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DI AGNCSI S The present invention concerns materials and nethods for 5

di agnosi ngoaane®ry especially breast cancer. Parti cul arl y PCTGR03/00155
exclusively, the invention relates to nethods and kits for diagnosing the
presence or risk of breast cancer wusing genetic identifiers. 10 Carci noma
of the breast is one of the | eading causes of death and major illness
anongst fenmal e popul ati ons worldw de. Despite rapid advances in

under st andi NYATEBTALS| AND| METHODIS RERRT NG \TeN ICANCER! DouAGROLIS br east
carcinogenesis and the introduction of clinical screening 15 prograns,
norbidity and nortality due to this disease unfortunately still remains at
an unacceptably high level. 1ndeed, for many parts of the world, breast
cancer remains one of the fastest growing cancers in |ocal female

popul at iT¢s prefratetngpntiopocyncepes fytericial kagdgacithodhefoR0 di agnosi s
a treat; b ca | Sv4 i cal nd
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subt ypesisihg gddetionitienvafi@tsons in clinical behaviour, breast cancer
can also display strikingly distinct patterns of incidence in different
regi onal and ethnic popul ations. For exanple, in Caucasian 30 popul ati ons,
tie M @ nehabbeashe CBRELSS PECIHS I hRSt=abBAGPAHGaLsWeEEN at a nean
and nedi an age of 60 and 61 respectively (Guliano, 1998). In contrast,
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Indeed, for many parts of the world, breast cancer remains

one of the fastest growing cancers in local female
populations (Chia et al., 2000). One major challenge in the
20 diagnosis and treatment of breast cancer is its clinical
and molecular heterogeneity. Individual breast cancers can
exhibit tremendous variations in clinical presentation,
disease aggressiveness, and treatment response (Tavassoli
and Schitt, 1992), suggesting that this clinical entity may
25 actually represent a conglomerate of many different and
distinct cancer subtypes. In addition to wvariations in
clinical behaviour, breast cancer can also display
strikingly distinct patterns of incidence in different
regional and ethnic populations. For example, in Caucasian
30 populations, the majority of breast cancers occurs in post-
menopausal women at a mean and median age of 60 and 61

respectively (Giuliano, 1998). In contrast, studies in



bi ol ogy. Previous reports using mcroarrays on breast cancers have focused
on the identification of novel tunour 15 subtypes, or on the identification
of genes wbaw/oames differentially expressed between knownPCcarcrss/oesbgr oups
(Perou et al., 2000, Guvberger et al., 2001, Hedenfalk et al., 2001).
However, because these studies have primarily focused on sanpl es obtained
primarily from Caucasi an 20 popul ations, it is thus an open question if the
findings described in these reports will also apply to breast cancers

f rom ot het aetheb €l poipatdtons.a Phemedal eagé sof nanyideatdernpkeprinssues al so
need to be, addressed before the use of égcular(gggfilin can becone a
clini caPeyERriRYy 2 FRAIDS G nStdic &L fhere r XS presEM T H NMYst no publi shed
report sThber end NeuexRRESIPRuRsgRahul 8St ancu Fob es1@F subdiypes defined in
one institution's study have been independently confirmed in a separate
seri es FrohramotiHeTe daftianalsger efaridatt bRRreReedRA g yasssent | al ,
hgwever, ¢a eﬁéé%ﬁr&ﬂtelﬁﬁﬁb@@é&a@a&gcw%; tathons & tikel wdo differ in
mul tiple ys ich may affect the expression profile of the tunor being
st udi edreseghclasf imdirngs surtgiicald handbi Aguodsiamapror 2l A3 ©8Y GPO979

PCT/ GB03/ 00755, l.es hai ce ,of ray hno tf.or and pati ent
popul at g%nc h%%?gfl?atd:cﬁqsﬁéﬁeCﬁécgaﬁgée?te%§8h£ a %l%nj?oegasgiaﬁ e to sanple

t he sangelunor over an extended period of tinme, it is often unclear if the
di fferent subtypes 5 defined using these approaches truly represent

distinct biological entities, or if they represent a single tunor class
g di ffereptsstiayasr&fi Glddiganevahuhi 8AcaAa Phiena exedgire; 1yt here are
currently conflicting opinions and data. in the field on whether estrogen

r ecept oPLABRAL Y] BER -9Xtpusilgadoreshnter 3N epresent L Hi BIVRAER entities

that hayg,,disectd i, 8Fd e friom 8 ERitiProgeshdofs Gt lednpg in the breast
epithelia, or if they have evolved froman originally ER+ state

(Kuukaspapipget Rievidgoe;erRats 26009 MEFuvherye? @ caxo1). 15 To
address Lgses | SaNESrodiie d IMeNtar §4iave  eobar kot Hnal-2, Lage- scal e

expressron profiling project o reast tunours erive rom Asi an
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(Perou et al., 2000, Gruvberger et al., 2001, Hedenfalk et
al., 2001). However, because these studies have primarily
focused on samples obtained primarily from Caucasian

20 populations, it is thus an open question if the findings
described in these reports will also apply to breast
cancers from other ethnic populations. There are also many
other key issues also need to be addressed before the use
of molecular profiling can become a clinical reality. For

25 instance, there are at present almost no published reports
where the expression signatures and molecular subtypes
defined in one institution’s study have been independently
confirmed in a separate series from another centre. Such
validations are obviously essential, however, as different

30 health-care institutions are likely to differ in multiple
ways which may affect the expression profile of the tumor

being studied, such as in the surgical handling of tumor



conbi nation serves as a genetic identifier' to distinguish if an unknown
breast sanple is either normal or malignant in a patient of ethnic Chinese
descent. Wba3w®7of such “genetic identifiers' is of con®CdaRBIoe7SESE |in

t he 25 devel opnment of nol ecul ar di agnostic assays for specific patient
popul ati ons. Second, using principal conmponent analysis (PCA), the

i nventors show that the expression profiles of normal breast tissues are
considerably less varied than tumour profiles. This finding supports

curr ent s3@piedel shofcdretsartanoiadigeriegiys plehfnhinehand natient
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varyi nguexpeessientpr odmpes ass oodinat edhnairt bvendawi duabntiadopesiad e probably
indicative of their arising fromthigs ‘%round state' through many

di ffereRE &ABehi gkl ¥5 dPSE R AR Ch&ffour L pAERGAYsSUBETHFT d, by conpari ng

the expyesshen RE0hG! ese &f @pf@dai&ﬁa@ftrdl@V@%b\!@stﬁeaéis@@ﬂ@@rS from
Chi nese patients to publishe reports using patient sanples of primrily

Caucasi &iolegigih, ephbyl¢ourer thatthies gieps ese0ér al SEREEP- BEHRAY 10
met hodo'cqgg,gaknda&%f@&@ssw@éy%fﬂgzl%lqlc%l @%%E% .tgehpglogy platform

many of t key gene signatures and nol ecul ar subtypes were remarkably
conser vedabpflmeehhehe atrswcpatémenty popdlldcitang, opugyessi agdt hatat he

nol ecul ar ub ef i ne i ng .expr.essi on-has alelag are indeed 15
hi ghl y niSE. %¥§?§hgnivﬁr\l/een & sesg&rnoé%neg%é%ttﬁgs%gggtggg@ et
aross- i Bekbktt concyas i tap tenerst udyo lafgitdails ehypeiesepbatedateor breast

cancer. Fourth, by, studying the expression profiles, of a,series of 20
duct al ﬁﬁ§§FFEYCQ%&§?g %Hﬂgt%ﬁ %ﬁn?ﬂﬁﬁﬂﬁfqlﬁo§iFﬁ?ioFyﬁﬁléy, B%hey al so
found t hat2BEl Spt UABI a2 EXPF €85 tRNY Hfvd hevolkabl makkn subtype-specific
expression signatures associated with their _invasive counterparts. Since

DCI S c&AéEr8ashr BRt| §taepr E88n2 e dadt 84t - ndA2PnvEErve?980 mal i gnant

| esion detectabbe by gonvesiipnal histopathol ogy, these results suggest
that the nol ecdl ar subtypes defined in these studies probably arise at a

rlél atively early stage of tunorigenesis (ie pre-invasive) and represent

di stinct,, bijalogical entjLigs,, ratder,Jhan.a shogl ensanees hassain

large—-scale expression profiling project of breast tumours
derived from Asian patients. First, using a combination of
supervised and unsupervised clustering methods, they have

20 been able to define a small set of genes which when used in
combination serves as a ‘genetic identifier’ to distinguish
if an unknown breast sample is either normal or malignant
in a patient of ethnic Chinese descent. The use of such
‘genetic identifiers’ is of considerable use in the

25 development of molecular diagnostic assays for specific
patient populations. Second, using principal component
analysis (PCA), the inventors show that the expression
profiles of normal breast tissues are considerably less
varied than tumour profiles. This finding supports current

30 models of breast tumourigenesis, in which to a first
approximation normal breast tissues can be thought of as a

relatively constant ‘ground state’, and that the widely



30 different stages of evolution. 4 WO 03/070979 PCT/ GB03/ 00755 Besi des
provi ding a nol ecular franework for the tenporal progression of breast
cancer, twe ofwwm ors' results also support the feasibil IPCY/GH0308158g

expr essi on- based genom c technologies for clinical cancer diagnosis and 5
classification across different health-care institutions. Thus, at its
nost general, the present invention provides a new diagnostic assay for
determ ning the presence or risk of cancer, particularly breast cancer, in
a patienuuudm@geh@rsﬁedbhiprgémbe$ca$$hnﬂawmbm@jﬁFUmwhaﬁauhhe i nventors
have termned a series.of, ti-gene ssifiers  for brea # cancer. In
the fi rsun}oﬁlﬁ alfce, pﬁﬁé Erli\ﬁ/’eﬁgg?’%aif‘u%(/% [ﬂ’g %%%@tflé{:‘lélgt fron g 150 genes (a
"geneti cgraeintd fdter'sy whirelgheyabe dsEfeidht corbimiatiigndietpredi ct if an
unknown breast, tissue sanple is either normal or nmalignant. In addition to
this firdfoYerHeSec( RRTEN2¥an di stinguish 20 between tunor and nor nal
breast sanples), the inventors have also determ ned ot her genesets which

can be used as genetic identifiers to classify tumour sanples as to
subt ype Thilids by ePmgrsandi ipereameess it Rﬁﬂfwlfeﬁomfaa seséaschfst andpoi nt,

but al sq to gnsuie the ggﬁt&ﬁggg][p Ocﬂ{mseegggetsmt pem ded. Thus, the

i nventors have determn OW Nng gen Be“Used to
predi ct depe qsesencg pﬁtbeeaSSampwmmwofamdMGMﬂﬂheCGMa851ah tumour. 30 1)

The geneset .pro ded .in Ta e, 2, which sed . as a, conbination, allows

a user t69rédi &0t T3RT Eﬁ d%f%&f%é%ﬁ?ﬁﬁgg1§§?FG§6§%§O755 br east

tiGsue saploeldlsgeichhenifoenrahc®f 1digiian) ,chddaet iogubaik-ky using spotted

cDNA m ro%é%ﬁ%s. 2& A further set_of genes (Table 4a and 4b) which when
Fiabi-6

used 59 hEeaR APy el UKl %% FES ﬁd@P@ﬁuﬁﬁﬁméﬁﬁ nor mal and

t umour lﬂfo@@%hl@ﬁ%\i%tg@gﬁ' f8re Thirs GNESLlcors: FRe bREGEBRABhY used on
expression profiles obtained using a comercially avail able technol ogy -

pl at f or A"SuERtiggtgrABERRPSON R, SUIFTSHEIT iDhatl DA @@ﬁé@ﬁﬂ9§ but can 10
al so bes Ek%b%%dd%%ﬁhgﬁ'ﬂglﬁg §ﬂ¥g§§¥Edug§%é@ %%9%% are indeed

15 highly robust. To the inventors' knowledge, this is the
first cross-institution validation study of this type

reported for breast cancer.

Fourth, by studying the expression profiles of a series of

20 ductal in-situ cancers (ductal carcinoma in situ, or DCIS),
they also found that DCIS tumors express many of the
‘hallmark’ subtype-specific expression signatures
associated with their invasive counterparts. Since DCIS
cancers currently represent the earliest non-invasive

25 malignant lesion detectable by conventional histopathology,
these results suggest that the molecular subtypes defined
in these studies probably arise at a relatively early stage
of tumorigenesis (ie pre-invasive) and represent distinct
biological entities, rather than a single cancer class in

30 different stages of evolution.



technol ogy described in 1). 3) A set of genes (Table 5a) which when used in
conbi nation can predict the Estrogen Receptor status of a confirnmed 15
breast tuwous/oz@npl e. A second set of genes (Tabl e 5b) whipch/GBodn013Sed in
conbi nati on can predict the ERBB2 status of a confirmed breast tunour
sanple. 4) A set of genes (Tabl e 6) which when used in conbination 20 can
be used to predict the "nol ecul ar subtype" of a breast tunour sanple
according to the following 5 categories: Lum nal, Basal, ERBB2,

Nor mal - |Bg¢cd degn @ rERLdAagati m@lggbwlpefﬂamewqu Hioy éqh@od:uemmcabf the present

'nvenF'%ﬂ%ghﬂ%31%%6%%1%§e9§¥ecg§??r, fé%ﬁﬁg gdﬂ%% J%%s glaSSIflcatlon

al gorit namel one-vs-a suppor vector maéhi Res (SVM;
and (2) gﬁyyunu:thalgeabubmiéeﬁ/uﬁxm$nngIeigﬂeénmmhﬂmayeu ienamnt c ( M_HD)

anaIyS| erent sets s are optinmally used depending upon the
type of 512@?19g855| ﬁrangP? %ﬁpﬁ§% ﬁ%ﬂ%g %% nct sets of genes are
deSCflbeﬂhi&ﬁﬂmmca&abneéého§§rﬁlfﬁeNghixﬂégﬂ¥ﬁﬂ%d%gnﬂa@%i&@Q155s 5) A set of
genes (Table 7) which when used in conbination can be used to predict

| um nal subclass in Asian breast cancer patients. The inventors have

det er m ngd & hate ihkeasktt YORUEST Oftﬂ@%rés@ﬂtnqlnve‘ﬁ%r 'o?xt 580qhe asplit” 5
into two distinct subt ypes Lum nal A and Lumi nal are cllnlcally

relevanﬂmwﬁﬁ@a@@@éﬁﬂé ﬁééﬁV|f©érd%ﬂeﬁm¥plm© tihe mh@ﬁ@ﬁ@ﬁeOQreiekably used
af ter tig% AR hgﬁﬁt9888a£9§ng£%% xseqna%. a%q%gicushn nature. This

of course, can bé ieve dlass 18 predictor of Table 6.
THe Llnnspﬂcimltugeueslaredeatsﬁnea$ed Euﬂﬂhanyﬂtﬂen1axpmesssonasegnatures

that are t%&sgnf undSh gh ﬁqg SS|ve néﬁ_Lunl al nour s, ERBB2 and
Basal . TS 8UpSSr £s5FRESEI Phi BaT °1 BT ance =4 eﬁﬁo g Fﬁ@ unnur
subtypecaﬂiéfhe deternlnatlon of specific genesets (genetic identifiers)

allows tissue sanples to be classified (e.g. tunour v nornmal) according to
the expression pattern of those genes in the tissue. For exanple, in the

first 2Grgemet ke rkdenhkthfe (1 UADN: M Y RINL N @i BYRALBHS 2 hRVE
deternlned 10 genes that are usually up-regul ated in tunour
20 genes (a "genetic identifier") which may be used in
combination to predict if an unknown breast tissue sample

is either normal or malignant.

In addition to this first geneset (which can distinguish

20 between tumor and normal breast samples), the inventors
have also determined other genesets which, can be used as
genetic identifiers to classify tumour samples as to
subtype. This is of great importance, not only from a
research standpoint, but also to ensure the most

25 appropriate treatment is provided.

Thus, the inventors have determined the following genesets
which may be used to predict the presence of breast tumour
and/or the class of tumour.

30
1) The geneset provided in Table 2, which when used as a

combination, allows a user to predict if an unknown



cells relative to normal cells and 10 genes that are wusually
down-regulated in tunour cells relative to normal cells. By studying the
expressi owopant®rn of these 25 particul ar genetic identifiPeErgGBoB3/0e755t he
conposite levels of expression products of these genes in a test sanple,
it is possible to classify the sanple as malignant or normal. Thus, the
expression products are able to provide an expression profile or
"fingerprint" that can serve to 30 distinguish between normal and
mal i gnant cebksas? W3 98¢ (5:089Y® RCT/GB08L00755al | prandligwamspect of the
pr esent inveng%gg uihg{ '%IPrOVkQ%%d?c%ﬁkh gcg N glng a nucleic acid
expr essi on Bro i?e orY S uour cel conp |sYng the steps of (a)
i sol ati ng expression products fromsaid breast 5 tunmour cell and a nornal
breast cell; (bh) identifying the expression profile of a pluralit

genes séf ect Bdt W%fl'ascﬂgofggﬁ?)?sbéf?m%e‘lﬁ &?ﬁuﬂbénﬁhlﬂ r PR c}bﬁqg (c)

cenparing thenexpressdbrPicahl hes8fpé hesddirmue i st0ngek bh ansk e nor nal
cell; and (d) determ ning a nucleic acid expression Froflle characteristic

of a breast Pompat awl [turegy Preaphrpbiese cRIglagnosisisigeres9thportant to
obtain an 154 ex’&@f@%fe%éx%‘bqg lieetihad é@fé&%ﬁ%ﬁt BEb%M&s of @, frppur cel |,

i.e. distinct fromthe expression profile of the equivalent nornal cel
The met hod avedndi ag-awmatrg aflilysevaspaete detcdngilney phat Expr esxsiton proflle

of a plurali of n |d nt 'genetic
identifier"” g% aﬂgﬁlghét nn%%fgg?gxu%see3$a§%58 §l£$h2§52p53§5|0n
poofil e of tbesonﬂbvutﬂmﬂzame@a@lbpamg donpposeetiheDyenet ccoddent i fier wil |
differ sligh% é b |nd$ nden sanples. However, the inventors have
25 real i sed tf Pn? %%F CERIN) b?o le of these particular genes that
conprise the genetic identifier when used in conbination provide a
characterlstlc pattern of expression (expression profile) in a tunour cel
that is3/ecofnPSabPy IS dieRtof Poim thift! 7R HEPHal™ cePIRIS-18) creati ng

a nunber of expressiQn RS Ia%%%@&hb&@;%aﬁt is¢ atldepki §i @snfi9@a nunber of
known tunour or normal sanpl es,
15 breast tumour sample A second set of genes (Table 5b)

which when used in combination can predict the ERBB2

status of a confirmed breast tumour sample.

4) A set of genes (Table 6) which when used in combination

20 can be used to predict the "molecular subtype" of a
breast tumour sample according to the following 5
categories: Luminal, Basal, ERBB2, Normal-like, and ER-
negative subtype II. In this embodiment of the present
invention, the inventors have used two different types

25 of classification algorithms, namely, (1) one-vs-all
(OVA) support vector machines (SVM); and (2) genetic
algorithm (GA/maximum likelihood discriminant (MLHD)
analysis. Different sets of genes are optimally used
depending upon the type of classification algorithm

30 used. Thus, distinct sets of genes are described below

for each part.



WO 03/ 070979 PCT/ GB03/ 00755 it is possible to create a library of profiles
for both normal and tunmour sanples. The greater the nunber of expression
profil es,wDhaoem3¢ter it is to create a reliable charactePCIGRIIBAPIEESSI ON
profile standard (i.e. including 5 statistical variation) that can be used
as a control in a diagnostic assay. Thus, a standard profile may be one
that is devised froma plurality of indi vi dual expression profiles and

devised within statistical variation to gresent ei ther the tunour or
normal c®l | pgrofeat ef genghuslaklee 7ﬁeﬂ¢ﬁé§ha¥5 of diFRf tig [APEPEPRELCRspect of

the invention coupe 8g° {ahg? r SRS 195168) gégéfgéygl@wl%%egapfoducts

froma breast 't Urour contacting said expression products with a 15
plurality of dnrmélrngaltmaabms cmmblrere@fcospehaw c@ﬂeyrrfam@d ithdépendent | y

b i g o exBLESS! ghyoducts of BpUSLI Ly, oL 0sce el gt om Tebl

i sol ating expressitod BLeducts afubﬂppaeanmmahaQOA ban&ﬁs:tumeﬂall Dcehialti ng said
expression products with the plurality of binding nber s egll n step

(a), so as tRrerddtacaliBnpatafe seddfid I8P ESSTEH Y dTelrI 8 nor mal

breast cell; 'XC)lsCQ'PIEQEkBQet@@eféﬂaﬁlya'ﬁ@eﬁegﬁﬂéire@Q{HQﬁﬁdd&& g8sprofiles to
determ ne an expression profile characteristic of a breast tunour cell.

The expressi drequr douoes Lur eepr@irasblap RNAINSE" CBNAGTEE - f FBATsai d mRNA.
Al ternatively,et %[r%éprsgﬁlgg PUOMEl: 30169UbH. g AN exprassed pol ypepti de.

I dentification o expression profile i's preferably carried out using
bimdi ng nenerslicapabbé @&bLS@e@J fl".lliml ILylmlldehthWm@m%@r@xpresm on 9 WO

03/ 070979 PCT/ %%0%3?{#0755 groducts of %%S\hd%p%a{%@peb %bggeZ For

exampl e, if tHE BRPrESslht produe difng enbers  will
be nucl ei ¢ acdxkpriehes ﬁagabyea@jr@mmef moaI—Lymlmwbrmdncmmg Eogt he cDNA. 5
Preferably, either the_expression produc the i ndi ngﬁ wi |l be

| abel | ed so tHEHBDiERG R§S8t - t he 1o VBRS 8 ‘?scjc]arhl%ael 880eThe | abel
is preferabl yo£h988Ang the tumour subtype.

15
The determination of specific genesets (genetic
identifiers) allows tissue samples to be classified (e.g.
tumour v normal) according to the expression pattern of
those genes in the tissue. For example, in the first

20 genetic identifier (tumor vs normal) the inventors have
determined 10 genes that are usually up-regulated in tumour
cells relative to normal cells and 10 genes that are
usually down-regulated in tumour cells relative to normal
cells. By studying the expression pattern of these

25 particular genetic identifiers, i.e. the composite levels
of expression products of these genes in a test sample, it
is possible to classify the sample as malignant or normal.
Thus, the expression products are able to provide an
expression profile or "fingerprint" that can serve to

30 distinguish between normal and malignant cells.



so as to be able to detect the relative levels/quantity 10 and/or absol ute
| evel s/quantity of the expressed product so as to determ ne the expression
profil e baeed/oore7e he up- regul ation or down-regul ati on of PCh&GBAGISSdual
genes that conprise the genetic identifiers. In other words, it is
preferable that the binding nenbers are capable of not only 15 detecting
the presence of an expression product but its relative abundance (i.e. the
anount of product available). The determ nation of the nucleic acid

expr essilon apiafristeaspaygtbef conputeriesed ianveniapnbe tbarei €d out within
certain 20Vpre&iousl¥hsgt aranggers, to avqid false positives and false
negat i v&< VTRE Y onPatEP nﬁg theh HE dbIT615r 6 de SERTEXPFe8sion  profil e
st andar ¢reffanacteri at beeabt acngsumml cdireasimpeelslingndhe2btapsabi gnant breast
cell as discussed above, The determ ned expression profiles nay then be
used to classPfy BPEAREINE| SERIECTRRN & 4GS FEPTos24dl PERARE as a way of

diagnositgmoa® FBWS, shA & ssernd dshest Lfiit.he invention, there is provided
an expression profile database conprising a plurality of gene expression

profiles of B&th AeeRhlLAkUg 107 NG :0B/CEIFTI PPOTAER03L08785ur ahl t ynant
br east %%"%n@@eéglégg?geﬁ @93ﬂ§ﬁ§§hﬁc%ﬁg-k%%ﬁ‘tﬂngﬁmgﬁrrgﬁé'evably hel d

on a data carrier. efera e expression profiles naking up the

dat abaseocamelpredliced by the nethod according to the first aspect. 5 Wth
t he knomﬁedggﬁgf thg ggrtic Iarﬁggneth i dent., ier%, it. is gossible to
devi se many hoG8™P3F T4t & hi Hitg IHS™ EXPrasdsi 8h patt BYRSF profile-, of
tte geneslilnaadpanti aukasl ¢e€st; sanple of cells. For exanple, the expressed
nucleic 10 acid (RNA, WRNW% can be isolated fromthe cells using standard
mol ecul ar bi dFdgi E8FSFBRLRARY R SUCHTE rdrés SEBTSRGEPRI BXQET e sequences

correspendi-ag:teikhecgenes nephess Winouh@egenetic identifiers given in
Table 2 can then be anplified using nucleic acid priners specific for the

15 expressed sequences in a FOR If the isolated expressed nucleic acid is

TRNA, ks, ¢RB Be.GOBuEr Ledh 0 HONA 0N s Lhe PERLEeRGtpDM. LD Standard

met hods. The priners may conveniently introduce a |abel into the
arpl i fi edrmeckbépe pepBiseo thwit i ghmyrasdeirdemntcf péda tumour cell,

i.e. distinct from the expression profile of the equivalent
normal cell. The method according to the first aspect
determines the expression profile of a plurality of genes
identified by the inventors to be a "genetic identifier" of

20 breast tumour cells (see Table 2).

