subsets. In subset (a)

are genes that showed significantly altered expression in



expression in ER- | ow confidence sanples conpared to
ERhi gh confidence tunours. The expression profile of
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will differ slightly between independent sanples.
However, the inventors have realised that the
expression profile of genes of the nultigene
classifiers provide a characteristic pattern of
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samples. However, the inventors have realised that the
expression profile of genes of the multigene classifiers
provide a characteristic pattern of expression that

recognisably differs between high confidence and low

confidence tumours.

By creating a number of expression profiles of a multigene
classifier from a number of known high and low confidence
samples it is possible to create a library of profiles for
both high confidence and low confidence samples. The
greater the number of expression profiles, the easier it is
to create a reliable characteristic expression profile
standard (i.e. including statistical variation) that can be
used as a control in a diagnostic assay. Thus, a standard
profile may be one that is derived from a plurality of

individual expression profiles and derived within



(c) comparing the expression profile with an
expression profile characteristic of a high confidence
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expression levels of the plurality of genes are
assessed to produce the expression profile. The
expression |levels may be assessed absolutely i.e. a
nmeasur enent of the anobunt of an expressed product. The
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for a
The expression levels of the plurality of genes are assessed

to produce the expression profile. The expression levels may
be assessed absolutely i.e. a measurement of the amount of
an expressed product. The expression levels may be assessed
felativély i.e. expression compared to some other factor,
such as, but not limited to expression of another gene, or a
mean/median/mode of expression of a group of genes
(preferably a group of genes not included in the multigene
classifier used in the method) in the sample or across a
group of samples. For example, expression of a gene may be
measured as a multiple or fraction of the average expression
of a plurality of genes in the sample. The expression is
preferably denoted as positive or negative to indicate an
increase or decrease in expression relative to the average

value.



| ow confidence tunmour. Preferably, high confidence

sanpl es have a prediction strength of nmagnitude
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of high confidence tunmours is 0.4, and preferably

-0.4. However, the cut-off value of prediction

strength for high / |ow confidence tunours may vary on

the dataset and/or array technol ogy used. For exanpl e,
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Ryafigrallya béahc ARE d87ReS t AR ShElR e ér & 6Ad CEAPP
g@ﬁéﬁg{gﬁ he hltgx_gﬁ%uag"/gpéawﬁ ERPIEd Cld @F3EEERIt Bse

I n a“breast unour
prediction strength of high confidence tumours is =0.4, and

preferably =-0.4.

However, the cut-off value of prediction strength for high /
low confidence tumours may vary on the dataset and/or array
technology used. For example, in the Rosetta data set,
assessed using 2 color oligonucleotide microarrays, high
confidence tumours are those with a prediction strength of
magnitude greater than 0.7. The high confidence samples
preferably have a prediction strength of magnitude greater
than 0.7. Therefore, the prediction strength may be =-0.7,
and preferably = 0.7 for a low confidence tumour. The
prediction strength may be =-0.6, and preferably = 0.6 for a
low confidence tumour. The prediction strength may be =2-0.5,

and preferably = 0.5 for a low confidence tumour. More



popul ati on, and nore preferably the | owest 15-19% of

ER prediction strengths . A breast tunour popul ation
w@e@sesBhé y conprises a mininum data set of atPCEE&B2004/004190

25, nore preferably at least 25-3 0 tunours, nore

preferably at |east 30 tunours, nore preferably at

| east 50 tunours, nore preferably at | east 80 tunours

and nost preferably around 80-100 tunours. The

CPeFeesslon phedush§e abe Predpiaidy sHAGHer rePNA rade
fromsaid nRNA, or cDNA}&ilternativel ,. the expression

SnSdeRCRobIEOBE AR xPrésstrf RA lyes 0.4.
Identification of the expression profile is preferably
carried out using binding nmenbers capabl e of
Wsacithecareditdéoni syrenpthe oxpr éssiast uoduct popfilation
e Jo t n i dentifi i able S . For
st Y ol L0 R SR bR e
Houndiamgerehbewsemi highbeamdicl v cadidieprebesmeapabhbecof

speci.fically hypbridising to the ¢DNA. 10Preferably
eRRar e Rac tany Bhe e R etk (ME S b ERATIG ey BEFength
o khmbarkabgel ted 88t hadt i G Pladdgst-wareonponent s
can be detected. The label is preferably chosen so as.

FElpEagbrelyoradreet r¥rdietian wEneagths/ duhat ey ifi-
pdiar ) absgh Ut e | GYRbS{ P idne of-JLNereXpr a8

product so as to determne the expression pro??ﬁgths o
thgs sgmonrt herupat iergud bthaomwhreagbhwidategetawrenaohlyhed

dndivi en 0 e t] | assifi.er.
Lt e oS o0 ML 9978 1 3386 LB, pugpurs o
thet indkpedétectRogette e sHnee cafd datexpeessaed similar.

product but its relative abundance (i.e. the anmount of
product available) . There are, however, a nunber of

anewer cbaehashedi esmélatniausdregeitd ¥aenergedihhahe lowest
utilize |abel-free' techniques for quantitation, for

28%afp| Bhet AR R bl Py Refhes in FhereRpEesyMEnT
oRdHet 0ANAARE hbfe B Ak NLURMMS. HBYBE 15-19% of ER
prediction strengths. A breast tumour population preferably
comprises a minimum data set of at least 25, more preferably
at least 25-30 tumours, more preferably at least 30 tumours,
more preferably at least 50 tumours, more preferably at

least 80 tumours and most preferably around 80-100 tumours.

The expression products are preferably mRNA, or cDNA made
from said mRNA, or <cDNA. Alternatively, the expression
product could be an expressed polypeptide. Identification
of the expression profile is preferably carried out using
binding members capable of specifically identifying the
expression products of the plurality of genes identified in
Table S4. For example, if the expression products are cDNA
then the binding members will be nucleic acid probes capable

of specifically hybridising to the cDNA.
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unl abel l ed. Binding to the binding nmenber may be
detected and/or quantitated by neasuring the change in
we@b@sisizs@l resistance as a result of two pri MECEGB2004/004190

docking onto a target expressed product and subsequent
extensi on by polynerase. The determ nation of the
nucl eic acid expression profile may be carried out
within certain previously set paraneters, to avoid
fal se positives and fal se negatives. A conputer may be
used to determ ne the nucleic acid expression profile.

P eradot e lvlpTt REA BEPEDFRieD BFelide %h té»eprbets@l@e

T donon e oase B2l 5% it B 3 (RRICE ©F
cdﬁggg??negfgmpbeseibﬁcpedf|Iiherﬁgbdﬁg?skﬂyiﬁamﬁﬁﬁﬁ chosen
S%’lﬁ?us ggctc%nda g%‘egt ? Jf%zai?]h‘()eeﬁﬁvo%s c%?lr%’ll%g

aﬂfd}’\dzd%tﬂ)s@llu@epﬂésréﬂeﬂqﬁa@fihe st aha seeydS iptgdact so
plurallty of, gene exgpe33|on profiles of high

(A FEFCETARE/ 6PC BRPTeRdhPT dotilel It dasted Ghpirhe up-

ﬁeﬁﬂtﬂaeeongeeeweaee?gmeleﬁp&e%&a@mxﬁmfﬂdﬁu §enes of the
derived froma plurality of genes sel ected from Tabl e

gyt igiedensdpeish fLRE - dafemasaliy, ridts ikvebing medegs ehould
&at& %%fl“ R n g&eégﬁgbégte&Q&§X&K§§§4 IOl %3&
uced by t

up the data e are pro e et hé
aﬂpﬂaaﬁuqy pJOdhetfbHStlaepeelatmvdrahdnﬁdnmmM(ed@e ohe

t he |t aSSIf is possible to devise
ﬁﬁﬁ%ﬁaéﬁfh %PS% #%?i?%g t he expression pattern or
profil e of the genes in a particular test sanple. For
exanpl e, the expressed nucleic acid (RNA, nmRNA) can be

TRSSInrEs 1 POHEVRE . SAnpREOTS| oy "Wt HRgH ek g chat have

RIQRANC alnet-gelnt AHeSur Thez exprassed ol fieratitles for
sequences correspondln% to the said plurality of genes
¢

Fuearhitié igenefre PURHPI¢i eflogp vrpdurerabive X8gregn The
éﬂﬁyeggion product and/or the binding member may be

unlabelled. Binding to the binding member may be detected
and/or quantitated by measuring the change in electrical
resistance as a result of two primers docking onto a target

expressed product and subsequent extension by polymerase.

The determination of the nucleic acid expression profile may
be carried out within certain previously set parameters, to
avoid false positives and false negatives. A computer may be

used to determine the nucleic acid expression profile.

The computer may then be able to provide an expression
profile standard characteristic of a low confidence or high
confidence breast cell as discussed above. The determined
expression profiles may then be used to classify breast -

tissue samples as a way of diagnosis.

11



anplified using nucleic acid priners specific for the
expressed sequences in a PCR If the isol ated

wexpsessed nucleic acid is NRNA, this can be cpoweBk@d/004190
into cDNA for the PCR reaction using standard nethods
. The prinmers may conveniently introduce a |abel into
the anplified nucleic acid so that it nmay be
identified. ldeally, the label is able to indicate the
relative quantity or proportion of nucleic acid
sequences present after the anplification event,
Thasl, eéfli AgSeRenfepapedle %aﬁh@ tlym’iﬁﬂtriroépoﬁhe@fﬁ bEepEAvided

alhg %c ?e%&gh”?l_ﬂoffﬁ. 2B Ese Y rrﬁa?&l &l gﬁSI ltplu'f ?iﬂﬁngk

uor escen radi oact1 ve,
g&h@n&kpwbbb1Dndpraf31¢®eafémfgh\ﬂpnfldence and/or low’

ntity ion or_ev the absol ute_quantity,
5Pty PRsaRh Luiten i thn Yaanh, SoGHaRere b or
eRpeRektbansref il Bei ex@epsddNEynd i glinirefl iegchrobehbe
genetic identifjers mnluﬁistabllsh a partlcular

%§Q6F§§§|Sﬁoﬁr3FP%% $or ML WS s dagrbesRpaFfi ng

et g RESh ﬁeWﬁt B ka oy Prefid &s- or wiandady, the
expression profiles, it is possi bl e to deternlne

eemeeenonherpésiteearn%kmg\a@ femdedieiaischpaas Prefysed by
£ ﬁ%%h%ga%cp&ﬁ@ﬁé %Sa&*é Efkec R, ¢S _and/or
amplifie

nuclerc e unl abe ed as di scussed
above . Alternatively, the expression pattern or

det d_usi.ng bi ndi ng .nenbers,
WBabhe BROBLRAPRGoT Cind R o ABRIadere - of tt hE
merebile tdeaétfﬁ!sérrﬁanﬁ @tmﬂ% fOdespanaiing ebdA or

expressed pol g pepti de. | abel i ng either the
EREEESIPBNPBF GHEtOBrPJf g Rf idemeismes ip pgparticular

tReeSkhlE180 kdentiiypide el abie QUaNthIeS cObeid (RNA,
proportlons of the expression products and determ ne

TRNA) exprebsi oACPRBEE | Erot tthee spamdts aisigensitpindpsd | n
moﬁ%%u&@¥ 5981§8985f techniques. The expressed nucleic acid

sequences corresponding to the said plurality of genes from
the genetic identifiers given in Table S4 can then be
amplified using nucleic acid primers specific for the
expressed sequences in a PCR. If the isolated expressed
nucleic acid is mRNA, this can be converted into c¢DNA for

the PCR reaction using standard methods.

The primers may conveniently introduce a label into the
amplified nucleic acid so that it may be identified.
Ideally, the label is able to indicate the relative quantity
or proportion of nucleic acid sequences present after the
amplification event, reflecting the relative quantity or
proportion present in the original test sample. For
example, if the label is fluorescent or radioactive, the

intensity of the signal will indicate the relative

12



can be classified high confidence or |ow confidence by

conparison of the expression profile with known
w@e@hioBs3s or standards. The bi ndi ng nmenbers napCbheB2004/004190

conpl ementary nucl eic acid sequences or specific

anti bodies . Mcroarray assays using such binding

menbers are discussed in nore detail below In a third

aspect of the present invention, there is provided a

qﬁ%h@@gy/ﬁfoﬁbﬁﬁﬁbﬁYéﬁge\?erprt@ﬁastabtsH)‘IQ%% 5AARket3S beWhe
confi1 dence or high confidence, the method conprising

egp@esaedgseﬁ@eﬁﬂﬁ$es%h@nt?ﬁﬂﬁhweeq@ﬁ“§&¢ée§r@ésPrPBﬁﬁﬁtonS

anmplLe r afci c s the
Exgge53|§@8% 8? %f : ?%?ﬂb?&ggﬁgs gﬁekﬁ abl e
18éntaﬁdeiQCWa$$|égta@ﬂi$healpanm1qmia§ hm@hesslbnmprofile
confbdegce tunnu; bas on the ex%%g55|on ofil.gh Eggwn
£kt KB GFSFhE*TRITd 4 %e%‘%mpaf“trt%’e \?eﬁtrf’gﬁ ray ™
RN bEeothet 8h@RBA Oexpf@s il @iraifig e@¥pHesskopossible to
roducts froma breast tunour _sanple obtained fronta

SerEpRe YRFLRRY b if nFeRf tTRIRLGMESsitER™ BpEMmeloprgast
ﬂysghélbkymgilgﬁﬁﬁ§ beentd fieddd Tl @rShel¥ and/or

contacting said expression products w th binding
ampitiéied sauchebendrhg mantes Wdiahgldapabke dfscussed
ife0|f|cally bi nding to an expression product of the
ove
urality of genes; and (c) identifying the presence
of a | ow confidence breast tunmour in said patient

| Pr ef er abl
SRRBF TP RAPudbBe | AP STEp Y TP Rend Pié ERCeapls

d@fe&ﬁ@n@d”ﬁ@ﬁngpbﬁﬁﬂiﬂ@|méﬁﬁéﬁy(tdyHBMedbﬁgbhhdlng to the
expression profile of the tunour. The step of
FHEEERILAPNG L PHECHE eSENERS 1e1EY J&N%ﬁ’ftllééﬁgé 'bfedst MRIA,

TR SFRY nBe cBRAT bede@We e @ SARRIER dehi &y Hapabheng
either the expression product or the binding member it is
possible to identify the relative quantities or proportions
of the expression products and determine the expression
profile of the genetic identifiers. In this way the sample
can be classified high confidence or low confidence by
comparison of the expression profile with known profiles ox
standards. The binding members may be complementary nucleic
acid sequences or specific antibodies. Microarray assays
using such binding members are discussed in more detail

below.

In a third aspect of the present invention, there is provided
a method for classifying a breast tumour sample as low
confidence or high confidence, the method comprising
providing the expression profile of said breast tumour
sample, wherein the expression profile comprises the

expression level of a plurality of genes from Table S4, and

13



to conpare the binding profile of the expression

products fromthe breast tunour sanple under test with
w@2@anaisace of ot her previously obtained profiPE€EGB2004/004190

and/or a previously determ ned "standard" profile

which is characteristic of the presence of |ow

confidence tunour. The conputer may be programed to

report the statistical simlarity between the profile

dirger fyesy ene tuneowt andar diphobt | Bew seortthiaien@e tumour

classification may be made. The step of classifying

qﬁ%§dbPQa§$ét?ﬁﬁﬁﬁg%%ﬂﬂﬂggcﬁﬁﬁeconprise the use of

statistical and/or probabilistic techniques, such 1l4as

Wi ghted Voting (W) (13), a supervised | earning

Thec Retgae. of n"thy thhinshmprecksof f Feat iwintiep pay comprise

Pr Leeped,s The expression |evel of genes in the

mul tigene classifier in the breast tunour sanple is

conpdeedobbathingresrpraassriage plredett of £ mxprae $sicam tott umour

gg%a& ggggaggé$§éx%p%'dgft%r nt classes. The nean

Ver gé nay, Tor exanﬁ1§, b&’cal cul ated from

expr g®$i astpriofinims dHwmtexpaeesaonassigiedbTlasiurelicy of

dat abase of _expressi profjles of high and/or |ow |

el darnet LAl & el el s by Softatt il AL b tesgion
. pA%eueR8 v S Bdig TReabdi-kl eeeae o RRIMREMRr being

expression | evel and the nean average gene expression

aPrHds PResReAsEenlily Rerghpgdtamy cstessemds preduct of
Lot e uE P g hat #Eﬂ@%;f%hda particular class. For a

par ?gﬁ%ar #unn , the votes for all the genes are
sunmdd)t odenhiefy g dwclprekasset of ca eatve datfdlderfoer breast
each_cl ass. ghetg%ggy%ais assigned to the class Eaving

SRS YR GRSt AEATETS PSSR THES mRiH 0P Vit e Sy * of
the wi nning class can then be expressed as prediction
stren . The difference in expression level is

B REbGY ST g S B! IR R ot e ISR ek aPa R
El-aRfah Ongevh AtHO N @M€ ¥Pr E681 Blind 8V elpt by J888S e

in each of the two classes.
providing the expression profile of the tumour.

The step of determining the presence of a low confidence
breast tumour may be carried out by a computer which is able
to compare the binding profile of the expression products
from the breast tumour sample under test with a database of
other previously obtained profiles and/or a previously
determined "standard" profile which is characteristic of the
presence of low confidence tumour. The computer may be
programmed to report the statistical similarity between the
profile under test and the standard profiles so that a

clasgsification may be made.

The step of classifying the breast tumour sample may comprise

the use of statistical and/or probabilistic techniques, such

14



General ly, the nean and standard devi ations for each
class are calculated from expression profiles that

Whaws/ 033386 r epresent, a particul ar class of tunPOr/GB2@4/004190
hi gh confi dence and | ow confidence. Additionally, or
alternatively, step (c) may conprise the use of
hi erarchical clustering, particularly if the tunour
sanpl e has been assessed using a different array

abeRBNShOSY THaMd havone19seda taupssased Nea@Xphgssi on
profiTes with assigned classes, or standard profile
teshniauahi Bh Whe bianple cisespl baaiismpimsyi be pgrformed.

Tﬁgng%f@%J@gbﬁfesfgjiggfﬁéeﬁgspiﬁ CQhér%lkE‘ig\é?ﬂei eggggifier in

usi Ng- an es ave-one-out cross validation
theChedh sassayois samplanpbesdmpast@ tq dheramgabeaverage

perforped using a c ter. In H erarchical

BB e SR e i BUET oY o 11 b a8 L7 8Bt e
cdssBedeCtRE thdal BeASIHSt Badl Pogenesmplsr ®e( ghlculated
g2..gn) represent the exgression | evel s of thiﬁgenes.

EEQPheYRERDF 1P RIS 1eSnbarEdAN T A e FLpFBT i Fed-

daRabhBgeabal ¥ghiSos ARG Hhert 18s VEEIgh Wirld) drheohi gbBsidence
correlation to one another are paired together until

saspiefy Proféralslvas theserbfelen haje apnlapsiignrayERpEBRLUS
pai red up. There are many ways known in the art to

cal cul ate the correlation, such as the Pearson

Ther e derence deftfiesire the( 28presmidhel evexdt agidepheamean
congosite vector is then deriyved ffon1each akrhggg and
X FEPEG eI PPNk ST UST ARG SEn S | ST 1Y PR&RVEF a3

R rbebbns of b | £S)vateAndoirthehat hgems aes s @larpacnilag thass.
repeated. This continues_until no_nor ]pairin s are

Fi9gs i BRELLTREATHGERRY /i §henyvebef chit it d8HE EParts
d rm%@ﬁ.t pegbohipndd ndicy duaksprefit&se anty Fds dbeh

In the present invention, individual profiles build up
dlaspr eFbeabipounct < Gasesned Yectler sclasmchiaydegofhe highest

ﬂﬁ%%%%sggtbggeg.Qh%?%@&bi%ﬁof victory of the winning class

can then be expressed as prediction strength.

The difference in expression level is weighted using a
formula that includes mean and standard deviations of
expression levels of the genes in each of the two classes.
Generally, the mean and standard deviations for each class
are calculated from expression profiles that have, or
represent, a particular class of tumour e.g. high confidence

and low confidence.

Additionally, or alternatively, step (c) may comprise the use
of hierarchical clustering, particularly if the tumour sample
has been assessed using a different array technology from the
one used to assess the expression profiles with assigned

classes, or standard profile(s) to which the sample

15



hi gh confi dence and | ow confidence) . For a new sanple
of unknown class, the sanple is clustered with the

W@ t@smaa3de pr of i | es/ sanpl es. The cl ass of ' unknP@mGB2004/004190
sanple will be determ ned based on which
cluster/vector it belongs to at the end of the
iterative rounds of pairing. The present invention
therefore provides in one enbodi nent a nethod to

ehfleBLLf ¥n APrSOOESY omBheas! TheEDE eIt dPakkpNle) sy be
exanpl e by conparing the said tunour's expression _ .
vadpdateteusing Pt Ftablifhed| sedFRrente Butscresgf validation
, f I y arin t : :
(BRBEYL B850, (S SRRy S LR pR g uoing
ahicghipabari dence and/or of a | ow confidence tunmour. The
nmet hod may further conprise the step of assigning a
poor prognosis to the patient where the tunour has an
18X B essikeni PaDfdlestehdnhact eatst éxpdsaidrowreodif edeasebe
tunmour expression profile, The rqggﬂfis may afgect
CERECEBUESE oF 1 MR CSE ERRSTSLT il 1 ARPER where (gL,
9‘2@??;Bbf¥éﬁ9eéé‘&c | oW coRfidenes 1a@Id off hedPakheRt BEYh
be freated using aggreSsive techniques to treat the
viegWworoh#i teere econprsind WAtBosveRy Prafdilgdés the
si.gnifica Y. r i ; f :
Stk oA LR PELRes PULE R R reekarion o
omet agbabes dharpaiyEst itegethetr huat hi e oonlyi gepdeles as
tunogﬁ. A s_nentiaoned a Qve, thﬁg&é%ﬁﬁﬁt i nventors
R57EPLenti Frerivers TREY Gefes whiTh Wave a
di fferent expression pattern in | ow confidence breast
tunours as opposed to high confidence breast tunBurs,
Thege pReyTARE W% HOE 1P ABGI SHE MY PSS the
Lathdencs, chassess Ahdreastoh U0 rrding: iBH og@hecient
classifier may conprise genes that are given in Table

(88) .BndehernéXi rifsth ExFPEBSHBFE preftidie it tiepederived

from each pair (in average-linkage clustering this is usually
the average of both profiles), and then the process of
pairing is repeated. This continues until no more pairings
are possible. The process is ‘hierarchical’ as one starts
from the bottom (individual profiles) and builds up. In the
present in?ention, individual profiles build up to preferably
two composite vectors, each vector representing a class (i.e.
high confidence and low confidence). For a new sample of
unknown class, the sample is clustered with the standard
profiles/samples. The class of ‘unknown” sample will be
determined based on which cluster/vector it belongs to at the

end of the iterative rounds of pairing.

The present invention therefore provides in one embodiment a
method to identify an aggressive breast tumour in a patient,

for example by comparing the said tumour’s expression
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sanpl e and conparing the expression profile to

expression profiles characteristic of |ow and/or high
w@oosiossaee breast tunmours (and/ or anal ysi ng tPeT/GB2004/004190

expression profile using techniques such as Wi ghted

Voting) , it is possible to classify the sanple as a

| ow confidence or high confidence tunour, e.g. an

i ncrease or decrease in their expression, l1l7relative

p&%fﬁlgt@BdérgrBfiigquﬁé %%urax%c%%%@s%ﬁchbghtumour class,

con ence s ity of genes may be the
gyeﬁexabﬂyThpleoﬁp@aingn@k@ﬁnmubuéSS¢X@@P§S@DnaPSQBSé@ to a

nes f Ta a d/ o bset f h
pg@ﬁégeog FLBF eggfgic oﬁj )hz§% qﬁ ge gg Sf a low
donglivdacat chieagt . 10he Z@eth’s’rﬂi 3 ﬁﬂth&& cmpraaeo::hal btep
of the genes of Table S (q? The Iur n% %ﬁg E
FapsEeIRIRT Br PeabsPAAETAFLS tcﬂl pi'égurat 83
ﬁq%éhrrhggmﬁﬁegﬂbﬁé§g18§nﬁﬁoffﬂgnéﬁﬁﬁd%térﬁ%k1c Hhea low

urality of genes may conprise, or consist of, about
ddmfnﬁyncertamgur e¥ENESSieR nUsUULlS-en, or about five

of the upregul ated genes from Tabl e S4a. The plurality
of genes mmy conprise, or consist of, about thirty, or
Iabo@togwesﬁy,may abbattteme aruzsowt fireetofenthef the

SAgRLRObaLed 9808, LLat T & 2o AP linglBe ene

ses, or COnsi's

Ritdkiy, mak &EOukeaE&&nﬁyln@ragﬁxﬂﬁsﬁﬂ@d@gehMiq@b@uto treat
fifty, or about forty, or about thirty or about twenty
gre éﬁﬁhpopéﬁdﬁéﬁéstFW8ﬁ¥Table S4(a) . The plurality of
genes may conprise, or consist of, about fifty, or

about forty, or about thirty or about twenty or about

Pt avonpragogsifi vaclofes helIpkicfardtled Wpaires ovegmt 1

Takle 3 (r%x:e @?n%ﬁe nglgﬁ@leﬁl@ dA)s @'rﬁfﬁrc%fn%ﬁ@blsﬁorter
Selected fromthe upper portion of ﬁhe upr egul at ed
ghheupoofdigenes arthestathe than a patient with a high

confidence tumour.

As mentioned above, the present inventors have identified
several key genes which have a different expression pattern
in low confidence breast tumours as opposed to high
confidence breast tumours, i.e. they are able to distinguish

high and low confidence classes of breast tumour.

The multigene classifier may comprise genes that are given in
Table S4. By determining an expression profile of a test
sample and comparing the expression profile to expression
profiles characteristic of low and/or high confidence breast
tumours (and/or analysing the expression profile using
techniques such as Weighted Voting), it is possible to
classify the sample as a low confidence or high confidence

tumour, e.g. an increase or decrease in their expression,
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upper portion of the downregul ated group of genes. The
upper protion is preferably the upper half of the

WO ab®33386 gr oup, as the genes are ranked i n orBer/GB004/004190
significance in each 18group. Genes that show the nost
differential expression between high confidence and
| ow confidence tunours appear in the upper portion in
each group of Table S (a), whereas those genes that

ral gl esscdlid frphiral b¥t eXPh essqskcneakekn theniguer
portion. The plurality of genes may include no nore

coRARdereghtSAmRdeSseventy, or sixty, or fifty, or forty,

or thirty, or twenty, or ten, or five genes of Table S
(a). The plurality of genes mamy conprise, or consi st
Thesphtiality off, gbines meytbertie @ganes off Tablle S2(a) and/or

<AL BT A0 gl THR! 6,55 L), dpMegoll A% IhFror &

sepseptoaldhe efenclsentt vabbéersy(lgenes of Table S (a)
upregul ated and/or of Table S (a) downregul ated. The
plurality of genes may conprise, or consi st

Tﬁ%85mﬁi:§ii%yo$ﬁ d&ted ndpvaniugenes otalabhe, S46a)30, 40,

upregul ated and/or of Table S (a) downregul ated, or
Sowehfy 79 t&F ray jehexf dherasnessofafabpeegélat ed

and/ or of Table S (a) downregul ated. The plurality of
genes may conprise, or consist essentially of, five to
Ther pyugehisy ovf fgeres adyi fitey agénesrofulbabhet&alay all, of

requl ated. The ural ity of nes, which_may, be
tggoﬂ r?%%fag%‘?] SR gééjwé'geéleggtlgge?r gRIE ﬁegf??’s?g%%%u% (a) .
Ther pyurariapast ddridd mayorcoahpaeuket went yogenes of , Tabder
ulated and/ r of Table S (a%nggag£$gulated.

S (a) upre

t#ﬁ%t%bo§¥ RN SR Ray Pe 208MECEET f P t¥g of the
uﬁf?@#ﬁlgfé& ?égegﬁr&s:mam@ €49 .(@heuplaghl at edoANGEREs may
0 a

able S downr egul at ed. The about ten genes may
cpaEpthaef | e85t CnFi e GPOPAbILE1GEYa) Or about twenty, or

about ten, or about five of the downregulated genes from

Table S4a.

Preferably, the plurality of genes comprises, or consists
of, about eighty, or about seventy, or about sixty, or about
fifty, or about forty, or about thirty or about twenty or
about ten genes from Table S4(a). The plurality of genes may
comprise, or consist of, about fifty, or about forty, or
about thirty or about twenty or about ten, or about five, of

the upregulated genes from Table S4(a).

Genes from Table S4(a) are preferably selected from the
upper portion of the upregulated group of genes and/or the
upper portion of the downregulated group of genes. The upper
protion is preferably the upper half of the table or group,

as the genes are ranked in order of significance in each
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upregul ated or of Table S (a) downregul ated. The

plurality of genes, which may be about ten genes, may
wheoos®bmsed ed from 19the first about fifty, or BODGB2004/004190

forty, genes of Table S (a) upregul ated. Preferably,

the plurality of genes conprises about ten to twenty

genes of the first about thirty genes of Table S (a)

upregul ated and/ or of Table S4 (a) downregul ated. The
gpbupalGewegftmﬁmeﬁmmawheompﬁksd;fderennsaktem@rea®b@m

t bout _t t Lt te
bEPUREE HE e ST RIS (TG dP% REnFAPEECRpGUToReR (JPPERT 1n
tHQOMépéhlﬁéﬁtiﬁnEﬂﬂnﬂathyﬁdﬂpObfababletSm(gﬁﬂeﬁhéieas

Table S (a) upregul ated and the first about thirty or
theeat Jenent PO Ao Tenligdresnsftatayl exBreayed appear in

tggmméﬁgylégf%&oﬂhe plurality of genes may conprise, or
consi st about ten or about fifteen or about twenty

genes selected fromthe group consisting of the first

b f f b d
TBRPhRRET £ 4 sk 3R RrRRCk8 Pl ) B VL EEFY o
sgeeﬁsyofoﬂe@dxtﬁﬂwﬁﬁﬁhdﬁwnreguﬁamegv ahetpintﬁl|®y ofenty,

enes e all nt| all, of the genes
rBﬁPTa%¥ P e(iﬁneSTﬁgu%?%’ gf genes nmay be all,
or substantially all, of the genes fromTable S (b).

The plurality of genes nay include at |east 10, 20,
The, Pherabpty o‘?f ﬂqnesofmatyhé’o@‘é’ﬁé§eof O‘FaBPJéSSS? bﬁssqﬂﬁ%lally

09' %ébétyo Of h RNE M CRMRLILIE. S@ra9oﬁl§k§§u£’£tec§b§&§/or
y, or about forty, or about thlrty or " about

ofv@ﬂbye 9t (abolpwnragulerttegbodhef pural itecfenenes riomy
com %ed éP)CQ§§Q§§ fgégQEE%Ehgngggb%ﬁerﬁagfgifﬁﬁgggnes of

rom the upper porfti
TabperspOaI|mpreguknué&uaﬂdﬁprtbé Oppée Ealé)odowmmegulated.
t he %enes are ranked.in 20order

thE REFFELHER 78 s GRILGCTESHES | ot SShabrt eesentially

of, ten to twenty genes of Table S4(a) upregulated and/or of
Table S4 (a) downregulated, or twenty to thirty genes of
Table S84 (a) upregulated and/or of Table S4(a) downregulated.
The plurality of genes may comprise, or consist essentially
of, five to forty genes or five to fifty genes of Table

S4 (a) upregulated.

The plurality of genes, which may be about ten genes, may be
selected from the first about forty, or about thirty, or
about twenty genes of Table S4 (a) upregulated and/or of
Table S4 (a) downregulated. The about ten genes may be
selected from the first about fifteen genes of Table S4(a)
upregulated and/or of Table S4 (a) downregulated. The about
ten genes may be the first ten genes of Table 54 (a)
upregulated or of Table S4(a) downregulated. The plurality

of genes, which may be about ten genes, may be selected from
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nost differential expression between high confidence

and | ow confi dence tunours appear in the upper portion
w@booFakdzes S4 (b), whereas those genes that ar ePCEE82004/004190

differentially expressed appear in the |ower portion.

The plurality of genes may include no nore than fifty,

or forty, or thirty, or twenty, or ten, or five genes

of Table S4(b) . The plurality of genes nmay conpri se,

e FARFShRegerticall Yopf abbiverd 4| fdandenss Qhbie s4(a)

Table S (b). The plurality of genes nmdy conprise, or

wiieguee entially of, ten to forty genes of Table $4

(b). The plurality of genes may conprise, or consi st

essentially of, ten to thirty genes of Table S (b).

Pitedf eplaldnlyl, | theoblgeaest eyt coempes ssommri Lonsigiut ten to

essentially of, ten_to twent nes of Table S4 ,
G Ne S o S PPy e e BT TS (4FFEF e Toble’ 84 (a)
UPrdgalliatte cobnggBes o f Prebh s add ya phtintdt it Qr. about

twenty or about ten genes, may be selected fromthe
first about forty, or about thirty, or about twenty,

a S s o i u
93 eh1Tabl er géﬁé fﬁﬁ&%’fué $S GeNgs. '@hé&%ts%lfe(:%?g £

fromthe first about een or twenty genes of Tfa
tHirty The abBoGt tventyepesalpryt beent leerfas steliegregefizsm the

ab| »4h. Prete | y, e ' of __genes .
9%%&% :agglss%géﬂg tggnht?% %ﬁ%{]yakg%‘%}%?éo £ t’heoquiar é’tutaggllﬁfty
darhiaboytgemestygf oFabbeulS {dy) gerfess difs alsdded gar(@yi ousl y,

those.-skilled.ipn the art wll reciate that fewer of
WHESHIEECS] BRI FRanE - Jenclate MUY & FOPFodiERtY oF
ehatackar gehbe €Xpransdé otu pifddvhEpompaed e bherality
nunber of the |east significant genes required to
CEr@E&@é RA¥hEPERY eFF st P EXptiessiGin oMt éenTre about

fAFRen 8Rda6BakCewoht $ahchdd WalddoePlr ARNe%a58 0y

sel ected so as to provide an expression signatdre Phat
gomsisting of the first about ten or fifteen genes of Table
S4 (a) upregulated and the first about ten or fifteen or

about twenty genes of Table S4 (a) downregulated.

The plurality of genes may be all, or substantially all, of
the genes from Table S4(b). The plurality of genes may be
all, or substantially all, of the genes from Table é4(b).
The plurality of genes may include at least 10, 20, 30, 40,
50, or all, of the genes of Table S4 (b).

The plurality of genes may comprise, or consist of, about
fifty, or about forty, or about thirty, or about twenty, or

about ten, or about five of the genes from Table S4 (b).