The expression profile of the individual genes that
comprise the genetic identifier will differ slightly
between independent samples. However, the inventors have
25 realised that the expression profile of these particular
genes that comprise the genetic identifier when used in
combination provide a characteristic pattern of expression
(expression profile) in a tumour cell that is recognisably
different from that in a normal cell.
30
By creating a number of expression profiles of the genetic

identifier from a number of known tumour or normal samples,



Ideally, the label is able to indicate the relative quantity or proportion
of nucleic acid sequences present after the anplification event, reflecting
t he rel atwoasogqeantity or proportion present in the origi malT/GRSHOBaNDI e.
25 For example, if the label is fluorescent or radioactive, the intensity
of the signal will indicate the relative quantity/proportion or even the
absolute quantity, of the expressed sequences. The relative quantities or
proportions of the expression products of each of the genetic 30
identifﬁér§3Mpb58ébﬂabtbshraaparaibibmwmﬁxﬁiessﬁddeprdbklbothor t he test

sanpl e. L ro ile th known ofi |l e t andard
expr essi %ynmﬁ(rig?‘ F‘eggmg{}L 1ses?bl \é\h%e SUER RS 68F0 976 PET/ GBO3/ 00755
det er m rxpuheatshen phefﬂéss sﬁﬂ@l@aymérfﬂﬁﬂﬂﬂﬂﬂbﬁ&kebteastreUnSBue or

mal i gnant breast .tissue. Alternativel t he expreSS|on pattern or profile
can be éﬁﬁﬁFﬁﬁﬁFﬁé lﬁs?ﬁﬁrﬁ?ﬁﬁﬁ?mf?ﬁﬁgﬁﬁ Fe (3f Shi ABFAYSLDRIt he

expr essisan tpeduet Svatitheogenetd€ ¢hemd fds%rdsaseagcoHEMl ig0grespondi ng
cDNA or expressed pol ypeptide. By labelling either the expression product

or the Bilf@iregtienberart | Bhupossiprandard gendiify mAE Pel appvehgbantities
or propard i@Rss19 et fhe dlgif@f@fﬂ;?rb@“?ﬁ% 1%1u%'1deg< tecqing the expression

profile of the genetic 1dentifiers S way sanple can be
cIaSS|fm@@faéeﬁoﬁnéld@Vlﬁ@ﬂl@ﬂ%ﬂﬁntﬁkaﬁmﬁﬁmqaéowamﬂatuhe erpression profile

Wi th known DLofi! 65,01, sLandaLds, Jhe blndi ng egbers, may be conpl ementary

nucl ei c SEQ Gences or Sp eci fic antib croarray assays using
sich bi ndi ng nenbers are dlscussed in nDre detall below. In a third aspect

of the esen inventign, there is i a_method for determning the
presenc QE 8?9%?§a§?cﬁfﬂ%ﬁﬁuﬁ§)ﬁﬁ? ﬁﬁ%ﬁ @ﬁPeEgnﬁ gpﬁg the steps of
(a) obtamw@ﬂglaxpeeﬁpkgge@rgﬁycgﬁeﬁgwyﬁ breast tissue ceIIs obtained froma

patient suspected, of having or risk of having breast cancer; (b)
contacting sdPd expPedkiny %%R%ﬁﬁﬁ%?ﬂmﬁq?Q%%§Soﬁrﬁﬁré bysapfndi ng menber s

Capab'et%%o@%t@6&&ngc&ﬁ@aé%fﬁﬁ”@éﬁ&ﬁeéy}eé%&%he§§baﬂc95OQHEB gorrespondi ng
to one or nore genes identified in Table 2; and (c) determning the

Prlesenc@lorafdisk of biedbndy ceetesrs rrarsdile pat sercibasedlvnandie bi ndi ng
profl | € 18eLURABKPE §951 08 ng O & QRO R:bARREEBS ot L3R £ [ S Lo the

one oOr
of genes selected from Table 2, so as to create a first

expression profile of a tumour cell;
(b) isolating expression products from a normal
20 breast cell; contacting said expression products with the
plurality of binding members used in step (a), so as to
create a comparable second expression profile of a normal
breast cell;
(c) comparing the first and second expression
25 profiles to determine an expression profile characteristic

of a breast tumour cell.

The expression products are preferably mRNA, or cDNA made
from said mRNA. Alternatively, the expression product

30 could be an expressed polypeptide. Identification of the
expression profile is preferably carried out using binding

members capable of specifically identifying the expression



bi ndi ng nmenbers. 12 WO 03/ 070979 PCT/ GB03/ 00755 The patient is preferably
a wonman of Asian descent, e.g. ethnic Chinese descent. The step of

det er m niwW@ 0Bloe09py esence or risk of breast cancer 5 may PETEEBBI0eHS0oUt by
a conputer which is able to conpare the binding profile of the expression
products fromthe breast tissue cells under test wth a database of other
previously obtained profiles and/or a previously determ ned "standard"
profile which is characteristic of the presence or risk of 10 the tunour.
The conpubencimay olfegpnegr aaemedi ficed eporitaktllee 2 .st &birstkemplsj mifarity
betweent he profile underdtest and Hgg% t andard grgtiles so that a

di agnosi enﬁgpﬁssﬁéaa.P%@ Rert i Dried AbbvE et FESpPEEERPYi RFLREET s have
identifiwedl b2 seveeat kKeydgensseswighhaverasgetigient 1¢xpression pattern
in tunour cells as opposed to normal cells of the breast. Collectively,

t hese gEHEEiddRpRPsECathgefeic identifier'. The inventors have shown (see
bel ow) that the conbinatorial expression pattern of the genes belonging to
the "genetic 20 identifier" serves to distinguish between nornmal and tunour
cells. Pmeferbploet ecthey the expreassicon praduetnost thhebigdheyic identifier
N a breashobl 8346 SaTPLEs: idalS B8ty Bredhet (e state of the cell
(normal or malignant) and ether that patient has or 1s at risk of

devel opicegpbneast c2b kbanderectiyb. geles ltahatl denpriserthéygenet¢c
identifier are given in _ Table 2. There .are 20.genes ,sho 10 of which are
commonl Y0 ARGRFy PxBPbssd THEIThOUR CaS 78 A 9es( SURBFH&Y ool 15 and 30
1® of whineihl ceoameBl VMt havevsesr@agad BXpresscorxpiecbygBUprogett sssel ative to
nornmal cells. The differential expression K of_ the genes was determ ned

g
usi ng t @FolP BRGFEMERS and noFivet S =109 WE V36769769 PEH EBB3FB0755 ti ssue

bi opsi eseqBY ad8bachbingohiferd QyvRisi o SXpresshanvRreductsnet these genes in
a test sanple, it is possible to classify the cells as normal or malignant
based of°fR&1sexressrBatbf ot ¢t Pricdifced, I c8heanvPREFeask ®F decrease in

5 their exprLesghancnfel fhd Viei 18 iy HAardard pat LeLALPE BEChLL EsnBgen in
nor mal gélls. Thus, I'n a further ‘aspect of the invention, there s provided
a et hodedtcgliagsichyi pyesesedpte af duresstsivnspyedastnbrpaits

relative abundance {(i.e. the amount of product available).

The ‘determination of the nucleic acid expression profile
may be computerised and may be carried out within certain
20 previously set parameters, to avolid false positives and

false negatives.

The computer may then be able to provide an expression
profile standard characteristic of a normal breast cell and

25 a malignant breast cell as discussed above. The determined
expression profiles may then be used to classify breast
tissue samples as normal or malignant as a way of

diagnosis.

30 Thus, in a second aspect of the invention, there is
provided an expression profile database comprising a

plurality of gene expression profiles of both normal and

10



10 or malignant, said nethod conprising the steps of a) obtaining
expression products fromthe cells of the breast tissue sanple; b)

cont act i ngogaiotexpr essi on products with a plurality of RCAdiBIg/omssbers
capabl e of specifically binding 15 to the expression products of a
plurality of genes selected from Table 2; and c) classifying the sanple as
normal or malignant based on the binding profile of the expression
products fromthe sanple and the binding nenbers. 20 The sanpl e of breast
ti ssue i Sprghendbbyeppbnral Wwmirend thisigamedescenselecgedefhmic Chi nese
descent . 18%10e0r Go 08 BXPY S8 SLPrOUUG!, MBY e A tpanseriped 25 nucteic
aci d sequence or the expressed pol ypeptide. e - transcri bed tleic acid
sequence tmey caxprRNAion pRNAL Ldhenalexpr egsittre pladbetenayeapsodies < DNA

produced. fr sai d,. MRNA.  The bindi ng nenber may a conpl enentary nucl ei c
aci d seqlf n25238e%39ghaF§°E%ﬁﬁ%“§’&%“%ggﬁﬁﬁi€§PF§tbinding to the
transcri bed nucleic acid under suitable hybridisation conditions.

Typical Iy, cDNA or oligonucleotide sequences are used. 14 WO 03/070979
PCT/ @03%@6?5@11%#8%1%%6 Xpr @ ikAT Prddedt desethe édpresseerprotein, the
bi ndi ng memher ;i3 sPHek ef &hyy Aft A PR Ss %&eagtém;@ﬂ@%l%@g an

anti body bi ndi ng donmin, specific for said 5 expressed polypeptide. The

bi ndi ng FERBEEsSARy betlabel ¢ed fofl ldetadcttihen gpueposesa psihgcstandar d

procedur eg<knqunohn bhecafts. ALTNALIME Y onol e RXRLESSH AN, PrOduUCt s MRy be
| abel l ed follow ng isolation 10 from the 'sanpl e Onder “test. preferred
mé&ns of adetledRNan mREAuUstay e filudreescefiromabek whith cainde detected by a

i onal 11 S5 Ear i SRREHLL ey TRty etdr 2oy LEE FHEE5e4d r obes, a

"capt ur enpeobet whighségudiesd eddeaidagiingndoathd gehgnabhbergs pyobe” which
is attachﬁd to a solid sq&éfce whi ch doubl es as an el ectrode surface. Both
probes f A€t PERSESC bAFRT g SEhiser @ g0t HéPegpreSafohtprddtict . When bi ndi ng

occurs, hephipiebessahg RIOUGH 440 iase sPLPXimkiy ¥okh.peach ot her
resulting in the creation of an electrical signal 20 which can be
détect ed SXRECEF8EUESRECHBDOVELD tthe W -ndiftnghveAbetstadyepressed

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

20 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.

25 For example, if the label is fluorescent or radiocactive,
the intensity of the signal will indicate the relative
quantity/proportion or even the absolute quantity, of the
expressed sequences. The relative quantities or proportions
of the expression products of each of the genetic

30 identifiers will establish a particular expression profile
for the test sample. By comparing this profile with known

profiles or standard expression profiles, it is possible to

11



ol i gonucl eotide priners for use in a PCR (e.g. multi-plexed PCR) to
specifically anplify the nunber of expressed products 25 of the genetic

i dentifi ewe.030h®7pr oducts woul d then be analysed on a gelPCTHERO3WETSS
preferably, the binding menber 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 theminto contact wwth the 30 bi ndi ng
menber. The solid support nay be a glass surface, e.g. a mcroscope slide;
beads (lkgmx)miae twhbreeopthestedin sdupd eccame dicobeadspatabhebsindi ng nenber
may be fixed to an i? V[)03é070979,PCT/GBOS/OO?SS i ndi vi dual bead and they
are thert'G6HEaltel2m FR2PhePESPT essiBiSr oducts in sol ution. Various

met hods exist in the art for determ ning expression 5 profiles for
particul ar gene sets and these can be applied to the present invention.
For exadplternp&agehsselnapprpaeheon MahHertornbreéilgr charbodes

(Syrronggke§h§néao in&eﬁbﬂﬁgﬂfﬁmeﬂﬂéﬂ§“€§5a%Q§e§f %Qﬁ@iH@ng&ngh@enber is

attache to a bead or ""bar-code” that is individually readable and 10
free-f| eapiregst.oneasedvohsacf Wi¢ loarvd iex pdessiidaeprodacts. m"RNAde bi ndi ng of

t he bi nding nenbers t e _expressio r . (targe i s;achieved in
soIutioﬁ?r%FFBinﬁﬁgthﬁg gg%@%aﬁﬁﬁadgx%g%%gi}g%deégaé%gﬁggée t hrough a
devi ce (eetgerathkeowspeytsiehepyodunt reeadthel biAdfiugt hembknown net hod of

determ ni ng ,expressi.qon profiles is i.nstrunentation devel oped. by I'llum na,
nael y. PraAB BpEpeddonPh Y hHES chSkat R B R hE oo Pe G Tak hed o a
speci fi o taddegssesat ohhgreddced and ideraphiec teabkeprBsndbng of the 20
expressi on product to the binding nenber may induce a f|uorescent change
whi ch | #TPéddgbPE bcadaeofée S Gttter Thefl16f "EHe tRPOFRIDPT i ¢ cabl e.

The present pnyentak $1h8aVes SHELESSTA Inaiusednd BYCLepaattdn #6 M croarray
conprising a plurality of nucleic acid sequences fixed to a solid support.
By passithg meeireissiqei areéglences) upmesaetfiidgserpr 6538d2gehes e. g. cDNA
over th I croarray I Ladi ng;profile
charactgpg;gﬁgééﬁg ?ﬁgggg%r%%%ﬁgﬁq%%%g%g%?%gkgn??ﬁgggg ggfﬁs and nor mal
cel | s 3Gedureinced broppbréast dnsshelicks WOA3LGT7E978sPETSFBOBED0755

such binding members are discussed in more detail below.

In a third aspect of the present invention, there is provided
a method for determining the presence or risk of breast
20 cancer in a patient comprising the steps of
(a) obtaining expression products from breast tissue
cells obtained from a patient suspected of having or at risk
of having breast cancer;
(b) contacting said expression products with one or more
25 binding members capable of detecting the presence of an
expression product corresponding to one or more genes
identified in Table 2; and
(c) determining the presence or risk of breast cancer in
said patient based on the binding profile of the expression
30 products from the breast tissue cells to the one or more

binding members.

12



The present invention further provides a nucleic acid mcroarray for
classifying a breast tissue sanple as malignant or normal conprising a

sol id supwori/ohwesi ng a plurality of nucleic acid sequen®eET/GEBAioa7sauc! ei ¢
acid 5 sequences being capable of specifically binding to expression
products of one or nore genes identified in Table 2. The «classification of
the sanple will lead to the diagnosis of breast cancer in a patient.
Preferably the solid support wll house nucleic acid sequences being
capabl e Tofe ratipetiis catdferaid vi adepeadent |As llmdiesgend, egpgessi on products

of at |east. . . referably, at |east 10 genes or at |east 15
genes i ghrP?ﬁggggﬁsﬁéggé?%it'ln a nost preferred enbodinent, the solid

support will house nucleic acid sequences being capable of specifically

and ind%ggpd%nt#§ 15 binding to _expression products of all 20 genes
i denti fie§ iPrePTAbI € E Iy piNdalty, PREGRte s thyt SfuCifePECAEF d°¥&fifences,

ussial |y iziNRe ehrplégoiucheotd despudte fhxad enteivery sBBbhre dirgcrete 20
areas or spots of a solid support. The solid support is often a

m cr oscopingligraBsoEi te < eameprancien | perdudsatieen whehbreatbstrate (or
chips). cieJauebeis afd seaienies arg.cdeldyeied bar BELpLSdly, usually by

a robotic system onto the coated solid support an en 1 mobi lized or
fixed t ettlkdn28 suppbres dAnd/@rpeepeeriduskhotiteemtnethésexpdass] on products

derived_ fr t he. e.are | I , Lvnpicall ing_a_fluorescent
| abel , gﬁgfggénugﬁﬁ$g§ éﬁéﬁ¥¥ﬁ%?§8%?%n%%i f%gﬁéﬁﬁgﬁgi%rag%%géﬁgsequences.
Fdl | ow ndpehytbmnbdi zat Tion, cdripertelruangsbent romrdcercsl tar eedetectiesd usi ng a

det ector, such,as. a high resol ution aser scanner. In an alternative
et o S el o Y e b3 7 P Taas 07965 Tarbatit Shebul 4 be
t agged wWttahdarfoprdf U Lseerthatkabeliagndsis 8t b mAfiker hybridisation, the

mcroarray could then be “stained" with a fluorescent dye that binds/bonds
to the first non-fluorescent |abel (e.g. fluorescently labelled 5

strepavigdi RenWhbedy i T arli gtibBlnt AINAING PLOL hB-hPdEpai ng & pattern
of gene expression (expression pattern or profile) is obtained by
arfal ysi sgvieel seyrggnaarivitied haum eadhi Gisorterrepspesiant padignnt al i nagi ng
10 sof t war ¢, Ihe Qé‘f,i]ser% %fpgg;%rel% %pﬁ&[ﬁé onah <t he expeploeqtal  sanple can
t hen be conpared with that a contro I.e. an

Collectively, these genes comprise a ‘genetic identifier’.

The inventors have shown (see below) that the combinatorial

expression pattern of the genes belonging to the “genetic
20 identifier” serves to distinguish between normal and tumour

cells. Thus, by detecting the expression pattern of the

genetic identifier in a breast tissue sample, it is possible

to predict the state of the cell (normal or malignant) and

whether that patient has or is at risk of developing breast

25 cancer.

The genes that comprise the genetic identifier are given in
Table 2. There are 20 genes shown, 10 of which are commonly
highly expressed in tumour cells relative to normal cells and
30 10 of which commonly have decreased expression in tumour
cells relative to normal cells. The differential expression

of the genes was determined using tumour biopsies and normal

13



expression profile froma normal tissue sanple) for differential analysis.
15 As nentioned above, the control or standard, nay be one or nore

expr essi owompsofiores previously judged to be characteri stiPCT&BOOTSAl oOr
mal i gnant cells. These one or nore expression profiles may be retrievabl e
stored on a data carrier as part of a database. This is discussed above.
20 However, it is also possible to introduce a control into the assay
procedure. In other words, the test sanple may be "spiked" with one or
more "syatbeati bibpsDey . By desyBthedi the Noyvals' oEXpresssOo®r oduct s whi ch
can act as controls to be conpared with the expression | evels of the

genet i cP38APEERL PFi EISS 9PRE £Bs SaFipI BINGst 1hi ¢7 oBPFaYRItE i ze eit her

one or twaskhegrephaies.s B notR1 COF A1 BfHA¥Sbatkbg HRStheomonly used
fl uorophores are Cy3 (green channel excitation) and Cy5 (red channel 30

exci t at iRy esFhen abf eitleoPredEcaficr bad r &P iimsgeaanabysiiecrease drext r act

hybr i di Lan_.si r b .expressi r F or arrays,
fanal s Bre maRty i e 16100 031 Db 70 Rer eE5 06785 . dbeel e

i nt ensi tees fornarmpvereltlar.get (essentially for arrays hybridized to a
single sanple). For two-colour arrays, signals are neasured as ratios of
two expression products, (e.g. sanple and control (controls are otherw se

known aghasb5 irefefienae’r) hspeth dfffies entvdiltuoneserste | abead sovithel
nicroarra% in accordance wi.th the gresent i nvention greferably conprises a
pl ur al i By"BFP a7 stF et ISV NTedchAERER Ol STEASHI Ay B ¥F HHUPEL

aloi gonuglk-ephi dgsa@nd LRACHmeRAbA 10ohSRT £SRNtHRY s@egdsfberent bi ndi ng member
for an expression groduct of a gene selected fromTable 2. In a preferred

enbodi nent, Bhe nPREVERFEY SKPFESESAR AP FOPO- s dre™f sheegehldfof tHee 20 genes

provided Lnsfapl &% £RgHespot Will conprise a plurality of identical
ol i gonucl eoti des each capabl e of 15 binding to an expression product, e.g.

MRNA or cDNAD)of thetageing ekiflabkpression puowwcsgsentthga In a still
further f .ese i ntio t LS. -proyvjded a kit for
cIassif??ﬁgggigféﬁép%fgégﬁéaégﬁg¥% éé?%h}ehgﬁggPeg%f%%??%ﬂgﬁ?fﬁﬁﬁﬁ d kit
dénpri sitngtbaeempravyionbipmdingt s nefriernsl wapdbleobf gspeci délcadtded binding to
an expr ssiogﬁgféqugﬁmpf one or nore genes identified in Table 2, and a

det ect i 6h°Te

c) classifying the sample as normal or malignant based
on the binding profile of the expression products from the
sample and the binding members.

20
The sample of breast tissue is preferably from a woman of

Asian descent, e.g. ethnic Chinese descent.

As before, the expression product may be a transcribed
25 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 binding member may a complementary nucleic acid sequence
30 which is capable of specifically binding to the transcribed
nucleic acid under suitable hybridisation conditions.

Typically, cDNA or oligonucleotide sequences are used.

14



25 Preferably, the one or nore binding nenbers (antibody binding domains
or nucleic acid sequences e.g. oligonucleotides) in the kit are fixed to
one or noOWe 8ori9d supports e.g. a single support for m cPCAIGCRIP/OOTSS
fibre-optic assays, or nmultiple supports such as beads. The detection
means is preferably a 30 | abel (radioactive or dye, e.g. fluorescent) for

| abel ling the expression products of the sanple under test. The kit 19 WO
03/ 070979 PCT/ GB03/00755 may al so conprise neans for detecting and

anal ysing the binding profile of the expressi on products under test.

Al t er natj,v prkah L.ndi rs capabl e of
bi ndi ng @ho%%gh%x%rxggglg%%g%ro uct ﬁg gg tgg%%gﬁ?t]ﬁﬁee Eh abl e 2 such
t hat théwxmanmbﬁ@@bpklﬂse@refemabuyjan Ehelpodﬂﬁrsrrmqidbmﬂ@her conpri se
detection Jreans, i t%ﬂﬁ%% 4&5 be used to. q%jf tge anplified
sequences™ ™ éﬁﬁlpﬁéﬁp aBon %ﬂg 8UE 41 bt FRTC ifi'ed®s8quences. 10
The kit dmyrads30 eenppesei@ne or nore standard expression profiles
retrievably held on a data carrier for conmparison wth expression profiles
of a test sanple. The one or nore standard expression profiles may be
producedriacanndiing hember the, fdd sltaba.»a@@at f9£ &é’*@e@&%’?ﬁ%rb%@g“ on. The
present invention further provides a method of diagnosing the presence or
ri sk of Wriduststeadess pProacdyas émovsf 1psthn descentAlisgingtisehvd

conpri si n hSS e sion
products r%%%g%%glghngfg?ﬁgﬁig%P{%%bgggégﬂgép?%%%ﬁ%%k%?%ggégggﬁcontact|ng
sH0 d | abetdredhex prepdtonnggodiestts WAt hrafeptemaheatrys off bllerudi:hgomrenber s

representln .a Iur I|t of nes.s Iect d f et.er m ni ng
encugS 51r9p centzl 20 %l E OE -l;t %éfsédgo%h

the pres rls breast cancer sal

bi ndi ng mﬁm‘n |l e (Aﬂt&&hdti@é)&ﬁela&(k o@(plreesst@@n pimdwdé e&@dttrli]éabl nd| ng
nmenbers. E]e br east tlssu%éi ane be obtai ned as excisional breast
b|0p5|e§”§FET &neelPt TP ded 2 HONPr 857 0707 BCPHEBEB/ BBT55 Agai n,

the expra&sigidpRisQduCt sapiier fdfcabhy i BRNAs 0f r &ONA fl@ra@.dbl??dazfuﬂ o sai d
MRNA. The bi nding nenbers are preferably oligonucleotides fixed to one or
mbt e sol'ighonalling probe" which is attached td a solid surface which

doubles as an electrode surface. Both probes function as

binding members to the expression product. When binding

occurs, both probes are brought into close proximity with

each other resulting in the creation of an electrical signal

20 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

25 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

30 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

15



supports in the formof a mcroarray or beads (see above). 5 The binding
profile is preferably anal ysed by a detector capable of detecting the | abel
used to IabaB/orise expressi on products. The determ nati onPefl/GBug/opTs&€sence
or risk of breast cancer can be nmade by conparing the binding profile of
the sanple with that of a control e.g. standard 10 expression profiles. In
all of the aspects described above, it is preferred to use binding nenbers
capabl e of specifically binding (and, in the case of nucleic acid priners,
ampl i fying)ivexpaessEen & PRAUGHS ehedl dordhGenetiien deptifiers. This is
because the expression levels of all 20 genes make up the expression
profi | e Spacispiienf BECEHet Telll $alngépPntest. The classification of the
expression profile is nore reliable the greater nunber of gene expression
| evel s tested. Thus, 20 preferably expression |evels of nore than 5 genes
sel ect edarfioom Tabhed? existasisessedarnofer prefamdbing wopeeshbon 10, even

e preferably, .nore_than 15 and npst preferably all. 20 nes.. 25 The
g%eti C p|r(§°efa |e¥i 5Pr(%ﬁtfle0%arn§r?tnleoﬁ%%dsa %%/gtqessgﬁgﬁ ibgufagg%/e suTiOt abl e for
spott ed wNpraseheal haynt i@Chnoloegyxuher €, theadreisear kayrbached her sim | ar
t echnol ogy) has been created specifically for this purpose. However, the
pr esent &ﬁ@@ﬁtBFSmHéﬁéuﬁﬁﬁﬁﬁﬁTéFﬁﬁst %Tt%ﬁ¥“§oaﬁfé§5ﬁﬁ i nventi on may be
nodi fi ed@ntibabsCoONEBreiadd aswai babh e genachinRsaRy iBeatsgehed at her than
going to the trouble of creating one specifically containing the genes 21

WD 03/ 070979 PPET/ BBO3PROTEBIS | déati 1F ethd+7 Tl e 2 ropfpRIeh#adin mnd, the
I fyent ors.naveLdenti £4ed & T#fnttlage gepetite identdddieh Cfahhécoa or  Sb)

whi ch, although it may be utilized using mcroarray technology described
above, iTheminindisg bé tsediowliBocoameers atd yrhey aixpaisise igeneeddpsss e. g.

Af fymetr]| : hi Thus, as f. the,.in L on descri bed
above WaEgggéggﬁbégﬁggg}%iFénﬁL §§%HEE§%é %ﬁ%%%e 36%1$£flég§%é%r 4b i nstead
10 of thetadaf oTabke-2odmd dre addistdonhtdhese aralehiecudedgonaefider on

connercia%]§ﬁgvaglable ge echi ps such as Affymetrix UL33A CGenechips, or
usi ng mMATCHFEEY )t 88AnbTYYy  descri bed above. 15 The present inventors have
also identified a further set of

A further known method of determining expression profiles 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
20 expression product to the binding member may induce a
fluorescent change which is readable by a device at the other

end of the fibre-optic cable.

The present inventors have successfully used a nucleic acid
25 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 cells and normal cells

30 derived from breast tissue.
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genes (Table 5a) which nmay be used to classify a breast tunmour on the
basis of the Estrogen Receptor (ER) status. This is clinically inportant
as ER+ t uwouws®7®an be treated w th hornonal therapies (ePgI/GRgbxissen) and
ER tumours are 20 typically nore aggressive and refractory to treatnent.

Li kewi se, the present inventors have also identified a further set of
genes (Table 5b) which may be used to classify a breast tunour on the
basis of the ERBB2+ status. 25 Knowi nhg the ERBB2+ status of a breast tunour
i s al so Tlhd i piecenity inmpot { amt fast HeRBB2oviidapus snarletoypicdal |y hi ghly

aggr essin}{ec aondr carr%é a Fgor 'f,llfi ni cal. _prognopsis. ERBB2+ tunors are al so
candi dat®sCF S e dt oAt W T hY HitF e ier‘?s?a 15%‘1]1?isiad‘§ﬁceerasdrug). 30 The
geneset snProgriad ornndakh eschapaingd rhp awebe i desesponetho i ngener at i ng

expression profiles for_a set of breast 22 WO 03/070979 PCT/ GB03/ 00755
tumour SIS WYsiPhgRAFEGHBI3TIE IESBANCERech? 3. NUS kG @si6f stati sti cal

al gori t w@qw@{c%suggsﬂ;ngocéls@@ié fye apet roka1 genes,dhay t\wre%pqgééﬁ§ﬁnt rally
expressed in ER+ vs ER- sanples as well as BB2+ vs ERBB2- sanpl es.
Accor di iisduE & I9E presentMorE erfiriern idgnthétepriovitdsleg@nes&hs whi ch may

be used (| t ' i fyi br t s..accarding. to.ER and ERBB2
st at us. %ués’g%%l%qgl%rg :?E%s%deng%eof'ﬁtﬁzel%ggggitt}%nvoérﬁ%%ng%,lst ﬁgre 10 is
provi dedozearst hedcet thasspdyierny.a Predstablyoiire sddar dupgote its ER

and/ or ERBB2 .status c rising. a) obtaining expression products fromthe
t unour %131%1 Joygy 88%?%&%%1‘25%2%%%55?6 gp‘?%?ﬁ?%tes C\% th a 15 plurality
010 bi ndi ¢1g= gregileens ycapabl ed@dersRenilii ®ahliyng bt hdisfe-ds@ ithe pesanessi on
products of a plurali tg%of genes sel ected from Table 5; and c) classifying

p
the tundth delitash PhEeRaSi SUte BReTgRaPoY ERBEE &tatlds I6888d°BEt he

bi ndi ng 10fd e ebnthei g0 exIEssi eappeoguct &, f4 omdhe saaplegand the
bi nding nenbers. As with the first asEect of the present invention, the

pl ur al i TR nghFrefdErS WRPFterdLabhyusridhEilelacipgid25 sequences and
mor e pr efenablotsniel gl coachih setuepees i bxetl thd slddnsuneeyt. for

exanpl e as a nucl eic aci

15 binding to expression products of all 20 genes identified in

Table 2.

Typically, high density nucleic acid sequences, usually cDNA
or oligonucleotides, are fixed onto very small, discrete

20 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

25 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
30 sequences. Following hybridization, the fluorescent markers
are detected using a detector, such as a high resolution

laser scanner. In an alternative method, the expression
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m croarray. The nucleic acid sequences may be oligonucl eotide probes or
cDNA sequences. 30 The tunour cell may be classified according to its ER
and/ or ERBB23mt@rus on the basis of the expression of thePCgmres/odentified
in Table 5. Table 5 identifies each gene 23 WO 03/070979 PCT/ GB03/ 00755

as either being upregulated (+) or down regulated (-) in an ER+ or ERBB2+
tunour. Wth this information, it is possible to determ ne whether the
breast tunour cell under test is ER or ER+ and/or ERBB2+ or ERBB2-. 5 As

with al lpraspeesscehllnge HRgREL wiBMeAt hom. f te dRlcunal i kel Ofe genes sel ected
fron1the det erm ned genesets (Tables 2-7 wth the exce tion of Table 6b)

may var PLotiget daFCRUNBEILALSREiPE, pElE SRkBTR NG YUSEUAE FREBIOS genes, nore
preferably ahod0 {888t 10 .068083 LR Qgge{héﬁ)ﬂﬁﬂa YooHhst Pg Lfwention. O

course, the known m croarray and genechip technologies a Iom1 | ar ge nunbers
of bindﬁﬁgsﬁenber§l@@w¢ﬁﬂqnhIlabe@ (Ther ef orasescehé Lpot ebpikédrred net hod

waul d b%thg ﬂ@gdghnd%ﬁﬁgg%ggﬁﬁeaorgg eh:lng all of the genes in each

geneset Wever person appreciate that a proportion
of these genes nmay be omtted and the nethod still carried out in a

reliabl nd stati st | 1.y accurate fashion n nost cases,, it would be
prefera%l pgipgeP 5?%H? gFEgr%pP%Eﬁﬁﬁ3rﬂf gghe| BXRECTVHBN 80% or 90% of

t he gene(%xpme@a@bnrp&p@:ﬁn e ;Qog@mgseis dit A nfeldr bpean%ﬁ@ﬁ{g afhd he
invention, there is provided a nethod of classifying a breast tunour cel

as to i 5 9IPAB| BREF BRd SR SECRofHFFERHY TP Ta)vidbt ditBf Ayl ekfFEs on product s
from thedppur, cehd spat@erﬁoekagéhggeﬁégsqw %%S'cHQ PLOdUCEs, it h a

plurality of binding renbers capable of specifically binding to the
expr essisgarpeodatt sheit ke glooparedywbth gerds ofekecrriroB0( ire}ma‘rabl e 6; and

oh The BIRACRG BroT 1o o1 ‘TR Barve 08 0700 LM ehos 00765 expt ession

pr oduct slifffemeth&at varmirysdel.| and the binding nenbers.

15 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.

20 However, it is also possible to introduce a control into the
assay procedure. In other words, the test sample may be
"spiked" 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

25 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

30 excitation). The object of the microarray image analysis is
to extract hybridization signals from each expression

product. For one-color arrays, signals are measured as
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The nol ecul ar subtypes are preferably Lum nal, ERBB2, 5 Basal, ER-type |
and Normal /normal |ike. These sub-types are defined in the follow ng text.
I n practiwe,03bh®7expression profile of the tunmour sanpl e PaT/GBY3OIESSI fied
is determ ned using the genesets described in 10 Table 6 (Table 6a or 6b
depends on the type of classification algorithmused). Secondly, the
expression profile would be conpared to a database of "references”
(control profiles, where each "reference” (control) profiles, where each
"r ef er engetolpricf ilndepoi kbspohas & gitviee tBryavefagednttimidyr fbel onging to
that particul ar l.eculgr, type. l.n this.case, rather than just having

nor mal afd 2% i lljgr%,l%(%rze R Oa%dsﬁi?l,e tsﬁlglp'l?gf e?%rncewo_pcroc}ﬁ eérﬁfw’

corr esposichriza  iave destiuned ssibtaies. oFhiwd, ehyréisd igh drosuctapl e
classification algorithm the unknown tumour 20 sanple can be assigned to
the spect$i% §ﬁ%¥§6eaP8rcﬂﬁFE99 {8 tERPPe8EF oNE R B 9% HPHEs 28 food

reper ence-didchhce Vel erh hei pFarald tey uekebbagt nohernpers are sel ected as
bei ng capabl e of binding to the' expression products of a 25 plurality of

genes from Tabl e 6a, the nunber of binding nenbers used will govern the

reliabi iy nﬂfcrbﬁ%rggzﬁré J% co i dIRle WAL Sthjezpjrésél% ERGES8LY tO use

bi ndi ng nmenbers cap specifically and 1 ndependently to all genes
i dentifimckigrabdyl eoBaribes & helumsle thi ndi Ags rewtberspaisedeadd shet bet t er

the test. Therefar by plurality it ks nt ef erably at | east 50%

nor e pré?gpé%fﬁﬁgt%Pgaéf 9%@5&#&9°£€C%Efg§$%%0§§§‘ﬁE%?é€é§/00755 even nore
pief er abtepratsdnedaty 9086 dfetdre: gameld ngsmembét ofted arakeyeeskboa still

further aspect of the inventio ere i rovi ded a nethgd of further

ion, t s. 5p
sub- cl ag¥i$Ghg °F Br 858¢ St F&PM 288 ther Yurf RACTRTERFYI uni nal D
subtype ergkiesiNgtay Qbé2biNY eXpnesshofiRrodugis o rem thentsour
cells; 10 (b contacting,said,eﬁg{ession groducts with a plurality of
bi ndi ng Hﬁ%ﬁ%}geééﬁaBF%Vb@e%pgbi gl Py BRI $iPt 07ittHe ceRPEESRi DN product s

of a pl yalddif t9f ogengsneetectsd Jonarn dapliged caid Lhphasskfying the
tumour cell with regard to its 5 nol ecul ar subtype based on the binding
pi@file fndigy to an expression product, e.g. mRNA or cDNA, of the

gene of Table 2 it is representing.

In a still further aspect of the present invention, there is
provided a kit for classifying a breast tissue sample as

20 normal or malignant, said kit comprising one or more binding
members capable of specifically binding to an expression
product of one or more genes identified in Table 2, and a

detection means.

25 Preferably, the 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

30 label (radicactive or dye, e.g. fluorescent) for labelling

the expression products of the sample under test. The kit
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expression products fromthe tumour cell and the binding nmenbers.
Preferably, the nmethod is carried out on expression 20 products obtained
froma brwessoreemour cell which has already been cl assifiped/@®3/0b1581 nal ",
e.g. using the genetic identifier of Table 6a or 6b. Wth regard to the
geneset provided in Table 6b, it is 25 preferable that all of the genes in
the geneset are used for classification. The reduction in the nunber of
genes w il take away the likelihood of a reliable result. This is because
this genesetaliss sehpeied msamyg fidie dgeneting alwgbdrdridimsdppr aaeh. 30 The

i nventors, have provi ded unber of genetic identifjers Tables 2 to 7)

wht oh odn BB s oL oL bl SHRIFGI8 WESOH 67 OB IPERAEB03/ 00755

predict risk of breast cancer and, further, can be used to classify the
type of breast cancer, particularly for wonen of Asian descent. 5 The

provi si drttefrneféyeljentlhs infkiitd fieabsral Navsle dikgresdtide pPedmerse. g.

nucl ei ¢ i 1 CI-0 t g 254, redi.ct., diagnose
olr%:subt y%a?a%tllr?n%l%r giﬁ%%?% h%r ?&seu%lﬁ%gri%ggggggﬁi)c to%ﬁ%gq}nfggh%e%g}slg% in

conj unctidzmbdifiiledaicofputer2 whiath thetptbegy amaredd ekl idéedr rne t he
expression, pratil ¢ opLal ned, using theo, 0l AgNOsticC Logl e g. figroarray)
and conpar€ it 'to a st andar expr esston pré?f?e chafact'stistfc of normal
vV tunourasrid/ ehapotes wbarusitbtiypeasiedependiing aoupltitfe edparetjuentas genetic

identifi d. | doi .. the 1 t 19 id th .
W en R AR s e B aphes i EiRl SR e ot e

tupour in a patient, but at the sane tinme, the conputer obtains a further

expression profile by which to determine the "standard " expression
profil e Bifd ¢ &4 apdat EOTPEL IO P M Fase2PARFS, SEREcSAveRt i on al | ows,

for the Jidstdd PRer3Roshali Ret & Pl 10341y Tort @ohgagadsncont ai ni ng

probes corresponding to the genesets identified in Tables 2 to 7. 25 The
exact phiditcgxrsesgecnr erofithe af raytemly ssamleand Theapge Prompre

i t . T . | S ot
ol | gonual eat4e Ruabes, bhaghers 10s idy ol TR RRbhdsBbsbrate to
15 the first aspect of the present invention.

The present invention further provides a method of
diagnosing the presence or risk of breast cancer in a
patient of Asian descent, said method comprising
20 obtaining a breast tissue sample;
isolating expression products from said sample;
labelling said expression products;
contacting said labelled expression products with a
plurality of binding members representing a plurality of
25 genes selected from Table 2;
determining the presence or risk of breast cancer in
said patient, based on the binding profile of said labelled

expression products and the binding members.

30 The breast tissue sample may be obtained as excisional

breast biopsies or fine-needle aspirates.
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have been individually "tagged" with a unique |abel, e.g. "bar code". 30 A
dat abase corresponding to the various biological classifications (e.g.

nor mal , twoman7ompl ecul ar subtype 27 WO 03/ 070979 PCT/ GBRP8TAB03/H0756t C. )
may be created which will consist of the expression profiles of various
breast tissues as determ ned by the specialized mcroarrays. The database
may then be processed and anal ysed such that it will eventually contain 5
(i) the nunerical data corresponding to each expression profile in the

dat abasegaliin,) tae" 8kardakdon PpLbdhE W € phdmetiroRsnasat Be eprgni cal
profile for that particular classification; and (iii) data representing
t he obs®bpsycest 68t seafl PaA at i Be dfinHag Herpiedgakrprofiles to the 10

"standar,ta!"ef%n_»%illyeolhaoﬁ{lé%é@fdeéOfﬁy@Abtt% et Ral h%gg' Sogagpl e, the

expression prodicts of that patient's breast cells (obtained via
exci si omalepioirgpsynothei Adrneet| ® mspioatm)y wid bekdsst(sbe aBoispl at ed, and

t expressi fi that cell et erm.ned .using the specialized
n?groargg%.kﬁ§d§ﬁ§s§%§§gi?hggd%f§éﬁﬁa§§¥xﬁﬁﬁ%¥se@hgye%pggggfg%rprofiIe of
the patdagable sdnpeeewtlihgbeheueihed agal nst lbbeldahabaspredeseti bed

above. erying cap.be done jn a direct or 20 indirect manner. The "direct”
manner '§Qﬁ%§Fg'thghepg?F%ﬁTl%a%%ﬁ?e iGIF BEGEEPESi 8T dFHEEL PY conpar ed to
ot her ipadiagitdeahcexpeasshomOT | esorgh ik Q&%aaﬁﬁaihg pdeterai ned which
profile (and hence_which classification) delivers the best match.

Al t er naCitv &b, SERRLuEL YR nEf ey 25 Berddid fode staBPR&Et1y", for exanpl e,

the pat@gﬁge5§§95e§§5@@lggpfiIe coul d be conpared agai nst sinply the
"standard”™ profile in the database. The advantage of the indirect approach
is that the "standard" profiles, because they represent the aggregate of

many | nghvigyab PLEL! Lesec S0 il g e ess datagintensiye gnd my be
stored on a ‘relatively I néxpensive conputer Sys &ntWhi ¢ may t hen form
part of uskebkntlifpy. Bembarassyedlatd anf widdvitfieafilgr bandayg) (a28, WO 03/ 070979

PCT/GBOﬁQOQE%5ga%2 a%cgrdgnfe W&%£E§Qg rgsent_ngené'og.p£gsé{§£direct
appr oach™ 05 §2FPK8Fy Phatt ¢ e Fatd L5 e AR Y BRI bf ©F
15 products of all 20 genetic identifiers. This is because
the expression levels of all 20 genes make up the
expression profile specific for the cells under test. The
classification of the expression profile is more reliable
the greater number of gene expression levels tested. Thus,
20 preferably expression levels of more than 5 genes selected
from Table 2 are assessed, more preferably, more than 10,
even more preferably, more than 15 and most preferably all

20 genes.

25 The genetic identifier (Table 2) mentioned above is
particularly suitable for spotted cDNA microarray
technology where the microarray (or other similar
technology) has been created specifically for this purpose.
However, the present inventors have appreciated that the

30 present invention may be modified so that commercially
available genechips may be used, rather than going to the

trouble of creating one specifically containing the genes
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much |l arger scale (e.g. a conputer server) as many individual profiles
w Il have to be stored. 5 By conparing the patient expression profile to

t he standaod3/opredil e (indirect approach) and the pre-det @CHGBIA/00755
statistical variation in the population, it will also be possible to
deliver a "confidence value" as to how closely 10 the patient expression
profile matches the "standard" canonical profile. This value will provide
the clinician wth valuable information on the trustworthiness of the

classi figatian: andn frabiexanpl g; rivhether; Ominet, tt'&% 1aRahysks should be
repeated. 15 As nentioned above, it is also p055| ble to store the patient

expr essitv et isq gh&uaahabagenstbm ideedd fiwy  (Bebdse8aadrany time to
update thg %E%F’& Sﬁlt%g p‘EEtﬁaﬁgxg &0 gg%lnt\l%l?lf e BLEEEPt invention

will now 'be il11ustrated way exanple, wth Srererencefo the
acconpanydahg ofliogyr elsscEmbeheabasqaecits n&end aéJm:owerrﬁmeﬁi whl | be apparent to

th killed d t t d t hi t
i n%i?pzr;%ng%rﬁégéﬁﬁ Syaﬁé?g\#gngggg lnﬁsglfrnggnll %%nglﬁlﬁgrl% @iagg’grt?[ ?oni ng of

Nor mal agechebiipur. Breast Sanpl es. Individual expression profiles were
subj ected to standard data selection filters (see text), and the resultant
data matrix, conprising approximately 800 30 array targets, was sorted

usi ng hlz@f@rc%@abs%e%gebfn%e Novdrl 1 sramRlses ib XX 4Nokeahsy Undes | i ned,
whil e tunour sanple XXXT' %@are not. Nunbers represent t%e NCC Ti ssue 29

WO 03/ oﬂ?gmrme?ﬂeees/ 994255 tepaienty afufsbds 48soei 4bednaiedd each
SRIP) & cin@ndendeonam br anghes; | INel ke IR LHEGNL L shmlari Ly  Det ween

the biol ogi cal sanple Normal and Tunour sanpl es™ segregate independently,
but onl wlé:thegeOGndamelreweltéyo&vﬁlmed@r@dl@gmams Mugbr agari ations on the

data filgt el.ect thls dat a set al. elde S|mlar
dendograf%r%(e%'sr?% bg?’ﬂ’%p% Sheld” observat i3 rlPé)crﬁ Elag %‘ﬁ%i ment of
Nor mal afedicFdbedr aBanpl. e 10 Partl tioning Using Corrbl ned Qutlier Genesets
(COG. (A Independent outlier genesets for normal (left) and tunour
(right) sanples were defined. Each clustergram consists of

15 The present inventors have also identified a further set of
genes (Table 5a) which may be used to classify a breast
tumour on the basis of the Estrogen Receptor (ER) status.
This is clinically important as ER' tumours can be treated
with hormonal therapies (e.g. tamoxifen) and ER™ tumours are

20 typically more aggressive and refractory to treatment.

Likewise, the present inventors have also identified a
further set of genes (Table 5b) which may be used to
classify a breast tumour on the basis of the ERBB2+ status.
25 Knowing the ERBB2' status of a breast tumour is also
clinically important as ERBB2* tumours are typically highly
aggressive and carry a poor clinical prognosis. ERBB2+
tumors are also candidates for treatment with Herceptin (an
anti-cancer drug).
30
The genesets provided in Tables 5a and 5b were determined

by generating expression profiles for a set of breast
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a matrix of array targets (rows) by biological sanples (columms), and |ight
grey represents upregulation, while 15 dark grey represents downregul ati on
(see Mat ewpaB®7@md Met hods for selection criteria). The @amlGRIB/ogBReset
for normal sanples consists of 60 genes, while the outlier geneset for
tumour sanpl es consists of 75 genes. Specific normal and tunmour sanples
used in the establishnment of the 20 outlier genesets are |listed bel ow each
clustergram Underlined sanpl e nunbers indicate reciprocal

hybri di zatYHE SAFeLest Helnanbafynetnit il Genashliabel | adseuséng Cy5 and
the refer |+ : titionin f .normal._and tunmour sanpl es
usi ng thﬁ&%@%%‘?%ﬁ?éﬁtg@g avrq‘%%é) L;Saer%ge % lc%(?r%ﬁfé’i ﬁgs?ﬁeog:% wer e used
to segregmEnes Hdatt yavar dahfenenid 1 sanples sfseamibi garevd msi ng st andard
hi er ar chi clustering. _In rast Figure 1, division of the normnal
(xxxN) ans%% ulr?osu?as(%%?(%a?a%%&g VS FORE2obSIRASE -as AF IHELY Vel ass

di Vi si on,thwi tire2eB® mhsehassnffeatianSr38 MO §3hQZAYZ 9, RETA GRPR/ 00755
Figure 3: Partitioni nghof Normal and Tunour Sanples using a Mmni nal

20- El emeMt® GEFE i@ FEAERPHFi oF . Cltws By dys &F cpatgétgourpoarehed G (Tabl e 2)
t hat wer egmst shiqghkypcosfgt@ted to the tunour/normal class distinction
were used to segregate 5 (A) the training set fromFigures 1 and 2b, and
(B) a naive test set of 10 normals and 11 tunours. In both cases,
accurate regatio r ur es_at _the level of the
primary (?I%g%s' g?v?s?%ﬁ{%gﬁ %%%nggor]%/e . fé%%ggl!‘irén :en%i)%arﬁ}%e of

ex{r essi ds previifedvarieathionh ¢f clrorsidlyiandat hrodst saapbes. | ndependent

normal a we e |i shed using the, conmbi ned sanpl es of
Fi gure BEQEE(%&%EB( Fgﬁlﬁgié%f%gr% };P)%%Z@itﬁ uﬁcﬁ?gp‘fh%ln‘énti re gene
expressi on makpi x obtappioxiavaielss i8R0 ratnays15rbar get stidbihese datasets
wer e reduc rd%st_o basic principal conponents. The extent of variance of each
conmponent Ofmal i zed to the 1St conponent (normalized eigenvalue) is

depi cted on the Y'@dﬁﬁacﬁﬂﬁbtgkidﬂégﬁﬁeﬁéﬁoﬁogPQHﬁgﬁsn#ﬂ@?na on the x-axis,
bg[gl nni ng with the 2nd conponent (since the 20 first conponent of each set
i $°1). TBlBbgerv¥ ?%&%%@%@GHW@'afapéplﬁnPﬁrmwiofl}calﬂa/ conmponents for
each dat asetiiagero depl chod ddu.derreasinesopdes O, ¥ari ance: JNIl sampl es

consistently exhibit a | ower information decay Trate across
selected from Table 5; and

c) classifying the tumour cell on the basis of ER
and/or ERBB2 status based on the binding profile of the
20 expression products from the sample and the binding

members.

As with the first aspect of the present invention, the
plurality of binding members are preferably nucleic acid

25 sequences and more preferably nucleic acid sequences fixed
to a solid support, for example as a nucleic acid
microarray. The nucleic acid sequences may be

oligonucleotide probes or cDNA sequences.

30 The tumour cell may be classified according to its ER
and/or ERBB2 status on the basis of the expression of the

genes identified in Table 5. Table 5 identifies each gene
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their conponents conpared with tunmours. 25 Figure 5: Gene expression
patterns of 62 sanples including 56 carcinomas and 6 normal tissues,
anal yzed w9 o3lov@rar chi cal clustering using different genePSatGB0380T5pl es
were divided into 6 subtypes based on differences in gene 30 expression
(legend), and are : Lumnal , (Sl1); ERBB2+/ ER+ (S2, ERBB2+/er- (S3),
Basal - | ikee{ SArr ERinggabirwgusubbype+) | br(88)mn asdulNetsal /[ Nor mal ahi ke (S6)
31 WO 03/970979 PCI[GBOS/OO?SS T%e) UnsuperV|sed ierarchical clustering
usi ng aFBat@sFRBF2 1 198 Fenes Withe thisy lnfeemation, nditc dte$ogsdlbdst er whi ch
cont ai nga o] a n 2 S e ) sypervi sed
hi erarc ?ngkékégggrPRSHEE?ngh? grgggﬁn%%ﬁgﬁln?g?%g?%dégngegg?hs %ﬁs 292
genes) . ofcERThend (bt ERBBLeror diR®§2am using the CI'S. Shaded bars to the
gght of the clustergramrepresent gene clusters A-E (Table 3), and are
(A) Luminal epithelial genes with ER (B) "Novel' genes. (C) Basal
eplthelAglwgeﬁegll(5%p5@&gabfbt§a8%résgﬁtggﬂeéntléﬁ (E%e ai?kgbed
genes. Figure 6 (a Represent ative Exanpl es of bcl's In
this St@ﬁygemﬁé §Qaﬁpé§dafé0§hbhﬁ @Qyﬁtm}nedn@enéé?tédXTaWh@SD@k% status of
each s t b xgui,n n, of E sections
of sanp (%ﬁ% 898 b%ﬁ%ﬂ g& ?aé§e XFF f?%% nl§r§§§ég |ons ??b) and (d),
FS) of IhelacpmaEe$abmbetbhasemas peasesgedeﬁes expressroferpbdfi ktng. (e)
-Disti and Evolutlonar Theories of Breast Cancer

st1 nct i.ns'
Eébelopﬁ%ﬁ Re9eprst tRcPrI9H EPlﬁgﬁgy A¥pothesiBVERrbpBRes Phat different

nDIecul@6ur§ebt£H@Sk95w9aﬁ@@£o§£k§9 ¥ha géﬁé@hgﬁttEEHyélesﬂég ababhways,
and thus constitute distinct biological entities. Evol uti onary'’

hypot hesfs9pr bpbsesst hat bindiaif henbars hol b@uu‘anlsa@@ypegh@reﬁeras a
(oSt ShelnBLadLe EaL Bd RILLER GRNCATLE! 23568, UNAEo0Lg.dLiler ent stages

of phenotypic € canno ngurs
hypotheseﬁrbsennhmgshmdybmgtadvgeﬁed invastdegeassets HbWQVQed ahea single

int in tipe. 30 Figure_7: DC S sanpl es express the hallnark genes of
igvanceﬁkééﬁﬁﬁn8ﬁﬁsg bWﬁﬁésapEEfglgﬁﬁpFﬁgta?epgﬁBRﬁté%nd%ﬁkt Vertical

lines. Based WRYNbbhemtkBe8eRRECtneShEtAHE 9£i82 carried out in a
reliable and statistically accurate fashion. In most cases,
it would be preferable to use binding members representing
at least 70%, 80% or 90% of the genes in each respective

20 geneset.