Genes from Table S4(b) are preferably selected from the
upper portion of the Table. The upper portion is preferably
the upper half of the table, as the genes are ranked in
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capabl e of distinguishing between high confidence and
| ow confidence tunours . Prferably, the plurality of
w@eowsm3i3pel udes a m xture of upregul ated and PCT/GB2004/004190
downr egul ated genes from Table S (a) and/or Table $4
(b). The step of classifying the tunour may conpri se
assessi ng genes that have been upregulated n a | ow
confi dence tunmour conpared to a high confidence
otrdepuct #ilgntfocahdy i eddlegratipuelpnest epatcphavythe

conpr.i, assessin enes th have be do ul at ed
"PRtRaL EP EeRF BerharR, high, CRpgnadicd' &a 1ov
ceant 8806 et iR . afEaes J'Irh&nleﬁ&l@@ewppari:h!bhh@f Table
mul ti gene classifier are shown in Table 2 . The first,

Séé@bﬂdwaﬁae@ﬁlF@O%%ﬁ%%Q%ﬁ(ﬂhqﬂh@renééﬁﬁléﬁf§65P9t1a11Y
e&BE@EbédSQ%ﬁQQfslﬁOtﬂéulé%é%'pd%tlbﬂe plurality of

genes ma fromTable . The preferred enbodi nents
and optional features of the first, second and third

p h [ t i S
BPBShEaP ek SueaL Bl SRR Lo TULA 5160y, o
fprayi, ded ahiethpdooftyrraduciony teannuolkceifdvacgdnes of Table

eg ession profile for a breast tunour sanple
ﬁérising the steps of 22(a) isolating expression
products from said breast tumur sanp ; (b)

identify gg the expression |levels of a plurality of
T@@nééur% Tabf egenemd et ) PREdES n§7f FERFERE SSsentially

o%xpﬁ%é' e k@f@ifsg&@egw e8310n Rr(eh il ene Ehgr91§@§tof
t unour sanple may” be any class of breast t unour ,

g@m@@u@ggdcﬁmprm@, f ¥ stonsiFdc esgenthe lil v eht i 5AN to forty
oRBLEE8 Yy LS. B SR 1P L2ABEnLURYY SBHBEEse,
or consist essentially of, ten to thirty genes of Table

S4 (b). The plurality of genes may comprise, or consist
essentially of, ten to twenty genes of Table S4(b), or
twenty to thirty genes of Table 54 (b).

The plurality of genes, preferably about thirty or about
twenty or about ten genes, may be selected from the first
about forty, or about thirty, or about twenty, genes of
Table S4(b). About ten genes may be selected from the first
about fifteen or twenty genes of Table S4b. The about ten
genes may be the first ten genes of Table S4b.

Preferably, the plurality of genes comprises about ten to

twenty genes of the first about thirty genes of Table S4(b).

As discussed previously, those skilled in the art will
appreciate that fewer of the most significant genes are

required to produce a characteristic expression profile
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determ ned, preferably before step (a). In a fifth

aspect of the invention, there is provided an
wexpsessson profil e database conprising a pl uretT/GB2@#H/004190

gene expression profiles of high confidence and/or | ow

confi dence breast sanples wherein each expression

profile is derived froma plurality of genes from

Tabl e 2 and wherein the database is retrievably held
ceﬁﬁareat 8oCEhe | Bmpd¥ ef erald Vieddie s%%qﬁ&%%%‘aﬁﬂ Eéﬁéb' es

maki ng up the database are produced by the nmethod
r@@[@ératﬂngm Bro®ece curehpzapetistitexgeresion Pabféle.

provide an alternative nmultigene classifier. In a

si xth aspect of the invention, there is provided a

Timet hoobéor acd aslsofge Nt ssdord gslturtadnayr ofagphesasare

eithgr IOM/confidencewir hiqﬁ confi.dence tge neg?og .
SESREFPEi Rg Y ov? di g 1 Bk predSSSACpr SEEPBTHFSshfat 1o
cs@EBlLe, oBhei et Indibsiexpy essivaiemPhakhl ectdrpenhses ahbBelow

expression |evels of a plurality of genes from Tabl e
ConfIARNEL a8 PYFfig t he tunopur as a high or |ow

confi dence tunmour based on the expression profile .

23The sixth aspect of the invention may conprise the
Pettepsbody: thy bbiadhityy o meaes dacgreggeesmirbpra of

SR t.ai £r at.i ;

U%%?%?%?%%ﬁgg%%e exp:ér%3 sf%%gfgvgfgﬁggog EF§?§|F%3£%fa“d/°r
TgedesSidentified in Table 2 by contacting said

expression products wi th binding menbers, each binding

nmenber bei ng capable of specifically binding to an
TEXPEESHI 6F PILAskTEy g e plurtcald mayokogenrese apdebEing

identifying the presence of a | gw confidence breast
JenRsuFrh Bars Eﬁﬁ@wﬁﬁrQQﬂ%ﬁTQ§ﬁthé éxpr 6S8f oAPEGef gmour

compared to a high confidence tumour.

Additionally or alternatively, step (c¢) may comprise
assegsing genes that have been downregulated in a low

confidence tumour compared to a high confidence tumour.

Genes that make up a further multigene classifier are shown
in Table 2. The first, second and third aspects of the
invention apply mutatis mutandis to Table 2 i.e. the
plurality of genes may be from Table 2. The preferred
embodiments and optional features of the first, second and
third aspects of the invention apply mutatis mutandis to

Table 2.
In a fourth aspect therefore, there is provided a method of

producing a nucleic acid expression profile for a breast

tumour sample comprising the steps of
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Step (c) may conprise conparing the binding profile to

the profile characteristic of a | ow confidence tunour.
wab@slosss3confi dence tunmour may be ER+ or ER- . PSL/6B2(0a)04190

may conprise the use of a statistical technique, such

as Wi ghted Voting and/or Support Vector Mchines

(SVM . The plurality of genes may conprise, or

consist of, all, or substantially all, of the genes
fro b ; . SU ial I
genet From B HY Fans s or ranr s zb: e e r AT Ty

tomogenesmpdg; | ncl ude at | east 10, 20, 30, 40, 50, 60,

70, 80, 90 or.all of .the genes.of Table 2 .
pr ot SPhorg Y WAl SO panes (E0RDFI 2Bs® Bpurality
o€088hesSEpbm BdslE £, fand or about forty or about

thirty or about twenty or about ten genes_from Table |
2a ahB) oPTPFHPARRALI R - ReCEREL SFEORNTABVELS 3R eSXPTessIon
ppgggggably sel ected fromthe upper portion, preferably

t he upper half, of Table 2a and/or of Table 2b, as the
genes are ranked in order of 24significance in each of

T%%P g2 g?ig%g% ‘sa %?é%ﬂﬁ&ﬁ?Q%@%%HgsgnéFoafeast tumour,

urba et wee conf i e and
aeodf sdencedt fmmurtse apipedr dspedie afppbe povenbhonn each

of _Tab 2a_and_Tahl e 2b, reas thos enes_that are
PPEEETRRFY (r B Fogtet i Tha Hronsr gt CroRes TRouaLe 18
dskiebhedeln phefardbW |demppy etiet gathat fewer of the
nost significant genes are required to produce an
expression profile characteristic of a | ow and/or high

rhoaf kdepresbreastof Wi SRMAR] taectBeipupbeligathe
l'east significant genes required to produce a said
ezhaeaetieni BrPEibx p?@‘saﬁ@aﬁ@ prtisingop exunpletyfehegene

SBEDRGREE EEULLEE S1 AN IICI) Lyl TaRe 2psionce
breast samples wherein each expression profile is derived
from a plurality of genes from Table 2, and wherein the
database is retrievably held on a data carrier. Preferably,
the expression profiles making up the database are produced

by the method according to the fourth aspect.

The genes of Table 2 provide an alternative multigene

classifier.

In a sixth aspect of the invention, there is provided a
method for classifying a breast tumour sample as either low
confidence or high confidence, the method comprising
providing the expression profile of said sample, wherein the
expression profile comprises the expression levels of a
plurality of genes from Table 2, and classifying the tumour
as a high or low confidence tumour based on the expression

profile.
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The nunber and choice of said plurality of genes are
sel ected so as to provide an expression signature that
WO s00sapsshé e of di stingui shing between hi gh conPCTieBe@4/004190
and | ow confidence tunours . The plurality of genes
may i nclude no nore than fifty genes of Table 2a
and/ or of Table 2b. The plurality of genes may include
no nore than forty genes of Table 2a and/or of Table
TRB. s Thich peksmeatii tof dfheggdmyenirapni melyudempoiger ehe halpeps of:
thir es of, Tabl e 2a and/ or Tabl.e 2b. TIh
plurgg} Y'B%H%% SRR 95 ﬁ&FﬁdgrﬁguﬁgFefFﬁgnatbrg?St Eumou
sgepes @%t&fﬁé& Peorarg /et iehtTabl e 2b. The plurallty of
genes nay i nclude no nore than fen gen of Tabhe 2@ £
and/ 6p) of dTdel DiRg Fhe ﬁFBF%??%?pcﬁe%§§§e§fnﬁyp hEPtHRY ©

ggﬁegni&éﬂJEEEéd\ﬁ% geBes 2f by addi 24 iald/iean d0bxdadt€ion

5The plurality of genes may conprise, or consj st
pesdent $ avith dfindiingemepber$ ¢ yeag%éh &5 neHi A BEBDSE RPN

of Tabl 2b. T I
cggﬁgfe SE %ﬁnﬁfyiﬁglﬁ ab&ﬁdl %O oty e%%EBh' fod&%t of

st es f, ten enes of Table
tﬁﬁdﬁDﬁr&ﬁrﬂﬁhﬁEg%mesThenﬁlurallty of genes may
conpri se,

|1
genes of fgLI% %@gg %gf gFga %he pPura%£¥lde

p4ense HﬁMoﬁ@npﬁ|§£ad(§a&ﬂﬁﬁj$bs%@§©ﬂtthb|¢xpfesb$@nto
twenty genes of Table 2a and/or of Table 2b, or twenty
legelBirty genes of Table 2a and/or of Table 2b. The
sai d genes, preferably about ten genes, may be

selected fromthe first about fort or about thirty,
soepatolt mayeaeyPEtRe sSCHIPaTLEIE the aﬁélﬁﬁoﬁ’tfof- éhegERethe

sel t r ift ogene f1ow
pfﬁ%ﬁe 2§E g%éggﬁ%%?f%é%€§£ﬁé§;ﬁ§§&H§8ECE ?ﬁsggteﬁhg Lo
c@ameaeﬁéeTabmeufamaﬁhmesa%ﬂcgemﬁs @me@erablwaabggmprlse
ten ene e sel ected.f on1the f rs Q for .
b HBRUBLE Al FLS Lo ShbUr Ty oo > el Pring

and/or Support Vector Machines (SVM)

The plurality of genes may comprise, or comnsist of, all, or
gubstantially all, of the genes from Table 2, or all, or
substantially all of the genes from either Table 2a or Table
2b. '

The plurality of genes may include at least 10, 20, 30, 40,
50, 60, 70, 80, 90 or all of the genes of Table 2.

Preferably, the plurality of genes comprises, or consists
of, about fifty or about forty or about thirty or about
twenty or about ten genes from Table 2a and/or from Table
2b. Genes from Table 2 are preferably selected from the
upper portion, preferably the upper half, of Table 2a and/or

of Table 2b, as the genes are ranked in order of
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of Table 2b. The about ten genes may be selected from
the first about fifteen genes of Table 2b. The about
WO 005083386 nay be first ten genes of Tabl e 2b. pPahreB3@H@04190
genes, preferably about ten to twenty genes, are
preferably selected fromthe first about thirty genes
of Table 2a and/or Table 2b. The plurality of genes
may conprise, or consist of, about thirty or about
SWBREY 0Rc8DONt chen GEnRS Rl ofl eddf bem hhs. "BHPe show
consisting of the first about twenty genes o l e 2a
thrdmole PerSErbablen therseydiah @pnfal@legcgbanﬂihéow
S rd18€ ny r [ t
PUyihLY ChmPRPECalBar P e el BB L 1bn0 iy FROH ot
Thibdm Bheagdom@bﬂécmhsnsmemgaa)fthdwe benst abhaut atenless
p%enesbof Tabl e 2a glg yfwe first about ten genes of
ZHERSH, aﬁ*ﬂ‘éaﬁefﬂo WSt B Hi-on preferably
further conprise the preclassification step of
determining ERt or ER- status. The ER status nmay

be
THeser fthdSBy IR niRACRT s e ARTEP1RE Sy thasi ﬁ@wer of the

Rt QQ?h??lEQnER%eﬁés bé(réJSf&gnafe@r eBARIbsBkkC ah expression
statistical nod hat 1s adapted to assess gene

pexfiéssibarpeberiesic dhen |1rwerﬂn@3r/§rhmefhc ondiictiedce
P ALLD e?u%@ékyé&%%%gd 9<§”€ %qr%) W tfe Eﬁx@“ %telas ene
| SCri e

clrassifrers for mna tvveen | ow
sdonfiifdeane ganesrseqﬁh:eecbb}ceqinqdelqef at lsesel a:halrysésrlstlc

vvasto.identi% I[gtlmall 8%enesthat cou 3
SHFPEGSEL R 8§8 e"h ﬁﬁ--emp Af ﬁ&é‘ﬁéearﬁuﬁsa}lére

fregatdkesspel hheEroERr& RS Us trAnsglém@% eb1tbtea@ from the
i ndependent anal ytical nmethods (Significance Analysis
lewem @ﬂéﬁr?ﬁy%hecgﬁ%lﬁankl ng, and The W/ coxon Test)

were used to identify genes that were differentially
expressed between the two groups (LC and HC) . The

Thes plumbeof anflechpafyses sid plurality of genes are

selected so as to provide an expression signature that is
capable of distinguishing between high confidence and low

confidence tumours.

The plurality of genes may include no more than fifty genes
of Table 2a and/or of Table 2b. The plurality of genes may
include no more than forty genes of Table 2a and/or of Table
2b. The plurality of genes may include no more than thirty
genes of Table 2a and/or of Table 2b. The plurality of genes
may include no more than twenty genes of Table 2a and/or of
Table 2b. The plurality of genes may include no more than
ten genes of Table 2a and/or of Table 2b. The plurality of
genes may include no more than five genes of Table 2a and/or

of Table 2b.
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the further nultigene classifiers shown in Tables A,

A, A3 and A. In Table A, there are 88 genes that
wa@25/083386ed to discrimnm nate between hi gh and POWGB2004/004190

confi dence tunmours. Table Al genes were identified

usi ng SAM (Significance Analysis of Mcroarrays) . 86

of the genes are upregulated in | ow confidence

tunours, whilst 2 of the genes are upregulated in high
TNl wiealcier f windfesies2thy Tabpeide, dhecenstet Zéésegﬂl’ﬁ%lly

t hat, can be ed to disgri bet enh
ot onfiterce THidussnefan) lrg% e%@s ﬂﬁf ri‘Bl l?feeoib The
pUSHAD R dﬁ@&e@am@yn@bmbhs&ﬂvl okncdadl ex Aé%sséﬁvﬂﬂw &f,

38 genes that can be used to discrimnate between high
tamdte ofprianfaedesc ©ft Tabdes 2aTaBréoa3Cehekl fetle: The

onyfe f
pi%’?%g%g% L@ 2-fo ych\ﬁﬁgggéut o%f éé%s'@ét a?%éjl%ﬂex eOf
tam etd ttomp yegere i Tablegénesndhar of eTdlolmdh n The

Tables A ,_ A The ne r
p%‘é’ﬁ%ﬁjtt%ldgﬁn 1S n)mapﬁsurC REPs a%d %g%%ﬁg%\:/eé%%gntela]b]ly of.
£ €h SES | iRt prgerear fofr makte as ehégor' chnplisie’ 2hsrard<xer

sets. In a seventh aspect fore t her row ded
CUERBY Hofdl o Yo ARG © % &E’E 2870/ ‘é’ﬁp?gsg‘%%
profile for a breast tunour sarrpl e conprising the

steps o0 : (a) isolatin eég)res& on products fromsaid
The eaaid tIGRRA @d@ﬁfera@ay' eHEi EGRngeLhR XY 23 Phlected

ekl g planal sl SeresiEn Tetle, M cveney

gpneslu:uf rfgalﬂr&)raat h&hex pbesti 6rnl genes nay expresbeoied from
B OELES, R YiSARer YIRLG 82TRLE Y DorADYah 80
genes may be the first ten genes of Table 2a. The said
genes, preferably about ten genes, may be selected from the
first about forty, or about thirty, or about twenty, genes
of Table 2b. The about ten genes may be selected from the
first about fifteen genes of Table 2b. The about ten genes

may be first ten genes of Table 2b.

The said genes, preferably about ten to twenty genes, are
preferably selected from the first about thirty genes of
Table 2a and/or Table 2b.

The plurality of genes may comprise, or consist of, about
thirty or about twenty or about ten genes selected from the
group consisting of the first about twenty genes of Table 2a
and the first about twenty genes of Table 2b. The plurality
of genes may comprise, or consist of, about ten or about

fifteen or about twenty genes selected from the group
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as discussed for the first aspect of the invention. In

an ei ghth aspect of the invention, there is provided
w@roosopa3essi on profil e database conprising a pPOr/aBRw0Y/004190

of gene expression profiles of high confidence and/or

| ow confi dence breast sanpl es wherein each expression

profile is derived 28froma plurality of genes from

Table A4 and/or Table Al and/or Table A2 and/or Table
cbdsianenyher et e ther SatalARE teh LRhekevabiyphel 8208n@ the

data carrier. Preferably, the expression profiles
FHBERENGPOREt BeR geerpasy &P sy %uced by the net hod

according to the seventh aspect . In a ninth aspect of

the invention, there is provided a nmethod for
Theassthgilagof breastvenmowr wafigirebdy Surhber| oomprise the

contidence or. hi confi ce, .the hod_c risi
OB G P AT G e Ok 5 U a8 o BR T qogal eotalds . mhe
ERhetetast hey exerdsisdom rppd by d mmamphiseschbBRistry (e.g.

expressi on | evels of _a plurality of genes. from Tabl e
uﬁ\agana%iﬂmm % =R wﬁﬂé% REPBPLTABFC 5,
s8adistassi fybag thead WP W% A hbg_asaéslsogeﬁenék 28681 on

tumour based on the expression profile . The nint
pPHSpétesof the invention may conprise the steps of: (a)

obt ai ni ng expression products froma breast tunour

sanpl e obtained froma patient; (b) determ ning the
Thrpirygsibors evaves oinduqiad diurtyegf agehgseisdendi fdedtified

in_Tabl e A4, and/ or -Tabl.e..Al__and/or..Tabl.e.A2 and/or
Pkt A “%12:%% %c‘%llansgSl:falle& Se%Fe?%FSﬁlB%%E%?% R tHeen
hbghdang hewbessti@acde hivndiurg .nakkebbbecngveapabtiee o

specifically binding to an expressi on product of. the
aﬁ?ﬁyaﬁﬁt\yaﬁftgeh@@?%d o PRdaRt fﬁtng_ft HE"BF e5RALecOuLd
bef udehO¥6 CONA  SENE e HIPAS tafUM Wy -icBngakEnpat | efhours

based on the expression |evels.
regardless of their ER status. A series of three
independent analytical methods (Significance Analysis of
Microarrays, Gene Ranking, and The Wilcoxon Test) were used
to identify genes that were differentially expressed between
the two groups (LC and HC). The results of the analyses are
the further multigene classifiers shown in Tables Al, A2, A3

and A4.

In Table Al, there are 88 genes that can be used to
discriminate between high and low confidence tumours. Table
Al genes were identified using SAM (Significance Analysis of
Microarrays). 86 of the genes are upregulated in low
confidence tumours, whilst 2 of the genes are upregulated in

high confidence tumours.
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Step (c) may conprise deriving conparing the

expression levels to a profile characteristic of a |l ow
w@r@s5083386 gh confi dence tunour. The | ow confi dBE/E&B2004/004190

tumour may be ER+ or ER-. Step (c) may conprise the

use of a statistical 29techni que, such as Wi ghted

Voting and/or Support Vector Machines (SVM . The

plurality of genes preferably conprises, or consists

tiahby u ant | I en
L S R R R i o o8
dsgrAmdnmay betiweehulédh aid hoowy hgon fideperedéntrdoprst. hEable

I L f : b f
ARtk $80RR: ARLaial i DTG rlutEe B St

necessarily need to include the genes of Table A . The
first, second and third aspects of the invention

ThE&RER6r 83appP§TRuBSE 38 nditeiRli i $at At POMESSE tPabl es

AlscrA%iaBdcABetFREMCHLGE and BHFEASRRENY dhBurs. Table
invention, the plurality of genes may be from any one

5y debee werFabrenAlfand Tuiie AW At Itaics Aegt) Fhea P-
ATR0LFRN0S oandnlr 8f L5 efb1q Atd Al dirptar es of L he

first, secon third aspects e I'nvention apply
mutatis nutandis to Tables Al, A, A3 and A . The

I Lity, of genes_pmmy.include at |east. 10, 20, 3
o Fadye g7 sHERECTRY 1L Nolith Mennalt o #apies Apat are
fBedplinr abbllgsoh1genes ARy. bkhedd 1300 hehadenakl yare
all, of the 'upregulated in | ow confidence and/or
Ii?ﬁ’ﬂlé?ju FiEB4ELAARF g‘HaE]iS‘FﬂF? R &3ge P 1 e FOTRBILEPAR,

diReRhdhakbly BEr86hRSNARYaE WHHLIS O cp1e@RST $hrRbr sets.
about eighty, or about seventy, or about sixty, or

about fifty, or about forty, or about thirty, or about
LISt Ao Shralutolie o g Wieuthatsts oo
producing a nucleic acid expression profile for a breast
tumour sample comprising the steps of:

(a) isolating expression products from said breast
tumour sample;

(b) identifying the expression levels of a plurality
of genes from Table A4 and/or Table Al and/or Table A2
,and/or Table A3; and

(¢) producing from the expression levels an expression

profile.

The breast tumour sample may be any class of breast tumour,

as discussed for the first aspect of the invention.

In an eighth aspect of the invention, there is provided an
expression profile database comprising a plurality of gene
expression profiles of high confidence and/or low confidence

breast samples wherein each expression profile is derived
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plurality of genes may include either one or both of
the "upregulated in high confidence' genes from Tabl e
W@\R005883a6es from Table Al are preferably sel BCT/682004/004190
fromthe upper portion of the upregulated in | ow
confi dence' group of genes. The upper portion is
preferably the upper half of the Table, as the genes
are ranked in order of significance. CGenes that show
frdre arpstuxh ity efi igdnesx fressifehlbebdeandhoghTable Al

fid | fi t in.th ,
itfier FRiTe o Qi FaRle drer BH8 VRGERDgoHES HDase is
r@F 81 a5 Wind el el ialdar£xpiessed appessripi{hechover

portion. hezgiurality of genes nag i ncl ude no nore
expaes el ghtBrolorl efeaitiyng oP bRt fatabasefaye prodgrad by

t%_&%%é%,a&éﬁm Yoo Unel 88veBEnf Lygegenes of Table

lurality of genes nmay conprise, or consi st
essentially of, five to seventy genes of Table Al . The

lurality of ne c ri.s Nsi St .
Ilgs%erhjtrfta Iafp(?%’, toje%ngﬁ% JSlgv\f( ytlgcgyﬁeghg 8T5%I%rﬂ%del%ea
nptisd@l fdy fasgafeingny oyt Iemonr eangistas either low

essentially of, ten to fifty, or ten to forty, .or ten
COBELAFRTY FerEEb ORI mAE! FhE BT U I99RI SgeHes.
oW £ BV Hhe aReukstBA peofild @En saenesampBY, bfherein the
selected fromthe first about forty, or about thirty,

SEPradHHLAN Mty egEREBT dFCT dbt%e SAPTCPE&PBr ABY§LS tde 2
1.5y, Of e ' t wen es

DR o TPl P RS B 200 o kg WTpkaneR

Tpble ah? tandfogcimsladd i rodudéaasifeing tig tagoudlas a

4 50,, 60, 7Q,. 80 9 100,, 110, 12 130, 14 150
ndh o7 1 8 g8RREoF SR e SRl EOPETT Tyt

pgehese may i nclude no nore than 250, or 240, or 230, or
220, or 210, or 200, or 190, or 180, or 170, or 160,
or 150, or 140, or 130, or 120, or 110, or 100, or 90,

The ninth aspect of the invention may comprise the steps of:

(a) obtaining expression products from a breast tumour
sample obtained from a patient;

(b) determining the expression levels of a plurality of
genes identified in Table A4 and/or Table Al and/or Table A2
and/or Table A3 by contacting said expression products with
binding members, each binding member being capable of
specifically binding to an expression product of the
plurality of genes; and

(¢) identifying the presence of a low confidence breast

tumour in said patient based on the expression levels.

Step (c¢) may comprise deriving comparing the expression
levels to a profile characteristic of a low and/or high
confidence tumour. The low confidence tumour may be ER+ or

ER-. Step (c¢) may comprise the use of a statistical
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or 80, or 70, or 60, or 50, or 40, or 30, or 20, or
10, or 5 genes of Table A . The plurality of genes nay

W@ owp/08Bag or consi st essentially of, 5 to 200PQgEGB2008/004190
Table A . The plurality of genes may conprise, or
consi st essentially of, 10 to 150 genes of Table A .
The plurality of genes may conprise, or consist
essentially of, 10 to 100, or 10 to 70, or 10 to 50

t%%?ﬁqgfe,TQQEE A2 wdgn PLyrald {0y %fnc%}%gg e' GhyEBY oy

e about ten to fifteen genes, may be sel from
Melsditiepst(S¥Mbut fifty, or about forty, or about
thirty, or about twenty genes of Table A . Preferably,
the plurality of genes conprises about ten to twenty
Theneduebhlihe 6frgénabdboptefdralily gemgs icksTablre cAnsithe

pl ur al.i of _genes may | ude .at | east 10, 20, 30
edia e R sl DL ik o o8 Thenachia a1 fgbbe A4
FeReSrNBY¥nkBCEHER SOcHTSE T4 s3R1,0m23Bnd0n32Qay0be
10, or 5 genes of Table A3. The plurality of genes may
io6hycede, 2bEheedli stnderepdsilyy dfhe plugadstyepésoshes
The.,p, |t ONMRkLI S 0
nertren ARy Pott Dot G S S P By e
PlveraghiovabEt genés gepres mwy oorgsHagd, lyoneednsbstinclude the

ent i-al | f,,10 to 20, or 20 to 30 genes of Table
9%%183%#hga%9§r% ity of genes, which nay be about ten

to fifteen genes, may be selected fromthe first

hirty, or about t t.y. genes of Table A . Preferably,
T%ﬁefﬁ¥ﬁFaIF?§o% ﬁ%ﬁe REE S8 u?hﬁeﬁnFSnF&Bﬁty
tgeresoet hb?lf/i HhStaeboUbutdidiy t@eresnobniablkeTdbiedhgy,
plurality of genes may include at |east 5, 10, 15 or

Rg| pngf AP healenest ot - THbIA asHeetplodr &het jngengéaes the
pTRY-ahRELUde §endDrea had Aim Uny e or more of Table Al
and Table A2 and Table A3. The embodiments and preferred /
optional features of the first, second and third aspects of
the invention apply mutatis mutandis to Tables Al, A2, A3
and A4.

The plurality of genes may include at least 10, 20, 30, 40,
50, 60, 70, 80, or all of the genes of Table Al.

The plurality of genes may be all, or substantially all, of
the ‘upregulated in low confidence’ and/or ‘upregulated in
high confidence genes’ from Table Al. The plurality of genes
may comprise, or consist of, about eighty, or about seventy,
or about sixty, or about fifty, or about forty, or about
thirty, or about twenty, or about ten, or about five of the
‘upregulated in low confidence’ genes from Table Al. The
plurality of genes may include either one or both of the

‘upregulated in high confidence’ genes from Table Al.
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6, or 5 genes of Table A . The plurality of genes may
conprise, or consist essentially of, 5 to 13 genes of
waawb®333¢ The plurality of genes may conpri SePCDGB2004/004190

consi st essentially of, 10 to 13 genes of Table A4. In
the context of the plurality of genes, the term

"about' neans the nunber of genes stated plus or mnus
the greater of: 10% of the nunber of genes stated or

one gene. As before, the expression product nmay be a

t i bed | e i d t h d
CEBFS poBPT e TRt 13 E Gt TIct Sede5Erd 26qlens Wape™
pBe: RNA 6f ARNA uTREGEDET RS S0 o ARG JERYedl §OoE of

cDNA produced from said nRNA. The expression product

gRBFShe TERNAPPTREPHF Hefthg- hesde iRy Ya tEgnpprefenhat § of the
ei gsachd sequence Wirihd S Capalle el s3pacEE baakly

TEP% Vnéstgh?h% transcrw%%d nucﬁéic %cig uﬁggr suitab%e

Ghybei dhsht sbaw conei nozingli fhgyiecdlilay), exbAsgion between

ol i gonucl eot i de enc r eq. ere the .

hé r gggﬁﬁeﬁ?%dﬁci 1S t é?é%ﬁ%?géég&“%ﬁ%?eFﬁPg?ﬁeln the

ubpsdi pgroeahest i Balprefrar abiheraasantiosedyenes nbhecate less

o risin n anti body. bi ndi ng .domai n, specific,for

933P R ERb L LRI PBT SRR (RREC=Fhd Thit i MG RENBEF CHEY - be
| abel l ed for detection purposes using standard
rocedures known in the art. Alternativel t he

Tg%ppéggabﬁtm@@u@%%ewmem%ﬂ & fnsffﬁoébﬁa eighty, or

sksghati op, f Lom & he,sanplig, ungders 4,3t . A remeg,? engﬂ tyenty,

nmeans” of detection 1s usi'ng a fluorescent | abe

otahehe detEcvedodyea ¢f Jlbleetrdr.. Al ternative neans of
detection include electrical signalling. For exanple,

the Motorola e-sensor system has two probes, a

Theaplurel ptobet abned msy faeelnyi ofd, oati egnsapd assentially

oSt gnall L ng_prober which (s attached 1o a solid, . o

ur |

genes may comprise, or consist essentially of, ten to sixty
genes of Table Al. The plurality of genes may comprise, or
consist essentially of, ten to f£ifty, or ten to forty, or

ten to thirty genes of Table Al.

The plurality of genes, which may be about ten to fifteen
genes, may be selected from the first about forty, or about
thirty, or about twenty genes of Table Al. Preferably, the
plurality of genes comprises about ten to twenty genes of

the first about thirty genes of Table Al.
The plurality of genes may include at least 10, 20, 30, 40,

50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150 or all of
the genes of Table A2.
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doubl es as an el ectrode surface. Both probes function

as bi ndi ng nenbers to the expression product. Wen
whrovdiosgz3®©ccurs, both probes are brought into BCDEB2004/004190

proximty with each other resulting in the creation of

an electrical signal which can be detected. A's

di scussed above, the bindi ng nenbers nay be

oIigonucIeotide prinmers for use in a PCR (e.g

Tﬂg %xprel?éég SRt S ':LBE:Q@HEYn@”Hbi:EYtEQS niebesr 240,

products of the genetic identifiers. The
oprbﬁ@ptqrvﬁﬁﬂmiQméhubecahépyseéroh9afg@r 18pweverli70, or

f I
LBDSLSHALY, ol PG 13051 B0l €0k £0aS sk o0,

ofXP6 £SSt 010 praxelusd s amys o, hemr Be, passad, over20heosaldd or 5
support, theregy bringing theminto contact with the
96Pﬁﬂ|%%'ﬁ%ﬁﬁ% The solid support may be a gl ass

surface, e.g. a mcroscope slide; beads (Lynx); or
fibre-optics. In the case of beads, each binding
Thenbbrrakit heoF i SQIPT dodh COIPRARG dOAl ce@aasan%S%%‘iflally

ol esthgn &@r%&%§dof’\"'ltd%lter‘%zexﬁ‘hgsﬁﬁﬁﬂaﬁﬁg9uéfSgél'i‘es may

sblutlon i ous nmethods exist in the art
cdepei s& ni ong @nmﬁxﬁﬁnQﬂsqnﬁﬁalQQSOﬁorlﬁaﬁpléépage@%ﬁeOf

sets d hes e a t h

TFﬁ@@ngQOn%h exanpﬁrcgﬁég %baggg gsg#gggﬁésochonilSt
e@éeﬁ@iﬁplﬁ/%fbme cogles o, Swirr agedp doe kmomd to 50 genes of
techni gues. In these cases, each binding menber is
TaPt&chéd to a bead or "bar-code" that is individually
readabl e and free-floating to ease contact with the
expression products. The binding of the bindi

Thenbérsal 8ty hef expRessi'BH G 5@ucPs pPargefsy Pg fifteen
%%géevﬁ | Do SQLULL O, fgéﬁNEHM“fEQSEh%bbﬁgg§gfE?ad§rOébout

Jpar are passed through a device [ ow -
foytoneter dband tridty A durakeat kW@wﬁyw§ﬁh§é pf Table A2.

P%% g%QkT&Pgt§Xprf§§af!£§”&g'déﬁ%s‘%omprlses about ten to
twenty genes of the first about thirty genes of Table A2.

The plurality of genes may include at least 10, 20, 30, 35,
or all of the genes of Table A3.

The plurality of genes may include no more than 35, or 30,

or 20, or 10, or 5 genes of Table A3.

The plurality of genes may comprise, or consist esgentially
of, 5 to 35 genes of Table A3. The plurality of genes may
comprise, or consist essentially of, 10 to 30 genes of Table
A3. The plurality of genes may comprise, or consist

essentially of, 10 to 20, or 20 to 30 genes of Table A3.
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i nstrunment ati on devel oped by Illum na, nanely, fibre
-optics. In this case, each binding nenber is attached
WO 2008/03338ci fi ¢ "address” at the end of a fi br ePOpPGBE004/004190
cabl e. Binding of the expression product to the
bi ndi ng menber may i nduce a fluorescent change which
is readable by a device at the other end of the
fibre-optic cable. The present inventors have
TﬁHCﬁgféz?iiJH;y S5 e5L A NUGHSIG aeldLEi 6H88E " A¥nCPAPEL SE&h
a pturality of nucleic acid sequences fixed to a solid
gsuppormay Bye paskteipdhuian thecitd regqtibhcey, or about
repres g 7,C
hERFEaT Tt G F D T sy Phe BYEhal 08y of genes
cphptikes cllasact esn sto ccwntyhgeamepr esstba pilodtucabofit om
%unour sanpl e qgg%nornal cells derived from breast
EREEEVeISBBTHRY pfERent™I nvent i on further provides

apparatus, preferably a mcroarray, for classifying a
breast tumour sanple conprising a plurality of binding
Thenbérsaht EAcPeddeRE S = iid oft, 1preFePablt§. 1> of all

O@ughgigegggdo§ &S, each bi ndi ng nenber being
capable of specifically binding to an expression
product of a gene fromany one or nore of the group of

[ tigene.classifi : I ' b b
pPaSReE Sy 08 Gt i ihe BBCRERE FpdfS r 0, o
cappar at ysneonpf | Balsle x4 consi sts essentially of,

bi ndi ng menbers capabl e of binding to expression
products of a plurality of genes, as previously

tdef bnadal oy eag hg@hed henpaidhpruldd, gere cehassif esrentially
O%see above) . The apparatus nmay conpri se, or _consi st
ssBntPal P ygeres phdtaRl srefberSec RpabPei6Y BEnGPRGStB2Y

c%fng&ﬁééi,o rPEORUELS Ofsanildind) idey ab genes heABLedehrable
of "the nultigene classifiers, "'or of a plurality of
Agenes fromone or nore of the nmultigene classifiers.

The apparatus apparajus may include bindi ng nmenbers
capabl e

In the context of the plurality of genes, the term ‘about’
means the number of genes stated plus or minus the greater

of: 10% of the number of genes stated or one gene.