In a further aspect of the invention, there is provided a
method of classifying a breast tumour cell as to its

molecular subtype comprising

25 a) obtaining expression products from the tumour
cells;
b) contacting said expression products with a

plurality of binding members capable of specifically binding
to the expression products of a plurality of genes selected
30 from Table 6; and
c) classifying the tumour cell with regard to its

molecular subtype based on the binding profile of the
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WO 03/ 070979 PCT/ GB03/00755 twelve DCI'S sanples cluster within the ERBB2+
groups (S2 and S3), 5 sanples in the Lum nal group, and one sanple was in
t he nor mawolosl#0ogy oup. Shaded bars to the right of the clPaItGBoOg0BIFS
represent the sane gene clusters as shown in 5 Figure 5. (A) Lum nal
epithelial genes with ER (B) Basal epithelial genes. (C Nornal

breast-li ke genes. (D) ERBB2. Figure 8. Sunmary of pathway-specific and
overl appi ng genes for the Lum nal A and ERBB2+ tunor subtypes. U

i ndi cat esxph@ sspoagplratadtgenesmaile tindudicAatesndowneeguhated genes.  For
exanple, there are 245 genes upregul ated and 705 genes downregul at ed
during t&95&Smal /DCI'S (Luninal ) transition. Numbers in bold are

over | appi ng genes between two gene sets. a) Results based upon a

fal se-di scovery rate (FDR) of 15 5% b) Results when only the top 100 nost
si gni fi cErt mplecgdaraseltype guergeamesi sradloomyayiegl FE§BPE,9. a) Discovery

ofra Lum.nal; Dosu e-+A,S8IN i h n lpal A tunors
(i5denti ;Hia{e%lés E%‘Oteé’é%tgl%eag? %§§I{lﬁj‘é/r5ﬂr§%ﬁnq%§§yures%%§g§ngﬂ§ \‘i—\g&egregrouped
by hi erarechie¢ahedl ust ehenjobasedtnyporkt.proliferation cluster' 1inked
genes. Two broad groups are observed, which exhibit [|ow (Lumnal A) and
high (Luminal D) |evels of expression of the “proliferation cluster'
respect i Melprach) cHi, gihd5ekpvetsiof gheridG ganeheprakicher abinphe ctaister’ is
al so obhserved i.n . other aggressive tumor types. Lumnal D (15 out of 17
sanpl es,P§ rdidcat-édeds Taark T REPE ¢ dET " hkdi% JeRGFsérs e SBaLard (BR-) and

ERBB2+vergampleeg TabheSt6089! ¥ &XPEASS 6rh3:k1%6t9'§>@eofpr oliferation cluster’
(bar below 30 clustergram |eft branch), while Luminal A (all but one

boundar ylegsdf lcAsiral 2l PRELBAA WeRdel s SACOTsROW tbw PEPERSSiZE WO
03/0709¢3 J2¢ H/eGQB?A&QO%é%o%a%@f@i% Q%‘talb'a%rét g G.VC/eW@FEﬁchd' cat es
whi | rey ack In

upregul ati on, ile dark g I cates downregulation. Materials
and Met hoog tEoBr past i Tess uehSaeptash Phiafmmenpedadtonitsslies wer e obt ai ned

Lo e NGE T oot SERISL! e ALLEL, SR e AURLENE B, T Doer
gemer al ,"aalddragaffotinmand hal chethgqoraraihat ssued cwdpe msilpulilaneous|y
harvestg%mgﬂrigg %Hggiggée?xgggégp18Lu}%%st having normal and

tumour, or ER' and ER™, the "reference" profiles will

correspond to five distinct subtypes. Third, by using a

suitable classification algorithm, the unknown tumour
20 sample can be assigned to the specific subtype for which

the expression profile finds a good reference match,

Where the plurality of binding members are selected as
being capable of binding to the expression products of a
25 plurality of genes from Table 6a, the number of binding
members used will govern the reliability of the test. In
other words, it is not necessary to use binding members
capable of specifically and independently to all genes
identified in Table 6a, but the more binding members used,
30 the better the test. Therefore, by plurality it is meant
preferably at least 50%, more preferably at least 70% and

25



tunmour. After surgical excision, the sanples were immediately grossly
di ssected in the operating theatre, and flash-frozen in liquid N2.
Hi st ol ogiwalo3ooefd rmati on of 15 tunour status was subsequectigBopnarssded by
the Dept of Pathol ogy at Singapore General Hospital. Sanples were stored
in liquid N2 until processing was performed. Wth the exception of 1
tunour and nmatched normal sanple pair that canme froman |Indian patient,
all other sanples were 20 derived from Chinese patients. Confirmtion of
the DO Qveit dlHe Qfrelrbsayey SARPLESstSRFh 1d¥ tdheS R hsWasnacbheyed both
by conventional H & E staining of archival sanples, as well as direct
cryosectdsgeof the actual sanple that was processed for expression
profiling. 25 Sanple Preparation and M croarray Hybridization For
hybridi sations involving Affymetrix Genechips, RNA was extracted from
ti ssues IsiangthlilzdlurtbageaspepurofiBe irwaniglona QhageniSpi n Col um, and
processed for fymetrix 3 nechip bri di zati.on according to the
nehuf actIﬂ:rOe"'rJ'dse'%lc ianglter‘L'h(Q,éi 8%3%3&%}}8%?0@_5%10%%% yclBI%Aam%Ere 88Fr ay
hybri di zatricarr 211 gsotithéal 1 RN RS used dndlnaowibnguB4 y¥We 03/ 070979
PCT/ GB03/ 00755 | single-round linear anplification (Wang et al., 2000). All
breast saiples i Gr the spotted cDNA microarray hybridisations were conpared
agai nst a standar ¢dpteQAMBECLRbLYs V&l |l e JHRNA roef eheneempael (St rat egene)
5 that had been simlarly anplified. cDNA mcroarrays were fabricated
fol | owi ritgflstsindard procedures (DeRisi et al., 1997), using cDNA clones

ai ned fromyxari BN Cl ]E?J%L%I' Ipﬁ% R rgh Genetics).
CE}S<p(§:ept wher e (bﬁentcggﬁgg?gggn%%g% %\%re fllﬁoorﬁ escetrlll'(taclft; I%gggl I%led using Cy3 10
dye, whidleitdig tefodr enodinasnémbet$ echvdliye ©F5 spekyilfiicdilzat i ons wer e
perfornmed using Affymetrix UI33A echip Af t-er i di.zatlon,
T Cr oar 1y TR0 iPeo RARTTioh BTAE B atS et o st B h SEanner
(Appl | ecse IRraeicsifamn Fab)e 15 dada Processing and Anal ysis For spotted cDNA

m croarray data, fluoresence jntensities orr.espondi_n 0 i ndivi dual
i croarrays Vere L?&Iaéﬁﬂgﬁl{lﬁt e F R a?ef];?ed“%%aglegagg égt égﬁse.
Es4 abl | shimeiui1efr vabic@Ps based on the binding profile of the

expression products from the tumour cell and the binding

members.

Preferably, the method is carried out on expression
20 products obtained from a breast tumour cell which has
already been classified as "luminal", e.g. using the

genetic identifier of Table 6a or 6b.

With regard to the geneset provided in Table 6b, it is

25 preferable that all of the genes in the geneset are used
for classification. The reduction in the number of genes
will take away the likelihood of a reliable result. This
is because this geneset is selected using the genetic
algorithm approach.

30
The inventors have provided a number of genetic identifiers

(Tables 2 to 7) which can be used to diagnose and/or
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20 data sets and gene retrievals were perforned using standard SQL
queries. Hierarchical clustering was performed using the program Xcl uster
( St anf or dvoan@7osrsual i zed usi ng the program Treevi ew ( Ei PEN/GRO3MD755 1998) .
To identify outlier genes in tunour and normal datasets, array el enents
were 25 chosen which consistently exhibited greater than 3-fold regulation
across 90% of all arrays for the normal dataset and 80%of all arrays for
the tunour dataset. Correlation analysis was perforned using the

sim | aripyedriett i ci donclepireasnplayedri an@pl fibreher al car( 189YsedBitioef | y, the
simlarit 30_nmetrics _corresponding to the nornmal/tuno cl ass _distinction
vere ool CASTERTUI GMRlE G ToRil CABCGEN RS Fh S kP deBs on
descendi o1y st dfsddmdr simlarity 35 WO 03/070979 PCT/ GB03/ 00755

val ues. After being sorted by their positive and negative correlation to
the class distinction, the top 10 genes from each class were chosen for
subsequefiic G SRS A Y Hrese GehBehbal glrrpenent Amalysis (PCA) was
performed by 5 linearly transform ng the gene expression matrix, which
consi st sdpAIRP HitheroDfs .c 6r-gel atedevar pabfeBicrerprays 'tomld er’ nunber of
uncor r el &t ory Y AP! £%1 (A NELPBLoaFAPPORERLRdse FOL dfiagals Tn |inear
subspace, the data can be " conpresse in this manner w thout |osing too
much 10 twhiornat iDrtled,e ssichpbibynngtibetdat o maEpriesersteat iion. The first
principaéogqﬁP nent accounts fo% ga%kgug1yariagili$§%di€% the data, and each
succeedi ng tonponent” accSuntEPHerT parts of FheTeiaihitg variability. 15
Foo Af f yaeet ¢t r{ee nechipsraSawotepechi pe sclansined eagital idthye control | ed usi ng
a comercj al | ayaiI%g{e sof twar e grogr$n1 éGEnedata,Refiner) and deposited
into a CERAYHISHH £°%Ft ortade PAEFPREYEY ThaRexpradion ddtawas filtered by
I endVi NG™ GEef1asa MTOSE Y QTSI PRoVAScaBBEPhcidr A4 i SISm0 (e 'A

calls), subjected to a |l og2 transformation, and normalized by nedian

cent eri ngUeQUT rEI N AP IGene s rafl t¥aRp| dePeTHiRY AihITE s was t hen

per f or med, i { hera Usjdid dihe s qGanedata EXpyessi o Sy Sof tugre analysis
package or using conventional spreadsheet applications. The unsupervised
255 dat aseenpftd7 @ gemdy wgettidasFrgaresdr wastlestaliinsitdgrbyhissl ect i ng
genes exfily Ling, A StAMArd deriatl o0 (5D) o0 e APTOS Al Yl Lo measur ed
sanpl es. erage-11nkage ~hi erarchrcal cl ustering, was applié&d by using the
CLUSTER patient, but at the same time, the computer obtains a

further expression profile by which to determine the

“standard “ expression profile and so can update its own

20 database.

Thus, the invention allows, for the first time, specialized
chips (microarrays) to be made containing probes
corresponding to the genesets identified in Tables 2 to 7.
25 The exact physical structure of the array may vary and
range from oligonucleotide probes attached to a 2-
dimensional solid substrate to free-floating probes which
have been individually "tagged"” with a unique label, e.g.
"bar code".
30
A database corresponding to the various biological

classifications (e.g. normal, tumour, molecular subtype
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program and the results were displayed by using TREEVIEW 30 (9).

Signi ficance analysis of mcroarrays (SAM was perforned essentially as
descri bedworsdusher et al., (2001) (10), using a fol d- ch&egeRawefss of 2
and an appropriate 36 WO 03/070979 PCT/ GB03/00755 delta value to cap the
gene fal se-discovery rate (FDR) at 5% (0.05). Creation of a Commobn
Intrinsic Geneset (CIS) 5 Genes common to both the UL33A Genechi p Probe Set
and the 'intrinsic' dataset as defined in Perou et al., (2000) were

sel ect edets. { hgaf dbd oM ammMIACH WUl Bbnk e 05f Gimalexpidldiidasi ¢’ set
consisting of 456 cDNA clones, 428 could be assigned to a specific Unigene
cl ust er BEPRYLEhBIEH TP Lressir ésaueabas eS¢ tniyams Bui 1t dhe156). This

nunber wasc.then ,JLeduced, 14,9403 genes b l,,of duplicate genes.
The U133A1§PGenechzip pr obe seta%/\%as tﬂend%%}rg%sé%hﬁg%w% ibse l'ist, yielding

292 mat chescegred ArBYoagfaliisedosiughinghat' i htwihsieversstal(lgountitagnonl y

untLque ¢ S Ul t.s . Partitioning.of rmal .and Tunour Breast
Spgci nenggﬁs%k}leg%q’é%e%nsaulpgra\;f‘lasé:graeag?lg(rillrﬁ ’\E‘Fueeal%k%/e?ﬁporresssdsoé’d cDNA
m cr oar rpyst dfe apprid rattelbyskE3, 1AQ) el esremidaid" genefidte Were expr essi on

profiles_for a set of . 26 grossly-dissected breast tissue specinens (14
t umour , Tﬁnc?sorﬁorar’?alt)heo&agﬁoﬁ‘é& rBFrPghf’?e RS gtehiRarrid4tahi nese

et hni ci t y14seeriVattardml srand ivet hads) . rébt&sehybid diatdgyevad scanni ng,
approxinmately 8,000 array elenents were found to exhibit flourescence

si gnal s SFgnt 5t 1P R O Th 2k fPBuRBd i el al iRl tlfes&eltdrent s were used
fop 30 subseguenir analsisics. Initially, the inventors found that an
unsupervi sed cl ust éring nmet hodol ogy based upon a nunber of conmmonly used
data filters (e.g. selecting genes exhibiting 37 WO 03/070979

ot o ARt | Bt g el On. ACLASR. Al SRSk ez BRI 2VS) (See

Perou et al., et al., resulted i an array cllarsltergram
shown i eRGwss bf Spedi biacdkhy,' st heesanptal et (oksegmegatvdd i nto two br oad

groups. I each ioup Sceonsiat hngel At o f uou, apd nor

15 isolated, and the expression profile of that cell
determined using the specialized microarray. To classify
the patient's sample, the expression profile of the
patient's sample will be queried against the database
described above. Querying can be done in a direct or

20 indirect manner. The "direct" manner is where the
patient's expression profile is directly compared to other
individual expression profiles in the database to
determined which profile (énd hence which classification)
delivers the best match. Alternatively, the querying may

25 be done more "indirectly", for example, the patient
expression profile could be compared against simply the
"standard" profile in the database. The advantage of the
indirect approach is that the "standard" profiles, because
they represent the aggregate of many individual profiles,

30 will be 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)
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tumour and normal tissues effectively segregated into fairly independent
sub- branches. The observation that tumour and normal tissues can be
segr egat eaousiony740 unsupervi sed cl usteri ng suggests that PEpacBoBioe75§enes
may exist that can effectively distinguish between a tunour and nor nal
sanpl e. However, in the context of a large wunsupervised data set, it is
al so clear that these genes are only capable of distinguishing between
normal and 15 tunour sanples in sub-branches of the correlation dendogram
rat her tihaacabrtihackeweth ofhea gord @ty ielvassiodl vi shothe Siihkdé@r fi ndi ngs
have al so been reported, jn other breast cancer expression ofiling
project§pPﬁ8PSB'e taf?,ll%ﬁkxnﬁh%%dﬂﬁkfﬁﬁﬁ'FH§F1§F Whi | 8% e Ed? gl obal 20
transcr ipptasefRgebhec8XOr essd o | @yl af sether)gepesaf@y supercede’ the
i nformation encoded by genes involved in the tunour/normal class
di sti nctthgavidealdpsebsseojiliudeest taublei oteflesets to C assify Nornal
and Turmour 25 Sanples One of the main objectives of the inventors
research is to identify genes or gene subsets that are of significant
di agnosBiyc compthénapelit i @2 potrentadsaireskd obepobfclentcath80stndaddy, it wll
be necessary.to identify a class of s _that n accurately predict if
an unkngﬁﬁf%%gaé%ng%ggﬁ% a%%ﬁ&ﬁéb%é“%§3§§|pSF %ﬁggﬁ%ﬁ%?gat the level of the
pri mary st38i¥0i 031 0¥Q8T7O: RGT/ iEBOHOPpApm l atdabher it hahl sesdaddsey, cl ass
division. To identify these genesets, or " gepetic_identifjers', a nunber
of ' supePPSelLEl bar HERGTSE iy Sitbetdatisen ad Ure GBoFROBE™ bl ol and
argti ficicale paudhahtnNeLyesXsiohawe Heen mhewleaushy desshdbed 5 (CGolub et al .,
1999, Khan et al., 2001). However, the _.inventors used a slightly different
strat eggapeniaeht PF9Tithese Eieitiiss tHat PEElsEs Bhetheltse st highly
reprodugiphe QuhLEeL geReSmad b RIS vkt hodalkQayc, $R0PL ess gl onging to
different classes are initially established as 10 i ndependent datasets.
Wt hi n edelsgfdaptigenesnd hatorrexamrdssi shehky op ot dowar egul at ed
("outli ' r l..or to all arrays are then identified. These
separatgkalgaiﬁigggéggdﬁg'r%é%éﬁgﬁén conbi ned, and the ability of the
dombi ned set of genes to distinguish between the two 15 classes is then
assesseq u3kng;8handard, ! ust i 19 L0404 89855 core the

patient expression profiles on the database, and these may

be used at any time to update the database.

20 Aspects and embodiments of the present invention will now
be illustrated, by way of example, with reference to the
accompanying figures. Further aspects and embodiments will
be apparent to those skilled in the art. All documents

mentioned in this text are incorporated herein by reference

> Figure 1: Unsupervised Partitioning of Normal and Tumour
Breast Samples. Individual expression profiles were
subjected to standard data selection filters (see text), -
and the resultant data matrix, comprising approximately 800
30 array targets, was sorted using hierarchical clustering.

Normal samples ('xxxN') are underlined, while tumour

samples ('xxxT') are not. Numbers represent the NCC Tissue
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The inventors first established outlier gene subsets for both the nornal
and tunour popul ations. To avoid biases 20 that m ght be introduced by

f I uor ophowe odabwre i ng, they al so included in each group 5PCTacBopHOOTSAl
expression profiles in which the sanple and reference RNA popul ation were
inversely labelled. This analysis identified 60 highly reproducible
“outlier' genes for the normal group and 75 25 genes for the tunour group
that were either consistently up or down-regulated across all or close to

al | arr aysod 5N nidberf 6598815080 SO L eI Mgl and tumour outlier
sets reveal ed a nunber of genes in comon between both sets (Table 1),

| eadi ng ¥ FGaFnIPeoebieied ldustrate gdmesutt 30 (Qfefsdmiddrtisvas the COG of
108 geneog%twe%gﬁ \@Reo%!i%a%gﬁ%aECA_é g‘é p%ﬁna T@%cf:%m% gh%nlgged to
the 2 I rast to the far

cluster breast tissue sanples. In con gé-scal e
cl ust er gragnegizerive@piendengliye Hut tdel v rerdeaaresrdaaynd etyBat ekust eri ng

using t enes, found in the COG effectively seqre d the 5 npjority of
tu%ogr Q%HQné?%%ﬂQESEWpV&EOFnY%r%%Bl%H?ﬁ%}gﬁ%*C%%éh%ﬁégﬁrﬁjPﬁeﬂ g Y

m s- cl assifdratiigns deftiagyee 2a3o yiSpeddd irgally, skmonralesappkemand 1
tumour sanple were ms- assigned, and in the fornmer case a quality check of
the gen€ explesdEnorariies PRYBEYH At this sanpl e was 10 associ at ed
with a nunber of so-called mssing' values (grey bars in clustergram,
which may have led to this sanple being ms-'classified. Nevertheless, the
maj or i t VIS Fip| '@ rRELBCRbr pEN ey s FuneouggSsmbhg that for certain

dag aset SariQUlidiBh A0S BonRe OO AT R3S 3RS fhiective method
g I asses

to identify discrimnati genes between stinct c : finition of a
M ni mal Iosieseinclendeptitfier fonesdies Normmalormes Tlewt) €hdssulbsti nction in

Breast Tj [ [epresenti dramatic reduction _in the nunber
of gene(ls %Fjlgt?n t%%énB?%lBt %g edg? alnseeoz' %%O(?ltu%%fﬁg)r?mt HRPALTDRrOt of el ement s
cont ai ned mart rtike o€O&riraystiatdet Do(t@rge Hyo el obeasibkympnebuded in its

entirety a agﬁ of g Eoteptial 25 di agngsti c ass%y.,ldeally a diagnostic
geneset %ﬁ%ﬁﬁﬁl ¢oABFs 18RS I MR oo cgPlerénRnt €2 11¢) be of high
predi ct ideekaeteaeyprabdntsi dow@RSeN & NskeUnatekigegesngthat are
positively and negatively correlated to the class

Methods for selection criteria). The outlier geneset for

normal samples consists of 60 genes, while the outlier

geneset for tumour samples consists of 75 genes. Specific

normal and tumour samples used in the establishment of the
20 outlier genesets are listed below each clustergram.

Underlined sample numbers indicate reciprocal

hybridizations, where the tumour/normal sample was labelled

using Cy5 and the reference sample Cy3. (B) Partitioning of

normal and tumour samples using the COG. The 108 unique
25 array targets comprising the COG were used to segregate the

tumour and normal samples from Figure 1 using standard

hierarchical clustering. In contrast to Figure 1, division

of the normal (xxxN) and tumour (xxxT) samples 1s now

observed as a primary class division, with 2

30 misclassifications.
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di stinction in question. To further reduce the conbined 30 outlier geneset
toits nost infornmative elenents, the inventors used correlation analysis
to identiwgoanrank genes in the COG that are nost hi ghlPgTaeBmBEIASEd t O
the 40 WO 03/070979 PCT/ GB03/00755 tunour/normal class distinction (see
Material s and Methods). The 10 nost highly positively and negatively

correl ated genes were then assessed in their ability to accurately
classify the breast sanples. The inventors found 5 that this mninml set of
20 genesFigeter B edPiotasi eningerfeNocmadennif Eempuac%amzal@st ysclrgssi fied al |

f th l.e E | e Th t hat
make up PREIRGLAA0 T TR SRR gl 187 il (7L ST Hbriel Feian Lo be
i nvol vedfirembteastoandravmour) khai el@gymoas webhlgscetheraigenes whose role

in tunour formation have not as yet been described (see di scussion).
Predi cti @Eecéb%%‘i“fz nefNYhe™ g éhe taghePrcPHRNEF PR et W93 Mnal yses

dore up t@)thhs PRLDLINEr& PeIR MBdueBst heangaps, LR@i BN% mBlveol 26
br east sarrpl es, and thus the predictive power of the 20- eI enent geneset

has not besh Sabidessb@domme:lassesk lihsunebust néssbothteirzes,genetic
identifier’ i the st t al (1999)
and testgg%ﬁ%%b%?%ﬁ%%%i}?ém%\rlcl\gi%qn}gll 38‘3 ?%?g%l %%m%%%g?%&hge nai ve "test
set' of amwtheof2fhe hpeosrsanplses diofiswhinchai2bsapipsesvawer e t unmours and
the remaining 10 were non-nmalignant. In a simlar fashion to the training
set, they found that the 20-gene genetic 25 identifier was also able to
cliassi f yrigaraat vecsmbpami 4dn dforasdpebesaonupaoyilgi gmrfa’&b:)n ifhus, it
appears that the ability of the % getlc identifie pr edi ct if a gi ven
breast safpral |§n‘?10*1“h‘&‘?u%rsaﬁ‘&1]1egsna f1oF EeHSFnEoﬂ‘PPﬂ%{i # tWO"trr ai ni ng- set

from whi @ch&eﬂ\@swgﬁ@eé%aﬂﬂlsjﬂ&it eadngt RBe30onuibed ofmsleimets in this
geneset, alt ho\llj\gh mnimal, nmay be of sufficient sensitivity and

i nf or mat F¥gupewer @ givel tqbcalpr‘edﬁctsla%l@ﬂ) ueVs 419 W D3/ 870979

PCT/ GBO3LQ07pg géﬁéeégsfwsgl% Faabal bevebpebyx Vanrtaty osh hetugen, Nor mal and
Tunmour Breast TIssues Breast turmours are clinically characterized by w de

vdsi ati ohsrgatel ini t,laeksee;oiﬁtsaeeset%M@é@s@eéggﬁésgpv@msg prpipal

components. The extent of variance of each component
normalized to the 15 component (normalized eigenvalue) is
depicted on the y-axis, and the principal component number
on the x-axis, beginning with the 2™ component (since the
20 first component of each set is 1). To observe the rate of
‘decay’ of information, the components for each dataset are
depicted in decreasing order of variance. Normal samples
consistently exhibit a lower information decay rate across

their components compared with tumours.

25
Figure 5: Gene expression patterns of 62 samples including
56 carcinomas and 6 normal tissues, analyzed by
hierarchical clustering using different gene sets. Samples
were divided into 6 subtypes based on differences in gene
30 expression (legend), and are : Luminal , (S1); ERBB2+/ER+

(s2, ERBB2+/er- (S3), Basal-like (S4), ER negative subtype
II (S5), and Normal/Normal-like (S6)
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response to medi cation. Consistent with these wide phenotypic variations
has been the finding that individual breast tunours can exhibit |arge
vari at i onwoioa/otrised r gl obal 10 gene expression patterns (PeCEGEIB/061SS,
2000). One common hypothesis to explain these wide variations is to
consider them as the consequences of nultiple independent pathways of
tunouri genesi s. However, normal breast tissues are also highly
environnmental |y and hornonally sensitive, and the 15 specific state of a

normal bipastuddupsueilsadanparhieniasl PRideMids fiten .depeadent upon
nuner ous deanraphlc factors, such as age, nenopausal status, and

medi cat i%n %960y - TRES, gF?Y|§n¢%ﬁ¥ﬁﬂq3ﬂqﬁﬁﬁﬁQﬂ3eatﬁdﬂséeéeWbth anount

of the var{afiQns kA xexpPEess 9@@&9&%&?%@@/@#% Ruyrs (gpy al so be
reflected in non-malignant breast tissue as well. S°née the T hventors’

dat a senSQmmnﬂunﬂyveﬁedbb@ﬁrﬁ0¢h3¢ahn@lmmﬂaqynﬂnuammmpWQs,‘pbamomere able to

capare e JNer eahoVaLLADILELY b, nrIRl And,! it SaRles Lo each

To perform’thi’s conp Fison principal "¢onponent
anal ysi s1i(RGAm oithgetknt CLL. 8S@Qﬂag&ﬂﬁﬁfxndeﬁﬁiQﬂgﬁ&thXthéoonISIng a

total of 22 - malignant _and 26 tunour s e n , the
|gv2nt8f§'EF%%§5@H'F% I?S?Hg gehe %t S#ﬁ“hek i § §E8@U§:$??H fBonponent s’ ,

in whi chizeachnGerpoBeAthEEPEESERESs avfimirre @Q amwrétl'ogeggae expressi on
variation across the primary data set. They hypot hesi zed that observed

vari ati offli PaRe &atk eééﬁ#dg%¥?%e f?anQﬁﬂ%%|9ﬁ§a§6uﬁé§§ geneh-as intrinsic
420 WO 03/:07QRERPCLA GBRZ/ @429, biological variation, as well as

experinmentally introduced™ variation (such as di fferences in sanpl e
harvesting, hybridization and |abelling conditions, etc). However, since

the normlggnd ol Yayutaparpbes, aer e dentisahlet o hRrvesLe il L1 eat ed ‘and

processed 1 n their experi vari ation to experinental conditions
and handkﬁmg1ﬁshbmbd8bedgquEW®ysamgaeﬂidnH\ﬂhawnbdah/gb0upandThus any
differen s i ia tmeen he t.unour and nor_na rQups, can nost

li kely be é&%ﬁl %bedegglﬁg?F%il% 1T B I BGE Wa§aFO§F35ﬁ?8T§8t?nventors
plsot t ed dyhexamiuwatioh warpatsdhiobses vedddtidne ofoksambiasd (tapour data
sets agalnst t heir prlnc%gfl dgfonents (Figure 4). In order to

effecti V81 (Eonplfeért Ad ?ﬁﬁﬂéﬁ3@§@ﬁt&8ﬁﬁoﬁéﬁﬁ fad h%?nallzed to

the firsts) of the actual sample that was processed for expression
profiling. (e) ‘Distinct Origins’ and ‘Evolutionary’
Theories of Breast Cancer Development. The ‘Distinct

20 Origins’ hypothesis proposes that different molecular
subtypes of cancer arise via different tumorigenic
pathways, and thus constitute distinct biological entities.
The ‘Evolutionary’ hypothesis proposes that the different
molecular subtypes arise as a result of a single (or a few)

25 cancer classes undergoing different stages of phenotypic
development. One cannot distinguish between the two
hypotheses by only studying advanced invasive cancers

obtained at a single point in time.