As before, the expression product may be a transcribed
nucleic acid sequence or the expressed polypeptide. The
transcribed nucleic acid sequence may be RNA or mRNA. The
expression product may also be cDNA produced from said mRNA.

The expression product may be cRNA.

The binding member may a complementary nucleic acid sequence
which is capable of specifically binding to the transcribed
nucleic acid under suitable hybridisation conditions.

Typically, cDNA or oligonucleotide sequences are used.
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of specifically binding to expression products from at

| east 5 genes, nore preferably, at |east 10 genes or
w@roos®amsse 15 genes froma said nul ti gene cl assP€T/6B2@n/004190

froma subset of a said nulti-gene classifier. A

subset of a said nulti-gene classifier may be, for

exanpl e, genes from ER+/ Low vs. ER+/ H gh in Table 2,

or genes fromthe upregulated group in ER+ Low from

whabk e (@preddion pReLusE ef eried anhediseBNprot8en, the
solid support will house_binding nenbers being capable
bahdipacnenkey |4 Rrgirraepentfe AN A0ddi #g Melecule
i r 0f,4 i dent .t [ a A

o e R R e
egppabbed gfolgpegitfideal | y binding to expressi on products
froma nultigene classifier, or to a plurality of

genes thereof, and may 36i ncl ude bi ndi ng nenbers
Teappbhei sy whewf magl by bibelhed tipexetession puodusts
of no nore than 14596 of the geneiﬁgn %he Q% EA el
Uil 8P 0B F PR T IREFOSFAHF S uSREY Hhd i ndi S FERBRTECLY
tﬁgpé%ﬁeé)é i&@%@xid‘dh@@ls:c M??i B Thd 10, X BRI Biv@Ag PE 8dUSE Son
0

no nore than 90% o engenes on the U133A ,
frrowr e r SyMP I engsFab8ehs MyPTHEIRRE Biesdengt nefbersion

1 Ga f | fdcal } NgH to.f $LORRr BPULt Bi ght
l%faggkﬁngéﬁ anS 8&?0?¥9%%5g$ﬂ%%@6orK%%ggbr 3896%? 2096g
metet0% ol dfrgft itiee mgenesobndethec k88 Anviludsaet agtrical

Additionally_or alternatjyel he sali p Y

Spete ib?%dirﬁfﬁnﬁﬁ?gpgefo#h%oM?&éﬁg fhs%2%§8,gg%t%%r%as
thvidaprdpeoP, a nacapafieet baobs00@hidcio imrfecdign £3680ingp and a
more than 1000, no.nore.than or no nore than or no .
ROFBALRGRE PO OFRCP A SDERCIIC i o s HanUTBaCe gPich
deepieseat han OQct@bdeostPE8ct Namdth Mok mohetribanas

70, or no nore than 60, or no nore than 50, or_ no _npre

bEhdAngonemPeRR troikder REATSOSIGR Ridisice t WRAR2D1ng#ng0
&EQBESEhﬁ@t&Qbréﬁéé“%r@°E%oh§ﬁ@ Pnto close proximity with
each other resulting in the creation of an electrical signal

which can be detected.

As discussed above, the binding members may be
oligonucleotide primers for use in a PCR (e.g. multi-plexed
PCR) to specifically amplify the number of expressed products
of the genetic identifiers. The products would then be
analysed on a gel. However, preferably, the binding member a
single nucleic acid probe or antibody fixed to a solid
support. The expression products may then be passed over the
solid support, thereby bringing them into contact with the
binding member. The solid support may be a glass surface,
e.g. a microscope slide; beads (Lynx); or fibre-optics. 1In

the case of beads, each binding member may be fixed to an
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different genes . Typically, high density nucleic acid

sequences, usually cDNA or oligonucl eotides, are fixed
WwWori0s/08B86 small, discrete areas or spots of aPEDIGBA04/004190

support . The solid support is often a m croscopic

gl ass side or a nenbrane filter, coated with a

substrate (or chips) . The nucleic acid sequences are

delivered (or printed) , usually by a robotic system
inaioi diel qeaide dreblchdysappotrherantbriteetedmybhl tazed or

fixed to the support . #n a greferred enbodi nent, the
CERPERESTH P d0gEPLYEEC rom t he sanpl e are

| abel l ed, typically using a fluorescent |abel, and
then contacted with the i mobilized nucleic acid _
Varseus ereidodF@Nian A Rperith ARy sietemmdningopssieniion
uskhg t uch. agea Bh ey
D B | amamnar ) G A e TarmRe e o o
thhepeapems simrerpricduct ot oekanbee t dpgad baisell approaches

on-fl uorescent, |l abel, e.qg. biotin. After
(EWI dP's arf“?]g%cfu]taﬁe qirc F8%$? a@é% S Y &% E™ L ai ned'
twbhhiguéd Uorms asisedyasthat ediindsirhiings meabkheifi astached

non-fluorescent |abel (e.g., fluorescently |abel]ed
tet ae]a%wo%,"%ﬁ-mdﬁi"ngga?ol%iJdﬁln‘ﬁldua 1% kepAgeLe and

£PEQL F 62 ¢ Nell Ca idadea cBAL hEE Ny Dfn dane BXRE8s3$bANproducts.
(expression pattern or profile) is obtained by

Thaabysiieg the Higghdnddppt neEeerHheddle ¢roEFEFEOBpRFoducts
(EhtBoOL 01 18! 4 JROIR0 sHOLLIRE Eon TEE AL L8 BROLREPEgea
expressi on of the experinental sanple can then be
beerdpaoedoan ttoddrmtaref paseedt tlotoydh e devierpriesgi on flow-
Sgofiée irOQ%a QL?h confi dence or | ow confidence
CLERPFETT f ot UifT S ential anal ysis. As mentioned above,

the control or standard, may be one or nobre expression

PnGRRENS B CHT GHPBFI S ETRBSGi g oo rofiles is

instrumentation developed by Illumina, namely, fibre-optics.
In this case, each binding member is attached to a specific
"address" at the end of a fibre-optic cable. Binding of the
expression product to the binding member may induce a
fluorescent change which is readable by a device at the other

end of the fibre—dptic cable.

The present inventors have successfully used a nucleic acid
microarray comprising a plurality of nucleic acid sequences
fixed to a solid support. By passing nucleic acid sequences
representing expressed genes e.g. cDNA, over the microarray,
they were able to create an binding profile characteristic of
the expression products from tumour samples and normal cells

derived from breast tissue.
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nore expression profiles may be retrievable stored on
a data carrier as part of a database. This is

wale®s0ssedl above. However, it is al so possi bl eP€DGB2004/004190
i ntroduce a control into the assay procedure. In other
words, the test sanple nmay be "spi ked" with one or
nore "synthetic tunour" or "synthetic normal”
expressi on products which can act as controls to be

TERMPAE §6h M 11 drite BXBLeSHEB Nt @MRleE Afpdaharasnebiéferably
identifiers in the test sanple. Mdst m croarrays

aumi FroR Y hefoTofd 3e8 LEWBNE ud rRsT e SUmomsr safBleol our
cgglg)ézéin%nf 2195 }Siﬂéﬁggln@m%o%%%a@héfiq§ a solid

een channel excitation) and Cy5 (red channe
sBferrtit aprefrablihausbieéct aotd t9agurrsresar eayhi bagding
analysis.is to tract hybridi zatiaon sj.gnals from .
"B LR HIE RS P PoRLL Lo ar aTPRyed EPgRel SEfgTsion
preagut edf as phisolAricln bayeosetoesndy of gheearbapget

SRR Lo S0 Y YPEL 650 L0 25085, SMBLR)

ThBY EOR3 Ofnd WL IEXP S S pRB £ PEIEUE the (fhhratdEPbemBhdses, or
control (controls are otherwi se known as a

copsf g eneesgntidilly Gith f BABAING | RRaceerekBel of Theding

p {8 GeodlRIOREN 8Y 14 PAGPIAANLG W t Bt BRevioust
t%rgggﬁ%ggﬁ%gﬁ%Fgﬂk%fEferab%yucoﬁgﬁfses@% gluraFi?ye%%OuS Y
ddifsoeét fospeich Fadihes petidcont Bigeny deesdfisrvee (see

| i gonugl eoti des and_each spot representi.ng a .
BOVELr ohPS TR HeMBar CPAPEHAE epr CERIg CpF aGRE 211y
oF ,gBNad el esdmskfs @apablai df il idgenaoclexssiebeebn phoducts
one epbodj pent, _the nicroarrqg will contain spots for

OfaBhPoFr 2 hEL Y ste IPESVILEEY FR-RME dr tdEtfe

dTHksth 98885 Cl s i urkachy spotgandd BAIMBNSCoR more of
plurality of identical oligonucleotides each capable
the phhbigY e = afEégeassi on product, e.g. nRNA or

cDNA, of the gene of Table S4 it is representing.

The apparatusg apparatus may include binding members capable
of specifically binding to expression products from at least
5 genes, more preferably, at least 10 genes or at least 15
genes from a said multigene classifier or from a subset of a
said multi-gene classifier. A subset of a said multi-gene
classifier may be, for example, genes from ER+/Low vs.
ER+/High in Table 2, or genes from the upregulated group in
ER+/Low from Table S4(a). In a most preferred embodiment,
the solid support will house binding members being capable of
specifically and independently binding to expression products

of all genes identified in Table A4.

The apparatus preferably includes binding members capable of
specifically binding to expression products from a multigene

classifier, or to a plurality of genes thereof, and may
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In a still further aspect of the present invention,
there is provided a kit for classifying a breast

wo 0v5/08333@npl e as hi gh confidence or | ow confi BEnG82004/004190
said kit conprising binding nmenbers, each binding
menber bei ng capabl e of specifically binding to an
expression product of a plurality of genes identified
in a said nmultigene classifier, and a detection

iheageatbindirey geneeref chpebbel ot ganeidiassili Bisdai® to
listed. with their Uni gene acceSS|on nunber s

e&em%%%m%l% i PQ 185 of M Ifeng) of ¥e geleR e the

123886 S80S -HAN THRek ?ancsub@ A9 eidd1eied bflhama% hembers
Uni gene dat abase. Furthernore, for certain of t

cgepbse @f fgpraifieabiwnbyreing XEQ CORYESSTLOV QéOéx@m@I @% no
e DA P o e R e e S sk B TR

a@pqnanussmamenﬂiuﬂeebaaﬁabgemembehﬁeuﬁﬁ&hjeemﬁrepscxiucally
e when .used on a, solid su The probe_ .
BB < o AR ARETY PEORFBHE L7 T8 SRl in I0F DhRe70¥ o
sARf ¥AeL 0% XoMedls) e koikngrt hes Unt gﬂne;fl Rhef gkhest ah getie
ene. |f, in the future, one of the Unigene ID S
HR3AellFFOR @Y% abl e were to be merged into a new I D,
or split into two or nore IDS (e.g. in a new build of

t he dat abase) or deleted altogether, the sequence of
Addatjenel Lasoy midwdagtbyelvie bh%s%ﬂtld PYPRPBEshay shouse

ﬁ,rﬁe "fﬂé? a@%&? ; e Yoglsion 'mBerUhJ%rS’ A8 PF ik geneeyn 10900,

e one or nore bindi ng ‘menbers (anti body
nbi mdi-agt@med (0 ,omonuoirei thanlﬁomqmmeetgan 1000, no

oI|g ucl |des) in the it fixed to_on e
"S5 A Suniott S0 8 KTt Sfod?t PolSRecrBarr 90 oo
ribl hbeeOPhde BEBAVE; nor mﬂﬂn‘btt]@dne ]SIL[p,pQﬁ:t slostmelaeaehan 90, or

beads. The detection nmeans js preferably a

ner BAFBatEiR & br Wyd© Boge FRair Bhc &t P B‘PrFaB]éF”Pu 7y or

no more than 50, or no more than 40, or no more than 30, or
no more than 20, or no more than 10, or no more than 5

different genes.

Typically, high density nucleic acid seguences, usually cDNA
or oligonucleotides, are fixed onto very small, discrete
areas or spots of a solid support. The solid support is
often a microscopic glass side or a membrane filter, coated
with a substrate (or chips). The nucleic acid sequences are
delivered (or printed), usually by a robotic system, onto the
coated solid support and then immobilized or fixed to the

support.

In a preferred embodiment, the expression products derived
from the sample are labelled, typically using a fluorescent

label, and then contacted with the immobilized nucleic acid
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t he expression products of the sanple under test . The
kit may al so conprise neans for detecting and

w@ar@bys3izsg t he binding profile of the expressiBOT/GB2004/004190
products under test. Alternatively, the binding
menbers may be nucl eotide prinmers capable of binding
to the expression products, such that they can be
anplified in a PCR The priners may further conprise

sggggﬁéfson %qa%w#?f@éﬁ@&iéaem, tan EEu%S%céﬁ’t markers

y the anp sequences an el r abundance
arel &ttieetdad wingr aadptedied samierces. hdgiheekolutmagn

al so conprise qQne_or re standard.expression profiles
L B5ET SRR helt B AL Ca (et Ehpare R igth
pESRLESS| @l Ol kaggedl witlesd rmamillecréBeentel aitelpre.g.

st andard_ expression profiles may be produced, accordi ng
bigtime Afht Hydpdet=aFiehe ‘ﬂ?eeéérﬂrqaﬁéﬁt F8H.13T‘H%en be

BESASEal IBSUE SETRbeeSBYnbeIRbIBINEt 188 :8%6h8E OFG! the
breast biopsies or fine-needle aspirates. Again, the
foxpt eseh oH ysredgens apleehr 65 «F afiypoyRRASBE L¥ Dhbelled
fr .SAl ‘Hgyﬁ r The bi ndi ng nenbers
Sggég%fggﬁéhb fﬁ%lgéonuc 26?? es)Fixed to one or nore
solid supports in the formof a mcroarray or beads
(see_above) _..The_hindjng profile_is preferabl .
ARG ERE P Mo BRL O E L b O o PG, R TaRAe™
(Hgpdet Ol hrahRlt ddier exppessi D) proditiSnedhBy analysing the
determ nation of the ﬁresence or risk  of Steast cancer
sganabeSde by FOBnBar N ng T eSS ity “praf AHel bl t Herging

sSAPRLEe W tihd Al t@inacE 0ROl o801 s S IANSRT dhEXPKESSI thtal
profiles. In all of the aspects described above, it is
sprplerean therude BPRERAGS mehdertdadapfbpecentrol (i.e. an

e§g§g££i8§f" ry?éa;l%difgsm(gnﬁi%ﬁ g8 oy p%' sbﬁgi\agﬁce
priners, anplifying) expression products of a sa
sampl & geher clidSsireneial Thmalysihecause

As mentioned above, the control or standard, may be one or
more expression profiles previously judged to be
characteristic of normal or malignant cells. These one or
more expression profiles may be retrievable stored on a data
carrier as part of a database. This is discussed above.
However, it is also possible to introduce a control into the
assay procedure. In other words, the test sample may be
"gspiked" with one or more "synthetic tumour" or "synthetic
normal" expression products which can act as controls to be
compared with the expression levels of the genetic

identifiers in the test sample.

Most microarrays utilize either one or two fluorophores. For
two-colour arrays, the most commonly used fluorophores are

Cy3 (green channel excitation) and Cy5 (red channel
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the expression |evels of all genes make up the
expression profile specific for the sanple under test
WO 2008@33B@ssi fi cati on of the expression profil BCT/6Br@AB04190
reliable the greater nunber of gene expression |levels
tested. Thus, preferably expression |levels of nore
than 5 genes selected fromone or nore of said
mul ti-gene classifiers are assessed, nore preferably,
eftef eat bemn) 10, THO I jlel@n o O hatfitedddhar 3Ragevenalpses is
preferably, nmore than 40, and greferabl all genes from
tg exFHenl tyRgehealiass SEeR? LS Forom EXPERESHPAI ng

pPBEREES MBYr RshLapalbheaotaps ,ndéﬁ%xatlos QY GR8LAPed as
Eroducts fromall of the genes of Table S, or a
a

Fotaret nivingjdries thher af goven deaygealyi Gesleptdel ivelior
n }.C Lra - n 1.t echnol ogi 0
e R R S s Ao RE ORI R AR 318U Hrays,
sTheaef oare tdesurmce apr eheiogdofretvmdxmowlsdiba poodsets,

. bindin mbers representin | of th enes jn a
(SaPd METRTGAHRE AOREEn APOMOFOLE iR AHE) ToFegkhags as a
‘rheeebned ) psviprediggskyndef et S eachenyl. t i gene

classifier. However, the skilled person wll
appreciate that a proportion of these genes may be

TR b8 200k t 0 Jetedosiik)) CAf et Rhckn achebhabl e
and statistically accurate Tashion. In nost cases, it
preatdt benyerlfmairefegabde GPmeligpsentdiugality of

- nt i at__| ea 0¢ 9% 90% he_genes in
o il T erne 0 258 T er =T Ehis Com SRt a
oimigbhgeheotcd dess idfride raphebpoabt gprrang: inke agehéSeoént

Tabl e S4 bset f id_Table. Th
TR e 0% S OhptE s STebLe The
£Tber ef es8d mlltialrey clBysTEaNr AlTd eand HOYAiNOAE, the

preferably at | east [ 70% and even nnrefpreferably at
M EESRT B, B 4 OTTAE §BAES cf s ST e rfashReAERBRgRrOVided

igb@ﬂ@- OI;F heoR O RNl tihengerrldsi dident i f kgenabhoms,i11
I agnosti C

comprise a plurality of identical oligonucleotides each
capable of binding to an expression product, e.g. mRNA or

cDNA, of the gene of Table S4 it is representing.

In a still further aépect of the present invention,"there is
provided a kit for classifying a breast tumour sample as high
confidence or low confidence, said kit comprising binding
members, each binding member being capable of specifically
binding to an expression product of a plurality of genes
identified in a said multigene classifier, and a detection

reagent.

The genes of the multigene classifiers are listed with their
Unigene accession numbers (corresponding to build 160 of

Unigene) . The sequence of each gene can therefore be
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tools, e.g. nucleic acid mcroarrays to be custom nade

and used to predict, diagnose or subtype tunours.
Wo-005/083336 such di agnostic tools may be used i NPCT/GB2004/004190

conjunction with a conputer which is programed to

determ ne the expression profile obtained using the

di agnostic tool (e.g. mcroarray) and conpare it to a

"standard" expression profile characteristic 42of high

rEPP{ b HeNCE- il FR W ibene Caaf driance FudiBkmok 8, dpbAGertain
so, the conmputer not only provides the user wth
of ntbe negnem \AHifomelkay)xbé CRE) t RECY PR of

r_d atjent, . YLy [ e
e%%ﬁ%%?%ro%&%b%stsae% art ﬁg%u(g{x%% 2;2153 on p%gl?is FeEEyﬂ\}\%i ch
ptrebde et iene Hineli'bst ardbedd Bxprtessicom pifobiligonndleetide

can update.its own dat abase Jhus, .the invention
SSEPSURCEk G i SEPRT T, O Sk 2 SeRY BB LCE of the
gERECHREN Nayes) dro bedradesappdiai NiMEg probesdetails are
corresponding to the said nultigene classifiers, or a
26PAPEITLS RO EMies UAeT BFFbHTT THo headt iRgSF ik vebsite
WSt hYCEHE endfgdlie 13 IRY chBY L ¥Bdet athd.ange from

ol 1 gonucl eoti de probes attached to a -di nmensi ona

solid substrate to free-floating probes which have

een_i ndi vi y ~tagged;  w ique 1l V-3
IEba%ncg%%“bﬂ%gﬁétég%éggcg??g%%%ﬁ%Fﬂgk?% %ﬁ%gggrfgughe
thbakogeral t ¢ lss sidrigedt iohs dengw 1l glhcepfllidenseootwo or

| ow confidence ER /ER ). may.be_creat ich wll
“‘E’Sﬁngfso?e the BXpr é]§¥'|) Bﬁl%ﬁio‘?fr Ictehse (?T% FEAESUs Obr 8gs¢ted
allitsgHeBe s Eled eydfuRed by ft bRe sqpand aldz dehtendedaby aylse
The dat abase may then be processed and anal ysed_such
PEREENFt 1Y FPEAentiFal Py FeoHERT f RY 24958 SHOFePCE Had
t&g@gﬁgponding to each expression profile in the
dafabase, (ii) a "standard" profile which functions as
the canonical profile for that particul ar

ﬁ%e%%§g£i§?téﬂg“one or more binding members (antibody binding
domains or nucleic acid sequences e.g. oligonucleotides) in
the kit are fixed to one or more solid supports e.g. a single
support for microarray or fibre-optic assays, or multiple
supports such as beads. The detection means is preferably a
label (radiocactive or dye, e.g. fluorescent) for labelling
the expression products of the sample under test. The kit
may also comprise means for detecting and analysing the

binding profile of the expression products under test.

Alternatively, the binding members may be nucleotide primers
capable of binding to the expression products, such that they
can be amplified in a PCR. The primers may further comprise
detection means, i.e. labels that can be used to identify the
amplified sequences and their abundance relative to other

amplified sequences.
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and (iii) data representing the observed statistica
variation of the individual profiles to the "standard"
w@e@siobs3e¢ | n one enbodi nent, to eval uate a paPCEOB2®4/004190
sanpl e, the expression products of that patient breast
sanpl e 43(obtai ned via excisional biopsy or find
needl e aspirate) will first be isolated, and the
expression profile of that sanple determ ned using t he
specialized mcroarray. To classify the patient S
l e, the expression profile of the patient's sanple
lﬁemaMeai%@ agaEpPREEe toRe dHt dlvase s§ascpirdegxpibeseion
g [ i.re
P%‘é%ﬂ%?r R T o o F e et e ey pPanghghoon
wpmhfekpressdoneprbﬁlbemwmﬁe&iﬁaﬁunammplendiwhduahe or more
%%ﬁgres ?rgfi es_in e datanse t deterniggg.n ko
9ﬁr§r8FP ST aRd %E%%% Whi'H % SI fi gryoraing
tthel iFveEs ébpebesbfnahehpré%éﬁﬂrmﬁvanﬂ:wn t he querying
may be done nore "indirectly", for exanple, the
patient expression profile could be conpared agai nst
B ¥akRer | §Eé@d§£ "1@rﬁéy|ﬁé'd%ﬁéﬂ%e@ﬁ%%b%§%lsIBﬁal
advant age of the indirect ‘approach is that the
bI@E&ﬁdéﬁQpSpﬁéf@reéln%e@%@@kﬁtQﬁﬂ}ﬁﬂeﬁﬁesent t he
aggregate of many individual profiles, wll be nuch
| ess data intensive and nay be stored on a relatively
Agm&npeMQEVexpoﬁpeiem sysdent siHh prey etrabd yf oRFApart cDNA
e kit SOCI on th t.he .m croa S
33?d5888r559§ Sﬁf?h BF eSBHL |nven ln%lnﬁanWE 2¥%hre
idrectbappblagbnutlebsideket xddhato dhe dat acear sbeid

will be of a nuch Iar er scale .g. a_ conputer
LPPPEEF 1naEhfmA9 RN v?dEFa‘ir?ﬂﬂi(ﬁ%Yi & WePAShd§Est aBYS)

080 aiBY peAPALLNYst hee pAtd I8Nt SERess 8 Ar abikecbe
the standard profile (indirect aefroach and the pre-
deeddr péddetecting the label used to label the expression
products. The determination of the presence or risk of
breast cancer can be made by comparing the binding profile

of the sample with that of a control e.g. standard

expression profiles.

In all of the aspects described above, it is preferred to
use binding members capable of specifically binding (and, in
the case of nucleic acid primers, amplifying) expression
products of a said multigene classifier. This is because
the expression levels of all genes make up the expression
profile specific for the sample under test. The
classification of the expression profile is more reliable
the greater number of gene expression levels tested. Thus,
preferably expression levels of more than 5 genes selected
from one or more of said multi-gene classifiers are

assessed, more preferably, more than 10, more than 20, more
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statistical variation in the population, it wll also

be possible to deliver a "confidence value " as to how
W@ b@s®Biz3¢ he patient expression profile mat cheBCT/B82004/004190

"standard" canonical profile for high or |ow

confidence tunmours. This value wll provide the

clinician with valuable information 44on the

trustworthiness of the classification, and, for

t%é%ngbe’eW@ﬁtHSEe0§ré¥€r$ﬂﬁ%¢”ﬁﬂﬂ@“ﬁ%a%hQ@lQngepreferably

repeatéd. A's mentioned above, it is also possible to
adtlo B@Diélse £ patm ansabst prebisi wensr oflasesd LTt heow REaESE

t ge? th 1ng g)isg% d%tenggéaﬁigeof %%tge ttoh%x ression

ase"s nent s e presen
pm&tsoarml ahllnoyﬁ hel Henstr afelably Sy of sexainpiadity

with reference to the acco in es . Further
s FECES 5H8r8§385rn%%tEF?W* u%ﬁ&'&%ﬁ%ﬁ%ﬁ{ to those
skilled in the art. Al docunents nentioned in thls

text are incorporated herein by reference. Brie
TD@sémpwpl@ﬁcépafﬁéytﬁﬁﬁv$Eﬁ@¢hkﬁn§?qpnoIQ$éﬁ§|@ﬂ&§W|éﬁrge

r)(q.{ EYD YIS 1 gﬁhgngoéﬁér%ggicﬁcB%S’Iﬂlqm Therefore, the

OMFCOHfI ence . Each sanple in the training (a)
tpeﬁfese’ed( m;thgdpwwl@do% Xeaxiss) hhgaiimet mte ers

redicti (
ﬁerpra]?)e en% 185 & deple conS| %‘%%f ‘E? tsyuar%odu?‘él%&’ { e ®est
dﬂﬁﬁ%lﬁ&érCOﬁSIStﬁlﬁﬁa%ﬂtﬁLﬂﬁngéheSS&MﬂkeiremhlbBtpnngously
hi p03|t|ve S val ues are cl assified_as ERft, ile .
B0t Res YR | e A TaPE - EREOTe Rt skl Led
ﬁ%ﬁ&ﬁxﬁgﬁﬂgcbbﬁréhﬂ§§éftﬁﬂtW@léﬁbﬁdﬁiﬁﬁﬂnﬁﬂﬁtﬂﬁ%éegenes may
m sclassif ied. In general, group of |ow confidence'

bgn ip9lidd-eids 29Ps §h@e’ﬂe¥]§?@ystbb&]) G HEHh e Y § I2§‘e|;1@ab]_e
A0 di8gli s Eﬁggﬁﬁﬁlacghggﬁg Pash P! anMeieh analwsi 3t would

conparing the cfinical behaviour of high' and | ow
bec gnfeifehenabd'e t:@nuaﬁsblmemlmermﬁrm waEpPseatiimg( @F agdst

45@,'@% Obtal 3 o%rgﬂé genesg in a said multigene classifier.
In this context, a multigene classifier preferably means the
genes of Table S4 or a subset or group of a said Table. The

multigene classifier may be the genes of Table 2A4.

Therefore, plurallty may mean at least 50%, more preferably
at least 70% and even more preferably at least 90% of the

multigene classifier as mentioned above.

The provision of the genetic identifier allows diagnostic
tools, e.g. nucleic acid microarrays to be custom made and
used to predict, diagnose or subtype tumours. Further, such
diagnostic tools may be used in conjunction with a computer
which is programmed to determine the expression profile
obtained using the diagnostic tool (e.g. microarray) and

compare it to a “standard” expression profile characteristic
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Stanford data set (9) while Tine to D stance

Met astasis data in (c) and (d) is obtained from
woemssms3clat a set (10). 45Patients with PCT/GB2004/004190

" hi gh-confidence' tunours are depicted as green, while

patients with | ow confidence' tunours are depicted in

pi nk, a) Overall survival of patients with 'high" (60

patients) and 'l ow confidence' (14 patients) tunours

of eQfGH| &59f e Shdddifs WO LbwOeehalilebeVid@bus! In doing
patients with ER+ 'high' (48) and 'l ow confidence' (7)

S0 unBle sCOMUTRHEIFY AR ihPcAL degnshe HPagnusEl teformation
G | TR i-S i en i1 hy
BEOREHAPE oL B TI05 ko b P €1 ki i«

paegand) dsst odt Bfhestsemes tifd) Thee cbmpnténi obadinsinour
di agnosi s to appearance of distant netastasis of
ER5EFah: SO0 TR TR BRI 6%) “BRA FOwRBRF L ERGe "t 5)
b UaREs 8d” Fi gubee sk ionNglesineadngesburbat uplsténits own
ER-correl ated genes in low V s high confidence sanples
datelgsend (b) Depicted are the relative expression
| evel s of the top 122 ER di scrimnating genes

(obtained fromthe SAM - 133 gene set, see text) that,
Thye, pole t I weryt kot rad lawsd  f@TERPestargs Fhmea)specialized

+/ Hi W i se d (b)
R N S S e I A P
cordespofdihe Q2 iyermssidimigigkeexcaxssifismet emmianed

their S2N rati see. Materials and, Mgt hods).. .The
o hity; S rer it TR oL R eRRE BhYSSeh o erure
obothet herdy fhgy enge, iandeamaeX gress bhhgbavel ebei deeprobes

two cl asses, as_well as the standard deviation in .
agkpraed; on ?o?‘@%nsg‘é?@gwsﬂﬁrilﬁ EHERCEPRSstBef Fige-floating

pEORRET §Hi cNok vd hderd Ng1cBRAGUENA yOdalgel t hetA22 unique
genes in (a) and (b) are different, depending on their
1ghalr agi - (TadF ec29e" (c) and (d) depicted are the
rel ative expression levels of the top 54 ER
di scrim nating genes that
A database corresponding to the various biological

classifications (e.g. high confidence or low confidence
ER*/ER™) may be created which will consist of the expression
profiles of various breast tissues as determined by the
specialized microarrays. /Thé database may then be processed
and analysed such that it will eventually contain (i) the
numerical data corresponding to each expression profile in
the database, (ii) a "standard" profile which functions as
the canonical profile for that particular classification;
and (iii) data representing the observed statistical
variation of the individual profiles to the "standard"

profile.

In one embodiment, to evaluate a patient's sample, the

expression products of that patient's breast sample
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are negatively correlated to ER+ status (11 bel ongi ng

to the SAM 133 gene set, see supplenentary info for
waledaiodsye i n (c) ER/ Hi gh (yellow) and ER+/ Low PCT/GB2004/004190

(turquoise) , and (d) ER-/Hi gh 46(dark blue) and

ER-/Low (pink) sanples. There are considerably |ess

perturbations observed than in (a) and (b). Figure 4 .

ERBB2+ is associated with 'l ow confidence' prediction

(BBEQSHeA 14 Pdec s Baed] Qﬂl’dﬁﬁy exPrendi anedatasepsrate)
Data is taken fromref . a) ldentificatian_of

wa&ﬂmarnrgtan%@essceweeﬁmsa)nde%&eeg@ﬁaswgﬁ PEQEFeopt that
stﬁgﬁgﬁ abde AL DL g 98ERy (Mé\'%ec@gﬁbzeﬁhﬁﬁbgéla&}fak' nked

e 17q ERBB2 chronosomal” | ocus (rows) . Hg
Cémpseéslbhelsategmﬁgéﬁﬁ@u> Ioy &heegxoggaseonTomebile of the

o RRPBE T nf g1 b5 pl bt o B EBms TRt ErblD. Prhag e
d@%ﬁ@ibeM&b@v@OSOQﬁhdyﬁi@l%rE)bl’a bioheeliavat adrbat or

weaker expression of ANN nodel ER .
BRASSrF | CaTPan. (atpe W H9 FEGars Be NOFGP. Cgp bacient's

e&ﬁggHéléﬁnP£§§1Péa§§ldiﬁﬁbﬁﬁ& ERdhparedblkue cbhekei ERividual
tunours are orange. Prediction confidence is

cFOPPES AL eBT B bat Wik arfft dlarabesfdard Jeberatrsd yaibyh

pM%kElgowéﬁﬁnﬁégggcﬁhléﬁwglég%ﬂf@@aﬁgoﬁ)hﬁgﬁlsgisTBﬁe best
expressing’ ERBB2 +ve sanples are

naephct eélltERBBQI‘a@thetl'llGefunmYlmgg meyobet Hengampre SD)

"éﬂ éfec_’:_yf?t' tHnP %ﬂgﬂ eschvg tp%tqlegltﬂ éggﬁtrtegg(.%f)ho PSflle

"Frgure” i nc1 plFe conponent —ana
coRCl) beacomphesat agal ndtechnipdye thieat" sprodaddy groflle in

t f I dat t, d 'L
FrcHaF FLBa=cpallt BIEVIHHE & APl AR 26aT ACeBeahant

@ theWeCh 88EhYathe SAH] BSs AR cdivser itiefat-egpreBehbethe
basis of the SAM 133 gene set. ER+ and ER- tunours_are
sgoasERyedPSt PABYI SPALY B 43 oR1eHe Lefot Métl Pe much less

data intensive and may be stored on a relatively inexpensive
computer system which may then form part of the kit (i.e. in
association with the microarrays) in accordance with the
present invention. In the direct approach, it is likely
that the data carrier will be of a much larger scale (e.g. a
computer server), as many individual profiles will have to

be stored.

By comparing the patient expression profile to the standard
profile (indirect approach) and the pre-determined
statistical variation in the population, it will also be

possible to deliver a "confidence value" as to how closely

the patient expression profile matches the "standard"
canonical profile for high or low confidence tumours. This

value will provide the clinician with valuable information

44



whi | e ERBB2+ sanples lie in the internedi ate space.
Col or - coding schenme: ER+ERBB2-, yellow, ER+ERBB2-,

WO 200808333€; ERERBB2+, bl ue; and ER- ERBB2+, pi nRCT/GB2004/004190
Col or-codi ng schene: ER+ 47ERBB2-, yellow, ER+ ERBB2+,
turquoi se; ER- ERBB2 - , blue; and ER- ERBB2+, pi nk.
X-axis is principle conmponent 1 and Y-axis is
conmponent 2 . Sanples that lie at the left of the red

ohi BReateuERroekicEpes Wof Ere sAM=AT;i caliibea, t hadsamplkes

on the right are ER- sanpl es except one_m scl assif
SHERPI-En. W%SEJB%SOEI 33 t%ﬁa’&}ﬁd ég‘ﬁuégn ben&eBgaLFre)
are all ERBB2+. Figure 6 shows the clinical prognoses

of patients with 'high-confidence' ER negative tunours,
Msomehbsenpdt #le@ve, hbk bb? i FgFq BrsediflicdERc6LoER the patient

' t TWo i d
TROFELE" PPM Faq Y QROFRENREE (PLR ERGRACRAR pp groee
adabaysetse Eogup@até ajhshitaisalResetta tunours: Rel apse
free survival was neasured. 11/19 (58%
Hi gh-confi dence patients devel oped di stant netastasis
naickRtB Bnyeansodihiehes | ¢if L garfdegiendavERc ibhewhulbeew be
i.s 8/10, (80% . Figure (b) shows Stanford tunpurs;
idpEraIFRtetr vPYaraielt n“e’é%%ﬁ?]eed Wit Tesggpnce to the

ald-8hpaadi hgencqupas | enlseiede it sVBhle ehBobWents will
confrdence” ER-"the nunber is 5/7 (71% . Figure 7 shows
bedeppetepht tontepsTuplptLled tin Itdhw Prédi AdloAoStmengeh

. nfj.d " i ' n t
okt PUEITL PRyl It SR B L DptBence.
Status Using Expression Profiles from Chinese Patients

Revga s _a_Di tinctFP uugtian of Low Confi dence
B b [ 1 élon éﬁg. awings tterns of breast

cancer in Caucasian and Asian popul ations are distinct
F%%LkepEQ”QEEH i%ygation of Tumours with Low Prediction
Strength (“Low-confidence”).