30 Figure 7: DCIS samples express the hallmark genes of
advanced carcinoma subtypes. DCIS samples are shown as dark

vertical lines. Based upon the CIS geneset, six out of
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conponent in that dataset, resulting in a graph that depicts how the total
vari ation across the dataset "decays' wth each successive principal
conponentwOBg/0Tc®MYenti on, the first principal conponent PETIGRIAIDISSt aken
to represent 20 the elenments that exhibit maxi mal variation across the

dat aset). The inventors observed that as a general rule, every conponent
corresponding to the tunour data set consistently exhibited higher

vari ation than an anal ogous conponent in the normal data set. This data

i ndi cat essdlhat o hangeee expsessi ancplofilesmdpnogrelukr ggst sanpl es are
signifi ca% nore “static' or_ " unchanging’ when conpared to tunour
profile™ u%ador £ FGTPREShyBotheshenipat dHRe &9 PAS SEMBRS FASgene

expr essiian ks efoad 11-n i LdMUbL L MY sHE &g §£m§agyﬁﬁﬁ£rq§hQr%@SEh&u”DurS
arising fromnultiple 30 tunourgenic pathways. 43 WO 03/070979

PCT/ GBOF 0GB 9 regngerrasenh bhe Mire uene Subisises e Bheast i€ancer Acr 0Ss
Disti ncthgtﬂg G PO@HI at.l gmng ljdqé/fpﬁ)r r%ehanu%%e% Aff)é{)regarl Xy Genechips to

profile i nvasi've reast ancers an orma breas "8Sles that had
been i salpattge firdmgEhieseséCpaloentd 5. bddwes r-aw lexX pre@ssi.on D) pEaBBRe scans were
subjected to one round of quality control, data filtering and processing
(see Materials and Methods), and an unsupervi sed hierarchical clustering

10 al gomHilgunends vsethat9 OFdesthhey-nasdwml fizedned ofvielr-espbengngenagot her on
t he basi;&_?ﬂ of their trinscrl tional simlarity. Usi ng a dataset of 1796
S

genes, oS PateAgahesER ARt HFRPhGtUP BSS- ne XS uitBA 1568 FBEs at | east

96 of  aldresaiplkes gandswehgh: @xhimi&&&oo%vgﬁre@ﬁh%téaaaéﬁégPt' onal
variation 15 across the sanpl es éas refl ected by "having a high standard

devi at i G19F, SEREPilRveih6FS @b%e?‘%/ dvenrt W@mijaéﬁldt ywngf 7Phegeraspl es
seqr egated a1 seuer 8l dhgCernl d e ol 'ﬁﬁmlngQU'dt9§n§§£§§ﬁated to

speci fi c histopathol ogi ca paraneters. For exanple, nmany o e ER
tunors dlugbegsedn2dofldgetrbervexl Gippivay geﬁlegwb@t@a)an awodgdnehe ERBBZ +/ ER

- sanpl (S h bre sanpl es_al so
di scer n%%l ((as gré ng}i‘%gg ?%%‘?%F% afs esresr&plesfﬁygiri"eaa 3%§}Egh or reI ation
tld one af%ot ber Resu@gesw}leg omlnattm@etrcga 1190 emstt rsagsd:fwhnﬁngl variation in

nor mal 25 bre st tissues as ¢ %}ggred to tum)rs A nunber of sanpl es,

however ; \%Itl? §ot UBEEUF aPRISS gAY t he unsuper vi sed

Figure 9. a) Discovery of a Luminal D subtype. A series of
previously homogenous Luminal A tumors (identified as

20 subtype S1 by the CIS in Figures 5 and 7 were regrouped by
hierarchical clustering based upon ‘proliferation cluster’
linked genes. Two broad groups are observed, which exhibit
low (Luminal A) and high (Luminal D) levels of expression
of the ‘proliferation cluster’ respectively. b) High

25 levels of the 36-gene ‘proliferation cluster’ is also
observed in other aggressive tumor types. Luminal D (15 out
of 17 samples, indicated as dark bars under sample
numbers), Basal (ER-) and ERBB2+ve samples all strongly
express the 36-gene ‘proliferation cluster’ (bar below

30 clustergram, left branch), while Luminal A (all but one

boundary case), normal-like and normals are show low levels
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clustering algorithm (gray bar) - it is possible that such m xed
clustering' results may be attributable to "noise' contributed by

non- mal i gwars/otwnponents in the primary 30 tissue sanpl e, PEOAEBIEASOTIOr mal
breast epithelial tissue, |ynphocytic infiltrates, and reactive

desnopl astic tissue. As previously nentioned, a simlar observation was
obt ai ned 44 WO 03/070979 PCT/ GB03/ 00755 using the cDNA m croarray

pl atform suggesting that this phenonena is technol ogy-platform

i ndependgnte xONes PIIECHI NG tOlg i/ fn St M Ay dBSa t s dgl.aldiing sich the 5

mol ecul ar subtypes and associ"at ed expression signatures dé ined in
previousW¢&ﬁﬁig%ﬁﬁjQQQKﬁhi§CWeﬁ@dépébeﬁed@%ﬂ%ﬂﬁwiaﬁﬁvni separate patient
popul ation. The inventors focused on correlating their expression results
to that of Perou et al (2000), a landmark study in which a simlar

anal ysi sMantearililhearl perthodsed on a series of breast cancer speci nens

deri ved from US and Norwegi an patients. Briefly, in that study and a
subsequent conpanion report (Sorlie et al., 2001), the authors determ ned
-that | nvBsdas: lrieasic cangelks could be subdivided into at |east 5 distinct
nol ecul ar 15 subtypes based upon an “intrinsic' geneset representing genes
whose tr%ﬁ%ﬁﬁﬁ%ﬂqgéﬁﬁt VarSiSaESoH e S %??%%9?¢yﬂﬂ%%q¥63DFﬁbTﬁﬁFP@nant t uror
Conponerﬁepo-rﬂa:o%@%c'Jﬂt%ﬁé%&)%%%k@&te shgned sy es HAat JePiesantetine
“hal Il mark' el ements of eac particul ar subtype are summarized in Table 1
(this date@etthr® instHdnddant er Repp ek kedy tandd e sSiGamidtdessudyR. Bet ween
the Stanfordlcstudyandudie LRUCALOERdH Semd NG QLS (RGUCral differences

i n nmet hodol ogy and experinental design, such as differénces in sanple
handl i nep protteos osis yathieewe stpdpdiiat nonsuanidax presisiion arfr ajepl at f orm

(2-col or ﬁgwé 2 1 Croarr tn_the Stanford study vs 1-color Genechips in
the i nvetn ors'’ ?tf{%y, S’asr(-zj\?\}eélarL astartter e‘% ¢ arTR eﬁr 5i5é* sequences). The

avai | abiinrtediaft«tlyo giiostsilgctiibseastd cancgie @aUaSSicorhdataset snfir om

i ndependent .institutions.(Stanford . and the inventars) thus allowed the

i nvent or ?%P{E;ﬁ?e§olﬁhzﬂ%8}a Hgsp¥%€}?4ﬂﬁﬂ§Q$ S FE8S 9Pt °fhe nol ecul ar
subt ypescdefirmned dth sOng si BSbkbyhéRN] § BXREIdJEMS tHL Dephp® ¥O 03/ 070979

PCT/ GB03/ 00755 indeed sufficiently robust to be detectable in another
institutﬁ%ﬁ?q;qggugﬁ_Slngapore General Hospital. Samples were

stored in liquid N2 until processing was performed. With
the exception of 1 tumour and matched normal sample pair
that came from an Indian patient, all other samples were

20 derived from Chinese patients. Confirmation of the DCIS
status of tissue samples used in this report was achieved
both by conventional H & E staining of archival samples, as
well as direct cryosections of the actual sample that was

processed for expression profiling.

25
Sample Preparation and Microarray Hybridization
For hybridisations involving Affymetrix Genechips, RNA was
extracted from tissues using Trizol reagent, purified
through a Qiagen Spin Column, and processed for Affymetrix
30 Genechip hybridization according to the manufacturer’s

instructions. For each spotted cDNA microarray

hybridization 2-3 pg of total RNA was used following
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To performthis analysis, the inventors first identified 5 probes on the
Affymetrix UL33A Genechip corresponding to genes belonging to the
“intrinsiwooserovas defined by the Stanford study (see MatPemiGHos/oensd

Met hods). OF 403 unique genes found in the Stanford "intrinsic' set, 292
genes, or 72.5%of the intrinsic set, were also found on the Genechip 10
array. The inventors henceforth refer to this overlapping set of genes as
the "comon intrinsic set' (CIS). Inportantly, the CIS still contains many
of the " hdlngderkoungehéseahosepl i@isdriiopt i (@anwastr eport edodn. tawel St anf ord

study to,bhe _useful r. discrimnating, b en subtype, and 15 reclustering
of the SPgﬁﬁgidSFﬁ Egg ggfngh?h%P?ﬁEéaﬂéﬁﬁg???5F8@6¥ﬁVghly simlar groupings
to that obtaidedatusong wbee Eotpaidi rdgasingtsat stdatargot shown). Wen the
i nvasive cancers_.in the inventors' series were reclustered on the basis

of the CICST™EREYSh¥erVadlarst rRihg aimsearentrrli hnSPoathserdyr egat i on
patg ern wharenaawhabh 5hgi CARCET AT eS . %faﬁpﬁgcw&?rg'#gm 4 stinct

classes. The inventors then proceeded to conpare the notfecular subtypes
def i ned ifpPriRaredsfadyorvnyg hosmdirst precedubyst hBeBt anf or dalstudy (Luni na

A, Lum nalygBA C, .Basal ~pfNer 0Bl sd d E + Perou et al.., 2000;
Sorlie et al?f 5001?_CL§%1§2+n%%E%§ﬁb§%g %Esﬁo%a%ggégaﬁ%%$%F?%?%his group
wer e ER venpypregonvenytenakeseanoioliesteadhem. sEyxcefhewistaanf ord study defined

at | east .groyps_of lum nal tunmors - Lumginal 0.and, Lum nal B/ C, the
latter bg%ﬁglggggti%%%%i%ftWFEF[ﬁ%ﬁ%ﬁgscgpgﬂ%cZﬁbé?iﬁﬁog?%n?lﬁY nal B and C
t Urfor s adget realed 6lise areSéNglee Glads9abasletl wstheppstedly difficult to

di vi de tgeg1.§6 V%103/070979 PCT/ GB03/ 0Q755_ into two discrete groups
(Sorlie B¥PALLZ3BHANS WOHiRYEAISH PR1PHeASEHREBFUX YRR the i nventors
al so obseexedntpe. presencen@iridiiARYShH, LAEPSL L AR, echl 88 s Siitype that was
highly simlar to the Lumi nal A subtype of the Standford 5 study, as this

subt ype ®@BTBRaFaeEERY 2 LCEHY M MEFEParEny axpreesi GAPRI1ER and rel at ed
genes sugbeass A A3rndkiNF3a, and X-box Binding Protein 1 (bar (S1). They
could not, however, clearly determine if the Lum nal B/ C subtypes as
défi ned by the Standford study were also present in their 10 patient

populatiggtabgﬁggegggg tpgjg{khsghg that both the B/ C subtypes are
associ at of ER related gene expression, and
t hat theFbumspatt€& st/ pelcroarray data, fluoresence intensities
corresponding to individual microarrays were uploaded into
a centralized Oracle 8i database. Establishment of various
20 data sets and gene retrievals were performed using standard
SQL queries. Hierarchical clustering was performed using
the program Xcluster (Stanford) and visualized using the
program Treeview (Eisen et al., 1998). To identify outlier
genes in tumour and normal datasets, array elements were
25 chosen which consistently exhibited greater than 3-fold
regulation across 90% of all arrays for the normal dataset
and 80% of all arrays for the tumour dataset. Correlation
analysis was performed using the similarity metric concept
employed in Golub et. al. (1999). Briefly, the similarity
30 metrics corresponding to the normal/tumour class
distinction were calculated for each gene, and the genes

then sorted based on descending order of their similarity
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al so expresses high levels of a "novel' gene cluster. The inventors also
observed the presence of a second |um nal 15 subclass (ER+ /ERBB2+) which
was di stiwotosforem t he | umi nal A cancers in that this ot h@CTatBIsl06rsS
expressed internmediate levels of ER-related genes (simlar to Lum na

B/ C) and genes found in the "novel' cluster (simlar to lunminal C, bar
(S2). This subclass, however, also expressed 20 high |evels of

ERBB2-rel ated genes, and is thus likely to be distinct fromthe lumnal C

cancers ggf jaed ﬁ?ﬁr‘cetxh%ei@ga@tﬂﬁ:@d55¥d¥he§§ pa nale G RANCESS 1§%press |ow

level s of the ERBB2 gene cluster. Taken collectively, t I nventors
resul ts FaEFektelathde e gdkRsA dagbiacticmm Hed tap HiQy.gsSkes25roonstitute a

M, di ff t
robust ok goulalesuiAPerhal ¢80 bencommDNl voi faund ashoss differen

pati ent popul ati ons. Conversely, nal

subt ypesPayc iepr dbamonleass Anpdast VACARNSs Whasto presence may be nore
signific I af f ect by differences in ethnic specificity, sanple 30
ha%dl i ngffpéeo %lc%ltsﬁanéﬁ%é:%“%& Ecgéh%%g?}.‘?r%%sw 6979 SER GR03/ 00755

As seen ¢condi gty e5,a hupdUESobebongingré® +he dwindgali gat egory (subtype Si)
appear tpo be transcriptionally honogenous on the basis of the CS. To
det er mi neT4 LY UnEBePongPRgr e hFd Qbtafpe T oRd e Prdr t her 5

subdi vi deshpdhen iV enter aataskyst ef edi ol Argals HQUP fe Joii pal, tunours
using a separate set of genes which in a previous report had been shown to

be indi ¢t i veBITESed sslletbieerpuner wrotatterlasive drat msichSorlie et al .,
2001) . Lh Qi SAsks 167 shRESeey PAO! LELTALI LT OEAG L fIRY, Faynd  that the

Lumi nal tunours coul d be subdivi into two IFstinct types, nanely,
"pure" |ii HalpAnaigadnerhepnestbt gypeun hatfahey diawe vefdpbedite as a

Lum nal | y. 15 _(Fi gur a). lt.is likely that the Luminal A/D
subdiviSﬁ%ﬁﬂﬁ%éggﬁrnﬁ%glgécﬁegﬁ%%%?%f?gzﬁ?@??ﬁéﬁﬁxﬁﬁﬁauﬁﬁsogkﬁ nore diverse
set of tpawuw ooOnthheehashsngf veheaBprotyferati on genes” resulted in two
broad subdi vi sions, one representing clinically aggressive tunmours (Basal,

ERBB2 and Lum nal D), 20 and the other representing tunmours that are nore
c13 ni calfor Afmeteablie CbHEtRabs, Noswedd NUHE ddake) wellegu:g19b) -

Basal -1i ke : The basal nol ecul ar subtype was reported in
controlled using a commercially available software program
(Genedata Refiner) and deposited into a central data
storage facility. The expression data was filtered by
removing genes whose expression was absent in all samples

20 (ie ‘A’ calls), subjected to a log2 transformation, and
normalized by median centering all remaining genes and
samples. Data analysis was then performed either using the
Genedata Expressionist software analysis package or using
conventional spreadsheet applications. The unsupervised

25 dataset of 1796 genes used in Figure 1 was established by
selecting genes exhbiting a standard deviation (SD) of >1
across all well-measured samples. Average-linkage
hierarchical clustering, was applied by using the CLUSTER
program and the results were displayed by using TREEVIEW

30 (9) . Significance analysis of microarrays (SAM) was
performed essentially as described in Tusher et al., (2001)

(10), using a fold-change cutoff of 2 and an appropriate
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the Stanford study to be characterized by high I evels of 25 two expression
signatures - 1) markers of the basal mammary epithelia, such as keratin 5
and 17, awo oBloyosgenes belonging to the novel' cluster. @oALRIBOOSSW th
the Stanford study, the inventors al so observed a basal subtype
associated with sim|ar expression signatures (bar(S4)), 30 indicating that
t he basal nol ecul ar subtype is also highly robust. In addition, however,
they al so detected the apparent presence of another subtype (bar (S5))
that wasied8 aW0aQ3e0709¢9p PEHE GRO3 O -didiccassgcirated (wbkh apy of the
expre55|on 5| natures described in the Stanford study. Normal Breast-1ike
The " norrral (9-PRe subtype is 5 ssociated with expression of a gene cluster
that is also hi ghly expressed in normal breast tissues, and includes

genes such as four and a half LIMdomains 1, aquaporin 1, and al cohol
dehydr o§&esadéon £l asSompopetatrimsimineset t(¢#0s in the inventors'

sefies alsa.cl e t S ibited this
eS%ress?B%%ssfgﬁggérgo BQh({§%§6E%$§JBE%%?h gf%%% ESEGQHQ ?é%ular

subt ype damrahsacbedaoasedeaeddéfnﬂnﬁeinwﬁmnﬂu subkype. (2ERBB2were The

St anford g% al.so geflnfg a. final ERBBZO N ;sgg e in ich these

t unor s ﬁg &r 48t EPF 23T D) HEGH 1S el's OF° &FpreSsPonIsPERBB2 r el at ed
genes (cahnuminElic’ bBtetordiatind evels Ofcmmprassieen ebst beulaovel ' cluster

(colum B), and absent expression of ER-rel ated genes colum A). A

si ni | ar 2ERBERSY §8b?yﬁ@eﬁb§1%l%%FQ%Q%Uq%F%§§rpFé§€ﬁttpﬁ F@nfﬂ§%ntors

SEf i es (R eSIhrap&RBSiGheMne Wi d hes BXPress olndatawatheyedl SO
subsequently confirnmed that the tunors belonging to this nolecul ar subtype
were alfedERBE2+ob0dor9Rnt | HRERT | ThfurnEHIoyadc ivéndgPhycasewepres 25 To
sunmmari g, %ﬁ3%?.ngEBhﬁggﬁﬁébnggaﬂ%%% q énﬂ%%eQXehhﬁSl§5aEﬂ9£d study, the
i nventors clear et ect at Teast 4 subtypes in their own patient
populatdoﬁtoluwe&dhng 29pamatclie ke, omotavel? lrfedde- birkginahd ERBB2-+-). They
could not .cl.early determne if o artl ul ar Subtype (lumnal 30 B/C) was
pr esent |ntth8F%Cser§és u5|ntl%%émgggég“i % Re™™ l’))S and they al so detected
tee potential presence of 2 addltlonal subt ypes (ER+ ERBB2+ and ER-

Subtype 11) which 49 WD 03/070979 PCT/ GB03/ 00755

Results

Partitioning of Normal and Tumour Breast Specimens Using

20 Unsupervised Clustering

The inventors used c¢DNA microarrays of approximately 13,000
elements to generate gene expression profiles for a set of
26 grossly-dissected breast tissue specimens (14 tumour, 12

25 normal) obtained from patients of primarily Chinese
ethnicity (see Materials and Methods). After hybridization
and scanning, approximately 8,000 array elements were found
to exhibit flourescence signals significantly above
background levels, and these elements were used for

30 subsequent analysis. Initially, the inventors found that an
unsupervised clustering methodology based upon a number of

commonly used data filters (e.g. selecting genes exhibiting
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have not been reported before. The finding that that the mjority (4/5) of
the Stanford nol ecul ar subtypes were also clearly detectable in the

i nvent or swogBuy7suggest s that despite nany net hodol ogi cRCTAiBBBOBRCES

bet ween centres, 5 that nol ecul ar subtypes as defined by expression based
genom cs are indeed remarkably robust and conserved between different
patient popul ations. Ductal Carcinoma in situ (DCIS) Cancers Express The 10
Hal | mar k Expression Signatures of |nvasive Cancer Ml ecul ar Subtypes The
previ ousy# esdi dis I-ricatRguhat 1PR! geLb sy | ¥t sidddara-ssupteRes qbehr east
cancer can indeed occur and be detected across distinct ethnic

popul at i Y @&fe ali-mi tl@Pi%on Wenot Resel 156 31UV exesHIRS . ansaghay it is
oft en very, Aidfd.cil torfhn REOLLE,LNE. SERE: LANCEN VA AL chended period of
time. As such,” one question that is often raisedis et her these

mol ecul aseqragareds imgpr ésenbroabt ypesps hati@r eaqhulgrowti stinct bi ol ogi cal
enf%i ties onoris%er} h%rf tahe sciurgel fZQuIEefrleé:r'g anosri n% e or iaef ew subtypes in
di 7'f er ent°'st ages “f evolution. Sinceé ?Lhesec%wo di Tt et "théories, referred
to as theowdieat,i Ratthdn @lar®’ gabdpt hehe eMobarti@narfsundypetheses

respectively (Figure 6e), have di ffgr ent jinplications for clinical

di agnosi%u‘%f%’d: S SL8GHRG 95 and o 15952599 i8¢ thus i nportant to
det er m ney wWhiseh iRfepdriRse BLOPBEEH-HBS hari s b d e Ha%@aftor breast

cancer. Unfortunately, it is not possible to distinguish between these
two modetEIRE SR "eiidyi fg SEHPASTYR RanF=dHtad Ufdve been sanpled at a
Sipal e Rfldind i iddiP 138 LR LS 0ubypat hoses. vod e, expect adyto produce
results simlar to that shown in"Figure S. 50 WO 03/ 070979 P&T/ GB03/ 00755
| n convesitiigndihati steepatfifelcddgysldudt at i naricimdrrviaersia dufionrDENS) has | ong
been r eqagnised A 1Lhe JTRLOL B eFULS0cod G Jvasive Jyrgast cancer, and
likely represents the “earliest norp ol ogically detéctabl e nal i gnant

non- i nvasisupesirsealkidalttesisen, Desps t®lddeteamltimganthestatesasshowever,

DCI S cancers _are al s%ldi St gct frominvasive cancers ig a__nunber of
respect £ AT AARFPIBCPS EaRbeP LI hTE 1Y BT FEentr§ from i nvasi ve
cancer s {Uchs GRSES c&r @ npbubBbikhychés eat ethaMddr rsur-gaiom Wi th or w t hout

adj uvent _radi ot hera@é)ne%ot Harris et al., 1997), and DCI S and i nvasive

cancers Qﬂygram, an at the level of & primary class
division. Similar findings have also been reported in other
breast cancer expression profiling projects (Perou et al.,
2000), suggesting that at the level of global

20 transcriptosome, the expression levels of other genes may

‘supercede’ the information encoded by genes involved in

the tumour/normal class distinction (see discussion).

Use of Outlier Genesets to Classify Normal and Tumour

25 Samples

One of the main objectives of the inventors' research is to
identify genes or gene subsets that are of significant
diagnostic or therapeutic potential. To be of clinical

30 utility, it will be necessary to identify a class of genes
that can accurately predict if an unknown breast tissue

sample is normal or malignant at the level of the primary,
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differ substantially in their distribution of specific cancer types
(Barnes et al., 1992; Tan et al., 2002). D fferences such as these raise
t he possiwbploByIrhat while DCI'S cases are nalighant, theyCraBoalosssbe

nol ecul arly 15 distinct in sonme respects from nore advanced invasive
cancers. The inventors reasoned that the "distinct origins' and

“evol utionary' hypotheses could be tested by profiling a series of DC'S
cancers and conparing their profiles to their invasive counterparts. Each
hypot hesicgather clran e%e@i)ﬁdc?@nentclmsadiddtfiiemsn | Totheen'di &g itfetseori gi ns'

hypot hes ue, th ncers, representi ear, cancers,
shoul d eggrrlzbég%{%’any i &é‘{]l a::gl%lentfl /&% hafl'l Bul%ﬁejéx% eSO lsggfnatures
associ at éelasz\niﬂngtds’rteraftesgnrﬁ natdir esi neagbyencodnded Pasis.arl ternatively, if
t he 25 tipnar pot hesis is_correct, then, one m ght expect t hat
the Dot STEFOFFEA (TP B ol el JOSProRaD BES DO MAGIHRA™ dn to  hei 1
| ngasi ve (cou espart s, Tun,| el @S a10bt Bboefl. 120 [igsue sampl es whose
hi st opat hoI ogi cal status was confirne a pat hol ogi st both usi ng 30
convent | GREPIEPRS F_u%ﬁf%l&hlﬁ'i‘gl@&t]weld{lfﬁrﬁﬁéz%ﬁrﬁ%%em iohentidly t he act ual

sanpl e t baksvas) haces sgh @Ms%szgnaggesze 3t @070979
PCT/ GB03/ 00755 Expression profiles of the DCIS sa S were then generated

and conpafREodectives rOLiWe@s‘i vensgsunter pai s smetlswargmcne, @Ia&pfisesa starting
o rooe pE D e ST FANG L DY LE BEL S PATR £ SdeOReg AT oS 1V

various [nvasive cancer eS 't 0 tT AC pélifically,
51DCl S sa@w@siesregrcmjaiseﬁs ntWatlhhﬁ baohnatospbtygess 4Had arehe ER /ERBB2 +

subtype, 2 into t ER +/ BB2+ s e,.and 1 o the " normal
br eagfl i RBUIBUBTpe! Yomsor ¢ r‘i“tljlrfg#ﬁ%g %%EH%{%Byr?ec,roesefcﬁl&f °fhe DCI'S

cancers wassd ClltﬂdaIth aJ:LQ:arycﬁJla&tel Yhexptesstt heednal tHed K @%el on signatures
of its partjcular nolecular group. Interestingly, no | S sanples were

found to RYust®r WIHH e 2 CerPERed s AY pElg 12kl tec Gifathsubt ypes,

whi ch i sceftsiesd eddt Wit ydeavit@uak ¥ i REQPIS 8sk £ Neq 1185 that these subtypes
maé devel op without a 15 (or possess an extrenely transient) DCl' S conponent
r

nes CEISEFS 15199 pfesseresding styydatd thatstdimitionct breast cancer
m)l ecul af SIIYRSPL A € present even at the DCIS stage of breast cancer
tunori genesi s, supporting the hypothesis that the subtypes represent truly
di stinct

The inventors first established outlier gene subsets for
both the normal and tumour populations. To avoid biases

20 that might be introduced by fluorophore labelling, they
also included in each group 5 ‘reciprocal’ expression
profiles in which the sample and reference RNA population
were inversely labelled. This analysis identified 60 highly
reproducible ‘outlier’ genes for the normal group and 75

25 genes for the tumour group that were either consistently up
or down-regulated across all or close to all arrays (Figure
2). A cross-—comparison of the normal and tumour outlier
sets revealed a number of genes in common between both sets
(Table 1), leading to a final combined outlier geneset

30 (referred to as the COG) of 108 genes.
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20 biological entities, possibly arising via different tunorigenic

pat hways (the “distinct origins' hypothesis). Genes Associated with the
Nor mal / DOVB/0Blv®@3d ve Cancer Transitions Inplicate D sreg®CatGry/o0afss\Wht
Signaling as a 25 Common Early Event in Breast Tunorigenesis and that
Lum nal A and ERBB2+ Cancers Exhibit Simlar Invasion Prograns Mammary
tunori genesis can be broadly divided into two main steps : First, nornal
breast epithelial tissue is transformed to a malignant state via the
concert eth 3@ oderRgULALHORs 84 Varinustoeldnd als pathwaysitkiabn and Wi nberg,
2002). Second, to progress to an invasive cancer, several additional

bi ol ogi caEMPESpr 3gr 8ABLARSD HaVERe ol WS B AD=03L0F097ITBCT/ GBO3/ 00755
further d,; | BC Lng pepst ' S upej enment
nenbranég%ﬁﬁﬁggiéﬁ g?bgﬁ% ghncer {éﬁéﬁqﬁégéﬁﬁggegﬁgengggggeggggna, and
angi ogenisc.ied¢higi preat Bduraddot higle d10G w¥selts vedy tegpegabdedi sikwrent and

i nt enance (Hanahap _and 5 i nber 2000) t he nol ecul
et P e

. .. Gven r
ot er og@HeITy of CLprBRSHE CARE SO bHe SN Cant CHUELDI BR-TRIERE field is the
extent toaddhel,t hethenehi - Progsamscdiainscqrtigaket hagse two key steps are
subt ype specific _or connnnlg shared anong all breast _ cancer subtypes. 10
To i dentiFSF igeéréd Lhod e" 8XPT LsTFHNG el TQRENFRFRARL Y§ES diFFer ent

bet ween naringledhr east ihi s58e8orifdd SLANGEIFa13RG chBekr okNVAsSi ve
counterparts, the inventors used significance analysis of mcroarrays
(SAV), FHFGHEFSPIESSIPRL V3Rl TR HRIbI G tthae RasPbeenafised in previous
reports £ Jdertldf yihoni fieant | ye regul ated gﬁﬁgéiﬁ usheiyegt al., 2001).
They concentrated on studying the lum nal and ERBB2+ cancers, as nost of
t he DCl Swanwpbessi ant heistexyxaly) betturdedayo hemeséetdwbonbhesul ar subt ypes.
First, t 0.t ed. an 1 d e t hesi hat .. capcers,
despitesgﬁ%Pékgfﬁégngﬁg %%g%géfiéﬁa $%$E§T§%gfﬁ§és?eé %%éﬁgégéfégre

never t hedaags est wklret ransect by | @aldaed  disstggect: infyr ohein¥asi ¥yercancers. The
inventoggﬁfongared 5 &uninal DCl § cancers to 5 Iunina# i nvasi ve cancers,
and det SATATEG 525 PHAELThet 22 4T 5T ed @27 4§dRedSt Rat "WBFr& 2PGnificantly
riegul at e frestngeamdthob dcsuidedfiof idieydramiaatiagf gkses deswomery rate