Each sample in the training (a) and test set (b) is plotted
(x-axis) against the sample’s prediction strength (PS, y-
axis). The training data set consists of 55 tumours and the
test data set consists of 41 tumours. Samples exhibiting
high positive PS values are classified as ER+, while samples
with a high negative PS are ER-. Blue samples were correctly
classified while red samples were misclassified. In general,
a group of ‘low-confidence’ samples is observed (grey box)

in both the training and test tumours.

Figure 2. Kaplan-Meier analysis comparing the clinical
behaviour of ‘high’ and ‘low -confidence’ tumours.
Overall survival data in (a) and (b) is obtained from
Stanford data set (9), while Time to Distance Metastasis

data in (¢) and (d) is obtained from Rosetta data set (10).
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inventors to investigate if findings from previous

reports 48(3,4) could al so be observed in their |oca
w@aiosesdz3opul ati on. They first used gene exprBSHEGBR04/004190

profile data to classify a set of breast tunours by

their ER status. A training set of 55 breast tunours

was sel ected, where the ER status of each tunour was

pre- determ ned using IHC. Two classification nethods

p¥el entesheeh el gt i\deiniceg tWMbuaedasapﬁepicwe@tam
machi nes iSVNb, and cl assification, accurac

greges sl i rRRighe e e tdhe 16 CORELEeRSRI d F?Bﬂrs are
dg#@%{ {supphiement afpe JNfoLMBLQa) ofl BaBddhtsopitr

assifying a sanple, quantitative nmetrics were used
‘hogpr o¥bélepan estes smht' lew-cloadddeneal | dh4unteieaF Mt y

tgmoﬁggl% %a?@ﬂ @%“JE“E% stéE%% °¥§r ofMW?SghLbf@éiogf

accuracy raining set was 9 and
paBY¥hts Mith E@weﬁhﬁﬁnpl@&)Ch@daCﬂeszedfbﬁehoa/ (7)

CSLLIenE 0hc LAkl LRS00 0L 4RO LM Erance

_o¢0ouh dr ahs onbea obsery sk igatarnitrdependent ghet (eﬁ) and ‘low-
tunours, a second set of 41 tunours was used as ?
cPRdapeRaenht (3 2kt LU s\ 1egH SFe 05y BRaFFatus. (d) Time

f‘ibﬁsﬁhﬂtﬁgéi ' eur}n@l% Lalaa@ﬁcmst he i p@@g@gﬂ@@t otegts8ght

was 91% (W and ,_ hine sanples once again
metsptayed af’ P@Wﬁ@%ﬂﬁﬂ@@ﬂbém+préﬂebfldﬁ3éFﬁ§@re1PB)

Lng ent classification nmethods (VW
Con g%ﬁ? égxnggﬁggﬁéast tunours were found to
exhlblt a distinct | owconfidence' character when
hei n | assi.fi ed by ER status on the SiS_0 hei r .
QEHESedpr BLSr B SO R rcoi & vt correlat8d benes in
1'0WwoWrsCangh dess £1 ddwd® UW=tnd2dd .bi t Decreased Overal |
Survival and Shorter Tine to D stant nmetastasis.in

(eonpadi dbh PePPabse e iltsh NG G 1WEn FFREREELOFuMBYFSS ©Ff
%l NEBpt 08 dizkf @1 80E1 Rid AN 1Rf JHBRUNSLREBedhEgBm 8AE saAM-

owconfi dence’
133 gene set, see text) that are positively correlated to

ER+ status in (a) ER+/High (yellow) and ER+/Low (turquoise),
and (b) ER- /High (dark blue) and ER-/Low (pink) samples.
The order of the 122 genes along the x axis is determined by
their 82N ratio (see Materials and Methods) . The S2N metric
for a particular gene takes into account both the difference
in mean expression level between two classes, as well as the
standard deviation in expression for that gene within each
class being compared. Note that the specific order of the
122 genes in (a) and (b) are different, depending on their
82N ratio (Table 2). (c¢) and (d) depicted are the relative
expression levels of the top 54 ER discriminating genes that
are negatively correlated to ER+ status (11 belonging to the
SAM-133 gene set, see supplementary info for details) in (c)

ER/High (yellow) and ER+/Low (turquoise), and (d) ER-/High
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sub- popul ati ons was achi eved through a purely
conput ati onal anal ysis of tunbur gene expression
w@e@hiobs3q 49it is unclear if this distincti onPCBEGB2004/004190
biologically or clinically nmeaningful, and if the use
of gene expression profiles in this manner affords any
subst anti al advant age over conventi ona
i mmunohi st ochem cal techniques to determ ne the ER
(§hak Us1Qd) bieastrt I pink) addpess .t theressue, the
inventors_investigated if the | ow confidence' t urs
CARghEcEIL Bi er%?]yp%*f’ﬁﬁ%mﬁé‘hé’%sﬁiré’eﬁli SRRt ?%'% and
ygir “hi gh-confidence' counterparts. They used two
publicly avail abl e breast cancer expression data sets
for which related but distinct types of clinical

ri JLOLMRLI gPa¥Es Ay %A%&Hi%teﬁﬂ%iftw st o§eboh?) aERRSH St
5F45%¢c mcroarray data set of 78 breast carcinonas
paadiét henmatigsantubaiple st ceercalr eprreenton

survival inforpatian (referred tq as,t St anf ord. dat
dé‘é?‘?erThBaE%cb%dt%ﬁeeé( B &?%s:i g’t's 20t ggfnéhgl‘é%gl%g 8¢
tBRoL¥MBAmpNede (sspainye dxpmigssrpr ofighedeusllBagof ERBB2 and

ol i gonucl eoti de- based microarrays, qut _of them 97
osaipl SsmRRd (MREGL! | Al RMORILYor J5RRg SPhenE| BT BREE2

ch@gﬁEgaﬁair9$Eﬁ§i(f@&sﬁyqﬁﬁﬁl@x@&@%%ﬁ%nt@stB@presented by
appearance of a new di stant netastasis (referred to as
at redRegebra . dAvager ) samPirs | Fhidnt8dris 166§ W2t o

l.assify, th e t S | f RdErpR2 and
H50e1P 4 far 200 o051 Har TR Bl D e s e R p
ERBebr 1anwkedatansset , wanibag ¢de 561 ER1-88ardhi®iERelevated
tumours in the Stanford data set (4 ur.s -wer.e
HEHeE RIS PSR SLRY of PER SPHEs TnPORTRE G EOFhEy
Qhsar ¥edaanonvesabpt OORoMaTithaey 10f i93%Uefw Bh . 1Fumour
tunmours being classified as | ow conf, i den

dence’ .
soiwiliesr Py asERE1ON afalysid alRe's dehthiS Foa ESTPUrEuPE®
df&nb@g Bosati @1 dat 8os el a@scexid biddmGedited by each
I'owconfidence' classification, with an _
sample’s standard deviation (SD), with ‘low confidence’
samples having a high SD. The eight ‘highly expressing’
ERBB2 +ve samples are depicted (ERBB2 at the left or right
of the sample SD). Note that tumour samples with high SDs

tend to be ERBB2 +ve.

Figure 5. Principle component analysis (PCA), a mathematical
technique that provides a projection of complex data sets
onto a reduced, easily visualized space, provides a useful
visual assessment of how clearly the samples are
discriminated on the basis of the SAM-133 gene set. ER+ and
ER- tumours are clearly distinguishable from one another,
while ERBB2+ samples lie in the intermediate space. Color-
coding scheme: ER+ERBB2-, yellow; ER+ERBB2-, turquoise; ER-
ERBB2+, blue; and ER-ERBB2+, pink. Color-coding scheme: ER+
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overall LOOCV accuracy of 92% These nunbers are
conparable to that observed in the inventors' own
w@aiosesd33opul ati on. They then conpared the clPei/Gako04/004190
behavi our of the 'high' and 50l ow confidence' tunour
popul ati ons using Kaplan -Meier analysis. As shown in
Figure 2 , patients with 'l owonfidence' tunours
exhibited a significantly worse overall survival
ERBES-0 POB1ok PUER ANREESE,) tandushert eERti RRBBO- i B1@d} and
met astasis (p=0.0001, log-rank test) than their 'high ,
EBonERBBAte' PE®uNtETPErT sL5 FHiSCAed6l companeated aRdtY-axis
the 'high . vs | [ s Dipaky dh stk ngki [ ;
A L L e A e
arepBatedxtdps awal §Ri syanpitest;i mbti leubdievisdinpdgeshen the
tunpurs ipto i ndependent ER+ and.ER- .egar i .
S o S s L e e
clbew eenthdepsend&Ryt tinmiles suenecasaae atedERBBh+a
significantly worse overall survival (p=0.03, |o0g-rank
test) and shorter time to netastasis (p=0.004,
FiQ0rEaBKshewt) thEl OS] dritamdiieghoeopbicdents’ wERY
tunours. No statistically significant differences in
‘bvighakpngidencal BRA¢IHE o Fa$Ps there BBS&FVEY
f e ERy tu S Nl t ha R+
e hsh P8 cahobe R b i fea an e Bas SUAPULR hiGR
iaddpehdentodétdences ermranadlyzssi,f iredeirgrd titoas the
distinct di sease_groups exhibjting. different,clinjcal
ﬁssgshréngﬁﬁE%gé?€¥iﬁ%ﬁf%ﬁfﬁ&'bé?ﬁ@%% ?Rg es¥agg

RPQHPS LEmEUFEENREYaped Hossidhireribplcenrvenkbenakd. 11/19
i mmunohi st ochem_cal met hods used for ER detectio

. n .
(ERid  Féghr EoBF secTeRoPRt ISites HW1gase Xp5raks Brtastasis
WMLehL & gakascanyhe1d usefdi- AfifiEendeO FRONVERL haRBEr is
strategies for breast cancer prognostication and
8g11@gi 1§0% L owF CEWF ¢ deflele’ sITifD TR DERRido mpAPEs pPEaEa L |
sgg@%?%égnﬁegguw&. Explesed) ofi JARRes chmRackaphefehts

are dead; while in Low-confidence ER- the number is 5/7

(71%) .

Figure 7 shows identification of Tumors with Low Prediction
Stfength (*Low-confidence”) in the Stanford and Rosetta Data

Sets

Results
Classification of Breast Tumours by ER Status Using
Expression Profiles from Chinese Patients Reveals a Distinct

Population of ‘Low Confidence’ Samples

The overall incidence patterns of breast cancer in Caucasian
and Asian populations are distinct (8), prompting the

inventors to investigate if findings from previous reports
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D scrimnation The classification algorithns used in
these and other studies (e.g. W, SVM ANN, see bel ow)
wakdospedsye upon the combinatorial input of nultP@l/eB2004/004190
di scri mi nator genes whose 51i ndividual contributions
are then conbined to arrive at a particul ar
classification decision (i.e. if the tunmour is ERt+ or
ER—) . It is formally possible that the
? I @)/\E@csﬁldi%[dl% Jur s &dﬂsﬁm@@lﬁhathswf lobal epabteasit
umours is due to either the dramatic dere
oePRbaE ke dHNor (i ool Gt express Shentr ki€ afta o

cféégﬁ $)a e tde HEHa?stSLtbz{n{o%r@ebgrueha&romaoétatdl@rgze

er- of discrimnator genes (i.e. W des ad
tehintng)seToo®i S ivkRALh &nvpHesele ed, where the ER
08 sibilit t Si
T

cdasgifnwaimnnmmmm glestadd weomhtednvpaénge (WV) and

tumours. First, to, |den

SWRPERT WHEF ECTi TR T a %\&Yr egl?l%;?: g ? %éﬁggg{e&?é%racy

wBB abHEBYES, tlﬁf@){gwtléi\i’@-d:r& -shoat |c$bseakranaédhmque(Loocv)

cal I ed significance anal SI s of .groar I.\/% il )

SuEﬁ]bﬁ?ﬁ?Pﬁ@rY hE7F O Xt pgtg %13 yigg’a
ﬁ?grséyan@1£§$§$eQ$e@égﬁémﬁﬁﬁgQﬁkﬂabbypkaguﬁétéﬂ

were identified at a 'fal se discovery
alsaEeSméﬁDR?f o@l@%v(fmatp@m noartidgey (Nedeby2SAVPED

vEEHbRLC Lhe gpabers ofy fal5a £Osidd Yeturad) BRRcAL 10%

génes iIn cat es that 10 genes are kely to be
thalisenposketi wes)95/| (W7 hisnd et6% 1Z¥Mjenwdtiiepeven samples

up-r e ul ate ER+ t
FEERLSESERS) DY oY coTRe S g "EE P Hona o fene
E%"}‘ %ﬁd FigkRe Laours cﬂeiﬁamx&gm |1\felsyac¢]or~ﬂeWat:edfudence'

e soBCohSt S, S, SHA IS Sene o agtudes 8
durst! W s6BBnd set of 41 tumours was used as an
independent test set. Although the overall classification
accuracy on the independent test set was 91% (WV and SVM),
nine samples once again displayed a ‘low-confidence’
prediction (Figure 1b). Thus, using two different
clagsification methods (WV and SVM), certain breast tumours
were found to exhibit a distinct ‘low-confidence’ character
when being classified by ER status on the basis of their

gene expression profiles.

Patients with ‘Low-Confidence’ Tumours Exhibit Decreased
Overall Survival and Shorter Time to Distant metastasis in
Comparison to Patients with ‘High confidence’ Tumours
gince the differentiation of tumours into ‘high’ and ‘low-
confidence’ sub-populations was achieved through a purely

computational analysis of tumour gene expression profiles,
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estrogen-i nduci bl e genes), and TFFl, and sone genes

(e.g. GATA-3) were identified multiple tinmes. A nunber
w@boog®sss3s i n t he SAM 133 |ist are al so found | PCEGBR004I004190

lists reported by others (3, 4 ). 52The inventors then

subdi vi ded the ER+ and ER- tunours each into 'high

and 'l ow confidence categories (ie ER+ H gh, ER+/ Low,

ER-/H gh, ER-/Low) , and the expression |levels of the
1SAM 433 GeNas werne aospanedibet iedm ¢heyigraidps or

(Figure 3) . O the 122 genes in the SAM 133 gene set
climtcaelhe needtinofstly 8B dFabRe PO° ER SIHtusPresson

o APPL 0 "B alpk S2AMUrexhi Ribgdag shonidbeedid yal GuBrantage

average expression |level (referred as "perturbed
oeapressyart idndln imenpRisLoahenhphest LEpEIERF t'P t he

R+/ H gh t.u S <Q. 05, . Fi e Tabl ;
d%%rgl]%at emp#ei{ tsl}r(abél%' ggxlﬁ%ggl{:oﬁéﬁ?}c %de%@E%@SASTSAst,hlS
186h2, tiFEl RvanbriRARAveshibetethef ERedi bewieenipidance’

genes, such as TFFl, TFF3_and XBPl were a {
ey might rF}ihr?é)lﬁR-an‘YhFéﬁnlgﬁg L?%‘Wl%%%f%{ enlcrgc'dc Fxom
cRa{P! e8; gt heord MR s couhRegpadta. receprosad pad twrilicly
wher e approximately 42% of the 12% ?enes exgi bi tﬁ:d 2
ahhghellaVRreRfE SPHIEEs CFRIPETLPT HAtReSERE bW ic

i 2 sEBt/ Hil §A i EHIDUASoLRsi 6D,
rgggﬁ%g%ﬁ@%g&% E . SI ntrigui ﬁgl y, al (tjhou h _th‘hcleas
aexpl @lsde onThe v rstofseder(@adi gogeness(efga Jupefyrray

were pertur bet s ngd.,xhigh: j 1
A g R S
wReht brbaki Drpafieitherurydved apfeamedion kreferred to as

subt ypespecific. Far e l e, ESRl _an ont y
ther £ ?BES‘-’ n‘g?t'hae f&r) 'S &S °ORAi Pgexg%’#)g\;/%ngo\%% SME
EREr hHALEE kR 1RepIERTY esgakiinel kymotiher progiked using

m ni mal chan(ges in the expression | evels

f
OERIENYE T PRT A 1 7RF YL TS HITET Wer e HEgRE ‘v‘gF‘g) 97 samples
h%grEEEaEQQnieafRﬁn§5fﬁé5idﬂ-b%in@ighEYt@ﬁérEﬁﬁéﬂyal from

initial tumour diagnosis to the appearance of a new distant
metastasis (referred to as the Rosetta dataset). The
inventors used WV to classify the breast tumours in the
stanford and Rosetta datasets by their ER subtype.
Consistent with their own data set, among the 56 ER + and 18
ER tumours in the Stanford data set (4 tumours were removed
due to lack of ER status information), they observed an
overall LOOCV accuracy of 93%, with 14 tumours being
classified as ‘low-confidence’. Similarly, the WV analysis
also identified 15 tumours in the Rosetta data set as
exhibiting a ‘low-confidence’ classification, with an
overall LOOCV accuracy of 92%. These numbers are comparable

to that observed in the inventors’ own patient population.

They then compared the clinical behaviour of the ‘high’ and
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in ER- tunours) (Figure 3c and d) . This result
suggests that the expression perturbations observed in

wo b@s/oBpeeonf i dence' sanpl es, al though w despreemGBaroa/004190
primarily observed in genes whose expression is
positively correlated to ER (Suppl enentary
I nformation) . 53El evated Expression of the ERBB2
Oncogene is Significantly- Associated with the

LW Lot | denes’  Rinedli€td g athenexpeeagi Raplan-Meier

perturbations observed in the 'l owonfidence' _ breast

anahpsie. cbl e die FGURT @i pPetierssn¥itiangP¥y from
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unour exci ston and handling) , Choice of the

sokassali ¢t d oPOORL el namkpdssitat fod sharsgrpréme to
heterogeneity. _ To gainh jNsi g(ts, | 0s8LR! Enei
drEERR i@ﬁ%aﬁ% %}?ygﬁdﬁfLesé 2%%?5%%%0%g%g?tgr%atio%é?
‘hhghi ByRNiQescat t eopiteskdaortdet diisneeisilthéndinetes afyat
speci fic histopathol ogi cal paraneters.that o ght.be,
thgrr BEgPedVPo ﬂ%'?%ﬁc‘gﬁﬂqe@e#&@ﬂé’t %ﬁg’FlﬁS@lgn i8%indeed
c§EH@EB&§E?%e§§§@§f@I | onge Weltverphser te@nbetpeanetihehis
"l ow contidence' status of a tunour and patient

\ ,age
anphplifedbust Aiust FupRbtiF Gmetd e ST St 1Bhos i Afiphendent
e@l BLAOSRLCLOPELLLEER! OforS LS UntRRIE they dRBe again

Inventors discovered, however, a significant positive
fassdc kbt onlop<condidersimp| Bive iUaIop s e RaPEsRY1ated with

between.a_t urs! t-at a (‘J-@wpygonf Ldepggk
apFégP&EﬁSﬁpg$%i¥8E%$T§§%%%%%Léﬁﬁﬁﬁxﬁ&eéptgigg'theg

tlels@l) NbRg sabrdaratimaste hestassesised . B§4t hdog-rank

I ndependent test set sanpl es. t he ,ni_pe
bqs&AFégﬁepasnai'tﬁaﬂp|%i5h?F?Qégqe §be§%§nFuﬁ8§FSée¥?
Ll ghtstt uaRYLS suehef akbsnt ERBAZ i) it ndierafliingutrhaval
t

his association is not dataset-specif . The_inyentors
aaids & iey 66t MGEPEEAFESt WX e RIRF AT PetWee FRf h&UmOUrs -

hQuecontidencenqpradi Cthonsemi thudtighs ERBBDeL¥RHEssiand on
the basis of the ‘high’ and ‘low-confidence’ binary
classification into distinct disease groups exhibiting
different clinical behaviours. Since distinguishing between
these two groups is currently not possible by conventional
immunohistochemical methods used for ER detection, this
result also demonstrates how gene expression profile data
can be a useful adjunct to conventional strategies for

breast cancer prognostication and staging.

‘Low-Confidence’ Tumours Exhibit Widespread Perturbations in
the Expression of Genes Important for ER Subtype
Discrimination

The classification algorithms used in these and other
studies (e.g. WV, SVM, ANN, see below) all rely upon the

combinatorial input of multiple discriminator gemnes whose
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coul d have been independently di scovered by conparing
the gl obal expression profiles of '"high' and 'l ow
wa@oensiossace tunmours. First, they conpared the PCT/GB2004/004190
" hi gh-confidence' and 'l ow confidence' tunours
bel onging to the ER+ subtype. A total of 89 genes were
identified as being significantly regulated (FDR= 14%
Anmong the top 50 nost significantly 54up-regul at ed

1QEQ§§thlt8@n@¥§bu&£8ﬁ§Qﬂﬁidﬂﬁ%ﬁco&bﬁﬂbdsto3ageme§ at a
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pmtecgiapaﬁa%m FCati @t S]Ciss@Bpl (@nént 4fy the tumbur is

nf Lpn) e Ads iPsiceak! ¥nkosabgd on
E%h 8%ggﬁrggl%% é% %@@%ﬁegfzﬁgfbet of DNA anplification

confliieast’ cpnedict il StaUuﬁuxéﬁéK@ﬁebéﬁaBystngPﬁé is due

confi dence' R- ow-canf:i_de
t?aﬁﬁFggng?% AF 3B by %ﬁ%i%d% lon ?ﬁegtgs%sgggenes
dh@@&tl'tn&hadogSebem@@tsh {f ax erﬁpaﬂﬂfytcr edileated , ( BDRthe more
, the inventors nce a ain [ entlflgg the 1

okds PRRFUTPARLOE 21 gegrpgpdor genes

Qz%thhl@éSE%QéQ'éfﬂ@ct@ﬁrQﬁ§Qﬁjﬂﬁ@@ﬁﬁ%hObetmebhethese two
| ow- confidence' sanples (Supplenentary Infornatlonl
DPaledhidoliest | vBEyINYHRERT AR es, GG8s EXPREESAGR Levels

qg:'o g%ntege E\garéggtEB: r SHPIUBRS pd I@sdﬁﬂﬁ%@%ﬁb@@ﬁ%@ween

ttu rs are significantly associated wt
‘imgh¢ased ei:pwessmﬁl@én@BanqurScoﬁp&ﬁltsoﬁq édteﬁélfy ER

d
T R U R L

ocus Wever
H@ﬂWéehh@R+tBﬁdaﬂﬂectamoﬁmskmﬁhﬁyﬂutﬂhnmedomfEdemaetical

predlctlon and ERBB2+_expression, al thqugh
CHBIAEaRE 1 PY ROPIPEFTEAS HP Y Tdw P titys (sam
ne deS|gnated as ERBB2+ by conventional |HC

exhlblted "hi gh- confidence' predictions, while not
all 'lowconfidence' tunours are ERBB2+. One

ér?rxgﬁ%a}lhg‘ t%eTBY BEpiHal 8ihelegentshabesities ERBR2 |
contribute to a breast tunour exhibiting a
tdmmmx&bnfadgntgl of 133 differentially regulated genes

(8AM-133) were identified at a ‘false discovery rate’ (FDR)
of 0% (the FDR is an index used by SAM to estimate the
number of false positives - an FDR of 10% for 100 genes
indicates that 10 genes are likely to be false positives).
In this set, 122 genes were up-regulated in ER+ samples (ie
positively correlated to ER status), while the remaining 11
were down-regulated in ER+ tumours (ie negatively correlated
to ER). As predicted, the SAM-133 gene set includes a number
of genes related to the ER pathway, such as ESR1l, LIVl (an
estrogen-inducible genes), and TFFl, and some genes (e.qg.
GATA-3) were identified multiple times. A number of genes in
the SAM-133 list are also found in similar lists reported by
others (3, 4).
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state . To validate their finding, the inventors then

anal yzed the other independently derived breast cancer
wexpsessson datasets . First, of the ni ne ERBBRGT/GB2004/004190

tumours in the Stanford data set, all nine were

predi cted as being in the 'l owconfidence' group

(p<0. 001, Supplenentary Information). Second, in the

Rosetta data set, they once again found a
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commonal ity of these results on both the inventor data
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owcontf | dence’
Intriguingly, although the expression levels of certain
genes (e.g. GATA3, BCL2) were perturbed between ‘low’ and
‘high’ confidence samples in both the ER+ and ER- subtypes,
the perturbation of other genes appeared to be subtype-
specific. For example, ESR1 and IGFR1 were only'perturbéd in
the ER+ samples, while XBP1l was only perturbed in the ER-
samples. Finally, there were minimal changes in the
expression levels of ER-discriminating genes that were
negatively correlated to ER+ status (i.e. highly expressed
in ER- tumours) (Figure 3c¢ and d). This result suggests that
the expression perturbations observed in the ‘low-
confidence’ samples, although widespread, are primarily
observed in genes whose expression is positively correlated

to ER (Supplementary Information).
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predi ction status may be an inherent feature of breast

cancer in general . A Significant Proportion of Genes
w@eoos083386l i n the Low Confidence Sanpl es are NetT/KBowm/004190

to be Regul ated by Estrogen and Lack Potential ERES in

their Pronoters The strong correlation between high

ERBB2 | evel s and the w despread perturbations of ER-

subt ype di scrimnating genes observed in the
EnewecedfEdpneesl¢mn®ﬂrshe%ﬂnﬁaa KM@OQGp@séBbBﬁgnyfihantly

ERBB2 t || b d h
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T%ec@kpkésbmbﬂug@riﬁ%ﬁﬁtﬁunyuﬁbsaxvym ah hae been-
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COsEA IPREBISBFBRTL . CURRIEFS 13 S En&MCo FOoRY Ai-ghe Teasons,

r%g%tg tfge@ éxﬁéﬂi‘chéﬁt?ﬁmvﬁl%&qrdﬂ QR .ef. %B%rggaﬁﬁle

turbe et ween hi gh-confi dencé' ([ ERBB2 and
qwawacwnftdmnne @E@&ﬁiﬁ% anfhowrsivicd) d @@@9p§t0§ft§@nes

ulL.ated, b Y t t Qi pot hesi s
cla m%lﬁgt%Xn &gtﬁgj%ﬂﬁg£§¥%2§%%g$ﬁg T Egof
hem@mbgenamtyy pergaumxxhgnghrs ({Tedal ehé)prSSAGE mechanisms

ssion data derived, fron1 stro sti.nmul at ed
TAPPOtESaS ORI e TR erEen it LAVERFShe

al@% v«geedt B8 G¥Perfthy 1ifv:lgenesverSl Gy EEEIc)waer e
found i n comon_bet ween t he SAGE data and th

higérparbedoggent PREIMCLHIF diet TRED: Rss cpé&ﬁﬂalﬁ@é @ the

‘ﬁ%% QRPeShbBcARNELL L I o tdhal, i9iReckedsseXhbRli bhBwere
hi gher expression in the ERBB2+ sanples This result,

ONSEhWﬁdthetWﬁﬁntgh©f It ewifidange’ a§§@¢uss@égéstgmour and
that man u ggg
PESAf e oS %gﬁgﬁrggﬁéyéno E% ﬁ?@%?ly regu?ategugatlon

sesituegenmn. pSegeaderaselreeapﬂdu)sﬁdﬂud Hﬁebs9udlesThay

t full t te the effect. st
o5 L RUBRELTe (R Soptod Wi GCRT o ARt FEEe

2AHYQAER cUSi(Pg0a001, Supplementary Information) between a
tumours’ ERBB2 status and a ‘low confidence’ prediction.
This correlation, observed using the training set data, was
then assessed using the independent test set samples. Of the
nine ‘low-confidence’ samples in the independent test set,
eight tumours were also ERBB2+ (8/9), indicating that this

association is not dataset-specific.

The inventors also investigated if the correlation between
the ‘low-confidence’ predictions with high ERBB2 expression
could have been independently discovered by comparing the
global expression profiles of ‘high’ and ‘low’ confidence
tumours. First, they compared the ‘high-confidence’ and
‘low-confidence’ tumours belonging to the ER+ subtype. A
total of 89 genes were identified as being significantly

regulated (FDR= 14%). Among the top 50 most significantly
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recently described al gorithm Dragon Estrogen Response

El enent Finder (DEREF) , to search for putative
W@3a05088386 - response el enents (ERES) in the prpoDGBR004/004190

regions of the perturbed genes (14). The prediction

accuracy of DEREF has been validated in a nunber of in

vivo exanples - it detects ERE patterns . x nore

frequently in the pronoter regions of estrogen
upegpgnﬁéﬁedvges@s h@dﬂﬁeéﬁbnSHMﬁfg@méédﬁnca nesmpaes ay3

98P gghggﬂgglgﬁﬁ?ﬁﬁé I@fﬂggenh¥nhﬂcedﬁgﬁégn?ggEﬁ)

waakaset paetﬁuﬁlgenmtww SUyhssicntairy Oedatiseiyn) , as

57correlated to ER in breast cancers Suppl enent ary-
thevorkEt Poh) PRY&FCRhEY thFas g‘ @2%&?1% 't fie

fEB*q'uEHHDHa:?géE abkepia , arﬁ;tnelﬂlrc@tsmi At @Rabsst abhosit €52) |
35 coul d”be accurately determ ned and thus were

Isuubseqpemat? analyste, byhOEREF.  haphrosnfidenprEs aRgr BR-

e hi 2 t
TBhEEPAF e Syt 0N ENd BTk olE BROHE) £h cop
5@0geﬁ@spedbntbédege@@sb¢1ngtdaﬂﬁanﬁnmmaily 339wéaéed (FDR =
ana ed.b REF and h h can nce FRES
44 Ve%ﬁgleﬁe Py 3¢t ot % I}éé%%%%y 8 gynes PMNT
(HaugedERER) WecrBdet ecoel) iand tmzamommmhs afs p&h&hﬂ.bﬂaﬂg
genes in ER+ tumpurs, at . X Nhi heréﬁ§§%§$ncy thgn in
inggepred Fﬁﬁ69?§1°nTﬁ?stQﬁff¥9 CgncPMeafit by

@u%g'lemé%a& 2naby sk 81 PO Wlddn SNAERHMRI Y hahese
may affect transcription in ER+ and ER tunours

reisaldissshaeeshethahi 5¢6 Pelde e disiady) ER-REjREYPESS, the
%Rgs @%&gdgﬂgedeﬁfgégg @émﬁy Jﬁp%9%&3&%@abﬂl§h385001ated
urbe types

pert genes 1nh both su nd ER-
vdldg e stireg selaexpheseigenes Eﬁ%BZumnkﬂymmaﬂyﬂon to the

SASRRSERPLORRE, P P v T LS BRI g oo
dfAngekiapibanaltl yhe 17qg locus. However, please note that
the association between ‘low-confidence’ prediction and
ERBB2+ expression, although highly significant, is not
perfect, as a few tumours that were designated as ERBB2+ by
conventional IHC exhibited ‘high-confidence’ predictions,
while not all ‘low-confidence’ tumours are ERBB2+. One
possibility may be that other genes, besides ERBB2, may also
contribute to a breast tumour exhibiting a ‘low-confidence’

state.

To validate their finding, the inventors then analyzed the
other independently derived breast cancer expression
datasets. First, of the nine ERBB2+ tumours in the Stanford
data set, all nine were predicted as being in the ‘low-
confidence’ group (p<0.001, Supplementary Information).

Second, in the Rosetta data set, they once again found a
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regul ated via ER-i ndependent nechani sns. Definition of

a Optimal Gene Set to Classify Low and Hi gh Confi dence
wa 08134 rrespecti ve of ER Subtype The obj ect PeEGBR004/004190

this analysis was to identify an optiml set of genes

whi ch could be used to classify "high" and

"l ow confi dence"” tunours regardless of their ER

status. Details 58A total of 96 tunours were anal yzed,

safnit ﬁchnﬂ6amoeiaﬁ@m (b e8Gvamar e:HdCcoAfsielehes aevehr ee

i ndependent analytical nmethods , and_WI', see
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The ability of these gene sets to classify the

HO). .
apeificlel shantal greEneibu 855 85 §BYPppigroarray data
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brleassi fhoavien (] gofhehimraRasidst, s sBAWR( ShgRiLfi. cabhcedepicts

<$pebiela oL MALORELs ik BEPRLER At gpgacions

(8nd) 2 dev\assesgekﬂanmsgeﬂ% tiop [Low dastirdenaetbumngenss for
dentlfled Usi thIS. ene set, agag@LOOCV assa

BEEEC s CRURLET Eh PR G 6f 9eHE B8 th

\genesonr edshesn étfhﬁr@éﬂcﬁ Alhe Rv( Gaae sRankkpacly1 Ms: As
A total of 251 genes were identified with the abi

ceg PPaSSPRyL¥PR Fgwre L‘@fSﬁ@ﬁ?@*Oﬁaﬁ‘P{l@ﬁolﬁiﬂetﬁFWhnﬁd in
FEE@:?%' &apaééﬁ@ @&% ws&fla%%@ wifg 2al taegﬁé alRich

own in Table . WI' (WI coxon Test) P:val ue of
iadigstandigh W@@ﬁ@l&mn g?@rcmtcuﬂﬁrla foraERef t@laours

SBERESUELS LTI o JLey3R SaneesbLeel ety
lAvel of ER prediction and ERBB2 status was observed on a
wide range of data sets originating from different
laboratories utilizing different microarray technologies
(Affymetrix, cDNA and oligonucleotide) on different patient
populations (Asian, European/Caucasian), and predicted by
different classification algorithms (WV, SVM, ANN). The
commonality of these results on both the inventor data set
and publicly available data sets suggests that the
correlation between high ERBB2 expression to ‘low-
confidence’ prediction status may be an inherent feature of

breast cancer in general.

A Significant Proportion of Genes Perturbed in the Low
Confidence Samples are Not Known to be Regulated by Estrogen
and Lack Potential EREs in their Promoters

The strong correlation between high ERBB2 levels and the
widespread perturbations of ER-subtype discriminating genes

observed in the ‘low-confidence’ tumours raises the
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13 'common' genes anong the three gene sets (SAM 88,

GR- 251, WI-3 8) were then identified. This 13 nenber
wW@eos/033386 eved a cl assification accuracy of 84B6DEGB2004/004190

LOOCV. In essence, these 5913 'conmobn genes' are

robust significant markers and can archi ve conparabl e

performance as other 'conplete' marker sets. Hence

they could be taken as 'optinmal' genes. The 13 genes
raseibhonhyi phaabERBER .mad i dainc@ivveddyofoBRrhbyaei ve

' Hi gh-confidence vs Laowconfi de t urs _Th ,
ekl PRt L I ERomet s L WO HIARTE LUIBUES A By il
thiegnoaks ofcpatieniisroudih ERERPhsdonbildencehiER has been

negati ve tupour.s.to .those pati.ents h%rgounin

PEOBREEOE P AU ERE MR g A A RGOS . SBELRELY FhoRR (see

DiBdaRsNEENt Gidder SElSs Wicha1d) Y o8@ migher EQet® 88at a
the 'Rosetta' and 'Stanford' data sets. The Rosetta

sdapafiepnt oprAPPEt Pon B difatdernest prstrsbedf bahvean 10he
\ 1 '_ j i en : __I, | gl _' . d !
R g L TV el o Bt e

tofiowhs ciolld aeens s ighehfardencegudaded byeER. The

'l owconfjidence', ... The result.s of the analysis_are
erBURERR BTy Bl B BB PREe kIR he

shown 1 h Figures
coimphredovhednfl encef digmifisaexhiybpeeduabwor §€nes (Table

ro%nosis t han theiréﬂ%%g- onfi%ggce count er parts.
2N tRougH® t FFRTSF T ¥R iCyed s PERPEGR (E2)
sshgnihteantcriNi Se1BY P& )dUe R tkeWindMer nef extent of

patients analyzed in these studies . Discussion The
oVerdrRgBetieehi Bhe dper + Fohipltatvesengad (EXEBndTFRE) were

| pys &n e i, AR @IEALEE Al Qnfh . :
nggés? i%gﬁéonjéﬁ 60Dbr east tunDursabgnEngﬁbtgggFu??Fd
ggenel abt, t red eomt UTERL )hases regulated in the opposite

manner from that expected, exhibiting higher expression in
the ERBB2+ samples. This result, within the limits of the
cell line assay, suggests that many of the ‘perturbed’ genes
in the ‘low confidence’ tumours may not be directly
regulated by estrogen. Second, as in-vitro cell line studies
may not fully recapitulate the effects of estrogen in vivo,
the inventors then adopted a biocinformatics approach using a
recently described algorithm, Dragon Estrogen Response
Element Finder (DEREF), to search for putative estrogen-
response elements (EREs) in the promoter regions of the
perturbed genes (14). The prediction accuracy of DEREF has
been validated in a number of in vivo examples - it detects
ERE patterns 2.8x more frequently in the promoter regions of
estrogen responsive versus non-responsive genes in a
microarray experiment, and 5.4x more frequently in the
promoters of genes belonging to the estrogen-induced SAGE

dataset versus genes whose expression is negatively
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shown that while gene expression data can be
successfully used to classify the ER subtype of nost
WO 00608836 t here invariably exists a certai n popul/aB2@a/004190
of tunmours that exhibit a | ow confidence of prediction
and thus cannot be accurately classified (3,4) . The
inventors decided to investigate these | ow confidence
sanpl es, by performng an in-depth analysis of these
chi@’eQQBéBdﬁ?C@% imf&ttfl_aﬁst E{cmemergadﬁsappmmnentafy
surprising Tindl ngs e ound t n _conparls
IpaerBAE oM t HOT niliefh- %f%dé%’?cr&urtb&anﬁFgespgg éh?s Wt h
cLagagank %Qﬁp& €2) [ WS- Sy i @dna1Skeairti sanébyot 35

wor se overall survival and shorter tine to distant
cwaﬂdsbasascuﬁh%elwgﬁﬁtqﬂmﬂnﬁﬁ-@@ﬁfﬁ@éﬁCQEIG subsequently

’i‘gs' b B;( bRREy ar&4 Vafilﬁséqy g%%%p%%i geegca@al ¥$t8 high-

€ne expression pro , served to separate
cBRftdkHABULE ONlyp TR qupsnabdrishi ttotgldifsemencyl| BakcalTable
Sehaviours (Figure 2) . As the discernnent of such
ubgroups is currently not possible using conventiona
i mruno- hi st opat hol ogi cal techni ques, these results
al so denonstrate how the cl assification of brggst
BRg ER-

Comveured YEROEt BRIt By kRN REDE6IES fg
t%%gﬁ%gatbgn@5r§n§ﬁ¥§§§é&xﬂykﬁﬁﬁﬁ#“dﬁ@ by g@X tbaFBH¥nce EREs

use The inventors al so nade the surpr|S|n%
Mérﬁddﬁgephaﬁ i heohby & offf ¢ teRen dereBreacy °8) le 2).

tI
e e

ﬂmomm&CtMmﬂubetaEeE'ERBBEﬂaﬂU fteoveordlyi déwapein the ER-
predictionps r NS an associ.at | and, { hat _t.hi
ESIORE Sy hé 1ﬁa§g?h%r%9?%éﬁ%s i%?%ﬁﬂ%helrhghn 82@ %HFﬁgﬁ
éﬂg@@%lbs guncbugmalbuggéﬁﬁxﬁgn&ﬂatfENBBQausyngffhet

| omconfi dence' state. Nevertheless, given.that E

ERBEZTAPE 100r FBnERY o R o T RN TFE| BGS aR%eme

ﬂgkp%ﬂg%5381on . Regardless, EREs were not detected as over
represented in the perturbed genes in both subtypes (ER+ and
ER-), suggesting that these genes may not be direct
transcriptional targets of ER. These genes may represent
either indirect targets of ER, or may be transcriptionally

regulated via ER-independent mechanisms.

Definition of a Optimal Gene Set to Classify Low and High

Confidence Tumours Irrespective of ER Subtype

The objective of this analysis was to identify an optimal
set of genes which could be used to classify “high” and

“vlow-confidence” tumours regardless of their ER status.

Detalls
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61bi omarkers in breast cancer, it is tenpting to

specul ate that these results suggest that there may
wez200s03Babst anti al cross-tal k between t hese tweCT/GB2004/004190

signaling pathways in breast cancer, a possibility

that has al so been proposed by others (7).

Intriguingly, the association between ERBB2+ and

"l owconfidence' prediction, although highly

Asitghili c&inP¢ tsmowts perfecinalazel,f off ERBBR+1tumeuesLC and

re_al found to exhihit high-confjdence' .
B WGrR: Pnsk RRFHES oF BH1es | RESERPdrRe E5afd6pL BpEhods
(ERBB2¢&RrR, FRESWT| tsés bl delwedtdherdedvteonticdeiE®' genes
opul ation, of breast tumours coul d have_ been di scerned
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aaet ged .EBEQZa,ﬁyybt?sof HG e fdi@HsdiRsteadi akBe sy the mHe

inventors believe that for tunours desi gned ERBB2+ by
orolfi AEahlst opad hohweyy vdratagsrsSad tyee drannarpoAut

c%fsghggfiﬁgF?Hﬁ?aggé%t£§ﬁ¢§f%%%ﬂé%(gﬁéﬁgﬂ% Vector Machine
characteristic 'expressiom perturbatrons' may Be a

opr @righhgdnBbhibogt @s dilst | aligs ssitf ivetbieen aflgowuktbmt hat

are likely to be nore clinically aggressive versus

those that will progress along a conparatively nore
ReBdakent course. Exploring this possibility will be an

I mportant task for future research. Cinically,

el evat ed ERBB2 expression in ER+ breast tunmours has

dhfiNgsheaNrasanct ahesh Y id SeerieasRd- S8Rt hvi bYFbR (False-
anti-hornonal therapies, and a nunber of experinental
digpevsriavatbeenfrepdit &l tidlesdi 8§ pEssepléated and 2

hagj ¥ wbich ERBRZ, AckMidh JU 9t HRUSGLDI S
dggﬁegtbaﬁgtgen§$%§, fﬁz nost p&b5¥%r noggl Ease%een
ideetifniefi cisehevehes ERBBX e gridld ngocdusesalFRrroduced a
ﬁxhibit d%niﬂisgedrtéaQ§ réigi 19'8 ct%%ity eit el in

Y RPEAGRCEF ARRCFT PET 3R4I O ctir T egti &5 SFU6F fhe Jene
Tebir posttransl ational nodifications of ER (e.g.
phosphoryl ation) (18), or via

GR (Gene Ranking by SVM): A total of 251 genes were
identified with the ability to classify the HC or LC status
of a tumour, with a classification accuracy of 86%. The 251

genes are shown in Table A2.

WT (Wilcoxon Test): At a P-value of <0.05 and a >=2-fold
change cutoff, a total of 38 genes were identified. This 38
gene set delivered a LOOCV accuracy of 80%. The 38 genes are

shown in Table A3.

13 ‘common’ genes among the three gene sets (SAM-88, GR-251,
WT-38) were then identified. This 13 member gene achieved a

classification accuracy of 84% by LOOCV. In essence, these
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i nducti on of ER binding corepressors such as MAl
(19). If 62the effects of ERBB2 were nedi at ed
w@eoosmsizBey t hrough ef fects on ER transcri pti onBtT/GB2004/004190
activity, then one m ght expect that a substantia
nunber of the genes whose transcriptionis
significantly perturbed in the ERBB2+ | ow confi dence

sanpl es shoul d correspond to, genes which are direct
13 argIOTHEISERS ' TRE S FPEHEDr S1pthtcatovitidier md £an
aSdijd '&ﬁ[ﬂax&‘b‘l@ot‘p e 2B rAhnb8€a §eHESet NAoMBI S e’ marker
significantly perturbed in both ERt and ER- tunours
seﬁ‘aﬁ/e Hatcehddeyprrowldubey tplient #8 | tebnal’ genes. The 13
C nd these genes al so appear to
pote%?gﬁﬁqghggggé %EEIF pronoters . This is
part|cularly the case in the ER tunours, in which

cdﬁﬁMﬁHﬁﬁé? tumdhh@ugh the |nventors cannot rul e out the

possibiTity that these perturbed genes nay be indirect
targets of ER or nmay be activated by ER via non-ERE

THEA I TRe Uressik aﬁbmgglg 8,88 tdepYSdidid ycltll?la.Ltcal
ERBBZ activity may regulate a significant fraction of

PRRINGS S W @adt engRoWL hi hhaﬁhﬁmm@emﬂmmm asldgegrive

u ocqur
e R S B S S GRS B
ndgedtiores thesiuges ER t hrough activati on of the RAS/ MAPK
or PI 3/ Akt pathways (18). Alternatively, ERBB2
activity may results in the induction of chromatin
pdwexiileyr s such as MIAI which may play nore pleiotropic
effects (19). Materials and Methods Breast Tissue
Sanpl es and Patient Data Breast tissue sanples and

T§d 1N eRerdidind Wake Qbtai pede fi.omyde;, Tll%%&x%%o% b ¥he
in the institution National Cancer Center of

‘RoaRfdidr @nd ‘Stanford’ data sets. The Rosetta data set

contains 29 ER negative tumours, of which 19 are ‘high-

confidence’ while 10 are ‘low-confidence’. The Stanford data

set contains 19 ER negative tumours, of which 12 are ‘high-

confidence’ and 7 are ‘low-confidence’. The results of the

analysis are shown in Figures 6(a) and 6 (b).

In both cases, patients with ‘low-confidence’ tumours
exhibited a worse prognosis than their high-confidence
counterparts. Although this difference is not statistically
significant, this may be due to low numbers of patients

analyzed in these studies.

Discussion
The findings in this report complement and extend the

previous work in this area related to the classification of
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after appropriate approval s had been obtained fromthe

63institution's Repository and Ethics Conmm ttees.
weawploams3ser e grossly dissected in the operati PQI/GB2004/004190

theater immedi ately after surgical excision, and

flash-frozen in liquid N . Hi stological information

(ER, ERBB2) was provided by the Departnent of

Pat hol ogy at Si ngapore General Hospital, and sanpl es
byesst seireeirs oE&@xﬂb&efps cénparadrel nunprese oﬁtw_ct&es have
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and 20 ERsanpl es) was .used a [ ai nin dat a, ile a

ISEBTER TY LT 21 RGPS PPPTLRREORNAE JHEPEER AT Bs)

ex@soised fof- ddMddeet 089 praddet abheghd i shiudfcabdot be
sanpl es and clinical data for the patient is included

apguRbtEy Sflassdgied Flegdar at 'BR éﬁ'&e‘M%’F%a@?%%ﬂEd to
iiybri di zad a0 RNA was exteiaehed: fromilssuss Cgémgrmng an

Tri1zol™ reagent and processed for Affynmetrix nechi
ithydeptdi mammgfngh@B%Alwne@hfp@em@ortdumrgm@ t'mey

ma oul aGLUTE " Gk Is‘?ﬁc&arq_%tlln ”ongggfxgegrfﬁég‘:?ﬁﬂé‘%e i,

|p stan s wer é alit usi
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Stora it ression data .
oot S8R el U R Gonb O EE CRA T BT h was
sﬁ@ﬁff&céﬁﬁﬁwgﬂﬁﬁk:@der&ﬂﬁDb@SvﬁﬁaE afd CethdSer time to
subj ecting the remaining genes to a |0g2

di plait Jreie S G L sand hife dPEBE c ¥t eiLPYigC‘BE‘/f%%%‘?fF%S
PLedi £1dion f, %@ﬂtv%t&J%tTw chapatit atd PnoBd Ot i & B gene

wel ghted voting (W) (20) and support vector nachi nes
ez((:m&s)lcqmgrome@ USeFEt @e@,fl‘fadsi:nyS@}P@?a%te tERourtsumours

i%&?or %%%l #%tgy %‘?L];stgnéﬁs'ﬁ ﬁf?!: Q? déﬁxaéy (+ure
e e nu r of correc

2). As the dlscernment of such subgroups is currently not
possible using conventional immuno-histopathological
techniques, these results also demonstrate how the
classification of a breast tumour’s ER status by expression

profiling and computational analysis can be medically

extremely useful.

The inventors also made the surprising finding that the
‘low-confidence’ state is significantly associated with
elevated expression of the ERBB2 receptor. However, they
emphasize that the connection between ERBB2 and ‘low-
confidence’ predictions remains an association, and that at
this point they have no evidence (from their own data) that
ERBB2 is functionally responsible for causing the ‘low-
confidence’ state. Nevertheless, given that ER and ERBB2 are

currently the two most clinically relevant molecular
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sanpl es divided by the total nunber of sanples . For
the WJ anal yses, classification accuracy was
waledasn0sdssed using a gene set of the top 50 PCT/GB2004/004190
di scrimnating genes for ER status, while the
SVM based binary classifier utilized all genes.
Wei ghted Voting (W) : The weighted voting al gorithm
utilizes a signal-to-noise (S2N) netric to perform
bbbRarye £ absidienit ensicergchtgesetbepbhgyngot spgculate

redi ctor set js assigned 'vote' | _expr d .
tgéF ghese df ??‘é]lrte?]cgélgr%ﬁﬁeéﬁ‘althghﬁgﬁem%Xp?ggé?o% Se{‘/e tial
ckBekbhes sRM Brddh hanedassid isednandnghpageapgeinl assast

mean expression |level. Wighting is determ ned_usi ng
@:gy thers

cehector rebassPnl HELF ithay i) 2150 heghdPECBENHS
an r 10t XRRES8S: O ‘low-
(PZVe?g@g?ggﬁgggghgﬂ#ﬁ%ﬁ%%%ﬁgil%n betRbeBXBRE dnd low

the two classes) . The
cohfiidaheevopeedbrt oparalithyivah &ligbdyasspghhefdnts 1s not

conput ed_by summ I ' e t c 14
pSEEECESeaSi A #J%‘% ég?BaE?er &::A@(??llqlr% %é%igoﬁisgﬁggmgérieg?c?}f%%blt
‘8l 5RAELHT i (8T e spriefiaieidras: wBSTeWaNCL @BE " LGBE where

V and V are the vote tatals for_ the w_nnin n QS
coriidence] cpRerT Ry Ot SATE 1 N5 LI AT ORe e b
bWy E6hek ¥eRBE TiBH dES Hre@uantiumatir¥ecould have

reflection of prediction certainty. Supgort Vector.
brechidASCeSIRfl BY SeppEmt Mo iRioRPRES 1 gpacal techniques

u%%%sibfhgeébenEﬁﬁ@QrédJH“%éMﬂE&ha%%f@QQH@ Instead, the

scrimnation surface in the utilized feature (gene)
iswentorkabedi teaptisat of eraxtivmdune slegacacd ERBB3esPyf

e S
dhlegseC kagdurbi sbancks presersualdfy soalhcghatredtenishécn
‘EgkggggEgQageggﬂﬁbg A5 may be a promising method to
distinguish between tumours that are likely to be more
clinically aggressive versus those that will progress along

a comparatively more indolent course.

Exploring this possibility will be an important task for
future research. Clinically, elevated ERBB2 expression in
ER+ breast tumours has long been associated with decreased
sensitivity to anti-hormonal therapies, and a number of
experimental papers have been reported addressing possible
mechanisms by which ERBB2 activity might cause this effect.
In general, the most popular model has been one in which
elevated ERBB2 signaling causes ER to exhibit diminished
transcriptional activity, either through transcriptional
down-regulation of the ER gene (17), posttranslational
modifications of ER (e.g. phosphorylation) (18), or via

induction of ER binding corepressors such as MTAl (19). If
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corresponding to the total nunber of gene expression
val ues consi dered. The inventors used SVM FU
W@ avaiobmsbs e at wwwwv. ai . m t. edu/ proj ects/cbcl/) PECT/GBRIVE/004190
i near kernel to inplenment the SYM anal ysis. The
confi dence of each SVM prediction is based on the
di stance of a test sanple fromthe discrimnation
surface, as previously described (22) . ldentification
tbk bfReCbrf pleBREBIuweTe Stdiliettayl the relridiyc&hrough effects

rtance of achie dlctlon confidence
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sdEped LoanT ot PBREPTRRBVAT ridit HRBB 2 oyl s 69g 1dence

stahq?gégolsﬁoeidoeér@@gpw& Nt fge@fésl%ﬁw lee Gavkcef t8rgets
elng@ln the | ow confidence' group. A

SEuEBuUr Téanpn*éewa@ras gd hQiV@tW/" ltévetc enfsilgaagarant

[ P t
HERpBeR ! b L R N R e T R e 4o
bEtpr 88sedndelBs audoles eranaatdtorestn Brpressisdy 1dent1f1ed
Pert ur bati ons Slgalf cance %g%P%S s of nmicroarrays N
aﬁsﬁﬁx#m%eﬁ SPAPPSYi TR TretHEUSITTEY GE7SopadCt gPPEaT to
ledenpbt¥ngeatsekhat iarehel f firepiteald .y T@Xpr eéssedrticularly
bet ween separate groups ). . CGenes are ranked are

thec6PEPNgTt BRENERT %%Wé%q it iR oRdEd 957 Cbeffig

shegulratede1yhgesAM- 8L gasdddun @l 80 RRHORRE Bntain high-~
peérnutation” anal ysis of the expression data to

cesfiidapect Retatikber ERFS genddrqidemrioniodergs Béithgugh the
P%chs&gn&aﬁhw FEOU A nd I AT HAREE (Lrgse

al'se positives) This nu ris I'scovery
peaterbeﬂDB&nesDe@gnUengndKMﬁnﬂlﬁangaﬂsred FRr omgaeagybe

N D TR e
thevebssabiBXpyeSRAONEREB2 activity may regulate a
gignificant fraction of genes in breast tumours in an ER-
independent fashion. There are numerous avenues by which
this could occur. For example, ERBB2 might regulate other
transcription factors besides ER through activation of the

RAS/MAPK or PI3/Akt pathways (18).

Alternatively, ERBB2 activity may results in the induction
of chromatin factors such as MTA1l which may play more

pleiotropic effects (19).

Materials and Methods

Breast Tissue Samples and Patient Data Breast tissue samples
and clinical data were obtained from the Tissue Repository
in the institution National Cancer Center of Singapore,

after appropriate approvals had been obtained from the
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the SAM 133 gene set between 'high' and

"l ow confi dence' groups. A gene was classified as
we@x0s08313861g si gni ficant 'perturbed expressi on' PCT/GBR@4/004190

-val ue was | ess than 0.05. Conputati onal

Identification of Estrogen Response El enents (EREs)

usi ng DEREF A conputational algorithm Dragon ERE

Fi nder (DEREF) (14), was used to identify putative
isstibgbmonéspheses et enerrsl FERESE Cowhiithease Bhliples were

binding.sites, of ERwthin pranoters (see, .

oRPPAL P aiREERE Rl 1 ) ek IR SR oEREC ipedinraty after
sakgt beluadeikyomg ared hiidadoroadenDERER) qui@nNkhe

ef ail t .setting, DEREF p(roduces on aver age one _ERE

B B B L e BT TR0 0GR A e RACHoAEH BY Dhie

D¥bhbtReBENSE byt kY &fy 83%s TR aRreducechReaNuaBepiPh1, andg
fal se positives, the inventors applied in this report
SaMPagdi YEBRafeteed i & tHavisdepredicapragabRe purber nobf ER+

o JECLEBRES (341300 15, T oL B

pattern fromat |east one other human gene pronoter,
under conditions where the latter pattern could be
THREEF FRHEhS® e, b Py B G hs, 271 egegsed by
csgasebesons. t 55 scurepard (W @rpeshapied agai pstER-

dat abase of approxi mately 11, Q00 reference hunan
SPHTBRBTLr Lof ULt (VAT REtPanbB LS 3088PH 0RT]Set of

atetahbiest eo1 herb' a0t of Hrhe sgapeesWi;el WasqIeHerst st
using the FIE2 program (26,27) . Sone genes to be
cgdaﬁ

tafhlpded? vepeahbtd coirfttaiafe@liln seAPd epr ondt et iheabadzta

d %’_REE f S es,were thus not
fg&?%?ﬁ% . S%%ﬁ{%gﬁgtslgegt gglngtagggi ﬁlTabI e 2 by NA

67l dentification of Tunmpburs with Low Prediction

g " onf | ce') in Stanford apd Rosetta
SEb R0 e A L oy OB 2E= Aot e
RNA| wdat éntravaised ntlependentiley pethor redz60r résent and
i ndepen ept dagta sets, , o , ,
processe or Affymetrix Genechip hybridizations using U133A

Genechips according to the manufacturer's instructions.

Data Preprocessing

Raw chip scans were quality controlled ﬁsing the Genedata
Refiner program and deposited into a central data storage
facility. The expression data was pre-processed by removing
genes whose expression was absent throughout all samples
(i.e. 'A' calls), subjecting the remaining genes to a log2

transformation, and mediate-centering by samples.

Prediction of ER status
Two classification algorithms, weighted voting (WV) (20) and
support vector machines (SVMs) (21), were used to classify

breast tumours according to ER subtype. Classification
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(referred to as "Stanford" and "Rosetta" data sets)

The results are plotted in a simlar nmanner to those
wobkookiogisse 1 , and the plots are shown in Fi QUPET/GB200K004190

both data sets, the |low confidence tunours can be

identified as the points at which tunours begin to

denonstrate qualitatively reduced prediction strengths

(PS's) (the_cljff-points' romthe majority of the,
aCGHBREY pbpuiet 1nef o t%é’?’r‘"&’&% °éaf38§éJchi¥ aﬁﬁﬁ%gaed
shiigependent by e e oAl onselr bewsepplkdengsr the wv

tuhours for all datasets are highly conparabl e,

apahyeag. f ¢basabt 1096 N A9CH@eduies( Resernangdt gsiey a

i n_Fi e Ve i <49 - n dzda
o2 Gek T Ehle tfqéiﬁeS (fb‘%l%zc}il;“%%‘%(@ig’%%e%gog?Edggag fatus,
whil6/ 8Be (4BM 7B 3edebimidry afl aBisfifféeentitAliapd all genes.
Technol ogi es used to produce Figure 7 data Stanford
data set: This data was produced using 2-col our cDNA
wel Gk 0ad vy8ind N( W) £ ITIRCRrairpiticd ived iaBNAl§paghent stilizes
(representing, different genes) were robo%LcaIIy

ag8pgRpt ebo TRt Sa SN G &Pe PEE EOFBaPEnARE

cTheE9RE FaYi Reset i ajah Sas1olljinigd@baawaschl egddeedet is
using 2 col our oligonucleotide mcroarrays, in_which
apeigoadraol Ygonlc| @myersed eepitdseneiagtarf feéféarence

e j synt j1Z iR-.Si spLid
R e s G R L e
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C mcroarray data for .78 hreast carcinaonas .
VBB APE) Carte Yo HOHART (Ga WEamiPae Sk OBy BP&F i

patieny syrvival information. The Rosetta set consists

s ,q)ﬂéearf»y &t el (4 deperesdaeRBgapndeftpréasg deviations
tynouﬁ§'b?©filed usi ng ol i gonucl eoti debased

o ELPRAEEEYSn levels of the gene in each of the two

classes). The ultimate vote for a particular class
assignment is computed by summing all weighted votes made by
each gene used in the class discrimination. The “prediction

Vi =V
strength” (PS) is defined as: PS=-% _LO%
VVV]N + VL OSE

where V,,, and V,,; are the vote totals for the winning and

losing classes, respectively. PS reflects the relative
margin of victory and hence provides a quantitative

reflection of prediction certainty.

Support Vector Machine (SVM) : Support Vector Machines are
classification algorithms which define a discrimination
surface in the utilized feature (gene) space that attempts
to maximally separate classes of training data (21). An

unknown test sample’s position relative to the
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Popul ation Size As shown above, the | ow confidence

tunmours occupy around 15- 19% of each breast tunour
w@oaloadsson. To confidently identify this tunoRPET/GB2004/004190

subpopul ation, a m ninum data set of at |east 25-30

profiles, preferably higher (around 80-100 tunours, as

in the three data sets above) is preferably required.

Sanpl.e,Data Tabl e_sho t he .nmean . st ar
REPPATIOHELS) PAFETe ST 0P Then 1T & MePgnPoH oapERgRre
wW@hgen it bal ol aeaghi genes of-dihernSAdMnageneset spathese

data coul d be used to assign theF&n unknown Dbr east

CorrEEPOBaRPY et Ast I gFeR L ITBIREN ATd8REE, SEPYERSACBet 1SS

c%s%e&%%i ohe| exebsc & Ganeswei- Fing aSAM: apereset .
e genes of Table 2 are included in the SAM geneset.

witwe adatmati. sdgppedl ¢t s el ghtedhvéiiend ineernkgyesl to
.applied,t X SSj a e ri 1

R, BT A e o e o The Tanl e
pAddidttiogete bhasdi i erthé cbimmcE3 oferespsicremplhi fhon

confi.dence.and,|l ow copfi dence sampl es... The t. r

o PLE LRORAE he AP RO RETT 1 F P LR GO s S hd Ry a22) -
been through data preprocess . The gene expression
profiles of the Table A4 multigene classifier can be
lﬁﬂﬁﬁkiécﬁFaPﬁiﬁEIH%WaC?%ﬁ%QEWQFz;ﬂﬂQQﬁsctive model (eg,

D and (8YML1 5 Bk Ehi hPDEA: Sk @@'&ﬂhi@%@.n@ogbb@_ epeedettion
an unknown breast tunour. The data is tab delimted,

cand iidesicehe thel LowERGOTOr ARSeICH iR Y. chosecsl BiAh
Hﬁ?%%é %eOEhEEQQEQEtt8 ﬁfﬁi@@ﬂ??x%ﬂgﬁﬁ%hu%ﬁis@eﬁ%swﬁﬂge
S and <6t her corums: gene expression data
classifications. On the basis of the leave-one-out cross
validation (LOOCV) results, they used a threshold of 0.4 and
identified 16 samples (out of a total of 96) as being in the
‘low confidence’ group. A tumour sample was assigned to the
w]ow-confidence” category if its prediction strength (PS)

from WV was less than this threshold.

Selection of Differentially Expressed Genes and
Determination of Expression Perturbations Significance
analysis of microarrays (SAM) is a statistical methodology
developed to identify genes that are differentially
expressed between separate groups (11) . Genes are ranked are
according to their statistical likelihood of being
regulated. The SAM algorithm also performs a permutation
analysis of the expression data to estimate the number of
genes identified as being ‘differentially regulated’ by
random chance (i.e. false positives). This number is the
‘false discovery rate’ (FDR). Depending upon the desired

stringency, different reports have used FDRs ranging from
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Rows : 1st row. Sanple Ids (35 sanples) 2nd row

Confidence (high or low of sanple. 3rd and ot her
WO ons/0333861e expressi on data The gene expressi oPCT&Ba0KH04190

derived as described in the 'Sanple Preparation and

M croarray Hybridization and 'Data Preprocessing (see

Nhterials and Met hods section) . Table S9 shows the

and standard deviation (s) paraneters for use

<§ﬁ 50v@ ghigd 2 a)t1ng al gorithmfor each gene of the

Tabl e A4 geneset. These data could be used to assign

t he an unknown breast tunour sanple as high or | ow
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‘A¢f¥ EFIX U133 genechl t:71References 1 agﬁssoéiOS
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Breast. In (ElseV|er) 2 . Blsmas D .K Averboukh
L., Sheng, S., Martin, K. Emanluk D .S., Jawde
COPPUt@Eh@naP Id?%ﬁ%ﬁ%Fagﬁon Cﬁ(f§§§P9€Pa§§FPPE§?|Eﬁeﬁ?nts

(RReast ucangerrRek | 5 %ﬁ&@a&%ﬂaa %flg%rllﬂﬁﬁxt | 9pakoASERY
for estrogen receptor d, 4 454-467 3

Féndebe(BBREFS, (1M . %mg*@d tp 1d@ﬁﬂénfysputa‘aha@ae$yrogen

ool Pty (A8 PR, o fERRSISOD BO0CF o
wiahdar premdssosi dtedl it MRerdardkdbilty obigs sgiEREGeW2/index
foraég ggﬁglpgﬁéﬁgﬁ tEQgnc%&a%ﬁsearCh%hﬁ%olagggaégéﬁRéF)
ohsBhdade Baul Spadgs iy, DRREN prdduddssen, aderagelbne ERE
Marks, J . R, Nevins, J (2001) Predicting. the
p@ﬁtﬁggaprggégﬁéo%fper 13,000 nt or human genomic DNA, with
a sensitivity of 83%. To reduce the number of false
positives, the inventors applied in‘this report an
additional criteria that a predicted ERE pattern of 17
nucleotides (14) also had to match (based on BLAST (25)
matching without allowed gaps) a similar ERE pattern from at
least one other human gene promoter, under conditions where
"the latter pattern could be predicted by DEREF at a
sensitivity of 97%. The ERE searches in this report were
performed against a database of approximately 11,000
reference human promoter sequences covering the range [-
3000,+1000] relative to the 5’end of the gene, which was
generated using the FIE2 program (26,27). Some genes to be
analyzed were not contained in this promoter database, and
the ERE searches for these genes were thus not performed.

Such genes are denoted in Table 2 by N/A.
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human breast cancer by using gene expression profiles.

Proc Natl Acad Sci . 98, 11462-67. 5 . Pietras R J.,
waehsloadag J., Reese, D .M, Wngvipat, N., PePCEHGB2004/004190

., Ranps, L., Gorman, CM, Parker, M.G , Sliwkowski,
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hor none-i ndependent growth in _human breast cancer
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tyrosine kinases as a strategy to abrogate
antiestrogen resistance in hunan breast cancer.
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Gene expression proflllng predi cts clinical outconme of
1pr@8%t Ofankér LURGETS e(ROPFY L5 3gtg set shown in Figure 7(a)

= 18/117 (15.4%); Stanford data set shown in Figure 7(b)
=14/74 (18.9%)), our data set = 16/96 (16.7%))

Details of Different Array Technologies used to produce

Figure 7 data

Stanford data set: This data was produced using 2-colour
¢DNA microarrays, in which PCR-amplified cDNA fragments
(representing different genes) were robotically deposited

onto a solid substrate to create the microarray

Rosetta data set: This data was produced using 2 colour
oligonucleotide microarrays, in which 70-80mer
oligonucleotides (representing different genes) were
chemically synthesized in-situ on a solid substrate to

create the microarray.
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tumours, as in the three data sets above) is preferably

required.

Sample Data

Table 87 shows the mean (i) and standard deviation (o)
parameters for use in a Weighted Voting algorithm for each
gene of the SAM-133 geneset. These data could be used to
assign the an unknown breast tumour sample as high or low
confidence, given a set of expression levels for genes of
the SaM-133 geneset. The genes of Table 2 are included in
the SAM-133 geneset. The data is specific to Weighted Voting
techniques applied to expression data from the Affymetrix

U133 genechip.
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Ramaswany S, Tamayo P, Rifkin R, Mikherjee S Yeang
3€H, and other columns: gene expression data

Rows:

lst row: Sample Ids (35 samples)
2nd row: Confidence (high or low) of sample.

3rd and other rows: gene expression data

The gene expression data is derived as described in the
'Sample Preparation and Microarray Hybridization' and 'Data

Preprocessing' (see Materials and Methods section).