(FDR) of 5%, In contrast, a control analysis conparing only invasive
| um nal 9&S&ERCér S1AAFPER- had been

Definition of a Minimal Genetic Identifier for the Normal

vs Tumour Class Distinction in Breast Tissues

20
Despite representing a dramatic reduction in the number of
genes from the initial data set (8,000 to 108), the number
of elements contained in the COG is still too large to be
feasibly included in its entirety as part of a potential

25 diagnostic assay. Ideally, a diagnostic geneset should
consist of i) a minimal number of elements, ii) be of high
predictive accuracy, and iii) represent a mixture of genes
that are positively and negatively correlated to the class
distinction in question. To further reduce the combined

30 outlier geneset to its most informative elements, the
inventors used correlation analysis to identify and rank

genes in the COG that are most highly correlated to the
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randomy distributed into 2 groups failed to identify any 30 significantly
regul at ed genes under these stringent conditions. A simlar result was

al so obt awpad/of@ro DCI S and i nvasive cancers bel ongi ng t o PCReGHIRBBZF
subtype (data not 53 WD 03/070979 PCT/ GB03/00755 shown), indicating that
significant transcriptional differences exist between DCIS and invasive
cancers belonging to both the Lum nal A and ERBB2+ subtypes. 5 SAM was then
used to identify genes that were significantly regulated during either the
nor mal / BASuaneoEk$ cnuasi agstm@tmsdrt | e fvercebathst Badl um nal A and ERBB2
nmol ecul ar subtypes (FDR = 59 The results are summarized in Figure 8a.
In t ot aMeH&es) he ThenitAaloRt s HEi/be Pos griealsr arg ﬁ@ﬁﬁéﬂvéiygenes wer e

si gni fi cantly sdewnybagyl abed rggssésmeedﬁqrnn%we@g §b1t!LfL§9 tbon than
upregul ated (705 génes down vs 245 genes up), he DClI S/ | nvasi ve

tran5|t|&9¢ur@§ﬁéYQéﬁé§SméYet@¢ghﬂéa&kuﬁa%phewcr@@@eanﬁHEsteésmmmn1:han
reas%%g%Sthgnﬁﬁngﬁﬁﬁ ¥§t2 éhégn ré%e e%rkg afor 15 the ERBB2

ty e 7 genes were signi |cant y dommregulate RA275 genes
upregula@e@eduC|mgehhéflaornm¢¢ixaﬁiﬂy}ﬂraﬂauﬂiedwbuueoilﬁhgenes wer e
domnregulateg gdt294 enes e | at ed ur| EE rﬂn5|t|on fromDCl S
to i nvadivéicanl uﬁau h@a?% ‘ﬁ?oéﬁd@?‘aﬁa I Fhe 58%to how the

geneset gedls tabkemdkeSupbtiaad: géWKﬂit(ﬁﬁéﬂi@k@Qd-répr@?@ﬁtlg | dentifier"
that can Di stinguish between a 25 normal vs Tunour Breast Sanple

Met hodorﬂdggwreoatfaggéfes 58O e tPeTi idWind Ve ple HTEREE NOR el LB 84 30
Tuyror 3) 54190,036070979 RCTLGROBIN0IES 3ep b1 oThR dahgutor each sampl e
was nornallzeg medi an centering each expression profile around 5000
fIoureséﬁé@at&ﬁpt@aVEh@O€e®%cYﬁ§)hﬁﬁﬂnﬂﬂ&ﬂf}b@§a§§ﬁésdé&pﬁ@%%@@h abundance
of each gene in terns of flouresence units, from 5 0 to 65535) Step 2: An
intensity filter was applied such that onIy genes with intensity values in
t he rangeecgfic20@et 62080i 0P0cT vidree Aletgsineed Genetic Identifier’

15 All analyses done up to this point were performed on the
same ‘training’ set of 26 breast samples, and thus the
predictive power of the 20-element geneset has not been
addressed. To assess the robustness of this ‘genetic
identifier’, the inventors followed the strategy of Golub

20 et al (1999) and tested the ability of the minimal
predictor to classify a naive ‘test set’ of another 22
breast samples, of which 12 samples were tumours and the
remaining 10 were non-malignant. In a similar fashion to
the training set, they found that the 20-gene genetic

25 identifier was also able to classify the naive set with
complete accuracy (Figure 3b). Thus, it appears that the
ability of the ‘genetic identifier to predict if a given
breast sample is normal or malignant is not confined to the
training-set from which it was generated. Instead, the

30 number of elements in this geneset, although minimal, may
be of sufficient sensitivity and informative power to give

it predictive wvalue.
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10 Step 3: A "Valid value' filter was applied such that genes that were at
| east 70% present (ie above a mnimm threshold value, usually about 200)
in eitherwoms/miozo or tunors or both were retai ned chosenPCH/GR08f007%5 A
statistical T-test was performed to select genes that were differentially
expressed in normal vs tunors at a confidence |level of p < 0.00001. This
resulted in the selection of 507 genes 20 Step 5: O the 507 genes, a high
fold change filter was applied to select genes that exhibited | arge
differences in expression between nornmal and tunor sanples (2.5-fold and
above). This resulted in the identification of 49 genes (up 25 in tunors)
and 81 desessfog ithen6iahds)leveberf YpaliptiPRebetwgene§ogmal| 2&ded in Tabl e

4a. Ste%d%oﬁ}h%réggt(QQS§Q§S81) genes were ranked using support vector
machi ne r to rank genes in the 30 order of their
i nportance in being able to assign an unknown breast sanple to either a
t r or_ nornmal group. __This,was done.to arrive at.a snall subset of genes
t hat caﬁ““?ﬁtwfpg§F6§0@§§ E@ﬁ?ﬁ%ﬁgﬁbd?ﬁgac§€€&F ?ePy Hgggict normal from
tunors. vEQla32086€Nes8 @aveicgl oseut ksl %datiseelsas sighireakioanefbe £@Sul ts are
given in Table 4b. 5 Step,7: The 32 geneset was tested for its predictive
accur acyF95RPRE 6Pa§§QFF€g%?%n P HoTHRRC vty fbesgaipPEs,  using
| eave- ongrQt Bl @S $avaht daht ofa § R L\Wnd eshidngg Neatmiselkasshdications
wer e observed. 10 Support Vector Machine (SVM, géne Ranki ng Thi s approach
i s used hisasdnkuphErgeras prRhBL HatlEswle vacdaitdiong 8 Chere phportance in
ing a t i.gn .an tgqa panhincul g Typi cal |y,
R T S € A IR P
t est sethypatimesisutronargialhypeept anaes opariatiiogs thetbwoopbagdees (eg ER+
vs ER-) s calculated for the _traini t.. 2 ing_. nes are
present1¥ﬁmkﬁ€ géF,CPﬁge ﬁ%% ?%ﬁaofﬂﬂﬁgiﬁ%h&Pﬁ%P§§§%ﬁ§ngB aﬁg§is H = W*
Gl + W fGRumourigenesis. Wdw&rer, .narmal. breasWrtiGsues are also

highly environmentally and hormonally sensitive, and the

15 specific state of a normal breast tissue in a particular
patient is often dependent upon numerous demographic
factors, such as age, menopausal status, and medication
history. Thus, it is formally possible that a certain
amount of the variations in expression state observed in

20 tumours may also be reflected in non-malignant breast
tissue as well. Since the inventors' data set consists of
both normal and malignant samples, they were able to
compare the inherent variability of normal and tumour
samples to each other. To perform this comparison, they

25 utilized principal component analysis (PCA) on the entire
8,000 gene expression matrix, comprising a total of 22 non-
malignant and 26 tumour specimens. Using PCA, the inventors
reduced the total gene set to a series of distinct
‘components’, in which each component represents a finite

30 amount of gene expression variation across the primary data
set. They hypothesized that observed variation in the data

could arise from multiple sources, such as intrinsic
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Wiere W's are the weights and G's refer to the variables 25 (genes).
Usi ng the genes corresponding to various top N weights (weight is

i ndi cat orwofosiompor t ance of gene in classification) the clPassGRIB/oadsk
sanples in the test set is 30 predicted. The prediction rules are built for
varying sets 56 WD 03/070979 PCT/ GB03/00755 of top N genes. The above
procedure is repeated 100 tines and the gene ranks and m sclassification
rates are averaged. 5 "Genetic ldentifiers" that can Predict the Estrogen
Recept or b St avgiscaindrhies tERBB2 aRee@ptlobs Skabpeisiménta BreastitrBsedr Sanpl e
Met hodol o i nvasi ve breast funor sanples. The individual

. 10 Da t: 55
t unor s V\lég%l%@s?r{;né%“qig FhEHHERCRG GF ofpRPOR MV BHSIRG of | HC

(i mrunohh g OCdted sty Jand)l x9N chae ePL s ( ER) st atdisisve3® ER positive .
and 20 15 ER negative sanples b) c-erbB-2 (ERBB2) status: 21 ERBB2

posi ti veShhee 3de FRBEE Ihadat itveoganphesle Steprd : idgmel wellaction to identify
gepges thal A& LP differential e S g ER+ Vs ER- tunors,
and b) ERBR2+ Vs ERBBI- sgﬁglgﬁ? %E%gé ?ﬁd@%%%%é%ﬁﬂggﬁgﬁmgglection

t echni quesrivetionsalie SigrixpiecamestAhatysdst ofnM ardararadisingSAM), a 25
statisti ni t.hat_,uses, random pernut ati ons t he expression data
to esti n%?%u%ﬁ}% fegiﬁgaellaliassgg\]féerdy%ew e", ?gﬁt%%o%sa'nggémaﬁ’ whi'ch a

parti cul @t fgemenadd lin befialtdeny bealvked aise beimga i friementdaal | y expressed

(Tusher et al., 2001). Th enes are then ranked by 30 their "relative
1 11 or ergbodbaniah oS t el B8 EREr Pahed AP R ine st op 6. mhove. | he
top 100 signidicantvagenasnwere sel ected. 57 WO 03/ 070979 PCT/ GB03/ 00755

A signal to noise (S2N) strategy was used to rank genes based on their
correlation with the class distinction (either ER+/ ER- or ERBB2+/ ERBB2-)

(Golub  Ble &lnuentRY p1HC ORLLOAIERES, MeF £ £8] G &b served in

the normal and tumour data sets against their principal
components (Figure 4). In order to effectively compare the
15 two datasets, each component was normalized to the first
component in that dataset, resulting in a graph that
depicts how the total variation across the dataset ‘decays’
with each successive principal component (By convention,
the first principal component is usually taken to represent
20 the elements that exhibit maximal variation across the
dataset). The inventors observed that as a general rule,
every component corresponding to the tumour data set
consistently exhibited higher variation than an analogous
component in the normal data set. This data indicates that
25 the gene expression profiles of normal breast samples are
significantly more ‘static’ or ‘unchanging’ when compared
to tumour profiles, supporting the hypothesis that the wide
variations in gene expression observed in tumours may be a
consequence of breast tumours arising from multiple

30 tumourgenic pathways.
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5 A support vector machine (SVM ranking strategy was used to rank the
genes according to their inportance in assigning a breast tunor sanple to
t he correwOD 030f@®3%s (see below). The optimal gene set (w t RCRIGHVEH0755
accuracy) was selected. 10 Step 2: Common Gene Set (CGS): The genes from
the 3 independent analysis were pooled, and the common genes sel ected by
all three nethods were sel ected. Hence these genes are nethod-i ndependent
and sufficiently robust to be 15 used as a "genetic identifier' to predict
ei ther tben&R-vitidtRRE2 Mellatusael sabbypastof BmsasaqueerRasuolss  For ER
classification, the CGS contains 25 unique 20 genes (18 up, 7 down
regul at &R-S tHRFt EHEES < POPYLAELSPFon, the OGS contains 26 unique genes (19
up, 7 down regul ated) The genes belonging to each CGS are listed in Table
5. 25 Finally, the accuracy of each CGS for tunor classification was
assessednglmeQAKDKalﬁhﬁﬁtMﬁgd TREYRPRESKT Ferg ¢S diyariatimeuséd was_a

ort Véc age S nQf,rate = 7.286
%? or ERD %Sg{s‘f‘lfvab%%]sgcn(Cg‘%%erf‘a\[!‘ﬁaagcﬁ?g%f9b£l ,wﬁgdl St T o ERBB2

cl assi figadilomen 30 lavepalflroac Chriaey e 9884 L en8s WI'TOS/1G70 F2P rREFLGB03/ 00755

"GEnetlc I d ifiers" that ¢ an Pre t the Ml ecul ar pe of a Breast
Tumour ’?Je et oo I"6gy ° @5?5 g ©. Oﬁxpjf%%%cla:onﬁ uafﬁeyg for tumors

bel ongi ngoﬁ@r@h,e dMa ifaus e3ubigypes pebeegeney atm WM tregr 1AF fsy mmetcr | X UL33A
Genechi ps. The hal | mark expressign S|ﬂ$atures t characterize each
subt ype UPENRBSLr | sl NS UPES VAF SEuRt REFE EAH52 %é%ﬁi%ﬂ@ig) c) Basal

(7y d) Eﬁ?@ﬂﬁﬁlﬁﬁ(%é&ﬁﬁse& ) olaee) ther HB‘:m@Dﬂzé\@l’p'@fllé@e Hol dheA.
| denti fication of M ni mal CGeneset for Classification Using a One-vs-All
Suppor t ﬁ@@tb@rN@@Hﬂﬁ%l%%ﬁﬁbé@hthelr transcriptional similarity.

Using a dataset of 1796 genes, which constitute genes that
are both well-measured across at least 70% of all samples
and which exhibited considerable transcriptional variation

15 across the samples (as reflected by having a high standard
deviation), the inventors observed that the majority of the
samples segregated into several discernible groups that
could be correlated to specific histopathological
parameters. For example, many of the ER + tumors clustered

20 together ((S1) bar, Figure 5a), as did the ERBB2 +/ ER -
samples ((S3) bar). The normal breast samples also
clustered as a discernible group whose individual members
exhibited very high correlation to one another, suggesting
that there is less transcriptional variation in normal

25 breast tissues as compared to tumors. A number of samples,
however, were not accurately segregated by the unsupervised
clustering algorithm (gray bar) - it is possible that such
‘mixed clustering’ results may be attributable to ‘noise’
contributed by non-malignant components in the primary

30 tissue sample, such as normal breast epithelial tissue,
lymphocytic infiltrates, and reactive desmoplastic tissue.

As previously mentioned, a similar observation was obtained
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20 Step 1: The data for each sanple was nornalized by nmedian centering
each expression profile around 1000 fl ouresence wunits (the Genechip

t echnol ogyormsasres expressi on abundance of each gene i nPCEFGBI30H6755

fl ouresence units, from 25 0 to 65535) Step 2: A Valid value' filter was
applied such that genes that were at |east 70% present (ie above a m ni num
t hreshol d val ue, usually about 200) across all sanples were 30 chosen 59
WO 03/ 070979 PCT/ GB03/00755 Step 3: Five different data sets were created
are by J=say ngeon®Naf mtikeocaboye-peat foned greupsiadgt taad €piobining the
four remai ning grqup Q%i e .One-vs-all'). 5 Dataset Description 1 Lum nal
(19) vs Hi?é?é‘tom@&l%) lf% B3Ol 96y R53 Ry (sierendsadal (7) vs Rest (55) 4 ER
negative type 2 (5) vs Rest (57) 5 Normal and Normal |ike (12) vs Rest (50)
Step 4. For each of the 5 datasets, genes were selected that exhibited a
m ni nrumQQef ebd echdnge cbetReens rdupss (Ratded-egmimeand ®WhS used to cal cul ate

t he fol e oups) I ts. ol | ows
Di?f e?eg%oﬁa%{&g%régghsagpé%eggw\%%?%n regdule-ag%gr(?s(%g%lnf %Ilggﬁg_t[aﬁ%%n nal (19) vs
Rest (43)flihed ZnERBBZi019) pusl Refsed (sh3)dids wBrBasdlso( dptest&Rebs (55) 318

R T o C T TNE T M
correlating their expression results to that of Perou et al
(2000), a landmark study in which a similar analysis had

10 been performed on a series of breast cancer specimens
derived from US and Norweglan patients. Briefly, in that
study and a subsequent companion report (Sorlie et al.,
2001}, the authors determined that invasive breast cancers
could be subdivided into at least 5 distinct molecular

15 subtypes based upon an ‘intrinsic’ geneset representing
genes whose transcriptional variation is primarily due to
the malignant tumor component. The specific expression
signatures that represent the ‘hallmark’ elements of each
particular subtype are summarized in Table 1 (this dataset

20 is henceafter referred to as the Stanford study). Between
the Stanford study and the inventors work, there are
several differences in methodology and experimental design,
such as differences in sample handling protocols, patient
population, and expression array platform (2-color c<DNA

25 microarray in the Stanford study vs l-color Genechips in
the inventors' study, as well as different array probe
sequences). The availability of two distinct breast cancer
expression datasets from independent institutions (Stanford
and the inventors) thus allowed the inventors to test

30 whether, despite these differences, if the molecular

subtypes defined in one institution’s experiments are
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Step 5: A support vector nmachine gene ranking analysis was performed for
each of the five datasets to rank genes in the order of their inportance

i n assi gnwog3amanknown breast sanple to its appropri at e PCTas®3e75§. ER or
ERBB2 5 status, see above). For datasets 1,3,4, and 5, a geneset was
selected that vyielded a 3% m sclassification rate. In case the case of
dataset 2 (ERBB2 vs rest), the use of all 46 genes gave a 10 m ninumof 9.7
error rate. Hence, all 46 were used in the predictor set. The predictor

sets argpghewns;Rriable: By rA%JJ@rﬁtﬁeah@éeIQlelc}' iErRbcn bRt aset
Description regul ated genes rate (2 d 1 Lum naI (19) vs Rest (43) 116

35 3 2iERBB2utiol’ vssRedy. (43) 46 46 9.7 3 Basal (7) vs Rest (55) 318 20
3 ER negative type 2 (5) vs 4 294 111 3 Rest (57) Normal and Normal I|ike
5 188 50 3 (12) vs Rest (50) 15 Step 6: The sanples were all conbined into
one dat asnetpealﬂdrmonleiySamlysjrS)ss:nealjjndahitonsaﬁakysi sdmsiﬁiaasdi ed out using

e various predictor 10 pendent ,iterations 75:
(t r ai ni KgPESt ?nrﬁlﬁﬁo%rfg%ﬁtt%“%\é}r@%g\s Grerashl FPﬁﬁeFBO’?‘glﬁ?\ %?/eral | cross
val i dat iyeRegr b@loﬁ@iﬁgoffo&l‘?é%:l(r@&r@'ﬂc’ 86€URACYe B4R 4 63y WL O3/ 070979

PCT/ GB03/ 00755 B. ldentification of a ni mal Geneset for Cl assification
Usi ng aSGeréPre AFgdYi { 7% NGRS ke NSBHO@%chﬁ A8Rt Ui MHD)

Appr oaclkyea e The G MAD: pppsoachis andiciherent setassbhi gation o.al gorithm
(Coi & Tan, 2003) that serves as an alternative to the” OVA 'SVM descri bed

in A St7ép5.%. oSahpe esn et es It giedn diswe PAce fhendobhobhagtendcltimsses: No.

Q% array. The inventors henceforth refer to this overlapping
set of genes as the ‘common intrinsic set’ (CIS).
Importantly, the CIS still contains many of the ‘hallmark’
genes whose transcription was reported in the Stanfoxd
study to be useful for discriminating between subtype, and

15 reclustering of the Stanford tumors using the CIS also
yielded highly similar groupings to that obtained using the
full intrinsic set (data not shown). When the invasive
cancers in the inventors' series were reclustered on the
basis of the CIS, they observed a striking improvement in

20 the segregation pattern where now all the cancer samples
grouped into highly distinct classes. The inventors then
proceeded to compare the molecular subtypes defined in
their study to those discovered by the Stanford study
(Luminal A, Luminal B/C, Basal, Normal-like, and ERBB2+)

25 (Perou et al., 2000; Sorlie et al., 2001).

Luminal subtypes : All of the cancers in this group were ER
+ by conventional immunohistochemisty. The Stanford study
defined at least two groups of luminal tumors - Luminal A
30 and Luminal B/C, the latter being associated with a poorer
clinical prognosis (Luminal B and C tumors are treated as a

single class, as it is reportedly difficult to divide them
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Cl ass sanples ER- subtype Il 5 ERBB2+ 19 Normal and 12 Nornal-1like

Lum nal 19 Basal 7 A truncated dataset of 1000 genes was then established
by sel ecwongogwnes t hat exhi bited the | argest standard 1Pcaasoaniss ( SD)
across all the sanples. Step 2: 24 runs of the GA/ MHD al gorithmwere
performed on the 62 breast cancer sanples based on the class distinction
described in Table 4. The accuracy of the predictor sets 20 selected by the
GA/ MLHD al gorithm were assessed by cross- validation and i ndependent test

studi es.; Def &y oafsc%/th%apgp@s@rEﬁe 62 1M0 03007098nBCELERO3/ 00755
(a) Crossover rates: 0.7 0.9, 1.0. (b) Mutation rates; 0.0005, 0.001,
0.002, 010REhe GR@EOrg. 9111@@) he f BRTRRTUSS Ve 5PE8Y Ves! EBEi on:

StOChaSt é%HJe'H? %ag%kheg ﬁﬁ%lggfqﬁgiéﬁufgﬁ SIAGpaRget Rakn = 1 and Rmax

mal predictor sets wth sizes rangi n%from 13 to 17 genes
per pr echn;h:ﬂry sselimMelretobttaenédmlEathApiﬂ&ﬁm%lOfsé e16twasifagdoci ated with

1 81% GRIa1 i G0 PEAPPEn EEC PR B0 1 otk 01 HEhe 50 bt adi ¢

ica accuracy ut of the 30 predictor
sets Woél%ﬂeﬁlaﬁ&d‘ﬂ ek bhe keibhnad- @ezseasrpéte:mwzsﬂTA@s dNFRer nal sanpl e.

For the other 20 predjctor sets, 9 1scl assi.fied t ERBB2+ sanpl e
9902627 3 L ER* &P F°t§éﬁp% m%fl prsﬂé1 Yt ors % R\%’ongly

cl assi figoldhe: SaR 2990262 r5anp! ef asha Basalal ype %miﬁy@esT\aB of the
optimal predictor sets are displayed in Tabl e 6b. 20 Iden%}hfl cation of a
Luni nal d=Siird 428 Ghe tsﬁénﬁgpéﬁ BERAX{ We R MO PORECRS dnt BP&Vous br east

cancer ﬂf@r?ﬁ ?li %ft' lo'nngbgs%g' 85080 Oé]rlifgﬂl@rﬂﬂa&t Grueashan
popul atl ons rev t e éxistence of a 25 lumnal' subtype characterized

by the hidgh sxprassi orreofsescisged- vétepivre fadd® J&vedSs@éhESs ESRI,

GATAS, apglated gene expression, and that the luminal C subtype

also expresses high levels of a ‘novel’ gene cluster. The
inventors also observed the presence of a second luminal

15 subclass (ER+ /ERBB2+) which was distinct from the luminal
A cancers in that this other subclass expressed
intermediate levels of ER-related genes (similar to Luminal
B/C) and genes found in the ‘novel’ cluster (similar to
luminal C, bar (S2). This subclass, however, also expressed

20 high levels of ERBB2-related genes, and is thus likely to
be distinct from the luminal C cancers defined by the
Stanford study, as luminal C cancers express low levels of
the ERBB2 gene cluster. Taken collectively, the inventors'
results indicate that Luminal A tumors ("Luminal in Fig. 5)

25 constitute a robust molecular subtype that can be commonly
found across different patient populations. Conversely, the
luminal B/C and ER+/ ERBB2 +ve subtypes may represent less
robust variants whose presence may be more significantly
affected by differences in ethnic specificity, sample

30 handling protocols, or array technology.
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LIV-1. Further, these “luminal' cancers could be further subdivided into
at least 2 further subtypes : Lumnal A and Lumnal B/C. Wile Lumnal A
tunors exyoasm®7ooesy high 30 | evels of ER rel ated genes, LwairraBo3BpB5cancers
express internediate |levels of the ER gene cluster. Furthernore, |um nal
C tunors al so express high levels of a "novel' gene 63 WD 03/070979

PCT/ GB03/ 00755 cluster. Lumnal B/C tunors were found to exhibit a worse
clinical prognosis than Lum nal A tunors, arguing that these subtypes are

i ndeed qd niceal liyy Febavant, bBufostibarorsdiudy ton dieeasmhigancers derived
from Chinese patients perfornmed in Singapore confirnmed_that the lumnal A
subt ype Gate8Idy JPERERPei ALl haPRRFAnt Hats et iFeiiPAticaRl L YHowever , the

lum nal BLGCauklsPeasnphsdst setatde dine. regsenshghindithis difference
may be due t'o nethodol ogical 10 differences between the two studies or

true di fffumcewsedeilpngpagi éat thopudartivre gowe deulfvnidpeacti on of the

or gi nal i_an d J b tl veal ed t hat

it nar AR, T L e O e R e 2P EBoF P Gene cf ust er
whose neEmems lart@monvsl vednipnacedpartare pred idferganiesn whiinh d¢onérast, this
“proliferati,on cluster' i ow y expressed .in_.Lum.nal tunors. The high
expr essiFot o UGe AEE OF pﬁé geﬁ? o?k??vg‘} :tﬁ g]ﬁ% AECE Va9 Tt Bnct i onal |y

contri butigstu@ 'tshee2@unakrsprol i i€t i v QSIS @®3Qdicakedam.th Lum nal C
tunmors, as this high expression levels of this cluster is also seen in
tunors l?é)lo&ﬁgi ng to the clinically aggressive ERBB2+ and basal (ER-)
syptypes as well. Thus, although a lumnal B/C subtype was not observed in

the Asian breast cancer 25 population, the inventors hypothesized that the
genes i @0 tthies bagiel pfekrhepon"PedListsra tdoul @edlesd (béhggedornd subdi vi de the

previ ously heprgenous . kupj,nal éé $d 1 s h @éi Nopopul ation into
di stinct 1-‘I%un‘i nal sugt ?pes. %r esul ts 64% 63/%?%938 C% GB03/ 00755
| dent i f iddattiion tof ybprol htweari ofpwtalstlentindinkedngenestbart he Affymetrix
UL33A Cengehin Lpthey LOventor. scatiudy.cLhe. expression profilss of several
5 breast” Turmors were obtained using conmercial 'y avail able ynmetri x
ULB3A Garachirgs Safenestcosr espohyi tigptt coHHdh@&uminal A/D subdivision

is clinically meaningful, as a reclustering of a more

diverse set of tumours on the basis of the "proliferation

genes” resulted in two broad subdivisions, one representing

clinically aggressive tumours (Basal, ERBB2 and Luminal D),

20 and the other representing tumours that are more clinically

tractable (Luminal, Normal/Normal-like) (Figure 9b).