Table 89 shows the mean (i) and standard deviation (o)
parameters for use in a Weighted Voting algorithm for each
gene of the Table A4 geneset. These data could be used to
assign the an unknown breast tumour sample as high or low
confidence, irrespective of ER status of the tumour, given a

set of expression levels for genes of the Table A4 geneset.
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troponin T1, skeletal, slow Hs.73980 N/A 27
microtubule-associated protein tau Hs.101174 Non-ERE 28
seven in absentia homolog 2 (Drosophila) Hs.20191  Non-ERE 29
progesterone receptor Hs.2905 Non-ERE 30
KIAA0882 protein Hs.90419  N/A 31
hypothetical protein FLJ20151 Hs.279916 Low 32
ATP-binding cassette, sub-family A (ABC1), member 3 Hs.26630 ERE 33
carbonic anhydrase Xl Hs.5338 ERE 34
solute carrier family 16 (monocarboxylic acid transporters), member 6 Hs. 114924 Low 35
hypothetical protein FLJ12910 Hs. 15929 Non-ERE 36
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determ ned by conventional inmunohi stochem stry and in
agreenent with expression profiling. 2 1 are reported
W@200ERBB2¢+. For ot her data sets, ERBB2 status MEEFGB2004/004190
determ ned by expression profiling and anal ysis
OFERBB2 and ot her 17qg-1inked genes. 84Table S2 :
Classification Results of |ndependent Test and
External Breast Cancer Datasets Leave-One-Qut Cross
Validation (LOOCV) : W used a standard |-eave-one-out
crossval idation (LOOCV) approach to assess
hypdtiesiai fritaafliJoss2accur acy in the trai ni ngs.sBt7zo Nen-££2OGY,
tridn@ingaalgeal syndtole! trai ni ng set is initHatdy: ' Nef-tre 38
caByrténin 2and t he cl assifier operations (egs.gene sel ectipon
seeired (o argsdifel eprotteh@ieniirmmgaor.arcsdqoemf @iph® dHorB4t d8e ERE 40
anfigspreinase ngitgeeipimegberfhe 'l eft out' sanple is then
vagp arpsgeht ed usi ng the trained al gorithnyls 264869 NpsERE 41
'—'bﬂ pesibesiraget fsealelepeat ed for al | sanpl BS79186 t & 42
sr—w' SENA; Thfé%u@*b”@tﬂ%@fﬁ?hé‘rovw dmnaty48esTt oA al | 43

m%’%éeqt‘?“ﬁ%l udi ng PS) and correspondin
alfcécasfaor the associ ati on of ERIBB2 ﬁ§<§ Efﬁ Wi t4@
file

he% %mdlpr? |rcgel j:onfl dence can be obtaied a %4 cg
Up: ]/ www. ommi ai Tay. coml EROl assi F1Gari EO

aéa 12 tn(,eo §nem4l dent ification of Genes | 9;3 AN
A , Ang
s0 E?f in\% Fah%@rteﬁe%ﬁubf y?gﬂger an %fg?z

tunors (FDR of ()% >2-fold expression chanoe) 122 of
(b) BBrLaw es.UiR-lighil at ed in ER+ (positive gene) and are
hydlavateal @geih atedisi n ER+ (negative genes) HdtmwoB2hbw at i o
cagbni@arpatdse Ul ar gene refl ects the exteRts508 t hev 2
GaEMyirgssgprotinger t ur bat i on observed bet weentdiensy Anderd gh
hopoif ictlergdormantph eslyunFailyited BB acBANPrEBN BePR@115i itn- EU?EZ 4
enediife’s Positi vel Correlated to ER+ Status S2N Rat

WRARRAPFOBETBHPEEdne Nane GB_Access i on ER® 97I§RJ'F'°?[ERE >
X ‘E’)‘@?ﬂ'@g% te'[llé 1657 estrogen receptor 1 RufYe0 NoBERE 6O

o295 aa %@% 209603 at Hs 169946 I n %Eg
noj” ﬂj:o,o 69 RC -1 08401 0 8631973 3 204508 aSt
LQ;’L Sﬁ F”caal rotein FLJ20150

2
anJofiéﬂJreQuc@aQ&farl g@%@@“éﬁé@&atom aloé%éﬁs GATA Bindng
reRIcOEZI N 3 Bc:oo O/OL -1 455 776251 5 209602_s_at Hs

tichGADEAA pGATA- (Rinadichgerptpt i n 3 Al 7961691REGs520 &137 0 12

re

Lﬁ@ﬁ%g&/lty assurance homolog 2 (S. cerevisiae) Hs.285976 ERE 13
inasitol 1,4,5-triphosphate receptor, type 1 Hs.198443 Non-ERE 14
fructose-1,6-bisphosphatase 1 Hs.574 ERE 15
KIAA0882 protein Hs. 90419  N/A 16
hypothetical protein FLJ12910 Hs.15929 Non-ERE 17
LIV-1 protein, estrogen regulated Hs.79136  N/A 18
methylcrotonoyl-Coenzyme A carboxylase 2 (beta) Hs.167531 Non-ERE 19
cytochrome  P450, subfamily 1IB (phencbarbital-inducible), Hs.330780 N/A 20
polypeptide 7

trefoil factor 3 (intestinal) Hs.82961 Low 21
Human clone 23948 mRNA sequence Hs.159264 N/A 22
N-acetyltransferase 1 (arylamine N-acetyltransferase) Hs.155956 Low 23
GREB1 protein Hs.193914 Non-ERE 24
retinoic acid induced 3 Hs.194691 Non-ERE 25
solute carrier family 16 (monocarboxylic acid transporters), member 6 Hs. 114924 Low 26
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6 206754_s_at Hs 1360 cytochronme P450, subfam |y HB
NM 000767 2 -0 2593 1 02251 1

W@ pivansdsas bi t ai - | nduci bl e), pol ypeptide 6 7 20BOB58Bai04/004190

Hs 5338 carboni ¢ anhydrase XII NM 001218 2 -1 46907 O
598453 8 214164 x_at Hs 5344 adaptor-related protein
conplex 1, BF752277 - 1 38937 0 650127 gamma 1 subunit
9 212956_at Hs 90419 Kl AA0882 protein Al 348094 RC -0
64903 0 68526 10 215867 _x_at Hs 5344 adaptor-rel ated
protein conplex 1, AL0O50025 1 - 1 63678 0 613887 ganmm
dyfieirs epoend, idil inRH(EABE pslymbtideld 5338 car bons.4neesnhyéds ase 27
I 27 . ‘ 1 4 t
oLeane N ey T ey afy R Pttt Bhose 2%
wp BpeRBQRinl10043165 acetyl transferase) 13, %3¢08 S@é Jgs
calbledf oLI V-1 protein, estrogen regul at eqs.HM@1%§i 2 5,0
v-BbB3B108asReiB Liral shodfn2dRRBPaSardt HS 279948 apnexin A9 g4
trefSif 28002 N - Oredd46ahcd, 12884rlindlainid 05&0encatis 3484898914 32
expieAADB)’5 gene product NM 014668 1 -0 51927 0 883508 16
hy2@R0@8prattin MSCTZ@136 LI V-1 protein, estregensrsegrEat eds
dagisB BB A40lddPro@pBBB2 0 584697 17 21171 2s.a9at NOWBRE 34
m@api enspengplaone MEC 1925, BC005830 1 nRiAgosconplet e cus
comBeRGB40bowniagB Hs 101174 m cr ot ubul e- ass43eTAt eich 36
cygeioteh protead (0038798 1 -0 33797 0. 700836H<232D5804 _at s
NPEROP@4eiuman cl one 23948 nRNA sequenceHdfB@@3Ldw -0 38
seB2 g a0, MOBYdlop@in 200849 5(lgat shpis badhO B@ndinyipot2Aed i tlat-ERE 39
seHPiEY SRR 9910 NM 024573 1 -0 62769 0 590894 21
HREBAitOSpatsstds 71968 Hono sapi ens MRNA; gd3NAsALQA9265 40
ATPDirdB88sle, 86AGMDE BBBKHApnHB43053 (f r onmcieese Low 41
miPKFAXEEEE@®8)ro8inxavat Hs 101 174 m cr ot wbuh e<asisoerated
MyprioVidiomd sapiendl, BROX4GuencR C -0 35356 0 633998 OQ/sat Hsis
C@83678inNPDO09 protein AF237813 1 -0 184«4288(64BK265 44
relfpoig peigcep04 2lghaKl AA0882 pr ot ei N BE646554s-361R1CLev) 581469
vay3 TFoEES 3 at Hs 76353 serine (or cystid®e§s9pNot-ErRnase
chioRRtoBiet! GPe" "FOD228BBH199 0 065273 0 9404%126T%RdE/AA 47
es(rgPIREEPr Ant i prot ei nase, antitrypsin), "wfber Ng-BRE48
sole cergyfamly Znfedy U EgPAdTIeRt ™ { Xenepusht HéHA sA 49
TEXE(R8RET 1 -0 80392 -0 25677 Hs.332150 N/A. 50
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honol og 1_at Hs 82222 sema donmi n, inmunogl obulin

domain NM 004636 1 -0 39014 0 726153 (lg), short basic
waeleovaioss3dcecr et ed, (semapho n) 3B 1 s at Hs 74BQDGB2004/004190

adi pose specific 2 NM 006829 1 -0 81429 0 240008 4_at

Hs 8 1 131 gUa idinoacetate N nethyltransferase

NM 0001 6 3 -0 01557 0 074452 2_at Hs 30504 Hono

sapi ens mRNA, cDNA BF508639 R C 0 008265 0 522867

DKFZp434E082 (from cl one DKFZp434E082) _at C uster

| ncl AL031588 dJ1163J1 1 (orthol og of nouse

transmenbragpe JiCORMREA infrihtoh of KANIRASr H@ﬁ G- 1ke
domain containing protein simflar tora _s_at Hs
70202 WD repeat donain 10 NM O 18262 1 -0 48046
159954 8 at Thige 438nital ifolim&ioh &di oidtRtaGlaisast oS s viral
NM 005375 1 -0 46303 0 28421 oncogene honolog 2 s at
SiiepI2P22 88 ERUMERBIEINA Requevtte fNWIB cl|UREERPL- RACE

T 0T 354B:cRE (59sakiPR2)7 0 946801 6315 o0 n chronosone 6925
990126 Contai ns trhe 3 part o8 a nevel geme andrangsEexon
ogfi7ga he ESRL gemeg for -estroegen réceptors 1 ( NR3IMIESE
98484 adi ol Tecepror), -ESTsH8 STSsTand G85s 9 atHIMEsSE20191
ogx¥en n absentipas (Drosophb$ a) honol ogiBJ76248HINESE 0458
902608282 2 2_atrefds 3307804Humanocyt ochr one RAGGIE B
9§0aPd B3) M29873 ngg - 0 581594D 717949 nRMA, cormpliegse cds
@2t H s 33846 rdynei n, axéhenmal | |ightiBi nt erGridgliset e
9941003462 2 -0 49548 -1 223971 pol ypepti de 4 EINHESEHs
Y0214 paiTted Ba%i ¢ ammo 8&cid clleavi ndP NM 002870 1 -0
BY4A3 0 222009 "§Ystem 4 9°at Hs'1406 Y& ef oi ICHESFor 1

9%%B*east cancer ,PPestrogen- *NM 008225 1A 0 44 LHNGSE
9823135 i nduci bl"€ seqdence®expredsed i i) CHINESE
980238 - poS 62 CHINESE
980247 - neg 35 CHINESE
980261 + neg - 60 CHINESE
980338 - neg - 55 0 A CHINESE
980346 * neg + 54 0 | CHINESE
980353 - neg - 59 0 A CHINESE
980373 - pos - 77 0 A CHINESE
980380 - poS - 55 0 | CHINESE
980383 + neg 66 0 A CHINESE
980391 + neg + 56 0 | CHINESE
980395 . pos . 68 1 B CHINESE
980396 - pos - 66 1 B CHINESE
980403 ¥ neg . 73 0 A . CHINESE
980404 ¥ neg n 46 1 B CHINESE
980409 ¥ neg - 48 0 ! CHINESE
980411 . neg - 72 0 A CHINESE
980434 + neg . 73 0 A CHINESE
980441 - neg - 66 1 B CHINESE
990075 ¥ neg ¥ 66 1 B CHINESE
990082 + neg + 49 1 B CHINESE
990107 + neg - 51 1 1B Indian

990113 - neg ¥ 70 1 A CHINESE
990115 + pos + 38 1 B CHINESE
990123 ¥ neg ¥ 53 1 A CHINESE
990134 - poS - 43 0 A CHINESE
990148 * pos - 60 1 B CHINESE
990174 - neg - 56 1 B CHINESE
990223 ¥ poS - 52 1 17 CHINESE
990262 - pos - 68 1 B CHINESE
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8 at Hs 239176 insulin |ike gromh factor 1 receptor
HO5812 RC 0 241512 0 748503 3_s_at H s 198443 inositol
wa 200563338¢ phosphate receptor, L38019 1 -0 7288BCTUGBR®1/004190
type 1 5 s at Hs 238126 Cd -49 protein AL572542 RC -0
32444 0 398111 4_x_at Hs 1657 estrogen receptor 1
AF258449 1 0 268077 0 482442 9_s_at Hs 283675 NPD009
protein AF237813 1 -0 40497 0 04B419 6_at Hs 7 1968
Hono sapi ens nRNA, cDNA AW242916 R C -0 0843 0 516679
DKFZp564F053 (from cl one DKFZp564F053) 8 _at Hs 155223
ombaNnni ocalci n 2efl 435828_RC -0 15925 () 4560Q3,\8s5_at H
03241471 RNB6 INbj 016337 130 38692 0 872588 }EnakeHs
2088063 nmonaan ngoeoxi dase Bsg\M 006898 1,0 050¢RR 420203
2d@o@2at H s 101 ndy4 micr ot gtbul e-associygt ed prafeka tau
20804056359 _RC -0n2y747 -0 424658 Orat H & 149923 )\¢sbOX
20o0asdi ng prot ei med NM:005080 1 -® 8362k 0 2799Kesd_at H
280762079 cal syntpesi n-2 NM 62213101 -0 47893 Quhp3B864
2000@mB H s 23917Ged nsuki n- 1 3ke grow h fiact or Euneeept or
2000880698_RC 0 088492-0 976305 1los_at il s 2786REsE
200017pl enment+ conpenent -4 B MMV 000692 2 180 421G6RiNGsA48767
200088 H s 32412%eanyl oi d beta (A4) preamursor cpmetei n-
20062325 1 -0 01484 -0-06708& bi ndi ng, fimm |y Bringepber 2 -
2006%285-1 ki-e) 8pssat Hs 11729 fatty- aacisd- Coecrywase A
20pgase, very Nwe®03645 1 560 26778 0 4B298 | cApeshai n 1
8756 204862 s at Hs 81687 non-netastatio cells 3,
protein NM 002513 1 -0 24568 0 320418 expressed n 57
TH B0 cgllegtionHid! 28B4 nyosin VI U90236 2 -0 3344 -0
98085B11 58 205696es _at Hs 105445 GDNF fami |y cecEptor
o8gigha 1 NM 0052édt 1 0 013863 0 846687 59 20868Bsat Hs
98p8PA1 B-cel | Clreynphona 240NM 000633 1 O 3856BMNEGE
989915025 60 *218976J at Hs 26€720 J domai n cont &HhWERgG
983885t ei n 1 "NMJ3294800 1 -0 497876 0 280663 61 SHOEST s at
95088222399 *CEGPTpr ot ei n At%424243 RC -0 09661NPBH384 62
98595906 _at "Hs 82820 pol ynetlase (DNA-direct edfHNGe8Eta 4
o) %021173*1 158887 0 060137 63 205734 _s_at H§™N§BB70
&% phoi d riucl e&f° protein el ated to AF4 Al 9§04E8E RC
20 51 0 796703 59 CHINESE
- pos

20001 50 CHINESE
2000210 - pos 50 MALAY

2000215 + neg 50 CHINESE
2000220 + neg 52 CHINESE
2000237 + - pos - 43 CHINESE
2000272 + neg 50 INDIAN

2000274 + neg 40 CHINESE
2000287 - pos 53 CHINESE
2000320 - neg 67 CHINESE
2000376 - pos 65 CHINESE
2000399 - pos 44 CHINESE
2000401 + neg 51 CHINESE
2000593 - neg 60 CHINESE
2000597 + neg 57 CHINESE
2000609 + neg 62 CHINESE
2000638 - neg 60 CHINESE
2000641 - pos 47 MALAY

2000651 + neg 45 CHINESE
2000652 - pos 56 CHINESE
2000675 - pos 78 CHINESE
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64 211235_s_at Hs 1657 estrogen receptor 1 AF258450 O
269909 0 7271 65 211000 s at Hs 82065 interleukin 6
WG 2@saB3386 ansducer (gpl30, AB015706 1 0 204138rOr/G82MA404190
oncostati Mreceptor) 66 217190 x_at Hs 247976
Estrogen receptor {exon 6} human S67777 0 17102 O
653981 tanoxife p-resistant breast tunor 17, Genomc
Mut ant, 187 nt 67 202752 x_at Hs 22891 sol ute earner
famly 7 (cationic amino NM 012244 1 -0 48423 153806
acid transporter, y+ system, nenber 8 68 201754 _at Hs
206649 cytochronposc oxi dasessubunit VIc NM 0043dse O
2608743 1 207003 /Y 204623_as Hs 82961 trefoil {@ator 3
Dbgreesti nak) NWVL03226 1 -9 53903 149093 70 2QKPS8_at
Ao6081l 4924 sol utgecarrier faamly 16 (nonocar beMykse
2bdseP4694 1 -0 B672 0 59F£32 aci d transport ensEse
Jquesber 6 71 212@37_s_at Hs4324275 Honop sapi eosing&NA
©BNAs1AUL55187 Reeg0 851 0 852788 DKFZp434D21 (MaALem
booss DKFZp434Dgdy ) 72 208682_s_at Hs 4943  INDIAN
doepatiocel | bl ar ear ci noma associ ated AF126181cdingsB0969
2002000845 protei pgs breast cancer associ at ed geneede 73
208502 s _at Hs 2102 tpcharhi nophal angeal syodnese
NM 0141 2 1 -0 26191 0 571226 74 202376 at Hs 234726
serine (or cysteine) proteinase i nhi bitor NM 001085 2

IS A B

SIS AL R IE LRI
B e TERRP S B S e

%%féééﬁﬁs §§§¥% égég@%ggﬁﬂﬁggg ;Y§QH£§P§Q% fructose

1,6 blsphosphatase 1 D26054 1 0 68072 0 137814 80
219682 s at Hs 3321 0 TBX3 iso protein NM 016569 1 O
26452 0 412502 81 212496 _s_at Hs 30101 1 KI AA0876
protein BE256900 0 272 0 841331 82 203108 _at Hs 194691
retinolc acid induced 3 NM 003979 2 -0 51766 0 212322
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83 206107_at Hs 65756 regulator of Gprote in

signalling NM 003834 1 0 0233 0 778074 84 218806_s_at
wWo003838B3%0 vav 3 oncogene AF118887 1 -0 3126 OPGHEBR®4/004190

85 209581 at Hs 37189 simlar to rat HREV107 BC001387

1 0 37261 0 359298 86 213412 _at Hs 25527 ti ght

junction protein 3 (zona occludens NM 014428 1 -0

76231 0 227893 3) 87 212638_s_at Hs 324275 Hono

sapi ens nRNA, cDNA BF131791 -0 76733 0 888627

DKFZp434D21 (from cl one DKFZp434D21 ) 88 206469_x_at
Hs 284236

TRb1E 92 K el:RsifiQiidh Rashts BﬁIHdE;FenﬁentflﬁmQﬁ{d External
NM 012067 - 78936 A3 (aflatoxin a

ehyde
BlefdUChas®atfs210652_s_at Hs 125783 DEME 6 protein
TBC004399 T -0 29655 0 806265 90 216381 _x_at Hs 284236
al do-keto reductase famly 7, nmenber AL035413 -0 61275
0 253454 A3 (afl atoxin al dehyde reductase) 91 2

LE928:58.08 CHss RABRASQO0B®) I is@f a ik Yea e 6528t OdbC
am no AL365347 1 0 67193 0 152525 acid transporter, y+

valsioR M0 TR B Foath 845888 8Bt HR @k the MARRQ8:. Bf
yeast long chain AL136939 1 -0 87121 0 346787

LOSEYUnR AL A tale frdkhihy s tiisliflyoRgaL GRd 8RZ)AEFEfie? ofations
204792 s _at Hs 11186 KI'AA0530 gene product NM 014714

(e% ggle%@&i%;% alh d34ifedu B84k) 3R (8dduSd 8t thEPenSHGA3saMpCels MThE,
ransmenbrane N 002456 1 -0 42941 -0 24975 5

‘I&W’%mgla@stthéﬂscla%g&a&pus‘irf RopdifRd TikorithleARIRE proSdsOW then
AJ011712 -0 1892 0 71764 6 204497 _at Hs 20196
m%%ﬁﬁ%&@ﬁ%mﬁm&hﬁ%%t&hﬁ@&%&092 1 0 007184 0 509774 7
22314 x_at Hs 205660 ESTs AW70881_RC -0 1322 0
201872 8 222212 s _at Hs 285976 tunor
nmet ast asi s- suppressor AKO01105 1 -0 74148 0 357607 9
TRLIBL o Shaty VHsa B4R 801 yp atith edtd @ludpip @Spami dobrbtpOSRE: p-
NM 018276 1 0 085456 0 152147 00 214053 at Hs 7888
v BorS@s @Rt 6] STEREIR 3 pressiNAViAWAR1i2cdRGdede 240383 O
32841 sequence 01 204934_s_at Hs 823 hepsin
ofthik NS ARardt Ofteaseyw MvhiBBRLEh/ERCIDsiBB8HH.hon1743961
serine 1) 02 216109 at Hs 306803 Honp sapi ens cDNA
FLJ21695 fis, AK025348 1 0 03594 0 921802
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cl one G0OL09653 03 203749 s at Hs 250505 retinoic acid
receptor, alpha Al 806984 RC -0 3159 1 006049 04
WQ2®3288336 at Hs 238270 hypot heti cal protei n FUROB&B2004/004190

NM 017909 1 O 068053 0 588123 05 204881 s at Hs 152601
UDP- gl ucose ceram de NM 003358 1 -0 248 0 724338

gl ucosyl transferase 06 208305 at H s 2905 progesterone
receptor NM 000926 1 145722 0 687258 07 209623_at Hs
167531 net hyl crot onoyl - Coenzynme A AWA39494 RC -0 61293

0 369239 carboxyl ase 2 (beta) 08 218450 at Hs 108675

hene bi ndi TghlpsDt Riefitifikiod 80Gehed Imtbrhh? 874 ER § do 09
204343 _at Hs 26630 ATP-Dbi ndi ng cassetie, suDb- y A
DibdrORihe@h 1 0 36256 0 648789 (ABCl), nenber 3 10
219051 x_at H s 124915 hypot hetical protein M3C2601

NM 024042 1 -0 43578 0 12222 11 205471 _s_at Hs 63931
dachshund (Drosophila) honol og AW 72082 RC -0 43168 -0

A8 L2And 034 30V Sr@trafdy SARD 223u Bl ANARGAIRINKE 33 penes
BC0O00658 1 0 28836 0 67174 13 204863 s at H s 82065

thad twerel cefidedomialby Shigaeal beh RREHWGRI EX ORA3OFBEGP$246, R O
259289 0 691633 oncostatin Mreceptor) 14 203289 _s_at

elipresk D 20anGON SN of B mINS - Bl ABERIFR -+ (HosR B lé@ne?ﬁ?dgl]l 6¢d -0
18036 122646 gl obin cluster 15 221765 _at Hs 23703 ESTs
dBlvB 780 ROER O(RBA3R: Qenzs'l;.étﬂyszmat?ol&qgaa@m@xt ehiSreRdfDfd
hypot heti cal protein M3CL0765 NM 024345 1 6g28755 0
BUAS tik ZxA20RB periirbdritn 2% EBbdAYRALIRLLE BRI RLA
FU23305 NM 025059 1 -0 13763 0 781039 18 211596_s_at
sklapies. sapi ens NRNA for nmenbrane AB050468 1 gl ycoprotein
LIG 1, conplete cds 19 205645 _at Hs 80667 RALBP1
associ ated Eps domain NM 004726 1 -0 29164 0 308819
containing 2 20 219663 s at Hs TI575727 nypothetical
protei n MC4659 NM 62268 AM%3 00t - 0” 06016 21
205380 at Hs 15456 PDZ donmin containing 1 NMJJ02614 1
18 6094950048697 2-.22,201508 at Hs 1516 insulin |ike .
hiowbda i acior - bi nelin@mPr ot ei N NM 0045324024330 R
28782854 Gen€s Negate webty ! Cor r el at egM_bogi2ER+ Sb.abtas 1.273725
2

209603 _at Hs.169946 GATA-binding protein 3 Al796168_RC ~1.08401 0.863193
3 204508_s_at Hs.279916 hypothetical protein FLJ20151 BC001012.1 -1.78617  0.608118
4  209604_s_at Hs.169946 GATA-binding protein 3 BC003070.1 -1.45575  0.776251
5 209602_s_at Hs.169946 GATA-binding protein 3 Al796169_RC -0.8137 0.654881
6 206754_s_al Hs.1360 cytochrome P450, subfamily 118 NM_000767.2 -0.2593 1.022511
(phenobarbital-inducible), polypeptide 6
7  203963_at Hs.5338 carbonic anhydrase Xil NM_001218.2 -1.46907  0.598453
8 214164_x_at Hs.5344 adaptor-related protein complex 1, BF752277 -1.38937  0.650127
gamma 1 subunit
9 212956_at  Ms.90419  KIAA0BB2 protein Al348094_RC -0.64903  0,68526
10 215867_x_at Hs.5344 adaptor-related protein complex 1, AL050025.1 -1.63678  0.613887
gamma 1 subunit
11 210735_s_at Hs.5338 carbonic anhydrase Xl BC000278.1 -1.44687  0.484214
12 214440_at Hs.155956 N-acetyltransferase 1 (arylamine N- NM_000662.1 -0.562605  1.043165
acetyltransferase)
13 202089_s_at Hs.79136 LIV-1 protein, estrogen regulated NM_012319.2 -0.61899  0.528173
14  210085_s_at Hs.279928 annexin A9 AF230929.1 -0.24483  1.123041
15  205862_at Hs.193914 KIAAQ575 gene product NM_014668.1 -0.51927  0.883508
16 202088_at Hs.79136 LIV-1 protein, estrogen regulated Al635449_RC -0.5332 0.584697
17 211712_s_at Homo sapiens, clone MGC:1925, BC005830.1
mRNA, complete cds.
18 206401_s_at Hs.101174 microtubule-associated protein tau J03778.1 -0.33797  0.700836
19 215304_at  Hs.159264 Human clone 23948 mRNA sequence  U79293.1 -0.52008  0.19541
20 218195_at  Hs.15929 hypothetical protein FLJ12810 NM_024573.1 -0.62769  0.590894
21 212195 at  Hs.71968 Homo sapiens mRNA; cDNA AL049265.1 -0.22898  0.854505
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1 215729 s _at Hs 9030 TONDU BE542323 0 729732 -0 401
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42 201825_s_at Hs.238126 CGI-49 protein AL572542_RC -0.32444  0.398111
43  211234_x_at Hs.1657 estrogen receptor 1 AF258449.1 0.268077 0.482442
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DKFZp564F053 (from clone
DKFZp564F053)
46 203438_at Hs.155223 stanniocalcin 2 Al435828_RC -0.15925  0.456003
47 217838_s_at Hs.241471 RNB6 NM_016337.1 0.38602 0.872588
48 204041 _at Hs.82163 monoamine oxidase B NM_000898.1 0.050799  0.120203
48 203929_s_at Hs.101174 microtubule-associated protein tau Al056359_RC -0.27747 0.427658
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54 213419 _at  Hs.324125 amyloid beta (Ad) precursor protein- U62325.1 -0.01491  -0.06708
binding, family B, member 2 (Fe65-like)
55 205768_s_at Hs.11729 fatty-acid-Coenzyme A ligase, very NM_003645.1 -0.26778  0.41298
long-chain 1
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protein; breast cancer associated gene
1

73  218502_s_at Hs.26102 trichorhinophalangeal syndrome | NM_014112.1 -0.26191 0.571226
74 202376_at Hs.234726 serine (or cysteine) proteinase inhibitor, NM_001085.2 0.02888 0.549323

clade A {alpha-1 antiproteinase,
antitrypsin), member 3

75 215616_s_at Hs.301011 KIAAOQB76 protein AB020683.1 -0.00184  0.507129
76 211233_x_at Hs.1657 estrogen receptor 1 M12674.1 0.360947  0.949046
77 205081_at Hs.17409 cysteine-rich protein 1 (intestinal) NM_001311.1 -0.41153  -0.05483
78 214428_x_at Hs.170250 complement component 4A K02403.1 -0.22882  0.346824
79 209696_at Hs.574 fructose-1,6-bisphosphatase 1 D26054.1 -0.68072  0.137814
80 219682_s_at Hs.332150 TBX3-iso protein NM_016569.1 -0.26452  0.412502
81 212496_s_at Hs.301011 KIAADB76 protein ) BE256900 -0.272 0.841331
82 203108_at Hs.194691 retinoic acid induced 3 NM_003979.2 -0.51766  0.212322
83 206107_at Hs.65756 regulator of G-protein signalling 11 NM_003834.1 -0.0233 0.778074
84 218806_s_at Hs.267659 vav 3 oncogene AF118887.1 -0.3126 0.544105
85 209581_at Hs.37189 similar to rat HREV107 BC001387.1 -0.37261 0.359298
86 213412_at Hs.25527 tight junction protein 3 (zona occludens NM_014428.1 -0.76231  0.227893
3)
87 212638_s_at Hs.324275 Homo sapiens mRNA; cDNA BF 131791 -0.76733  0.888627
DKFZp434D2111 (from clone
DKFZp434D2111)
88 206469_x_at Hs.284236 aldo-keto reductase family 7, member  NM_012067.1 -0.77705  0.278936
A3 (aflatoxin aldehyde reductase)
89 210652_s_at Hs.125783 DEME-6 protein BC004399.1 -0.29655  0.806265
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acid transporter, y+ system), member 8
92 208788_at  Hs.250175 homolog of yeast long chain AL136939.1 -0.87121  0.346787
polyunsaturated fatty acid elongation
enzyme 2
93  204792_s_at Hs.111862 KIAA0590 gene product NM_014714.1 0.085973  0.134751
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112 203439_s_al Hs.155223 stanniocalcin 2 BC000658.1 -0.28836  0.67174
113 204863_s_at Hs.82065 interleukin 6 signal transducer {gp130, BEB56546_RC 0.259289 0.691633
oncostatin M receptor)
114 203289_s_at Hs.19699 Conserved gene telomeric to alpha BE791629 -0.18036  0.122646
globin cluster
115 221765_at Hs.23703 ESTs Al378044_RC -0.0539 0.714017
116 219001_s_at Hs.317589 hypothetical protein MGC10765 NM_024345.1 -0.28755 0.64098
117  220581_at Hs.287738 hypothetical protein FLJ23305 NM_025059.1 ~0.13763 0.781039
118 211596_s_at Homo sapiens mRNA for membrane ~ AB050468.1
glycoprotein LIG-1, complete cds.
119 205645_at Hs.80667 RALBP1 associated Eps domain NM_004726.1 -0.29164 0.308818
containing 2
120 219663_s_at Hs.157527 hypothetical protein MGC4659 NM_025268.1 0.059072 -0.06016
121 205380_at Hs.15456 PDZ domain containing 1 NM_002614.1 0.094959 0.486972
122 201508_at Hs.1516 insulin-like growth factor-binding protein NM_0015652.1 0.102433  0.237825
4

11 Genes Negatively Correlated to ER+ Status
1 215729_s_at Hs.9030 TONDU BE542323 0.729732  -0.40161
2  201983_s_at Hs.77432 epidermal growth factor receptor (avian AW157070_RC 0.183968 -0.10873

erythroblastic leukemia viral (v-erb-b)
oncoegene homolog)

3 204914_s_at Hs.32964 SRY (sex determining region Y)-box 11 AW157202_RC -0.3552 -0.61822
4 204913_s_at Hs.32964 SRY (sex determining region Y)-box 11 Al360875_RC -0.54222  -0.6594

5 205646_s_at Hs.89506 paired box gene 6 (aniridia, keratitis) ~ NM_000280.1 0.667994  -0.15217
6 207030_s_at Hs.10526 cysteine and glycine-rich protein 2 NM_001321.1 0.526203 -0.44193
7 204915_s_at Hs.32964 SRY (sex determining region Y)-box 11 AB028641.1 -0.4419 -0.47414
8  203021_at Hs.251754 secretory leukocyte protease inhibitor  NM_003064.1 -0.08293  -1.00559

(antileukoproteinase)
9 209800_at Hs.116947 keratin 16 {focal non-epidermolytic AF061812.1 0.573263  -0.29962

palmoplantar keratoderma)
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woredososdas 1 (biliary Hs 50964 6 gl ycoprotei n) PESGB2044504190
23703 7 KI AA0O575 gene product H s 193914 8 retinoic
acid receptor alpha Hs 250505 9 annexin A9 H s 279928
10 Cas-BFM (nurine) ectropic retroviral transformng
sequence ¢ H s 156637 11 GATA-bindng protein 3 H's
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TTSUr =TT Ke growcriT

factor 1 receptor Hs 239176 19 hepsin (transnenbrane
protease, serine 1) Hs 823 20 two pore potassium
channel KT3 3 H s 203845 21 UDP-gl ucose cerani de

gl ucosyltransferase Hs 152601 22 Human cytochrone
P450-11B (hl1 B3) nmRNA, conplete cds Hs 330780 23 sema
domai n, i munogl obulin domain (1g) short basic donain,
H s 32981 24 secreted (semapho n) 3

m cr ot ubul e-assoctated protein tau Hs 101174 25

Ta,g@@ﬁﬂaﬁécﬁwiﬁﬁmgge@ewtfa'fecne NR:pNSHicRasG o ka) oids H S
17752 26 Simlar to hypot hetical protein PRO2831 [ Honp

DR e Shited FENerdf BRAOLAFE:e44s, 8 USSR (£ TRV LHBS A to
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cds Human DNA sequence fromclone R 6315 on chronosone
Hs 272288 31 6925 1-26 Contains the 3 part of a novel

w@ems/ 033386 an exon of the ESRL gene for estrogePCT/GB2004/004190
receptor 1 (NR3ALl, estradiol receptor) ESTs, STSs and
GSSs cal syntenin-2 H s 12079 32 interleukin 6 signal
transducer (gpl30, oncostatin Mreceptor) Hs 82065 33
A ki nase (PRKA) anchor protein 10 Hs 75456 34
N-acetyltransferase 1 (arylam ne N acetyltransferase)
H s 155956 35 hypothetical protein FLJ13687 H s 278850
36 cyst at i TabRS4 Gondshég thedFlohRBxp ERAGK PR D of FIBLRI Mhal
H s 76067 38 synaptojanin 2 Hs 61289 39 b) ER-7Low
‘Nev-Colfiddrcg Tugmnes Up-regul ated n ER-/ Low Uni Gene Rank
Chr onosone UDP- N-acetyl al pha D-gal act osam i ne
pol ypeptide N Hs 151678 1

sabeind gad @deasHIYdrdntianst eiasefes HEal-MAOERE) ‘Hadid hy de
dehydrogenase 4 famly nenber Al Hs 77448 2

‘ICdW QRS Qe BmOREMALEBRI Ml BiaITEo@ICdifigedddddAs. Bor the ER+
nmel anoma antigen, famly D, 2 Hs 4943 4

chhpinydre b ganed were NRntfiemat thylepulaasih PRAA®WHng 3882210%n-
17921 g22 tripartite notif-containing 3 Hs 321576 6
rdgypet hetdnpatisog @BR-MH tasortd F6r (9d BR Scofprlfon micAg were
cassette, sub-famly C (CFTR/ MRP), nenber 6 Hs 274260
i@niBda aclopredgnlatail ORI ogl, biidanidigenea Glett-ildntiequsob@gn | i ke H
s 14368 9 grow h factor receptor-bound protein 7 H's
d8e3eA &) ik éq@jaritonYe BRAIHGkyursersret hyl gl ut aryl - Coenzyne A
synthase 2 (mtochondrial) Hs 59889 11 fi brobl ast
growm h factor receptor 4 Hs 165950 12 fatty acid
Bphridrase-rkhked 83E9Biffdi3nteeprissdd inlLb ARSI ERdane shhnpleS9603
14

a) ER+/Low vs. ER+/High

Genes Up-regulated in ER+/Low UniGene Rank Chromosome
chioride channel, calcium activated, family member 2 Hs.241551 1

ESTs, Weakly similar to hypothetical protein H.saplens Hs.106642 2

v-myc avian myelocytomatosis viral related oncogene, neuroblastoma Hs.25960 3
gﬁzz;ﬁethanolamine N-methyltransferase Hs.1892 4 17921-q22
Alu-binding protein with zinc finger domain Hs.289104 5

fibroblast growth factor receptor 4 Hs.165850 6

KIAAD300 protein Hs.173035 7

growth factor receptor-bound protein 7 Hs.86859 8 17q21.1
ﬁyosin. heavy polyﬁ)eptide 4, skeletal muscle Hs.272207 9

apomucin Hs.103707 10

proline oxidase homolog Hs.274650 1

S$100 calcium-binding protein A8 (calgranulin A) . Hs.100000 12

glycine C-acetyltransferase (2-amino-3-ketobutyrate coenzyme A Hs.54609 13

ligase)

phospholamban Hs.85050 14

CGI-96 protein Hs.239934 15

Jeptin {(murine obesity homolog) Hs.194236 16

hypothetical protein FLJ14146 Hs.103395 17

kynurenine 3-monocoxygenase (kynurenine 3-hydroxylase) Hs.107318 18

inhibin, beta B (activin AB beta polypeptide) Hs.1735 19
hydroxysteroid (17-beta) dehydrogenase 2 Hs. 155109 20

fatly acid binding protein 7, brain Hs.26770 21

orosomucoid 2 Hs.278388 22

secretory leukocyte protease inhibitor (antileukoproteinase) Hs.251754 23
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12068 16 hypot hetical protein FLJ20151 H s 279916 17
W@®3@8/02836¢ ndi ng protein 3 Hs 169946 18 WV PCT/GB2004/004190

domai n-contai ning protein 1 Hs 355977 19

transcription factor AP-2 beta (activating enhancer

bi nding protein 2 Hs 33102 20 beta) KIAA0882 protein

H s 90419 21 tetraspan 1 H s 38972 22 peroxi sonal

bi ogenesis factor Hs 31034 23 solute carrier famly

4, sodi um bi carbonate cotra sporter, nenber 8 H s

HBAABE 2sdodtypoteheteiccal gene MICO758.7dokss 21668 25
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2

AR bR ANGAZER8RHMIPg (avi an) ipgsit olzgl, 4,5-1r

HRROSPhAIR. 186 SRIOLwLyPe 1 H s 198443 29 hypot het i cal
Atk s PROL489 H s 197922 30 al depyde. depydrogenase 3
ifoRdtabolaride BRAP BGB2 H s 87539 31 Hypolhetical protein
dutRADeHAP RS, AFRNA sequence H s 334412 .32 dual
HopeGlicdhd L toyne (RAOSPBALES €13 k1S 180383533 Gar bonic
ranhypdrase Xl H s 5338 34 NAD( P) Hpdghydr ggenase,
tgfishenpe 4 hpdrsy 4OBS535 35 mannosi dasggqal pha, cl ass 1C,
(vmﬁﬁb@iﬁn elvtf%%?;ic &gﬂahﬁﬁggbﬁfﬁ%ﬁ& zggneas.mgzbducgﬁ ;—hﬂ 16468 37
; 2 ° . e (delta 9-desaturase S
i&ﬁ%ﬁ%}ége ’f?gdgfwog'él%m, A 1?sphosphzaS‘z7;16§f3e0 1°H s 574 39

ALYhshbaase D H's 326525 40 X-bgx Bindihg protein 1

hbheS ok 49923 41 net hyl cr ot onoyl - Coenzyne A carboxyl ase 2
R8RS 18JRaL 42 Hs.2838 41
lactotransferrin Hs.105938 42
KIAA1069 protein Hs.193143 43
folate hydrolase (prostate-specific membrane antigen) 1 Hs.1915 44
argininosuccinate synthetase Hs.160786 45
keratin 7 Hs.23881 46
angiotensin receptor 2 Hs.3110 47
calmodulin-like skin protein Hs.180142 48

electron-transfer-flavoprotein, alpha polypeptide {glutaric aciduria 1) Hs.169913 49
$100 calcium-binding protein A7 (psoriasin 1) Hs.112408 50

Genes Down-regulated in ER+/Low

phorbol-12-myristate-13-acetate-induced protein 1 Hs.96 1
dynein, axonemal, light intermediate polypeptide Hs.33846
(éytocﬁrome P450, subfamily 11B (phenobarbital-inducible), polypeptide  Hs.1360
estrogen receptor 1 Hs.1857 4
artemin Hs. 194689
carcinoembryonic antigen-related cell adhesion molecule 1 (biliary Hs.50964 6
glycoprotein)
ESTs Hs.23703 7
KIAAQS75 gene product Hs.193914
retinoic acid receptor, alpha Hs.250505 9
annexin A9 Hs.279928 10
_ Cas-Br M (murine) ectropic retroviral transforming sequence ¢ Hs.156637 "
GATA-binding protein 3 Hs.169946 12
hypothetical protein FLJ12650 Hs.4243 13
arsenate resistance protein ARS2 Hs.111801 14
huntingtin interacting protein 2 Hs.155485 15
hypothetical protein FLJ13134 Hs.99603 16
zinc finger protein 165 Hs.55481 17
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synapt osonal - associ ated protein, 23kDa H s 184376 43
kra ken-like Hs 301947 44 anterior gradient 2 honol og
W@ X@50p8336 | aevis) H s 91011 45 hypot hetical prPCEGB2004/004190
FU20174 H s 114556 46 chaperonin containing TCP1,
subunt 2 (beta) H s 432970 47 i mmunogl obul i n heavy
constant gamma 3 (G3m narker) H s 300697 48
transmenbrane 4 superfam |y nenber 3 Hs 84072 49
sorbitol dehydrogenase Hs 878 50 94Use of DRAGON ERE
Fi nder (DEREF) to ldentify Putative EREs in Cene
ot et ems: FlhesDERRE @logor i t hm wasises®e t® defi ne
inglip ke rbvitakctoERESd- N t he pronot ers ofs2gemnesisbel onging to
hepsBil(laBignbEAtreged. k@8 1 See Hs.823 20
twh boke[pothsbigdammoel k8.3 Or g. sg/ ERE- V2/ i ndexofdr a descri ption
vmpfgludoda @erarivel @chsytian@rasret hodol ogy of HSEREF) . 22The
HuB s o e [PEsOf (hiB@f mRNA 4onpigincdpe access®Uo via
selnd topain. mpnngalbuindanar (klasrerctesd BRE asshfpeat i ¥n. htm . The
SRR BAENLY dduced SAGE data set wagqglesived fromt ://
phtatdrsdriie- ot I ABER. S8R. ref . 13), uskBAg the threshol ds
sif@ibr ohyebt Rl o HPREOBSE RomsapicANERNE NI PrsMabsle = 0. 005. 65
s«@A/GE Tags were sel ected. These 65 SACE Tags matched 68
RN Rs° Tx‘gaéet 'S urt hered subj ect tO'ERE Anal ysis. The
FeHeES8T ° of t he top 100 genes neg t Vel y2correl ated to
Homes s P{PE S SVBE 1Y SEUET M "8AM  Tabr'e SBa depicts the
gwﬁ%w%tsQPenEEabﬁ @né@%fSBIWﬂ@hriia@E;mjorogdi et2i2g¥ 0¥ vari ous data
B o ISR, SR H oS80y, genes negati vel y
Egorsielatee t o ER+, and t he SAM 13% gene set. ERE Hit

AREW2hi gh Data set Non- %RE Low Hi gh’conf iidence "N A
eSSy T (71 nepgty I oy i%ﬁ
N 9

3 e 8% 1 pegati ve genes
"SR TTBd% 27 SAM I 3 15 15 17 7%,23 95Tabl e

N-agatylt ase . (arylaming N ltransferase Hs .
hyg}ﬁéfa':si%'rtgndgﬁms patterns by DEREE.for.genes listed
cyi:l,pnn TQBT e of the main text. ERE patitgrn,for Table 2
heat shock 27kD protein 1 Hs.76067 38

synaptojanin 2 Hs.61289 39

b) ER-/Low vs. ER-/High

Genes Up-regulated in ER-/Low UniGene Rank Chromosome
UDP-N-acetyl-alpha-D-galactosamine:polypeptide N- Hs.151678 1
acetylgalactosaminyltransferase 6 (GalNAc-T6)
aldehyde dehydrogenase 4 family, member A1 . Hs.77448 2
chromosome 6 open reading frame 29 Hs.334514 3
| ; Hs.4943 4
melanoma antigen, family D, 2
phenylethanolamine N-methyltransferase Hs.1892 5 17921-q22
: ; i it Hs.321576 6
tripartite motif-containing 3
hypothetical gene MGC9753 Hs.91668 7
ATP-binding cassette, sub-family C (CFTR/IMRP), member 6 Hs.274260 8
SH3 domain binding glutamic acid-rich protein like Hs.14368 9
growth factor receptor-bound protein 7 Hs.86859 10 17q21.1
3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 (mitochondrial) Hs.59889 "
fibroblast growth factor receptor 4 Hs.165950 12
. Hs.83190 13
fatty acid synthase
. Hs.89603 14
mucin 1, transmembrane
. Hs.29724 15
phafin 2
. Hs.12068 16
carnitine acetyltransferase
Hs.279916 17

hypothetical protein FLJ20151
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Gene Name Rank ERE pattern 12 ERE with high confidence

out of 50 genes perturbed in ER+ annexin A9 PP 2783
W@20080833%6 CCC- CAGCC- TG new PCT/GB2004/004190

CCTGT TGEGGECACATACCAGCAGEECACCCCAGCCT

GCACCCCAGAGGGGGTCCCAG 21 N-acetyltransferase 1

(arylam ne N- PP 150 AA- GGTTA- CAA- TAACC- AA new

acetyl transferase)

CCACCTTCAAATCATACTACAAGGTTACAATAACCAA

AACAGCGTGGTACTGATACA 21 retinoic acid receptor, alpha

R b2 QorddA- GGTCC- CTC- TGCCC- CT neWs.160946 18

WAL RGN GGl TGTATTGAGGT CCCTCT GOt 19

tri§cAcToh AT S BANATSEI AEnc bindBg ieelh b CLrhslsinymph(ona 2 PP 647

JCA- GGGCA- CAG- TGGCT- CA new

pe O@&/&'A‘i\“rAAA(‘;ATGT(:AGGCAGGGCA(:AGTGcgffg}

Y ar@"r GTAATCCC‘AGCACTT 21 RNB6 13 PR 19 @

- TC k Hs.132136 24
g@a& R ”rtf& T R i

ety teTcAGeTEA 21 regul at 0,11576354 Gprotein
1"1 ing 21 PP 847 CG GGTCA- CTG, GMCC,,TC new
M@@I@G&M@Q@%}QACTGCAAQQIW 28 17q11.2-q12

"@Cﬂf@@@ﬁqﬁW@@@ﬁ(ﬂm UDP- gl ucose cer am de 25 PP

ng BB POPREPELACEGTCCCC- AG new gl d*ébE’é;zT t Fgansf erase

MRAGIFSETEEENTT ACAGGCGT GAGT CACCGT GLEXA

“ECARTERCTTETECTTPIET 21 ATP- bi ndj g cadsette,

HepiPRIP AT LPmasomesl PRUAP SIS e CA- GBGCA- CAG TGECT- CA new

CRECT) otiser 3 GCACAGAGATAAAACCT (EECACIGGCACAGT GACTC

%@JG?KATCCCQAQACTT 21 carboni ¢, gphydiase XI| 34 PP
N;“L%“’?,de*\*%g RAC- TAACC- TT new

Hs.8310 36

TAGGCCAAACTAACGTT

lA’:lO esaturase(%A%T ItAT 21 serine (%11%7?": @d ne)
Pt gglsg%§p§ata BE*Y%08 TT- GGTCG GAG: #GGTG TT new

aryisulfatase D Hs.326525 40
X-box binding protein 1 Hs. 149923 41
methylcrotonoyl-Coenzyme A carboxylase 2 (beta) Hs.167531 42
synaptosomal-associated protein, 23kDa Hs.184376 43
kraken-like Hs.301947 44
anterior gradient 2 homolog (Xenepus laevis) Hs.91011 45
hypothetical protein FLJ20174 Hs.114556 46
chaperonin containing TCP1, subunit 2 (beta) Hs.432070 47
immunoglobulin heavy constant gamma 3 (G3m marker) Hs.300697 48
transmembrane 4 superfamily member 3 Hs.84072 49
sorbitol dehydrogenase Hs.878 50
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inhibitor, clade A (al pha-1

AGAGACAGGGTTTCACCTTGTI TGGTCGGACTGGTCT ant i pr ot ei nase,
wW@niososppsi n), menber 3 TGAACTCCTGACCTCGTGATC RAT/GB2004/004190

adenyl ate cyclase 9 44 PP 710 TT- GGTCA- GGC- TGGTC- TC

known AGAGATGGGEGTTTCTCCGTGT TGGTCAGCCTGGTCT

CGAACTCCCGACCTCAGGTGA 21 hene binding protein 1 46 PP

1738 GA- GGTCC- GGG TEECC- GC new

AAAGAGCAGAGGECGECCCGTAGAGGT CCEEGTGEECC

GCTGCTGTTAACATCCATCACT 21 3 ERE with high confidence

out of 50 genes perturbed in ERLAGL | ongevity

assurance homol og, 2 bR RRBERE 16 SERRATERE GAAGE- OC

" new (S cerevi siae)

C 21 fructose-1, 6-bi sphosphat ase
1 15 PP 776 TT- GGTCA- GGC- TGGTC- TC known
AGAGACGGGGT TTCTCCATGTTGGTCAGGCTGGTCT

g s fthe Pilo Ld L 601
TREPEETERARDRTEOCET et SRORIRE GRhe loRbRlbAYH2

b%ﬁ%@@%ﬁ%&@%%@ﬁﬁﬁ@% -V2/index for a description

GA" 2T 96e S I Wi ghted Voti ng
oPBE mhﬁﬁgmwsd(fcg?\raf bE’i{E@nﬂheﬁﬁa@ﬂQﬁ& ft;i&vmaéah 99 a&&)sema

expressi on dat M 133 geneset

%’jﬁ%w@@nﬁﬁﬁﬁ% /P Retas KR b D Q‘h%tr@%eﬁllﬁdu@edls .QG]? %@Q@
insulin-like growth

wfa@@etn%d RiReupy 1R1. Ot ain24 s dRe/343 %1 13y, 38880e tl%a&l@ér@f 3 hr

.925761 4 at cytochrome ¢ oxi dase subunit Vic -

folé—m@;%@s%z 1 o &K 73@6%70@93653@?&8\)\/&6%61@&6@@163@85
protein 3.371655 1.153737 5.720964 0.582412 epi der nal
SAGEWaBs haetars pake phode fudWdrauBedttdERD hi$sisCTheuskedwt &
viral (v-erb-b) oncogene 3 s at honol og) -0.23687
thk tof P9 hewks 163 4Gely &rB8Q23 GOER phtdewmederi gdaidinh SAAL tTable S6a
receptor (avian erythroblastic | eukem a viral
dépietembrda)itsoncogene 4 s at honol og) -1.44281 0. 960058
2.42027 2.337701

Table S6a: The ERE prediction on various data sets: E2-induced SAGE data set, genes
negatively correlated to ER+, and the SAM-133 gene set.

ERE Hit with
high
Data set Non-ERE Low High confidence 'N/A
SAGE E2-induced 21 15 21 41.18% 11
ER-negative genes 50 22 6 7.69% 22
SAM-133 15 15 17 36.17% 23
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8 at LIV- protein, estrogen regulated 1.312524
1.221556 3.870357 0.929939 9 s at LIV- protein,

W@ 3405088366 r egul at ed 1. 734565 1. 093064 4. 085214POr/883®4/004190
serine (or cysteine) proteinase inhibitor, clade A
(al pha-1 antiprotei nase, antitrypsin), nenber 6 at 3
2. 023548 1.032196 4.420661 0.934515 2 x at solute
carrier famly 7 (cationic amno acid transporter, y+
systen), nenber 8 1.981605 1.049118 4.149982 0.712426
6 at polynmerase (DNA-directed), delta 4 0.786499

TAbI R8P PledRtdd ZHAB2:0mS @;ﬁﬁmlfoagen@me%tlp ib1d gg@ggﬁaﬁ
teRf. ot ease i nhi bitor (antil eukoprotei nase)
U. 6750679 5. 1bZ5/7 1. /0 tthrrOfhr TR doTTEr T
| mrunoggegpugnl,en dorral nRgf,g h ga

12684 & onfrdk O .
a,{L,egAﬁgSlG 8 at retl nol c4ac¢2¢851(& ¥ 316 new
0. 887259 -0.09227 1. 60667(93T4;TH§GGGGA@V\ﬂﬁ: sBheEXt@sQcceT
-2.68964 1.552946 0.243703CACC6dAARBGBATCatAConser ved
ge&t}@f&mf@%ﬁéwéarﬁ'@e %l phd dIPoBIMMCPEEAEAATAANLIB now
IEEe5 197518 0. 9874 LEEIAGGRTRACAATAACCAA

reflr;lmc%gg Aé%ep]or Q%ﬁg’ 61 0.79 55

stanni ocal Cin 2 -1. 57332 T:b:gém%fb Cﬁe‘%@ﬂ&%@ Leoet
s at adi pose specific 2 OATEB@&%CM&Q@@S 2. 283

BgelgBOBBRhomagt i nsul i n- I K& 7M%$%®M-TQG¢ECE|®@M
0.141016 0.610073 2. 1272 %A@T&ﬁfﬁ@%%ﬁml?%qm%%m

wth factor 1 receptoy
88714 5 at Bcell CLL'AAK@ KB %%é%%i@@%mm

1. 15701 1.355875 s at retcaroctrachdecreeceptarar al pha
regdlatg @M G-p@teih siGANNB B! 0. 5317 IB4841 . CTHGOVHECTC-GQAACC-TC new
m cr ot ubul e- associ at ed prQﬁA@TﬁCW@GGGQ‘S@T%QG@GBQWWACCT

Rt L

gl gkl - 2. 59884 0°5 255 § aBC cab@baceca
carbonic a hydrase X | 1.d90FA5EcS 122852 1dT 402

ATIP-Hi8iNG Qdssdite arubfaniiipAm ned B HAs CABGCRATIOOIGACTOB56R6

(ABGT)yBeMtyr 3. 755041 3 at Aﬁﬁﬁﬁ@%ﬁf%@ﬁéﬁﬁ@%GGCACAGTGGCTC
AU LANLL o (ABCL). r@r%@qs ) %?gig

2.2289 512369 7 at ademylateaey é%&%ﬁ&%mm
1.534418 -0. 05573 1. 42952&,8AscatTThygatr |2cal protein

seRnI@OY Bdine) BoBRIBS 1 30803k 2498 8743%50@@1\@5%%@ T8hew
in P@f drge “f(ée*tadr 3 test i ATAGRCAGE@TOBR T3 BRA9 cEca04ESCT
VS drald “VES%”“ 590T eTITOANCICOTOANA 25 1. 745737
adepaps@aase 9170708 8 at - My 'Avi', é%%TCé?sTtCoTﬁkgown ra
oncogene honol og 1.28857 E’%Ab @@@%E %@gT%GTCT
hémedindN@FoBRY ast at i ¢ celd SDP&M@Jd%kﬁiT%CW?@@&%& Rew
-1.44821 0.786716 0. 38885hata@idcktbedcscatadatattenkidsce
6 signal transducer (gpl3BTCoReUSBATOTAMAGCEDL Or )
-0.10956 1.179102 1.970259 1.431009 1 s at UDP-gl ucose

3 ERF with kieh efnfidnsy putiohffsfenespsturbdd iBR62 1. 195462
AG1 I%q\%&aszuri@ggcg@log 2 13 PP 3662 CA-GGCCA-GGG-CAACC-CC new

‘1’

S cerevisiae CCCAAGCCACAGGACGCGTCCAGGCCAGGGCAACC
CCGCGGGCCGCTGCCAGGGTGG 21
fructose-1,6-bisphosphatase 1 15 PP 776 TT-GGTCA-GGG-TGGTC-TC known

AGAGACGGGGTTTCTCCATGTTGGTCAGGCTGGTCT
CGAGCTCCCAACCTCAGGTGA 21

hypothetical protein MGC2601 33 PP 966 CT-GGTCA-GGC-TGGTC-TT new
AGAGACGAGGTTTCTCCATGCTGGTCAGGCTGGTCT
TGAACTCCCGACCTCAGGTGA 21
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3 s at SRY (sex determ ning region Y)-box -2.53383
1.536914 -0.16571 1.727001 4 s at SRY (sex determ ning
WO e@s5/0883¥) - box -1.8799 1.273909 0.144791 1. 3752CBGB2®4/004190

at SRY (sex determ ning region Y)-box 0.484505

1.125341 2.823356 1.941558 4 s at_ hepsin
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cl ade A
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antitrypsin),

serine (or cysteine) proteinase inhibitor,
NPDO09 protein 1.072112 .457092 2.973341 1.645057

(al pha-1 anti protei nase,
W@R005/0833867825 0. 671724 5.873446 0. 804606 2094PCI/6Ba104/004190
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(Hers

gl ycogen storage disease type VI) Hs. 771

l'iver
WQO®303333¢ early growth response 3 Hs. 74088 20PdR8Ba104/004190

Hs. 125180 212789 at KI AAO056

gl ycogen;
protein Hs.13421 222155 s at putative Gprotein

GPCR41 Hs. 6459 218776 s at

202990 at phosphoryl ase,
growm h hornone receptor

di sease,
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200648 s at gl ut amat ePENGBRI0A/004190

| i gase (glutam ne synthase) Hs.170171 203287 at
ladinin 1 Hs. 18141 219429 at fatty acid hydroxyl ase

Hono sapi ens cDNA FLJ30096 fis,

al pha i soform (cal ci neurin A al pha)

catal ytic subunit,
Hs. 249163 212934 at

202457 s at protein phosphatase 3 (fornerly 2B),
woig002/23838 222108 at
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| ong-chain 2
al pha 2 Hs. 82985

type V,

Hs. 274402 218640 s at phafin 2 Hs.29724 201752 s at

Al Hs. 177664 203814 s at NAD(P)H dehydr ogenase,
qui none 2 Hs. 73956 202581 at heat shock 7CkDa protein

201963 at fatty-acid-Coenzyne A |iqase,

Hs. 154890 221730 at coll agen,
WQ1006433336 at fam |y with sequence simlarity 1BCT/GBRGM@1004190
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230/ 24CkDa

Hs. 198689 204914 s at SRY (sex determ ning region

WO 20050333B%. 32964 221505 at

| euci ne-ri ch aci di PCHYGBR@a004190
al pha 1A

salivary Hs. 274376 201694 s_at early growth response 1

protein |like Hs.71331 208498 s at anyl ase,
Hs. 326035 201936 s at eukaryotic translation

212254 s at bul | ous penphigoid antigen 1,
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AF258419 [N 44 209459 s at Hs 283675 AF23781 1 45
F121196| dt 711968 AWP42916 46 203438 at Hs 155223

4358p4

sulfated glycoprotein 2, testosterone-repressed prostate message 43

scribed tetratricopeptide repeat gene, Y chromosome; UbiquitousBet

_related cell adhesion molecule 6 (non-specific cross reacting antigen)
, clone COL05880, mRNA sequence
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77 205081_at Hs 17409 NM 001311 1 78 214428_x_at

170250 K02403 1 79 20969B at Hs 574 D26054 1 12480
WQ@296823336 at Hs 332150 NM 016569 1 81 212496 SPEIL/GB2004/004190

Hs. 301011 BE256900 82 203108 at Hs. 194691 NM 003979 2

83 206107 _at Hs. 65756 NM 003834.1 84 2 8806_s_at

Hs. 267659 AF1 8887 1 85 209581 at Hs 37189 BC001387 86

213412 at Hs 25527 NM 014428 1 87 2 2638 s at Hs

Bohde LR LerkgePgEP o bRed 5014 SAMs 19845985 RIM 012067 1

89 2 0652 s at Hs 125783 BC0D04399 1 90 216381 x_at Hs

284A3% AL035413 9 1 216092 s at Hs 22891 AL365347 1 92

208488 padbeHD 135&1:356&8'&86939 1 93 204792_s_at Hs 862
NM 01 2054 -20%867 snabootdst 89603 NMIJ02456 1 95

213;01l@m§5th§1%§@8gw@4911712 96 204497 at Hs 20196
AB011092 t Hs 205660 AWD70881 98
222%122%“§fah§2é§g ?§§ 01 5199 2991 9 s at Hs

279808 KW GLBBTEHE §PE0P14053 at Hs 7888 AW72192 101
204934 msmts_He 1828 NMs002151 1 102 216109 _at Hs

306803 ,AKOR5348:5d 103,:RR3749_s_at Hs 250505 Al 806984
104 220329 s _at NM 017909 1 105 204881 s_at
Hs 15266?$ﬁNP56§§58§@ﬁ§%g 208305_at Hs 2905 NM 000926

1 214164_x_at Hs.5344  BF752277
9 212956_at Hs.90419  Al348094
10  215867_x_atHs.5344  ALO50025.1
11 210735_s_atHs.5338  BC000278.1
12 214440_at Hs.155956 NM_000662.1
13 202089_s_atHs.79136  NM_012319.2
14 210085_s_atHs.279928 AF230929.1
15 205862 at Hs.193914 NM_014668.1
16 202088 at Hs.79136  AI635449
17 211712_s_at BC005830.1
18 206401_s_atHs.101174 J03778.1
19 215304_at Hs.159264 U79293.1
20 218195_at Hs.15929  NM_024573.1
21 212195_at  Hs.71968  AL049265.1
22 203928_x_atHs.101174 AIB70749

23 200460_at Hs.283675 AF237813.1
24 212060_at Hs.00419  BE646554
25 209443 _at Hs.76353  J02639.1
26 209173_at Hs.91011  AF0B8867.1
27 203071_at Hs.82222  NM_004636.1
28 203571_s_atHs.74120  NM_006829.1
29 205354_at Hs.81131  NM_000156.3
30 213712_at Hs30504 BF508639
31 41660_at
32 220744_s atHs70202  NM_018262.1
33 204798_at Hs.1334  NM_005375.1
34 215552_s_atHs.272288 AI073549
35  209339_at Hs.20191  U76248.1
36 210272_at Hs.330780 M29873.1
37  205186_at Hs.33846  NM_003462.2
38 207414_s_atHs.170414 NM_002570.1
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107 209623 _at Hs 167531 AWI39494 108 218450 at Hs

108675 NM 015987 1 109 204343 at Hs 26630 NM 001 089 1
WQ2@508B36 x_at Hs 12491 NM 024042 1 111 20547 1PCT/&B2063/004190
63931 AW72082 203439 s at Hs 55223 BC000658 1

204863 _s_at Hs 82065 BE856546 203289 s at Hs 9699

BE791 629 115 221765 at Hs 23703 Al 378044 116

219001 175 024345 1 117 220581 _at Hs
287738 %ﬁﬁ%ﬁ?@% %1 §%g§ *d at AB050468 1 119 205645 _at
Hs 8066?“@&@0@&@%GSINTEO 219663 s at Hs 157527 NW

025263 #413254Rd1s2@538019at Hs 15456 NMID02614 122

201§ps_gﬁwy§ngégmgmhgg;§52 1 1 215729_s_at 9030
BE542323 s_at 77432 AW57070 3 204914_s_at

Hs 42964 ﬂﬁ&%ﬁ?6§r4756ﬁ§%% _s_at Hs 32964 Al 360875 5
205646 209459 5 biss BIBDGFRID00280 1 6 207030 _s_at Hs
10526 NMROA3247des7 AMAOR5 s at Hs 32964 AB028641 1 8

203021_gf,.bs 254754 NM,003064 1 9 209800_at Hs 115947
AF061812 110 20§% A At Hs 77573 NM 003364 1 11 201

984%s at"PEFTAZY ' NNBUBZI8 1 126Tabl e L2: Lookup
t abbe f ew04TatblHes2mss gewedssTdbl e 2 ProbeJD Uni gene
GenBank2o3o29 s_atHs.101174  Al056359

50 200670 _at Hs.149923 NM_005080.1
51 219414_at Hs.12079  NM_022131.1
52  203627_at Hs.239176 AIS30698
53 208451_s_atHs.278625 NM_000592.2
54 213419 at Hs.324125 U62325.1
55  205768_s atHs.11729  NM 003645.1
56 204862 s atHs.81687 NM_002513.1
57  210480_s atHs22564 U90236.2

58  205696_s_atHs.105445 NM_005264.1
59 203685_at Hs.79241 NM_000633.1
80  218976_at Hs.260720 NM_021800.1
61 219197_s_at Hs.222308  Al424243
62  202996_at Hs.82520 NM_021173.1
63 205734 s atHs.38070  AIG90465

64  211235_s_atHs.1657  AF258450.1
65  211000_s_atHs 82065 ABO15705.1
66 217190_x_at Hs.247976 S67777

67 202752 x_atHs.22891  NM_012244.1
B8 201754 _at Hs.74649  NM_004374.1
69 204623 at Hs.82961 NM_003226.1
70 207038 at Hs.114924 NM_004694.1
71 212637_s_atHs.324275 AU155187
72 208682_s atHs4943  AF126181.1
73 218502 s_atHs.26102  NM_014112.1
74  202376_at Hs.234726 NM_001085.2
75 215616_s_atHs.301011 AB020683.1
76 211233_x_atHs.1657  M12674.1

77 205081_at Hs.17409  NM_001311.1
78 214428_x_atHs.170250 K02403.1
79  209696_at Hs.574 D26054.1
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205225 _at Hs. 1657 NM 000125. 1 205186_at Hs. 406050
NM 003462. 2 201754 _at Hs. 351875 NM 004374. 1
WQ108853336 at Hs. 279928 AF230929. 1 214440 at HsPABEBS@4/004190
NM 000662. 1 206754 s_at Hs. 1360 NM 000767. 2
203749 s_at Hs.361 071 Al 806984 215552 s _at Hs.2391 76
Al 073549 209443 at Hs. 76353 J02639.1 2161 09 at
Hs. 306803 AK025348.1 203685 at Hs. 79241 NM 000633. 1
205862 25545 1858 1 MRIGB14668. 1 217838 s_at
Hs.5241474%NM 63683 755909603 _at Hs. 169946 Al 796169
2123 95gAds HSHAMBHBNALDE9265. 1 212637 s_at Hs. 355977
AU1551 056965, a 5445 NM 005264.1 2 0652 _s_at
]B? %ﬁé‘%égo%?igs Fi”‘g%%’%& s_at Hs. 38070 Al 990465 2
ood*‘*e R8s EBEARNT EWG6. 1 206107 _at Hs. 65756
NM 503 884a1_a1 1BOB628Be1ad. 405998 HO581 204934 s_at
Hs. 823 213eDM OQ2357 ik 0208071 _at Hs. 82222 NM 004636. 1
204881 t 6 1 003358. 1 210272 _at Hs. 330780
Vi 73%2?3%2* E’g%d?f% it 773980 AJO1 712 206401 s_at

Hs.% 71?065@3‘?“7'8;2T23209'3—§§°55f Hs. 201 U76248.1 208305 _ at
Hs. 8905108l sQOBI DB  BC004399. 1

90  216381_x_atHs.284236 AL035413
g1  216092_s_atHs.22691 AL365347.1
92 208788 at Hs.250175 AL136939.1
93 204792_s_atHs.111862 NM_014714.1
94  207847_s_atHs.89603 NM_002456.1
95  213201_s_atHs.73980  AJ011712
96 204497 _at Hs20196  ABO11092.1
97  222314_x_atHs.205660 AW970881
98  222212_s_atHs.285976 AK001105.1
99  219919_s_atHs.279808 NM_018276.1
100  214053_at Hs.7888  AWT72192
101 204934_s_atHs.823 NM_002151.1
102 216109_at Hs.306803 AK025348.1
103 203749_s_at Hs.2505056 AIB06984
104  220329_s_atHs.238270 NM_017909.1
105  204881_s_atHs.152601 NM_003358.1
106 208305_at Hs.2905  NM_000926.1
107 209623_at Hs.167531 AWA439494
108 218450_at Hs.108675 NM_015987.1
109 204343 at Hs.26630  NM_001089.1
110 219051_x_atHs.124915 NM_024042.1
111 205471_s_atHs.63931  AW772082
112 203439_s_atHs.155223 BC000658.1
113 204863 s _atHs.B2065 BE856546
114 203289_s_atHs.19699 BE791629
115 221765_at Hs.23703  AI378044
116 219001_s_at Hs.317589 NM_024345.1
117 220581_at Hs.287738 NM_025059.1
118 211596_s_at AB050468.1
119 205645 at Hs.80667 NM_004726.1
120 219663_s_atHs.157527 NM_025268.1
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2 2956_at Hs.9041 Al 348094 214164 x_at Hs.27991 6
BF752277 204343 _at Hs. 26630 NM 00 089. 1 203963 at
Wo1200583830NM 001218. 2 207038_at Hs. 114924 NM OOEGEEB1002/004190
95 at Hs. 15929 NM 024573. 1 220329 s _at Hs. 238270
NM 017909. 1 2 8502 s _at Hs.261 2 NM 014112. 1 9414 at
Hs. 12079 NM 0221 1.1 202376 _at Hs. 234726 NM 001085. 2
218 06?% %Qz Hs 1%5 659 AF118887.1 202089_s_at Hs.791 6
g 3975 A-PE“d30587 BF508639 204497 at
%1 @15@3@1*@9@ TIDIBBIE s at Hs. 301 11 AB020683. 1
987.1 127203438. at
55 | 8 4 s_at Hs. 433721 NM 000592. 2
205]} 2;%25{% Aiéég%ﬁ?%gé 003645. 1 219682.
s_altHs. PEPL82HNVI® 16969970 204508 s _at Hs. 279916
BCOO10124914 2089684 .Aabs7ids. 5338 NM 001218. 2 209603 at
Hs. 169924,@1304 ztagss]z@g 2087388. .at Hs.250175 AL1 36939. 1
212 37. 355977 AU1551 7 200670. .at Hs.149923
050"’29?? T %6%%‘5?& MO0 74120 NM 006829. 1 208682 .
s "Bt HoOWOUS AFPPE 1 8W 13209173, _at Hs. 9101 AF088867. 1
201754, 20493 s_kiss. 351 8 ABo2dM.1004374. 1

8 203021_at Hs.251754 NM_003064.1

g 209800_at Hs.115947 AF061812.1

10 203234_at Hs77573  NM_003364.1
11 201984_s_atHs.77432  NM_005228.1
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206469. c

Hs. 25527 NM 014428.1 222212.

D26054. 1 212956.

Hs. 15929 NM 024573.1 202089.

209623. . at
V29873, 2046
H@b@lgg
205862,

at Hs. 284236 NM 012067.1 213412. . at

_S_atHs. 285976 AK001105.1

wQ@ 13833336 s_at Hs. 198443 L38019.1 209696.
_at Hs. 90419 Al 348094 218195. . at

_at  PEI/EB4004/004190

_S_atHs, 79136 NM 012319. 2

Hs. 167531 AWI39494 210272 . _at
t Hs. 82961 NM_ 003226. 1 215304. _at
r Tabja 2 gonss
.at Hs. 193914 NM_014668. 1 203108. _at

_a

Hable34691 NM 003979.2 207038 .
NIPIBOPG 9 Aniged)5186 GenBrik 406050 NM 003462. 2 202752.