Basal-like : The basal molecular subtype was reported in
the Stanford study to be characterized by high levels of

25 two expression signatures - I) markers of the basal mammary
epithelia, such as keratin 5 and 17, and II) genes
belonging to the ‘novel’ cluster. Consistent with the
Stanford study, the inventors also observed a basal subtype
associated with similar expression signatures (bar(S4)}),

30 indicating that the basal molecular subtype is also highly
robust. In addition, however, they also detected the

apparent presence of another subtype (bar (S5)) that was
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original “proliferation' cluster nmenbers were then selected fromthe
Genechip. O the 65 genes conprising the original “proliferation cluster',
t he i nvenworos/odwrer m ned at 36 10 (55% were al so present Pam/GBd/0Gsaechi p
array. Discovery of a Luminal D Subtype in the Asian Lum nal Tunor

Popul ation 15 The inventors then used this 36-geneset to recluster a group
of tunors which in their previous analysis had been honpbgenously assigned
to the Luminal A subtype. As seen in Figure 1, the 36-geneset strikingly
di vi ded rdie demmmristient orithwankr eadtpe ospsredwiant eriigreduned ow and hi gh

| evel s essi f the 36-geneset respectively. The former group

is fronﬁ%ﬁﬁ?&% 5%§r358nf8r§ SER@Ytrue “luminal A subtype, while the
| atter group is referred toras luminal D, as its expression profile is
di stinct_from previousl identified subtypes 25 High levels of expression

of the FIRGEnedeess§-aliss :obber vearnal other’ aﬁﬁﬁé§§ivé tunmor subtypes To
deg er mi nesdd; Juwy %lthDechg@rsél@fleﬁﬁl§ %%ﬁige(}rr,caé 2 130,39gr essive than

Lum nal A tunors, the inventors t deternln |gh expression | evels
of this hﬂQEQXHeAmmssseﬁs@nobsemaédbrﬁaa@gﬂx&&ua&atamdnusc@ub@ypes by

recluste 3/ 979 ,PCTL GBO3 795 A larger series of their
t unors 6%%%3%%é$0%%ef%égggﬁg gﬂ%ro? égga‘?%ﬁ”% ust §FUFRE deén in Figure
2, Lum redd @tasimils denlyelroredsel 2h (tluos sT)ofbdthe ERBB&beandeasal

subtype whi | e L nal A tunors m xe th the normal .and, 5 "normal -1ike’
tunors. THIE S esul s&&ﬁ@g%gr?haFth%s h&ALIH G0 Hiay PEhar e certain

hed | mar ksoofanpire akicgll g saggr @68 ¥ghimimds, trand o ssh@nlum nal D subtype
may be clinically reIevant 10 A "Genetic ldentifier' for the Lumnal D

Subt ype ST iURFeriPers (PRen - pfakeedele t (&P dp 8" gedecéari dentifier’
for the dumdpal Ansubtypge EBnEb&éré&r@geﬂﬁha AR s t08nekly %e'dent'f'er

shoul d only 'be applied to a tunor 15 that has preV|oust en characterized
as Lumnal in nature, for exanple by the other "genetic identifiers

shown | gkl 6 .5180058.nPheR diudy Sellesal; xPressian Beghylgs for 19

tunDrs 20 h een previousty ¢ aracteri zed as m na
subtype in which these tumors were characterized by high

levels of expression of ERBB2 related genes (column E),
intermediate levels of expression of the ‘novel’ cluster
(column B), and absent expression of ER-related genes
(column A). A similar ERBB2 + subtype was also clearly

20 present in the inventors' series (bar (S3)). Consistent
with the expression data, they also subsequently confirmed
that the tumors belonging to this molecular subtype were

all ERBBZ+ by conventional immunohistochemistry as well.

25 To summarize, of the 5 molecular subtypes defined by the
Stanford study, the inventors clearly detected at least
4 subtypes in their own patient population (luminal A,
basal-like, normal breast-like, and ERBB2+). They could
not clearly determine if one particular subtype (luminal

30 B/C) was present in their series using the genes in the
CIS, and they also detected the potential presence of 2
additional subtypes (ER+ ERBB2+ and ER- Subtype II) which
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normal i zed by nedi an centering each expression profile around 1000

fl ouresence units. Step 2. A "Valid value' filter was applied such that
genes 25wDhlaw7osey e at | east 70% present (i e above a m ni PCcmGRA0eskol d

val ue, usually about 200) across all sanples were chosen 66 WO 03/070979
PCT/ GB03/ 00755 Step 3: To divide the sanples in a nore robust fashion, a
Princi pal Conponent Analysis (PCA) was then used to ascertain the Lum nal A
and D subgroups using the 36 5 proliferation geneset (Figure 3). Step 4:

Usi ng t hexddidialbedn( képsaaphesd ryse . L na@lnd3rlg? ths@Mphes) tgeoupi ngs,

genes were selected fromthe entire expression profile that exhibited a

m ni mumBFolidchdnge o beewsbanterd tpl ¢Fbiass SURANPE Sofiefeafsstas used to
cal cul at t n; PS g wer e

Cdent i Tied T R aryg o B B EP Shree SRR eSS <“les then
per f or netk dorte Martyheethddgebneidat adef f¢erark bgenesn mehhieeor der of their

i nportange .in assignin | um nal breast, cancer sanple into, either the
Lgﬁinal %ﬁ T 9é%ang§§BY9%%s?STééf%QﬁF %ﬁ9ﬁ§§5539e598ﬁ85t error rate
(about 1ZHomild geresndeee dpmaregl atetbudt land rahseraed Bétweee down
regulated in 20 lumnal D. The genes are depicted in Table 7. Step 6: The
accur acy ofr R U R RBERABE T 2T+ ARMt i fier was then assesed using | eave
one out cross validation. No msclassifications were observed. 25

Di scussi on One outstanding chall enge of the post-genonic era is to
trans| attrehred FRFE1ABENER 6?—“#&9@%%&&&&3?% Exgarscaffdg 30 by various

9RO SEOUGNEHNG B As8E LA C%ie?&ﬂa@ﬂ’ééC@Pﬂﬂﬁasi’wﬂ@ba&;@@@ﬁ%ﬁ@&iéﬁcare and

the treatnent of disease. area which could be revol utionised by the
avai | abivybhtyrsefs 67 WO 03/ 070979 PCT/ GB03/ 00755 these new resources is in

the fielg of, nol; %]‘é' %%39&?9”9§<§i8§te V\@r?a{te ﬁo*]]%c%al%@‘igog"%'%%‘“‘ fication of
a tissue, i'n conplementation to conventiona I st opat oﬁogy, is also
based uporbtarset oof brehetnathver nodeciddredrardceerns anbl bepdetantéy, one

advanta%ﬁxégsgtgig?ah%%ug%ﬁnggpégggfgéf%ns. One limitation of these

15 studies, however, is that it is often very difficult to
profile the same cancer over an extended period of time. As
such, one question that i1s often raised is whether these
molecular variants represent subtypes that are truly
distinct biclogical entities, or whether they simply

20 reflect a single or a few subtypes in different stages
of evolution. Since these two different theories, referred
to as the ‘distinct origins’ and the ‘evolutionary’
hypotheses respectively (Figure 6e), have different
implications for clinical diagnosis and subsequent staging

25 and monitoring, it is thus important to determine which of
these proposed mechanisms is the case for breast cancer.
Unfortunately, it is not possible to distinguish between
these two models by only studying invasive cancers that
have been sampled at a single point in time, as both

30 hypotheses would be expected to produce results similar to

that shown in Figure 5.
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that the resol ving power of classification schemes based upon nol ecul ar
data can be sufficiently sensitive to detect <clinically relevant disease
subt ypes wbaw/oh@ve currently eluded traditional |ight m @CFgEBAOY7SS
approaches (Ash et 10 al., 2000, Bittner et al., 2000). However, before the
potential of nolecular diagnostics can fully realized, a nunber of
chal | enges nust be nmet and overcone. Firstly, for many common di seases,
key 15 informative genes that are able to discrimnate between the

rel evant 1di seasen sidnLl assasparnguest/i oaustst bercigen-ifd-ed.c.Secondly, in
or der to be feasibly utilized as part of a clinical assay, these genes
nust be (ParBelSHov® V% DFeRi FECOgRESEd gahethie Tt IFLETESPLt hat

col I ectivel yndfs 5td I redd Rhs R gBnpr edi el VEe ARG AGY +hEhi rdly, because
the clinical behaviour of many di' seases can vary extensively anongst

di f f er entaet hes e mperRipslaridalgopdeaecoasleimalidnage nwecdsyasyiveo define
appr opriple. Lim4s: o use ol t hgse, genelig, L dentif] ens:, Jor Specific 25

pati ent populatrons. To e issues, Tvent'ors "have embar ked
upon a D@I@ecamm&mseﬁqywai$womlpmmﬁct|ﬁgomrt@@nﬁlmﬁ dareasts tinsaues deri ved
fron1A5|aIP$at|e ts. v [ epo ﬁ $¥f 30 rlnarlly focused on using
sanpl es 4eFyved r?ﬁﬁﬁ)% 18% B ity S &G ePer ou et al .
2000, G avbesgettletfain ,1n27@@@ve|‘|@dﬁﬂfa§£k Bt1dlcase0Qe pANGalt 1kS
essentlal 68 WO 03/070979 PCT/ GB03/00755 to determne if findings
obt ai ned"FFonTY HELE sttidicey WilP BE Wppheeant @t et rediGthareéPgopul at i ons.

Thos is (espect add Yas0 diowen ,t haqeptden o oghead s AN GlddHscah sodi f ferences
in breast cancer between these distinct ethnic 5 groups. In Caucasi an

populatl%hgfexrﬁﬂbﬁﬁ%ﬂﬁﬁﬁ}laflﬁréégﬁr ehperiRutian afo seesu icn
post - nen?g@gégl WUENp HOWBVEE, 511N $HHYAPPL L ggrﬁxJap% he absol ute

nunber br east cancer cases per year 1s rou t of the US and
t he incPdeheecniebraadt a@ambeseinaihesEh$xmmﬁsmhxﬂu;y shbm-whdab 10 - the

first pe representing.the majority of br ast, o gecurs in
pre- neno%gusa.gﬂoneﬁ;o€%Ur g%ar%hn m?%e ge 5?“13 E&ﬁ. 4-€t al., 2000).
This firdisipeak: iin tdher rbabbowedfbymamSﬂ@onﬁnpeakiamvahaub age 55-60. The

earlier _incidence of breast cancer i an qlatlons is unlikely 15 to
be due tEPEATITer HHt dCYiGhO"As R8RS cEhitler ey

origins’ and ‘evolutionary’ hypotheses could be tested by
profiling a series of DCIS cancers and comparing their
profiles to their invasive counterparts. Each hypothesis

20 carries different predictions. If the ‘distinct origins’
hypothesis is true, then the DCIS cancers, representing
‘early’ cancers, should express many, if not all, of the
hallmark expression signatures associated with their more
mature invasive counterparts. Alternatively, if the

25 ‘evolutionary’ hypothesis is correct, then one might expect
that the DCIS profiles to be more closely similar to one
ancther than to their invasive counterparts. The inventors
obtained 12 DCIS tissue samples whose histopathological
status was confirmed by a pathologist both using

30 conventional H & E staining as well as frozen cryosections

of the actual sample that was processed (Figure 2a and b).
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prograns in these countries are still relatively novel conpared to Wstern
countries. To explain these observations, one possibility my be that the
breast capaa9observed in these groups may represent di POTMGCROIAQ7SS

het er ogenous subtypes arising fromspecific genetic or environnental

di fferences. For exanple, it is knowmn that the |evels of estrogen and
progesterone in Chinese wonen tend to be substantially |lower than in
Caucasi ans (Li ppran, 1998). 25 To ensure naxi mal diversity in the

reper t o8, 1Qfs SEXRr 838/F9N e sPEHOT LhESpUSLd dnph 1l WePeeRhRhS geABRLYSy S, the
inventors selected sanples derived frompatients froma w de variety of
denogr apiticc cangdagledniteakthbackjnvamtiess eminviEdraas st.ufsdns 8deofIvaryi ng

gr ades d._a r e LLst, e, l.nvent i dent i fi a.-.genetic

Yont 1 o PSR RO SRk EE ; ShOVHA A SadiC bl HlePopere

di sti nctdamplefs ckigmegakedt ahdhyst B8 WA I UGT702TAsPCE &BA3EO0755 1. e.

di stinguishing i.f a given s le is ,nornal' .aor, " gulignant' . Although this
di tinctﬁ%ﬂ?%?%nlﬁgochFﬁﬁPanﬁﬁﬁ%g?ﬁF%fYﬂE%ﬁcﬁgé&a&gghogo§Fi§ usi ng

convent ipiglleshissyepathebogitot bige avail lsubt y@k, suchnaonmehecukar assay 5
woul d stjll be of use in clinical settings where rapid diagnosis is

requi r ed, ERBB2Ae SURTYRENOL 04PN EP FhE HFhott b ERBELAdiSPtavar | abflel By focusing

on hi ghlijy, depheducibblg) LboBLLE 8l ke 9ONET JJ DathoreLarh yang; typpur dat asets,
the inventors identified a mninmal set "of 20 genes thaf is 10 apparently
abl e t o sacdupsabélypepr edrbt of f the Rkhendsrsases sanpbets normal or

MR | gnant 1 B0t B3 LEal BLOG, Se1n A0 o NAIME iLest i 38L Al cOpPayabl e sanpl e
%dlt?on, ﬁy

quantity. In a usi ng principal conponent “anal’ysis, they were able
t 0o showpartiacudkrt helexpiessiyooupr ofritees safi ngdryrahobPedst ssapides 15

appears to be far less.varied than their_ corresponding, . tuno profiles. In
o L O3 H gac s =

the fiel'd of P@gsFOCS%E r°t eSearch, e%ﬁgfglan rpFlgFHB?y latively few

reportsmaletcheéarl stbtapuse whath hayedisiedtny addheggedibhelguesti on of
distinguishinggbe ween norpal and tunmpur tissues usingethe 20 relatively

unbi ase® HERITER APFOFABA bY°EhE TG THCHES™ 257 455PEREN T HAP SN maj or
stady, itormpsskeurdahhakttBad{ herariRimessioen speehbbasnef (Born@d breast
tissues were sufficiently simlar for themto co-segregate with each
et al., 1992). These results suggest that distinct breast
cancer molecular subtypes are present even at the DCIS
stage of breast cancer tumorigenesis, supporting the
hypothesis that the subtypes represent truly distinct
20 biological entities, possibly arising via different

tumorigenic pathways (the ‘distinct origins’ hypothesis).

Genes Associated with the Normal/DCIS/Invasive Cancer
Transitions Implicate Disregulation of Wnt Signaling as a

25 Common Early Event in Breast Tumorigenesis and that Luminal
A and ERBB2+ Cancers Exhibit Similar Invasion Programs
Mammary tumorigenesis can be broadly divided into two main
steps : First, normal breast epithelial tissue is
transformed to a malignant state via the concerted

30 deregulation of various cellular pathways (Hahn and
Weinberg, 2002). Second, to progress to an invasive cancer,

several additional biological subprograms also have to be
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ot her using an unsupervised clustering nethodol ogy (Perou 25 et al., 2000).
However, in that report, the investigators also found that the normal

sanpl es, wetlhorosrhan segregati ng as an i ndependent brancirCaiGRBOCTSSTrom

t he tunour sanples, instead segregated within a broad tunour cl ass
originating frommamuary epithelial cells of “basal' or "nyoepithelial' 30
origin. This result, nost likely due to the simlarity of genes that are
expressed in nornmal tissues and tunours of this subclass, illustrates that

it my metrihet ekebatellp 1701 VD AP/ RN RCH GB03hR0ZE5 roUsei YT €l Y
unsuper vi sed net hodol ogi es to discrimnate between normal and tunour breast

ti ssues PAIGREPEr MCRRFRES, t HS2abpRatS the FEn&RTi 4806 £BF Bréasenkancer
genom Cyovfa1 MRYoRQL  8RR! ¥nd PoQLhEL Eécsxsdilecmte%@e%f_ EQhoexamphe, it 5

appears that unsupervised clustering is able to discrimnate between
nor mal amdsedlsi grantugor oposanphesnt (Aldmagntahnanpcet9dgpnalae erdson for

this nma t hat r ich, primri arise.fromdisruption of
t%% AP %%ggnhi%BEQFhm%§?gﬁa§h%§ﬁﬁ%ﬁ% f%éle§e%8 gnﬁﬁFyo?%:than 10 breast
t unmour s brehetgenaser pvohy ethnp e t dre: 2D:egemieon denehic fiidedt i eneé  belong to

many di fferent categories. CGenes, such as apolipoprotein are_wel | - known
ter%ina@X%ﬁPFeFSnWPgFéoﬁh35gfﬁﬁﬁ%§iQF?ﬁQ%ﬂﬁlﬁ%ﬁSF&g?Fr iFggR@&Eﬁ@ was

previ ousdey sitepkahed asbeygenspdédiptid oORNEXRNESSadred RROAGS ¥1br east
tumours, but not in normal mammary tissue or breast cancer cell lines
(Kurt ePTr&RSE S8BEST AMBEYRPS gene, | TA3, which produces the al pha-3
sypunit of the al pha-3/beta-1 20 integrin, has been shown to be associ at ed
with mammary tunour netastasis (Morini et al., 2000). The CAV1 protein,

whi ch | iTeks dieatédri aeBegnahddr) P 1ars iRas LERE Lpgehway onhascanr sy previ ously
been id i a ent | (1141 o101 r.ess e y al ., 1998,
Véichen%gkkgﬁggt2§8?yggé5ﬂéﬁﬁé may é%gﬁ%%ﬁesfsgg%%rggggggglngﬁ%rnal br east
ti ssues thisutr novatimeucsuntarpaidis,i drhd dnyenésrai ttheknown roles in breast

and tumour__hiol o other intriguin enes identjfied whose role in
Cumour gEHEBILE e8GR RAY TS ot TKHOVH = R SRuhpl &, *PRFSRDI n, best  known
fior itsstalasitic30 hbehcoapodatioat cascaden hasdr eaepkkyibeen shown to
inhibit tumur cell gro h,. whjch ma egplain its expreision in nornal
but not &G bPeidt Ehﬁ%l%%g?¥{kﬁﬁf Y gle9ulspg) genes (Tusher

et al., 2001). They concentrated on studying the luminal

and ERBB2+ cancers, as most of the DCIS samples in their
study belonged to these two molecular subtypes. First, they
20 tested and confirmed the hypothesis that DCIS cancers,
despite expressing many of the hallmarks of invasive
cancers, are nevertheless still transcriptionally distinct
from invasive cancers. The inventors compared 5 luminal
DCIS cancers to 5 luminal invasive cancers, and determined
25 that there existed 222 genes that were significantly
regulated using a 2-fold cut-off criterion and a false-
discovery rate (FDR) of 5%. In contrast, a control analysis
comparing only invasive luminal A cancers which had been
randomly distributed into 2 groups failed to identify any
30 significantly regulated genes under these stringent
conditions. A similar result was also obtained for DCIS and

invasive cancers belonging to the ERBBZ+ subtype {data not
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71 WO 03/ 070979 PCT/ GB03/ 00755 Anot her exanple is the human honol og of the
S. cerevisiae PWP2 gene, which in yeast plays an essential role in cel
growt h amaoggpamat i on (Shafaatian et al., 1996). 5 To gai RCITrGBgI00B5i nt o
the diversity of breast cancer nolecul ar subtypes in the Asian popul ation,
the inventors then generated and anal yzed a series of expression profiles
of both invasive breast cancers and DCI S cancers. The aim of this work was
to attenpt to validate the nol ecular 10 subtyping schene defined in the

St anf or Yy USKE t it er r [ taset. By
conpari%agkﬁﬁéi#ﬁggg?ggggdggﬁ}g%ﬁﬁgghﬁ%%%kg&%éﬁgﬁéﬁggngghed studi es

per f or med fifsiregcpat eenst seapresn dICIE iamr ilnyaGdvweaskanerseri gin, they found
that th jaority. of | ecul subtypes 1 al | mar k _expression

Si anat uped oRarasy sBuBPTy “Ein Y e PR Y R P B At hough a
simlar validation study has recently been reported for prostate cancer
(Rhodes et al., 2002), this report_is the first time such_a copnparative
bl ye: SPHaS e ERCRol Pt nEd TG Bh G e COrY 6 Tnes EonSaroat b of

ol ecul gegsubkypesubehyeentide 4o ndeRul /Aaldensnuspalk/§ heasDFe remar kabl e
when one considers the many net hodol ogi cal differences existing between

the stddrasitiepsekanppeth dHee fiwingg &f anst EREEE RAsSERL2T| nvent or s

abi |ty J.gcdebect ppRMLl 88) SUBLYPES: it AR 22mRQLh 884degPF gutbe
differencesin array technology platform This result 1s significant as

there i $acudnemitkyl, coof| it i hynidetla A subtepki-ekdgreghedi ng the feasibility

Soarpl o B e 8 e o L (LI ST s O30 PEGrF S0t AGF B oat ate cancer
expresskh@ d@tmaﬂVDaﬁspbtimmﬁtidﬂ@khﬂﬂ%ﬂpx@gh&bded 7651 aendat dowro

ol i gonucl eqti_de arrays 72, WO 03/ Q709 RCT/ GB03/ 00755 I n, contrast,
anotherVFegéﬁtgFEﬁBrngbd%%ﬁ%% ‘?ﬁg£5&§$g§§ﬁgﬁasby8flF%Esbgl%%lI li nes as
measur eghody gpattedeandsi@hi Gored Botiinde calslealy S nr eRpre £6i an VERyn poor

correlation between the studies (Kuo et al., 2002). The_ inventors' 5
resul t s 98G§§esEY NaP d3ReS fIUM AT el e METEEC RO gy ™t pRaLY or He* can i ndeed

be, conpanedzre82! QNG @se ! NessUNRE wdisStdiRglirgRantNyquestion are fairly
robust in nature. The "inventors' results also suggest that despite the
downregulated and 275 genes upregulated during the
normal/DCIS transition, while 113 genes were downregulated
and 294 genes upregulated during the transition from DCIS

to invasive cancer.

20

The following provides an outline as to how the genesets of

Table 4, 5, 6 and 7 were determined.

A '"Genetic Identifier" +that can Distinguish between a
25 normal vs Tumour Breast Sample

Methodology :

Data set: 95 Breast Tissue Samples (11 Normal and 84
30 Tumors)
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epi dem ol ogi cal differences in breast cancer between the 10 Asian and
Caucasi an popul ation (see beginning of D scussion) , that breast cancers
bet ween tWwe oaohre groups are to a first approxi mation hipghlgBosDOZsUl ar | y
simlar. The inventors also found that DCI S cancers robustly express 15
many subtype-specific gene expression signatures, suggesting that these
nol ecul ar subtypes can be discerned even at this pre-invasive stage. Thus,
it is unlikely that these subtypes represent an evol ving cancer class, but
are distsrret hi oty gata endit k@sht BalpBy wRes sesdilfizerenty 2@:diurori geni ¢
origins. Despite the expression of subtype- specific expression signatures
in DCI'S E8REBIEINFaLIdpoP¥RIES FHPT hPEOE%E%y)a,rOPH@r e300 ot HR¥r&RAYENce in

the fieldthat DELS cagsgishi@y Redimhiodst freasLbyasi vexganeers, For
exanpl e, previous retrospective reports have shown that the 25 majority of
| ow nucl edungeade PEl Sachmuesieunidertfrns | @hgf lebyeidwe el i oramd
in%@sive c%gc%g5gg?ge et al., 1982; Betsill et al., 1978; and Rosen et

al .7, 1988), suggesting that additional genetic events nust occur before

t hey becone invasive. In addition, histopathological 30 studies have found

that there is_a considerable difference__in.the histppatholpgical
distribuﬁﬁﬁﬁ’é? %ﬂnﬁ?g?9ﬁ%§yi€$lﬁiﬁf¥%§aﬁ§@ﬁ§e§ssﬁﬁ5a§$%% %%%%ers, with
ERBB2+ CaReess whehngn¥dn ¥ P3/0A087 3 PEHeGBR3L@035520auch oo 000 ghl y
represented in DCI'S conpared to invasive cases (Barnes et al., 1992). It
has been"§&%€l €5F21RBGever, if this observation should be interpreted to
megagn that that the ER-ERBB2- cancers |ack a DCI'S conponent, or if the 5

ERBB2+ cancers will eventually evolve to a ERBB2- state. The distinctive
segr egat iS¢erof3:t He DS Earrdleted iR ke Waf aitoried sBiGhestifggddtes that t he

former | $nblileyc3lncey the.ERBB3g;cancersnal 1 eady axpyess, My, B2

i nvasi ve al | mar ks. inally, by I'ntegrating the expression profiles of
normal , thCeShoadd valesi veseahcer sbbetordiong i ehshéanineamaAsarey ERBB2+
subtypes, the inventors were able t efine sets of genes which were
regul at ed 1758 85mBr8%£aH(aresu ('f(?‘tyapjéqesogecgllofsiecql 15 manner during the nornal,
Dd@sS, and invasive cancer transitions. Al though the results of these

anal yses St(felpeaélrzl yA nsei?gtltsotibc%lsL%[p—pcoersttedwabsy p];eurrgohr%ecﬁxcooersie enétalgé/wersk
that were differentially expressed in normal vs tumors at a
confidence 1level of p < 0.00001. This resulted in the
selection of 507 genes

20

Step 5: Of the 507 genes, a high fold change filter was
applied to select genes that exhibited large differences in
expression between normal and tumor samples (2.5-fold and
above). This resulted in the identification of 49 genes (up

25 in tumors) and 81 genes (up in normals) respectively. These

genes are listed in Table 4a.

Step 6: The 130 (49 and 81) genes were ranked using support
vector machine gene ranking in order to rank genes in the
30 order of their importance in Dbeing able to assign an
unknown breast sample to either a tumor or normal group.

This was done to arrive at a small subset of genes that can
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before any definitive conclusions can be nade, there were a nunber of
intriguing observations. The inventors found that 20 a nunber of conponents
of the WwoIBgnare ng pat hway were comonly regul ated dur iPag/GBog/0075ansi ti on
fromnormal -> DC'S for both subtypes, inplicating deregulation of Wit
signaling as an inportant common event in breast cancer carcinogenesis.