205261 . 228657 NM 01 MMLO0M2220744

Hs. 330780
t Hs. 155956 NM 000662. 1
at Hs. 1 4924

_S_at Hs. 70202

VG BES26 HsBoEOA14. NMy00H462.22079 NM 022131. 1 204798.
_2a175Misat 1 334518 0053 MN_D0R05009.
NVD@B6 32 AFis L7R2O051. AFR3mReds. 124915 NM 024042. 1

20643 Jat _$1sab4456 6393 NAWFREAS2 207847

at Hs. 350470

"s_at Hs. 89603

NIV 3@ 24 5tis. 12608451, _ sunainod4s7.433721 NM_000592. 2

2051815 at atads 367423190udibb01311. 1 209459

_S_at Hs. 283675

%2@28&1&%23@13@71 _alio7k384082222 NM_ 004636.1 209581. _at
Ho A3 189 H3@OR2387. 1 J02639.1

216109_at
203685_at Hs.79241
205862_at Hs.193914
217838_s_at Hs.241471
209603_at Hs.169946
212195_at Hs.71968
212637_s_at Hs.355977
205696_s_at Hs.105445
210652_s_at Hs.125783
205734_s_at Hs.38070
211000_s_at Hs.82065
206107_at Hs.65756
203628 _at Hs.405998
204934_s_at Hs.823,
203071_at Hs.B2222
204881 _s_at Hs.432605
210272_at Hs.330780
213201_s_at Hs.73980
206401_s_atHs. 101174
209339_at Hs.20191
208305_at Hs.2805
212956_at Hs.90419
214164_x_atHs.279916
204343_at Hs.26630
203963_at Hs.5338
207038_at Hs.114924
218195_at Hs.15929
220329_s_at Hs.238270
218502_s_atHs.26102
219414_at Hs.12079
202376_at Hs.234726
218806_s_atHs.267659
202089_s_atHs.79136
213712_at Hs.432587
204497_at Hs.20196
215616_s_atHs.301011
218450_at Hs.294133

Hs.306803

AK025348.1
NM_000633.1
NM_014668.1
NM_016337.1
AI796169
AL049265.1
AU155187
NM_005264.1
BC004399.1
Al990465
ABO15706.1
NM_003834.1
H05812
NM_002151.1
NM_004636.1
NM_003358.1
M29873.1
AJO11712
J03778.1
U76248.1
NM_000926. 1
Al348094
BF752277
NM_001089.1
NM_001218.2
NM_004694.1
NM_024573.1
NM_017909.1
NM_014112.1
NM_022131.1
NM_001085.2
AF118887.1
NM_012319.2
BF508639
AB011092.1
AB020683.1
NM_015987.1
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204343 _at Hs.26630 NM 001089.1 206401. s_atHs. 101174

J03778.1 210480. s_at Hs. 385834 U90236.2 201825 s
Waids0288d26 AL572542 128_s_at Hs. 361071 Al 8069BAT/GB2@/004190

Hs. 267659 AF1 8887. _s_at Hs. 125783 BCD04399.1 _at

Hs. 1657 NM 000125.1 _s_at Hs. 1729 NM 003645. s

at Hs. 332150 NM 016569. 1 129Table L3: Look up table for
Tabl e S4 Genes Uni gene GenBank H s 106642 BF589529 H s
25168 aA\FB20TB3 H s 1P8B282BIM 002686 1 H s 289104
BNE461.424 Bs 43375 1659600008900201 2 H s 173035 AF338650
204168 s84859172800879MNML 063842272207 NM 017533 1 Hs 103707
AVi82 894 Hil2a7187 4550 NNAOT8AxE Hs| 00000 AW238654 H s
54609 NMJJ14291 1 H s 85050 NM 002667 1 H s 239934
AL022316 H s 194236 NM 000230 1 H s 103395 NM 024709 1
lzbzﬁsoé,Q7a31!82fs!|W§0367%Cboid1231 1735 NM 002193 1

203963 _at Hs.5338 NM_001218.2
209603 at Hs.169946 AI796169

208788_at Hs.250175 AL136939.1
212637_s_at Hs.355977 AU155187

200670_at  Hs.149923 NM_005080.1
203571_s_at Hs.74120 NM_006829. 1
208682_s_at Hs.4943 AF126181.1
209173_at  Hs.91011 AF088867.1
201754_at Hs.351875 NM_004374. 1
206469_x_at Hs.284236 NM_012067.1
213412_at  Hs.25527 NM_014428.1
222212_s_atHs.285976 AK001105.1
211323_s_atHs.198443 138019.1

209696_at Hs.574 D26054.1

212956_at Hs.90419 Al348094

218195_at  Hs.15929 NM_024573.1
202089_s_atHs.79136 NM_012319.2
209623_at Hs.167531 AW439494

210272_at  Hs.330780 M29873.1

204623_at  Hs.82961 NM_003226.1
215304_at  Hs.159264 U79293.1

214440_at  Hs. 155956 NM_000662.1
205862_at Hs.193914 NM_014668.1
203108_at  Hs.194691 NM_003979.2
207038_at Hs.114924 NM_004694.1
205186_at Hs.406050 NM_003462.2
. 202752_x_at Hs.22891 NM_012244.1
220744_s_atHs.70202 NM_018262.1
219414_at  Hs.12079 NM_022131.1
204798_at Hs.1334 NM_005375.1
205009_at Hs.350470 NM_003225.1
219051_x_at Hs.124915 NM_024042.1
205471_s_at Hs.63931 AW772082

207847_s_at Hs.89603 NM_002456. 1
208451_s_at Hs.433721 NM_000592.2
205081_at Hs.423190 NM_001311.1
209459_s_at Hs.283675 AF237813.1
203071_at  Hs.82222 NM_004636. 1
209581_at Hs.37189 BC001387.1
204343 at Hs.26630 NM_001089.1
206401_s_atHs.101174 J03778.1

210480_s_atHs.385834 U90236.2

201825_s_atHs.238126 AL572542
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H s 155109 NM 002153 1 H s 26770 NM 001446 1 H s
278388 NM 000608 1 H s 251754 NM 003064 1 H s 378774

woOR0B0IBI® 2 H s 51515 AA053967 H s 149195 NMIRAT/6EB3®4/004190
Hs 78344 Al 889739 H s 112405 NM 002965 2 H s 417091
AF052117 1 H s 57664 NMIDO0888 3 Hs 154078 NM 004139 1
Hs 100014 NMID0O7325 1 H s 193606 AA343027 H s 202949
AK027231 1 H s 84072 NM 004616 1 H s 323910 AF177761 H
S0¥B9.30at NRBOOBT 41 1 490898225062 NMJ) 14354 1 H s 165619
IRVEBPE A7dt s 26786 1274581888216769 H s 2899 NM 002150 1 H
210658338 HRNRTER343 BCPP4399.93143 AK022610 1 H s 1915
IRNS2264:4 7 61s 1684 s 160 NBBONINRHO0050 1 130Hs. 23881
ADYBOS7& Held172910 NMINDQOG®BE5.2 Hs. 1801 2 NM 017422. 2
1339682 394t Dis Kb 1600126 .NM_016569. 1
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Hs. 112408 NMJ) 02963.2 Hs. 96 NM 021127. 1 Hs. 33846
NMJD03462. 2 Hs. 1360 NM 000767.2 Hs. 1657 NMJ) OO 25. 1

WO200594B80 AF120274. 1 Hs. 50964 NM 00171 2.1 HsCRBBOB4/004190
BF970427 Hs. 193914 NM 014668. 1 Hs. 250505 Al 806984
Hs. 279928 AF230929.1 Hs. 156637 NM 012116.1 Hs. 169946
Al 796169 Hs. 4243 NM 024522.1 Hs.1 1801 NM 01 5908. 1
Hs. 155485 NM 005339. 2 Hs. 99603 NMJ) 24701. 1 Hs. 55481
R 00 I447 Lpoks ugob8ble Al abge PAHESD89176
NM_000875. 2 Hs. 823 NM 0021 1.1 Hs. 203845 NM 022358. 1
Hs. 432605 NM 003358. 1 Hs. 330780 M29873. 1 Hs. 32981
G@gse HeenBadkl74 NM 016835. 1 Hs. 17752 NM 01 5900. 1
Hs. 406646 Data not found Hs.351875NWJ) 04374. 1 Hs. 20196
ABO1 092. 1

Hs.106642 BF58952%
Hs.25060 AF320053.1
Hs.1892 NM_002686.1
Hs.289104 NM_014274.1
Hs.165950 NM_002011.2
Hs.173035 AF338650.1
Hs.86859 AB008790.1
Hs.272207 NM_017533.1
Hs.103707 AW192795
Hs.274550 AA074145
Hs.100000 AW238654
Hs.54609 NM_014291.1
Hs.85050  NM_002667.1
Hs.239934 AL022316
Hs.194236 NM_000230.1
Hs.103395 NM_024709.1
Hs.107318 NM_003679.1
Hs.1735 NM_002193.1
Hs.155109 NM_002153.1
Hs.26770 NM_001446.1
Hs.278388 NM_000608.1
Hs.251754 NM_003064.1
Hs.378774 NM_001615.2
Hs.51515  AAD53967
Hs.149195 NM_016233.1
Hs.78344 - AIl889739
Hs.112405 NM_002965.2
Hs.417001  AF052117.1
Hs.57664 NM_000888.3
Hs.154078 NM_004139.1
Hs.100014 NM_007325.1
Hs.193606 AA343027
Ms.202040 AK027231.1
Hs.84072  NM_004616.1
Hs.323910 AF177761.2
He.76780 NM_006741.1
Hs.225062 NM_014354.1
Hs.165619 NM_017717.2
Hs.127428 Al246769
Hs.2899 NM_002150.1
Hs.105938 NM_002343.1
Hs.193143 AK022610.1
Hs.1915 NM_004476.1
Hs.160786 NM_000050.1

130



Hs. 331584 AF326966. 1 Hs. 272288 Al 073549 Hs. 12079
NM 0221 1.1 Hs. 82065 NM 0021 84. 1 Hs.372446
wWORM30TB6R. 1 Hs. 155956 NM 000662. 1 Hs. 278850PCT/GB2004/004190
NM 024935. 1 Hs. 247955 N M 00 322.1 Hs. 76067 NM 001
540.2 Hs. 61289 AL1 57424.1 Uni Gene Hs. 334514 NM 032794
131Hs 4943 NM_ 177433 Hs 1892 NM .002686 Hs 321576
NI VL006458 Hs 91668 BF033007 H 274260 NM .001171 Hs
46368 MIS0O3022 Hs 86859 NM 00531 0 Hs 59889 NM_
BOGH18 N 00BBES0 NM . 00201 Hs 83190 NM_ 0041 04 Hs
BOGOZ NMI_0ODR436 Hs 29724 NM 024613 1 Hs 12068 NM_
BOEBHS s 02719616 NM . 01 7689 Hs 169946 NM .002051 Hs
3559%7 MMooB8Z013 Hs 331 2 NM.003221 Hs 90419
XM . 093895

Hs.96 NM_021127.1
Hs.33846 NM_003462.2
Hs.1360 NM_000767.2
Hs.1657 NM_000125.1
Hs.194689 AF120274.1
Hs.50964 NM_001712.1
Hs.23703  BF970427
Hs.193914 NM_014668.1
"Hs.250505 AIB06984
Hs.279928 AF230929.1
Hs.156637 NM_012116.1
Hs.169946 Al796169
Hs.4243 NM_024522.1
Hs.111801  NM_015908.1
Hs.155485 NM_005339.2
Hs.99603  NM_024701.1
Hs.55481  NM_003447.1
Hs.306803 AK025348.1
Hs.239176 NM_000875.2
Hs.823 NM_002151.1
Hs.203845 NM_022358.1
Hs.432605 NM_003358.1
Hs.330780 M29873.1
Hs.32081  U38276
Hs.101174 NM-_016835.1
Hs.17752  NM_015900.1
Hs.406646 Data not found
Hs.351875 NM_004374.1
Hs.20196  AB011092.1
Hs.331584 AF326966.1
Hs.272288 Al073549
Hs.12079  NM_022131.1
Hs.82065 NM_002184.1
Hs.372446 NM_007202.1
Hs.155956 NM_000662.1
Hs.278850 NM_024935.1
Hs.247955 NM_001322.1
Hs.76067 NM_001540.2
Hs.61289 AL157424.1

UniGene

Hs.334514 NM 032794
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Hs 38972 NM.. 005727 Hs 31034 NM_.. 003847 Hs 132136
NIl VLO04858 Hs 91668 BF033007 Hs 70604 NM_. 004496 Hs
WQ 30084233B0M . 004925 Hs 323910 NM_ 004448 Hs 198BABGB2004/004190

NM_. 002222 Hs 197922 NM.. 018584 1 Hs 87539 000695 Hs
381412 Data not found Hs 180383 NM.001 946 Hs 5338
001 2 18 Hs 406515 NM . 000903 Hs 8910 NM _020379 Hs
6168 NM _014861 Hs 119597 NM _005063 Hs 574 NM _000507
He's $3%6 508_1FA33009589 Hs 149923 NM 005080 Hs 167531
NP2 24M200p686184376 NM 003825 Hs 301947 NM _014509
Hes-3g SIIMIMO64BB8 Hs 14556 NM _017699 Hs 432970 NM
0064UBt BIN3ZM697 AK090461 Hs 84072 NM _004616 Hs 878
NiA208B1NKE_db32/al ai s

Hs14368  NM_003022

Hs.86859 NM_005310

Hs.59889 NM_005518

Hs.165950 NM 002011

Hs.83190 NM_004104

Hs.89603  NM_002456

Hs.20724  NM_024613.1

Hs12068 NM_000755

Hs.279916 NM 017889

Hs.169946 NM—002051

Hs.356977 NM—007013

Hs.33102  NM_003221

Hs.90419 XM _093895

Hs.38972 NM_005727

Hs.31034  NM_003847

Hs.132136 NM_004858

Hs.91668  BF033007

Hs.706804  NM_D04496

Hs.234642 NM 004925

Hs.323910 NM 004448

Hs.198443 NM_002222

Hs.197922 NM_0185684.1

Hs.87539  NM_000695

Hs.381412 Data not found

Hs.180383 NM 0019458

Hs.5338  NM_001218

Hs.406515 NM_000903

Hs.8910  NM_020379

Hs.6168  NM_014861

Hs.119597 NM 005063

Hs.574  NM_000507

Hs.326525 NM_009589

Hs.149923 NM_005080

Hs.167531 NM_022132

Hs.184376 NM_003825

Hs.301947 NM—O14509

Hs.91011  NM_006408

Hs.114556 NM 017699

Hs.432970 NM_006431

Hs.300687 AK&)0461

Hs84072  NM_004616

Hs 878 NM_003104
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1. Anethod for classifying a breast tunour sanple as

"l ow confidence"” or "high confidence" , the nethod
w@oios08BB6ag provi ding the expression profil e oPCH&BEA04/004190

breast tunour sanple, wherein the expression profile

cog&g}s%§ t he expression level of a nulti-gene

cl r conprising at |least 5 genes from Tabl e $4,
and classifying the tunmour as a high or | ow confidence
tunour based_on the expression profile . . A method

acdor di Agresherafpricésrpt Feing dcherdfhiignade sample as
es&ﬁg&ﬁ@og%q %h%%"(5§)“ﬁﬁg%uéoﬂE?agﬁcgaﬂp%ﬁé,meého?
0 I conp he

nmet h according to cl ai or clarm rising

st epmprisifg) pobtradnagtles pegsse s g quiuefisld radnsmid breast
breast tunour san& e obtaj ned fron1aw§$tieq;; (b) _
det&F i AGTPRE" e }a%%%?o*ﬁh? AP A AN Ligeremprises

cl asei bikBh-c6OABAI $E081 abr | £ant1 61 ggies ddaidisd ddhprising
Tabl e S47by contacting sai d expression products with

bi Rdi Agastnbegsnegathoni Falbhy Frenand bularpidapaly ehef tumour
speci fically bindjn ; Xpressi oduct .of the .
e 2 fant pas IO St LAt PR R RE i 4P ‘Hbression
pr gsefeecof a | ow confidence breast tumour in said

patient based on the expression levels . . A nethod
according to claim3 wherein the expression products

arg cDNA apdnihe fal%a%aglgwpb%ﬁ%iﬂ{ g %ﬁ%%iigi@lghgeteminmg

probes capable of specifically hybridising to

cDiihe B33FogeA meckpdoacddRdi mgatoasclodi mh® wleepdien t he
expression products are RNA or nRNA and t he bi ndi ng
menbers are nucleic acid prinmers capabl e of

spegi fi gahkeyhBEbaEEb8aNMEg to claim 1 or claim 2 comprising
the steps of: ‘

(a) obtaining expression products from a breast
tumour sample obtained from a patient;

(b) determining the expression levels of a multi-gene
classifier comprising at least 5 genes identified in Table
S4 by contacting said expression products with binding
members, each binding member being capable of specifically
binding to an expression product of the multi-gene o
clasgsifier; and

(c¢) identifying the presence of a low confidence
breast tumour in said patient based on the expression

levels.

4. A method according to claim 3 wherein the expression
products are cDNA and the binding members are nucleic
acid probes capable of specifically hybridising to the
cDNA.
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to the RNA or nRNA and anplifying themin a PCR . A

nmet hod according to claim3 wherein the expression
w@e@d0sidse ar e pol ypepti des and the bi ndi ng menPEr/€Bar0a/004190

antibody bi ndi ng domai ns capable of bi ndi ng

§C|f| all%?og éggoggkggeg gfgim 3AWH§£Q9H Eﬁgoéggggssion

t o~ any cl arns Npri si ng

bi pdbBGcPE OhirkeRNA bhemRNRr §ﬁ§l Bhepbﬁ)ddn:hg membetlaeare
breast tunour sanple under test with a

ot heelpievrehdl ProéBeEFnedPpboei PESSRAGH Fcaggyewgiﬁéfiﬁsmg
de£§f€hgeﬁmsgenﬂ$ﬁg aﬁa%ﬁ)g !E\{}!Lﬁ Eemhanagt eeksti c
of 0 ence

hé presence ow con umour. . A nethod
according to claim7 wherein the conparlson IS
perfornmed b

stétlstﬁcQ?XQSﬂfggEUt 1B§t§§ ﬁ@ prgﬁgggr%nggf pgpFession

anﬂr&ﬁﬁc%EaBQQrﬁo@&@ébt@&egoahhathé bhﬁ&ih@lmahbémsﬁaye
be"made . . A nethod according to any one of clains

oaatmedm hinfanst dpmaing| §38RPYENGTL Hénéﬂéasﬁpﬁeﬁfé&fially

use of Weighted Voting, Support
EE Eh HEEX§§§a%§%o Hi erarchical Clustering. 10. A

nethod according to any one of clains 1to 9 wherein
the nulti-gene classifijer co i ses Hﬁ? enes fr

TabBl-e SA(QFthPﬁeaﬁgﬂﬁgl?Qdﬁ? e ( y gu%§ét
Ofcg FE?E n%séé%paf&ﬂ§tiﬁéiEgﬂaﬂﬂﬁlﬂkdﬂlﬂéiﬁﬂﬂtﬂé expression

wher e e subset of genes is derived fromthe upper
habfrodﬁcffablfeo@ thy l@rea'r%\tbltémgn(lb)san:npzle ANgSthé@st with a

e ar e BrshEhR P I ALE M ANEL M co and/or o
UDb%guh@hgdyaaaté@mmm@m@m@aagmves;ﬁcrmaamle:}s:(sa)

characteristic of the presence of low confidence tumour.

8. A method according to claim 7 wherein the comparison
is performed by a computer programmed to report the
statistical similarity between the profile under test and

the standard profiles so that a classification may be

made.

9. A method according to any one of claims 1 to 8
wherein the step of classifying the breast tumour sample
comprises the use of Weighted Voting, Support Vector

Machines and/or Hierarchical Clustering.

10. A method according to any one of claims 1 to 9
wherein the multi-gene classifier comprises the genes

from Table S4(a), the genes from Table S4(b), or a subset

of either.
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and/or Table S (b). 1 . A nmethod for classifying a

breast tunour sanple as "l ow confidence" or "high
w@omkiossace” the met hod conprising providi ng tPEr/GB2004/004190

expression profile of said breast tunmour sanple,

wher ei my t r?&‘&@é?é@&‘ir&? of d | & SONPLO SRSetden the subset of
expressi on (0] a nmu

evel ti-gene classifier conprising
atgdastid denesed ronoathe Rpeantbtf asEi Tehhyg $héa) or
tumour as hi gh or | ow confidence tunour based on the
expRRi%h!Profile . 1 . A nmethod according to claim
13 conprising determ ning the estrogen receptor (ER)
status of the sanple . 15. A nethod according to claim
1312r oA anehdd corprTéing theckadpsl® or (aladBt &l nvhgrein

ion, d b .
oot UL T VA a1 et - B) Gz et T i gL heLre ©F

expp eSS DI dEVahs Qbwrrayhlatgengendéassibnerable 54 (a)
conprising at least 5 genes identified in Table 2 by

c RRAURT ntpREF dSe4Pt essi on products with binding
nmenbers, each bindi ng nenber bei ng capabl e of
specifically binding to an expression product of the
mil3i - geneetthad sidr erlasnidyidg( @) brgesti tyaygrt Remple as

presence of. a | ow conf.dence br t yno [ [
patg Tht© éle%—%%et he e lri}lssclocglrﬁ%zevtn&es.’ %([gl.e E{'.e%rfglto %od

aceon SN A9 SRk Wier exprebeiexppesside progddtfisbreast
are c and the binding menbers are nuclei ¢_acid .
probeeuE AR ke of GRS (tO8 PYPRPEFLaPsPRGLE 6ot ARmpTises

CONA dypr b SRENOLAACYMiNG 1@ sCLRRM L9aWReEELD tBfprising
at least 5 genes from Table 2, and classifying the tumour
as a high or low confidence tumour based on the expression

profile.

14. A method according to claim 13 comprising
determining the estrogen receptor (ER) status of the

sample.

15. A method according to claim 13 or claim 14 comprising
the steps of:

(a) obtaining expression products from a breast
tumour sample obtained from a patient;

(b) determining the expression levels of a multi-gene
classifier comprising at least 5 genes identified in Table
2 by contacting said expression products with binding
members, each binding member being capable of specifically
binding to an expression product of the multi-gene

classifier; and
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expression products are RNA or nRNA and the bindi ng
nmenbers are nucleic acid priners capabl e of

wap@siosizaal |y hybridising to the RNA or nRNA aPdiT/GB2004/004190
anplifying themin a PCR 1 . A nethod according to

clai m 15 Whefit} AL HHeaBNBEOJECAS18FEconfidence
pol ypepti des and the binding nenbers are anti body

bilmtiasy dowsivs icasaiide pet iBnadbagedperi Fihe af¥press iR
p%%%%gptides. 19. A nethod according to any one of

cl %5 to 18 conpri sing conparing the binding
profile of the expression products fromthe breast
tunour sanpl e under test with a database of. ot her

prifvi ousIEtddi #HEPHLORY | &2 AriBrid Prevroustye

de ' N %@1?& . fd | | ehésibd s are
ofé)?é]lgg%?g%%fr%e 0 ?%W%%h?ﬂing%ﬁ%g&%ﬁul%@%%%&hmt hod
acorh iy doidlpiobdd ehpakla ohespewpbi¢abhyikybridising
per f or med qX a conputer programed to report the
st%ﬁi%@?cﬁw'%inilarity bet ween the profile under test

and the standard profiles so that a classification may

be made. 13621. A method according to any one of

cl &7 ms A3nehod FRePERHRE NeC sEEpLBf L3 BT E{ R nl e he

br east £ umur COPDN hESoE NErME a0 VKL OBt A4
Vb?%%@?sgg%%d$?8€g%?%rQﬁgcﬁgﬁegiand/orakﬁerarchicafng
 shiBé+ H0ar@ 2nudl et hadidcpoinéeng ¢apalpnyeont specifically

| ai 13 to 21 wh in th l1i- i fi .
CORPPTAEEo1 R GRnERer KB TAbRETh et RS LR ELner Blie™ 11 2
Tapbg 2 (b), or a subset of either. 23. A nethod

according to clam 22 wherein the subset of genes is
derived fromthe upper half of Table (a) or Table (b)

18. A method according to claim 15 wherein the
expression products are polypeptides and the binding
members are antibody binding domains capable of binding

specifically to the polypeptides.

19. A method according to any one of claims 15 to 18
comprising comparing the binding profile of the expression
products from the breast tumour sample under test with a
database of other previously obtained profiles and/or a
previously determined "standard" profile which is

characteristic of the presence of low confidence tumour.

20. A method according to claim 19 wherein the comparison
is performed by a computer programmed to report the
statistical similarity between the profile under test and
the standard profiles so that a classification may be

made.
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24. A nethod according to claim22 or claim23 wherein
the nmulti-gene classifier conprises a m xture of

wa@prensd3ad ed and downr egul at ed genes Tabl e (a)P@naBom04/004190
Table (b). 25. A nethod for classifying a breast

t wpur amidscdadiernidlense'oner othcghimgnizdesced

, the nethod conprising providing the expression
pridi¢teinfthaistdnr edsclogpddyisanphe, PiRefki hupper sample
expressi on profi | I t-h essj Y a
mf TR ¢ haeséll% %%n%l ?1?:5? finglogfo H%éa%%lggoggngéc?égm
Talhen fnds ar for Takirearddiand/ alusablkénd3 and/ or Tabl e
A4, and classifying the tunour as a high or |ow

confi dence tunour based on the expression profile .

26225‘U?tﬁfggéﬁcgéégf&ﬁﬂ§ € 3k 250 EOFPr EBANEsT D8 to 21
steps of: (a) obtaining expression products froma
brelasteinntbe sahpl et o lesth ffiien aqymtiiaas tigy@snes from

d i nj h ' | | i
o ROETR PRy onbnf PRI PRy SRR A B okt 71 PR of
Tabl end-. and/ or Table A2 and/or Table A3 and/or Table

A4 by contacting said expression products w th binding
menbers, each bi ndi ng nenber bei ng capabl e of

Sngggi. fi &%Je&ilga ”Q%@&r&&xﬁgtﬁ?i?@%QF‘wﬂéPQEﬁt tRE bhBset of

-gene classifrer; a entifying the
pr gerssei of dariowd condm dehe euppenshat inofir Tehlsakda) or
patient based on the expression |levels. 27. A nethod
acE%PH?nﬁ??B'clain126 wherei n the expression products
are cDNA and the binding nenbers are nucleic acid

probes capabl e of specifically hybridising to the .
cDBlA, A method according to claim 22 or claim 23 wherein

the multi-gene classifier comprises a mixture of
upregulated and downregulated genes Table 2 (a) and/or

Table 2 (b).

25. A method for classifying a breast tumour sample as
“low confidence” or “high confidence”, the method
comprising providing the expression profile of said breast
tumour sample, wherein the expression profile comprises
the expression level of a multi-gene classifier comprising
at least 5 genes from Table Al and/or Table A2 and/or
Table A3 and/or Table A4, and classifying the tumour as a
high or low confidence tumour based on the expression

profile.

26. A method according to claim 25 comprising the steps
of:
(a) obtaining expression products from a breast

tumour sample obtained from a patient;
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28. A nethod according to claim 26 wherein the

expression products are RNA or nRNA and t he bi ndi ng
woreosbess3@r e nucl eic acid priners capabl e of PCT/GB2004/004190

specifically hybridising to the RNA or nRNA and

anpl i fygﬂg & Prlimi8iPERe 29%prAsBBbhOUea6Tar f Ng h@lti-gene

claim 26 wherein the expression products are .

pai hepepitfiices canprilsdnli adi aqgaﬁéngeggnaﬁel%ﬂb%wi in Table

bi_ndi n omgj ns capabl f bLpding.s pfic to,t
e T e e A S

Cl @ @6 dp 29 L piriesisigncprpdning thehbbimdingg members,
profile of the expressiaon produ%gs fromthe_bre

t . ..
st Iwidbing @ephien €606 FAPADYS! ABaSBSOrEoERLTY Pinding

previ ous| id1e focl 8% and/ An1RiPEEMEOMSAYsifier; and
de‘%r?ﬁrﬁg?ﬁégé;w a?ﬁgk%¥bfile whi ch ié %haracterfét?%?
of the prestieae ofyimytdenpirdésencet ofoar lov3ggnrfidence

met hod according to claim 30 rein the_conpari !
PR BPE CO P OGP aTREd o P ohOr LReSLri b
stfgéiﬁécal simlarity between the profile under test
and t

e standard profiles so that a classification nmay
be made . 32. A nethod according to any one of clains

25 to 31 wherein i §yi b t
Cobor AMBFRSaCAGIoRaLEp 6 CLash! ol fetBen Ren!

SuppeFésyeehoprdabt sesrandbin &hérehehbtafling members are
Clustering. 33. A nethod %%ford%ng to.gn¥ gge ﬁf idisin
claneEe RS #6ldoPhARPE ARPRRIGUPEi SHENET EFASEY F16PT g
copprises.Hig genes from Table A4 or a subset thereof

. gg.tﬁgn%t od of producing a nucleic acid expression
profile for a breast tunour sanple conprising the

St%Q? fA method according to claim 26 wherein the

expression products are RNA or mRNA and the binding
members are nucleic acid primers capable of specifically
hybridising to the RNA or mRNA and amplifying them in a
PCR.

29. A method according to claim 26 wherein the
expression products are polypeptides and the binding
members are antibody binding domains capable of binding

specifically to the polypeptides.

30. A method according to any one of claims 26 to 29
comprising comparing the binding profile of the expression
products from the breast tumour sample under test with a
database of other previously obtained profiles and/or a
previously determined "standard" profile which is

characteristic of the presence of low confidence tumour.
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(a) isolating expression products from said breast

tunmour sanple; (b) identifying the expression |levels
w@h008/08a3B¢ i - gene classifier conprising at | eBSt/GB2004/004190

genes selected fromany one of Table S, Table 2,

Tahl e Al melablie aBcordahbet 83caatn Tabl wheéreimnthd comparison
produci ng fromthe expression |evels an expressio
pricf ipleer fozmedaiod Bré@@PUFQﬁDB¥°%%ﬁWW%Q'%%.rQPQERtﬁhF
accordi ng t . al: 4.¢0 i S f
SR el DB E 5P oA B P PR SR, iy pest and
SaRR stERbagdnipacfingssabdtraprasslans pf bericien vinah ke
mul ti-gene classifier conprising at |east 5 139bi ndi ng

s capabl e of specifically and i ndependently
bi ndi ng to expression products of a plurality of genes
selected from Table S4 or Table 2, or independently
sazect ad detdmdlavicerdlingngtornyaphne A2 ahdi®e Fabte 1B

and/ or Table A, so_as.tq_ct [ p [

prEfs S o g Fﬁﬁﬁhfﬁsg%ﬁﬁng§gﬁgtﬁ%éeégéggéi%ﬁﬁ ége ample
of . i J8Y tdregenre elfawsibheed Vo}ingnpauppgrt héector
expression profile with an expressjion, profile
chacitined sidy 3F HH expgRId6aLi HeHERSTiNBur and/ or a

| ow confi dence breast tunpbur. 36. An expression

profile database conprising a plurality of gene

exps essi afe pied | desondimg gho comf | dencet apbi oprs | jv to 32

confidence breasf tunmour sanpl. wher ei n..eagc n
ex‘ﬂ?%’é%%%ntkb‘?df“ilite”%erbeercfﬁ\fg{gg Sth & et g{ntglee Genes from
classidigl GPRrishag: Andesst. 5 genes sel ected from

Tabl e

34. A method of producing a nucleic acid expression
profile for a breast tumour sample comprising the steps

of

(a) isolating expression products from said breast
tumour sample;

(b) identifying the expression levels of a multi-
gene classifier comprising at least 5 genes selected from
any one of Table 84, Table 2, Table Al, Table A2, Table
A3 and Table A4; and

(¢) producing from the expression levels an

expression profile for said breast tumour sample.

35. A method according to claim 34 comprising the steps

of

(a) isolating expression products from a breast

tumour sample;

(b) contacting said expression products with a

multi-gene classifier comprising at least 5
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S4 or Table 2 , or independently selected from Table

Al and/or Table A2 and/or Table A3 and/or Table A4,
w@eesnssssei N t he database is retrievably hel d peT/aBo@iao4190

carrier. 37. An expression profile database according

to claim 36 ey M&@B&Of&&ﬁg&% Rifofddeasi mdd g, Whd
t he databasg)ar§§%£oduced by t'he nethodI%f cjain?%ﬁ or
cl ai m 35. 38 nddypardenisly drimdiagsitfyiarpredfieastproducts of

tunour sanple as "hjigh confidence" -or "I

confi dence" 2 L:Fglﬂ'brrarr}s’rg“r% %g]pqeiﬂeacf Bl (#)#dlf%% TRt o
attached to @ysol ig, ssppidep@atdhilindidigeaadefrdei Tgble
capabl e of specifically binding to an expression

product of @Amand/qertaklada fand/ WS mp AndeasiTable
5 genes from any_one T Abl &4 £i1
Table Al Tdbte SA‘},aSrgg?gngga% PSRt profile
Appar at us acspr4li thgndwr chaipl S8 xanprhisiegpbestioy levels
menbers capabl e of _binding to expressi.on products of a

plurality ofoketrsd fPeht B ROC &5t tabi’es. 40.
Appar at 5, acegedlAgnd oL AL 3% S1of! 910% S with an
n

conpri sing bi ng nenbers capabl e of specifically, and

i nelepeadenth ypbo fitl agcharaxpeesst bh pF cilueigh ofonfidence
genes identified in Table A,. 41. cordin
tot%MQuBn%n%fo€I%i W3%0?%1ﬂ%n%%ﬁ%$$§$%3E§£%§%foarras
wherei n the binding nmenbers are nucl eic acid sequences
capabl e of capable of specificall hgbridisln t o RNA

or 3 RNARRXPFRESF BROPr BEBEL ¢ B7tR dePTREySIng 2

theselrom 4 Lt Lassl fybpg 8s bpeant ghUBBHE i dence
S Eagﬁtyhgghé%%%fFﬁgﬁgg" or lf')Iowcoﬁfidenc%" , said
Ki sn@pspr iswngoaf ptlenaki byeast bindonyg sembées, whaehin each

e a5 PEafpaPe QL 2pEg' FLER! bYuli Bl One
classifier comprising at least 5 genes selected from Table
94 or Table 2, or independently selected from Table Al
and/or Table A2 and/or Table A3 and/or Table A4, and
wherein the database is retrievably held on a data

carrier.

' 37. An expression profile database according to claim 36
wherein the expression profiles making up the database

are produced by the method of claim 34 or claim 35.

38. Apparatus for classifying a breast tumour sample as
vhigh confidence” or “low confidence”, comprising a
plurality of binding members attached to a solid support,
each binding member being capable of specifically binding
to an expression product of a multi-gene classifier
comprising at least 5 genes from any one or more of Table

S4, Table 2, Table Al, Table AZ, Table A3 and Table A4.
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of one of a nulti-gene classifier conprising at |east

5 genes identified in any one or nore of Table S ,
waamse3B3e Table A, Table A, Table A3 and TabCtEGB2004/004190

and a detection reagent . 43. A kit according to claim

42 wherein the binding nenbers are anti body bindi ng

domai ns or nucleic acid sequences fixed to one or nore

soBbd shpparatus accarding der orldiimy 3o COMBrHs4sg binding

conprising a m-Lcroarnay. .45, A Ki [ aj
A2 RHESET oS o iR 8 SbeREEeH, Bacheekabr &
prhersl cepabt eyariedi Nebm@dan tdfe sbdieTpbéssi.on
products, such that they can be anplified in a PCR

46. A kit according to any one of clains 42 to 45

f he i Si ; [
U&? ' ABBPELES ggfél’&ﬁ%nﬁ{cg Y €154 5q chay @re&%?gf Y

profiles"Tetriev on a data carrier

coapapt seinav bindixpy essilmrpreipdds of speedfisadpleand

47, A kit _according.to claim46 wherein t:he,one_or
nDF€d§?%ﬂﬁﬁ?ﬁf%j%ﬁé@%ﬁ?ﬂF?ﬂ%ﬁﬁﬁ%ﬁ?1§FepﬁPgﬁﬁggdOf all genes
acecgLai ngite therawtdats of claim 34 or claim35. 142

41. Apparatus according to any one of claims 38 to 40
comprising a microarray wherein the binding members are
nucleic acid sequences capable of capable of specifically
hybridising to RNA or mRNA expression products, or cDNA

derived therefrom.

42. A kit for classifying a breast tumour sample as “high
confidence” or “low confidence”, said kit compfising a
plurality of binding members, each binding member being
capable of specifically binding to an expression product
of one of a multi-gene classifier comprising at least 5
genes identified in any one or more of Table S4, Table 2,
Table Al, Table A2, Table A3 and Table A4, and a detection

reagent .

43. A kit according to claim 42 wherein the binding
- members are antibody binding domains or nucleic acid

sequences fixed to one or more solid supports.
44. A kit according to claim 43 comprising a microarray.

45, A kit according to claim 42 wherein the binding

members are nucleic acid primers capable of binding to the
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expression products, such that they can be amplified in a

PCR.

46. A kit according to any one of claims 42 to 45
further comprising one or more standard expression
profiles retrievably held on a data carrier for

comparison with expression profiles of a test sample.
47. A kit according to claim 46 wherein the one or more

standard expression profiles are produced according to

the method of claim 34 or claim 35.
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