Al t hough previous reports have reported the 25 invol venent of the Wt

pat hway in human breast cancer carcinogenesis (Snalley et aI , 2001), it
has bee%d&ﬁ%teﬁb{eaﬁréélé’éﬂ SokRafn redhl %o dsat er@ﬁ/e@tz %Fl% ors'
resul ts suggest former possibility is nore Kel y. econd t he

renarkabﬂeﬁﬁbnh@nék1th@¢l@%®e§l¢@©Mﬁateﬂh@01$¥®ﬁﬂﬁheaﬁﬁlSlW@nthellnvaS|ve
st age b%;%§1 he two subtypes suggests that many of the genetic processes
t hat der15 e “cel | ul ar i nvasi on, desnopl astic reaction, stromal 74 WO

03/ 070979 PCT/GBOS/OO?SS renodel i ng etc, nay be fairly general and shared

acr oss dlfferent cancer subtypes. the inventors' results
50 SuGHH “That TRt 1 LR ot JPbe TRSTTL HIdh! et BEGRFCL TS

di sti nctdae@irawyt R nERBRR +c 1AM®1 51 draviong of5 ogates fehbANEeSIks,
ionic-related processes, while Lumnal A tunors may be under a state of
chroni ¢ Wefdbot faveassdit THEQRS TERlIdes ione EXYQ el y GafgdCantNo f or
exanpl e, itha Jsncreased pet ghpli grdoadof Luminal A tunors may explain mhy
ER+ tunors are nore radiosensitive than ER 10 tunors (Vill al obos et al.

1996), and calciumsignaling may play a role in tunor cell notility
controlled by the ERBB2+ receptor (Feldner and Brandt (2002). 75 WO

0§d07097&;@@9@5@%@97515@5%&e?@ﬁ@ﬁ%&lé)@aan%ingN- Barkai, D. A Notterman,
K. G sh (1999) Broad patterns of

gene 5 expression revealed by clustering analysis of tunour and normal
col on tlssues probed by ollgonucleotlde arrays Proc Nat | Acad SCI 96,
Ash, A A Ei sen, S. Lossos

Rosenwal 5], aE?r%%?ﬁrl%ﬁ< uﬁedSa %t raﬁi'T%ES §eNSE 0y 2 da?ﬁﬁﬁﬁl L.

Yang, GadeorMahbi ,tdl. tﬁ@@feamﬁ)ortﬁﬂé@nanl— Dbeildshagwte Po BisdigW Sn R

Ti bshirani, G Sherlock, W C. Chan, T. C Geiner, D D VE|senburger J.
0. Arniﬂﬁ&@owﬁ sample to a partlcular group. Typlcally, the

15 samples in the dataset are divided into a (75%) training
and (25%) test set. A maximum margin hyperplane separating
the two classes (eg ER+ vs ER-) 1is calculated for the

training set.

20 Assuming ‘m’ genes are present in the set, the equation of

maximum margin hyperplane is

H=W* Gy + Wo* Go + .ee. + Wi* Gy + . + Wp* Gp
Where W;i’'s are the weights and G;'s refer to the wvariables

25 (genes) .

Using the genes corresponding to various top W’ weights
(weight is indicator of importance of gene in
classification) the class of all samples in the test set is

30 predicted. The prediction rules are built for varying sets
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M5 A ER negative samples

b) c-erbB-2 (ERBB2) status: 21 ERBB2 positive and 34

ERBB2 negative samples.

Step 1: Gene selection to identify genes that are
20 differentially expressed between a) ER+ vs ER~ tumors, and
b) ERBB2+ vs ERBB2- samples. Three independent gene

selection techniques were used :

e Significance Analysis of Microarrays (SAM), a

25 statistical technique that uses random permutations of
the expression data to estimate the ‘false discovery
rate’, ie the chance at which a particular gene will
be falsely called as being differentially expressed
(Tusher et al., 2001). The genes are then ranked by

30 their “relative difference”, which is similar to the
ranking used in Step 6, above. The top 100 significant

genes were selected.
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A J. ngﬁgctgd Qy Q@fh@ggbeéﬁg%hods were selected. Hence these

genes are method-independent and sufficiently robust to be
15 used as a ‘genetic identifier’ to predict either the ER or

ERBBZ status of a breast tumor sample.

Result:

e For ER classification, the CGS contains 25 unigque

20 genes (18 up, 7 down regulated)

e For ERBBZ classification, the CGS contains 26 unigue

genes (19 up, 7 down regulated)

The genes belonging to each CGS are listed in Table 5.

25 Finally, the accuracy of each CGS for tumor classification
was assessed using LVO CV testing. The classification
algorithm used was a Support Vector Machine (SVM). Average
cross validation error rate = 7.286 % for ER classification
(overall accuracy 92%), and 6.26% for ERBB2 classification

30 (overall accuracy 93%).
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15 e) Normal and Normal like (12)

A. Identification of a Minimal Geneset for Classification

Using a One-vs-All Support Vector Machine Approach

20
Step 1: The data for each sample was normalized by median
centering each expression profile around 1000 flouresence
units (the Genechip technology measures expression

abundance of each gene in terms of flouresence units, from

25 0 to 65535)

Step 2: A ‘Valid value’ filter was applied such that genes
that were at least 70% present (ie above a minimum
threshold value, usually about 200) across all samples were

30 chosen
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Step 4: For each of the 5 datasets, genes were selected

that exhibited a minimum 2 fold change between groups
(Ratio of means was used to calculate the fold change

10 between two groups) .

The results are as follows

Differentially
Dataset Description regulated (2
fold)
1 Luminal (19) vs Rest (43) 116
2 ERBB2 (19) vs Rest (43) 46
3 Basal (7) vs Rest (55) 318
ER negative type 2 (5) vs
4 309
Rest (57)
Normal and Normal like (12)
5 188
vs Rest (50)

15
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and 5, a geneset was

In case the case of

vs rest), the use of all 46 genes gave a

Hence, all 46 were used in the

predictor set. The predictor sets are shown in Table 6.

15

20

Differentially
Top ‘N’ Error
Dataset | Description regulated
genes rate
(2 fold)
1 Luminal (19) vs Rest (43) 116 35 3
2 ERBB2 (19) vs Rest (43) 46 46 9.7
3 Basal (7) vs Rest (55) 318 20 3
ER negative type 2 (5) vs
4 9 P 294 111 3
Rest (57)
Normal and Normal like
5 188 50
(12) vs Rest (50)

Step 6: The samples were all combined into one dataset and
one vs all cross-validation analysis was carried out using
the various predictor sets. 100 independent iterations of

resulting in

random splits were used,

75:25 (training:test)

an overall cross validation error rate of 5.25% (Overall

accuracy 94%).
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Step 1: Samples were broken down into the following
10 classes:
No. of
Class samples
ER- subtype II 5
ERBB2+ 19
Normal and
12
Normal-like
Luminal 19
Basal 7

A truncated dataset of 1000 genes was then established by
selecting genes that exhibited the largest standard

15 deviation (SD) across all the samples.

Step 2: 24 runs of the GA/MLHD algorithm were performed on

the 62 breast cancer samples based on the class distinction

described in Table 4. The accuracy of the predictor sets
20 selected by the GA/MLHD algorithm were assessed by cross-

validation and independent test studies.

Details of GA/MLHD properties:
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30 optimal predictor sets with sizes ranging from 13 to 17
genes per predictor set were obtained. Each predictor set

10 was associated with a classification accuracy of 1 error
out of 62 samples. (error rate: 1.61%, overall
classification accuracy 98%). 10 out of the 30 predictor
sets wrongly classified the Luminal-A sample 980221T as a
Normal sample. For the other 20 predictor sets, 19

15 misclassified the ERBB2+ sample 990262T as a ER- subtype II
sample, while 1 predictor set wrongly classified the same
9902627 sample as a Basal-type sample. Two of the optimal
predictor sets are displayed in Table 6b.

20 Identification of a Luminal D Subclass in the Asian Breast

Cancer Population

Previous breast cancer expression profiling studies done on
primarily Caucasian populationg revealed the existence of a

25 ‘luminal’ subtype characterized by the high expression of
estrogen-receptor related genes such as ESR1, GATA3, and
LIV-1. Further, these ‘luminal’ cancers could be further
subdivided into at least 2 further subtypes : Luminal A and
Luminal B/C. While Luminal A tumors express very high

30 levels of ER related genes, Luminal B/C cancers express
intermediate levels of the ER gene cluster. Furthermore,

luminal C tumors also express high levels of a ‘novel’ gene
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patients performed in Singapore confirmed that the luminal

A subtype is also present in the Asian patient population.

However, the luminal B/C subtype was not detected. The

reasons behind this difference may be due to methodological

10 differences between the two studies or true differences in

patient population.

A careful inspection of the original Caucasian study by the
inventors subsequently revealed that Luminal C tumors are

15 also associated with high levels of a gene cluster whose
members are involved in cellular proliferation. In
contrast, this ‘proliferation cluster’ is lowly expressed
in Luminal A tumors. The high expression of genes in the
‘proliferation cluster’ may functiocnally contribute to the

20 worse clinical prognosis associated with Luminal C tumors,
as this high expression levels of this cluster is also seen
in tumors belonging to the clinically aggressive ERBB2+ and
basal (ER~) subtypes as well. Thus, although a luminal B/C
subtype was not observed in the Asian breast cancer

25 population, the inventors hypothesized that the genes in
this ‘proliferation’ cluster could also be used to
subdivide the previously homogencus Luminal A tumors found

in the Asian population into distinct luminal subtypes.

30 Results
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In the inventor’s study, the expression profiles of several
breast tumors were obtained using commercially available
Affymetrix UL33A Genechips. Genes corresponding to the
original ‘proliferation’ cluster members were then selected
from the Genechip. Of the 65 genes comprising the original
‘proliferation cluster’, the inventors determined at 36

(55%) were also present on the Genechip array.

Discovery of a ‘Luminal D’ Subtype in the Asian Luminal

Tumor Population

The inventors then used this 36-geneset to recluster a
group of tumors which in their previous analysis had been
homogenously assigned to the Luminal A subtype. As seen in
Figure 1, the 36-geneset strikingly divided the tumors into
two broad groups chracterized by low and high levels of
expression of the 36-geneset respectively. The former group
is from henceforth referred to as the true ‘luminal A’
subtype, while the latter group is referred to as ‘luminal
D", as its expression profile is distinct from previously

identified subtypes.

High levels of expression of the 36-geneset is also

observed in other aggressive tumor subtypes

To determine if Luminal D tumors are also more clinically
aggressive than Luminal A tumors, the inventors then
determined if high expression levels of this cluster was

also observed in aggressive tumors subtypes by reclustering
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‘proliferation cluster’. As seen in Figure 2, Luminal D
tumors intermixed with tumors of the ERBB2+ and Basal
subtypes, while Luminal A tumors mixed with the normal and
5 ‘normal-like’ tumors. This result suggests that the Luminal
D tumors may share certain hallmarks of more highly
aggressive tumors, and that the Luminal D subtype may be

clinically relevant.

10 A ‘Genetic Identifier’ for the Luminal D Subtype

The inventors then proceeded to develop a ‘genetic
identifier’ for the Luminal D subtype. In this strategy,
the ‘genetic identifier’ should only be applied to a tumor
15 that has previously been characterized as Luminal in
nature, for example by the other ‘genetic identifiers’

shown in Tables 5 and 6.

Step 1: A series of expression profiles for 19 tumors which
20 had been previously characterized as Luminal A were
normalized by median centering each expression profile

around 1000 flouresence units.

Step 2: A ‘Valid value’ filter was applied such that genes
25 that were at least 70% present (ie above a minimum
threshold value, usually about 200) across all samples were

chosen
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Step 4: Using the Luminal A (12 samples) vs. Luminal D (7
samples) groupings, genes were selected from the entire
expression profile that exhibited a minimum 2 fold change
10 between the two groups (Ratio of means was used to
calculate the fold change between two groups). 111 such

genes were identified in this analysis.

Step 5: A SVM gene ranking analysis was then performed for
15 the lll-gene dataset to rank genes in the order of their
importance in assigning a luminal breast cancer sample into
either the Luminal A or Luminal D subtypes. The top 45
genes gave lowest error rate (about 12%). 18 genes were up
regulated in Luminal D and 27 were down regulated in

20 luminal D. The genes are depicted in Table 7.

Step 6: The accuracy of the 45-gene Genetic identifier was
then assesed using leave one out cross validation. No

misclassifications were observed.

25
Discussion
One outstanding challenge of the post-genomic era is to
translate the huge amounts of raw sequence data generated
30 by various genome sequencing projects into applications

that improve healthcare and the treatment of disease. One

area which could be revolutionised by the availability of
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part of a clinical assay, these genes must be ‘pared’ down
to a minimal set (‘genetic identifiers’) that collectively
20 still delivers high predictive accuracy. Thirdly, because
the clinical behaviour of many diseases can vary
extensively amongst different ethnic groups and
populations, it will be necessary to define appropriate

limits of use of these ‘genetic identifiers’ for specific

25 patient populations.

To address these issues, the inventors have embarked upon a
large-scale expression profiling project of breast tissues
derived from Asian patients. _Previous reports have

30 primarily focused on using samples derived from patients of
primarily Caucasian origin (Perou et al., 2000, Gruvberger

et al., 2000, Hedenfalk et al., 2000), and it is essential
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cancers, occurs in pre-menopausal women occurs at around

C

the age of 40 (Chia et al., 2000) . This first peak is then
followed by a second peak at about age 55-60. The earlier
incidence of breast cancer in Asian populations is unlikely

15 to be due to earlier detection, as breast cancer screening
programs in these countries are still relatively novel
compared to Western countries. To explain these
observations, one possibility may be that the breast
cancers observed in these groups may represent distinct

20 heterogenous subtypes arising from specific genetic or
environmental differences. For example, it is known that
the levels of estrogén and progesterone in Chinese women
tend to be substantially lower than in Caucasians (Lippman,
1998) .

25
To ensure maximal diversity in the repertoire of expression

profiles used in the inventors' analysis, the inventors
selected samples derived from patients from a wide variety
of demographic and clinical backgrounds, as well as tumours
30 of varying grades and appearances. First, the inventors
identified a ‘genetic identifier’ in breast cancer for what

is perhaps the most basic distinction of clinical utility -
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10 apparently able to accurately predict if an unknown breast
sample is normal or malignant in both a training set and
naive test set of comparable sample gquantity. In addition,
using principal component analysis, they were able to show
that at the expression profiles of normal breast samples

15 appears to be far less varied than their corresponding
tumour profiles. In the field of breast cancer research,
there are surprisingly relatively few reports in the
literature that have directly addressed the question of
distinguishing between normal and tumour tissues using the

20 relatively unbiased manner afforded by the DNA microarray
approach. In one major study, it was found that that the
expression profiles of normal breast tissues were
sufficiently similar for them to co-segregate with each
other using an unsupervised clustering methodology (Perou

25 et al., 2000). However, in that report, the investigators
also found that the normal samples, rather than segregating
as an independent branch distinct from the tumour samples,
instead segregated within a broad tumour class originating
from mammary epithelial cells of ‘basal’ or ‘myoepithelial’

30 origin. This result, most likely due to the similarity of
genes that are expressed in normal tissues and tumours of

this subclass, illustrates that it may not be trivial to
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cell lines (Kurt et al., 2000). Another gene, ITA3, which

z

produces the alpha-3 subunit of the alpha-3/beta-1

20 integrin, has been shown to be associated with mammary
tumour metastasis (Morini et al., 2000). The CAV1 protein,
which links integrin signaling to the Ras/ERK pathway, has
also previously been identified as a potential tumour
suppressor gene (Wary et al., 1998, Weichen et al., 2001),

25 which may explain its expression in normal breast tissues
but not tumours. In addition to genes with known roles in
breast and tumour biology, other intriguing genes were
identified whose role in tumourgenesis is unclear or not
known. For example, thrombin, best known for its role in

30 the coagulation cascade, has recently been shown to inhibit
tumour cell growth, which may explain its expression in

normal but not tumour breast samples (Huang et al., 2000).
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then generated and analyzed a series of expression profiles

Aeyel

—OomQO>S

L U

of both invasive breast cancers and DCIS cancers. The aim
of this work was to attempt to validate the molecular

10 subtyping scheme defined in the Stanford study using
another breast cancer expression dataset. By comparing
their expression profiles to previously published studies
performed using patient samples of primarily Caucasian
origin, they found that the majority of molecular subtypes

15 and hallmark expression signatures were robustly conserved
between the two series. Although a similar validation
study has recently been reported for prostate cancer
(Rhodes et al., 2002), this report is the first time such a
comparative analysis has been performed for breast cancer.

20 The conservation of molecular subtypes between the two
populations is all the more remarkable when one considers
the many methodological differences existing between the
studies. For example, one finding of interest was the
inventors' ability to detect similar subtypes in both

25 series despite the differences in array technology
platform. This result is significant as there is currently
conflicting data in the field regarding the feasibility of
integrating data from different genomic expression
technologies. For example, in Rhodes et al., (2002), it was

30 reported that prostate cancer expression data from spotted

cDNA arrays yielded similar data to oligonucleotide arrays.
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these subtypes represent an evolving cancer class, but are

distinct biological entities that may posses different

20 tumorigenic origins. Despite the expression of subtype-
specific expression signatures in DCIS cancers {(as reported
in this study), there is other evidence in the field that
DCIS cancers may be distinct from invasive cancers. For
example, previous retrospective reports have shown that the

25 majority of low nuclear grade DCIS tumors undergo a long
clinical evolution to invasive cancer (Page et al., 1982;
Betsill et al., 1978; and Rosen et al., 1980), suggesting
that additional genetic events must occur before
they become invasive. In addition, histopathological

30 studies have found that there is a considerable difference
in the histopathological distribution of tumor types in

DCIS cancers vs invasive cancers, with ERBB2+ cancers being
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clearly need to be supported by further experimental work
before any definitive conclusions can be made, there were a
number of intriguing observations. The inventors found that

20 a number of components of the Wnt signaling pathway were
commonly regulated during the transition from normal ->
DCIS for both subtypes, implicating deregulation of Wnt
signaling as an important common event in breast cancer
carcinogenesis. Although previous reports have reported the

25 involvement of the Wnt pathway in human breast cancer
carcinogenesis (Smalley et al., 2001), it has been less
clear if this is an early or late event. The inventors'
results suggest the former possibility is more likely.
Secondly, the remarkable commonality of genes regulated

30 from the DCIS to the invasive stage between the two
subtypes suggests that many of the genetic processes that

underlie cellular invasion, desmoplastic reaction, stromal
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normal colon tissues probed by oligonucleotide arrays.
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Xbox binding protein 1 Hs.149923

Hepatocyte Nuclear Factor 3 alpha Hs.299867

Basal Epithelium A A A H H A

Keratin5 Hs.195850

Keratin17 Hs.2785

Laminin gamma 2 Hs.54451

Fatty acid binding protein 7 Hs.26770

erbb2 related genes A A A A A H

c-ERB-B2 Hs.323910

GRB7 Hs.86859

TIAF1 Hs.75822

TRAF4 Hs.8375

Normal breast like A A A A H A

CD36 antigen collagen type 1 receptor Hs.75613

Four and a half LIM domain 1 Hs.239069

vascular adhesion protein 1 Hs.198241

alcohol dehydrogenase 2 class 1 Hs.4

Novel A A H H A l

kinesin-like 5 mitotic kinesin-like protein 1 | Hs.270845

putative integral membrane fransporter Hs.296398

gamma-glutamyl hydrolase conjugase Hs.78619

squalene epoxidase Hs.71465
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(a) isolating expression products from said breast
tumour cell and a normal breast cell;
(b) contacting said expression products for both the
tumour and normal breast cell with a plurality of binding
10 members capable of specifically binding to expression
products of one or more of the genes selected from Table
2; s0 as to create an expression profile of those genes
for both the tumour cell and the normal cell;
(c) comparing the expression profile of the tumour
15 cell and the normal cell; and
(d) determining an expression profile characteristic

of a breast tumour cell.

2. A method of creating an expression profile
20 characteristic of a breast tumour cell, said method
comprising the steps of
(a) 1isolating expression products from a breast
tumour cell, contacting said expression products with a
plurality of binding members capable of specifically and
25 independently binding to expression products of a
plurality of genes selected from Table 2; so as to create
a first expression profile of a tumour cell;
(b) 1isolating expression products from a normal
breast cell; contacting said expression products with the
30 plurality of binding members as used in step (a), so as
to create a comparable second expression profile of a

normal breast cell; and
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(RULE 26) specifically and independently binding to expression
products of a plurality of genes selected from Table 2,
so as to create a first expression profile;
(b) repeating step (a) with expression products
15 from at least a second breast tumour cell so as to create
at least a second expression profile;
(c) comparing the at least first and second
expression profiles to create a standard nucleic acid

expression profile characteristic of a breast tumour

20 cell.

4. A method according to any one of the preceding
claims wherein the binding members are capable of
specifically and independently binding to five or more

25 genes selected from Table 2.
5. A method according to any one of the preceding
claims wherein the binding members are capable of

specifically and independently binding to each of the
30 genes provided in Table 2.
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7. A method according to any one of the preceding
claims wherein the binding members are nucleic acid

probes.

8. A method according to any one of claims 1 to 5

wherein the expression product is a polypeptide.

9. A method according to claim 8 wherein the binding

members are antibody binding domains.

10. A method according to any one of the preceding

claims wherein the binding members are labelled.

11. A method according to any one of claims 1 to 9

wherein the expression products are labelled.

12. A method for determining the presence or risk of
breast cancer in an individual, said method comprising

(a) obtaining expression products from a breast
tissue cell obtained from an individual suspected of
having or at risk from having breast cancer;

(b) contacting said expression products with binding
members capable of specifically and independently binding
to expression products corresponding to a plurality of
the genes identified in Table 2; and

(c) determining the presence or risk of breast
cancer in said individual based on the binding of the
expression products from said breast tissue cell to one

or more of the binding members.
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1. A nmethod of creating an expression profile characteristic of a breast
tumour cell, said method 5 conprising the steps of (a) isolating

expressi on roducts fromsaid breast tunour cell and a normal_ breast cell;
(b) contactifng <aitfEas SSGVT BRI F o Irorirasrsn tdifo i ngddgor nal

breast cel hew&saawélr@alg&&meof DAHNG ¢ ]t%’@{??teésssﬁﬁpﬁ)@s e speci fically

bi ndi ng to expression products of one or nore t he genes sel ect ed from
Table 2; sv@raseStp@rchera; & artexXpressiftiveprad ithe gfentdwsielagarids ed dm bot h

t he tunour ¢ nd the normal cell; (c) conparing the expression profile
of tRe tund ‘cell and the normal cell; and (d) determ ning an
expressi on profl | e characteri stic of a breast tumour cell. 2. A nethod of

creating an expreSS| PI‘OfI |l e 20 characteristic of a breast tunour cell,

sai d met hod4 -codpiedingg @ siddpy 61’0 (Cé)amsdﬁatqrngﬂ@@m é@sﬂ@@r@ﬂ@ducts from

a breast RO I I i) ct
plurality o?k bl%FlL %ﬁg me %g%%ap l'e %Tb speC| ?J q{qﬁg{fo%tlbd n&ependent |y

bi ndi ng t opexpess @opreeguctdsngf ta lachaldft ywhef ggernes Mrﬁdtﬁadadf rnem Tabl e
2; 59 as t%a%rl%atze a first expression profile of a tunour cell;

15. A method according to any one of claims 12 to 14
wherein the determination of the presence or risk of
breast cancer in said individual is carried out by

15 comparing the binding of the expression products from the
breast tissue cell under test with an expression profile

characteristic of breast tumour cell.

16. A method according to claim 15 wherein said
20 expression profile characteristic of a breast tumour cell

is created by a method according to any one of claims 1

to 11.
17. A method according to any one of claims 12 to 16
25 wherein the individual is of Asian descent.

18. A method of creating a nucleic acid expression
profile characteristic of a breast tumour cell, said
method comprising the steps of

30 (a) isolating expression products from said breast

tumour cell and a normal breast cell;
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(b) isolating expression products froma normal breast cell; contacting
sai d expression products with the 30 plurality of binding nenbers as used
in step (ap,039009a8s to create a conparabl e second expressi @aT@RBIOVBsSOf a
normal breast cell; and 107 SUBSTI TUTE SHEET (RULE 26) WD 03/070979

PCT/ GB03/ 00755 (c) conparing the first and second expression profiles to
determ ne an expression profile characteristic of a breast tunour cell. 5
3. A nethod of ctleatcogtactind essidcstoexdps LS5 Prodpeos i Fer chatlactiesi stic
of a breast, tumour cell, sajd nethod conprising the steps of (a) isolating
expressi on PrEAUC RS rioprRaf i Petashreakt Yikbw EéJeLFlF?lje‘Bﬁt%%tkHﬂj%Js%ﬁd

eXpr essi on RERAIES Scadfo b I s Pl A1 44y 9Th A NG ehior Ss capabl e of
specifically and i ndependently binding to expression products of a
plurality ddrqéiness sef extredifabit Tabf egdjes stebacted cieat eTabXe ré;

expressi on ofil.e; repeating step (a 1 th expression products 15 from
at Ie§ast a é;%c%)éndt%rcé]g%?t? utrours e?sl’sjsodg éksr%lﬁere e-1NQFe | FHHRS &£ Yecond
expr essi on i idies {uowonpari ngnd henatnd@ast dérsi and second expression

profiles to create a standard nucleic acid expression profile
characteristic ofS)a EREIIAUMR ezRrestion Lrofis Mfd Hredrmiawr to any

one of the preced{NgL! %%ﬁn dhe binding nmenbers are capabl e of

specifically and 1 ndepende nding to five or nore 25 genes sel ected
from Table 2. 5.(dA mttedniaciooy di ngidle ianyecne afpides jpreqedifig e cl ai ns

wher.ei n t he_bi ndi.ng .menbers_are ¢ bl e of ecifically and i ndependently
bi ndl:edng t o Bt ac&reqﬁ A l%é’fgg‘%ﬁ%a%?%%?é)df ic??sl bl e 2. 108 SUBSTI TUTE SHEET
(RULE 26) WO 03/070979 PCT/ @B03/00755 6. A nmethod according to any one of

the preceding clainms wherein the expression product is nRNA or cDNA. 7. A
met hod accortti nd M tRA e WieataPprecedlng c REldhienprdrsisim t he bi ndi ng

menber s ar%f@fﬂf@‘%ﬂggé%teristic of a breast tumour cell, said

method comprising the steps of

15 (a) isolating expression products from a breast
tumour cell; contacting said expression products with a
plurality of binding members capable of specifically and
independently binding to expression products of a
plurality of genes selected from Table 4a; so as to

20 create a first expression profile of a tumour cell;

(b) isolating expression products from a normal
breast cell; contacting said expression products with the
plurality of binding members as used in step (a); so as
to create a comparable second expression profile of a

25 normal breast cell;

(c) comparing the first and second expression

profiles to determine an expression profile .

characteristic of a breast tumour cell.

30 20. A method according to claim 18 or claim 19 wherein

the said plurality of genes are selected from Table 4b.
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probes. 8. A method according to any one of clainms 1 to 5 wherein the
expression product is a polypeptide. 10 9. A nethod according to claim38
wherei n twe odiomdrng nenbers are anti body bi ndi ng donmai ns PCIMGBAONES hod
according to any one of the preceding 15 clains wherein the binding
menbers are labelled. 11. A nethod according to any one of clains 1 to 9
wherein the expression products are | abelled. 20 12. A nethod for

det er mi ni ng21 he preseince accordknoftobekakt randesrein amt i hebhat ditabe sai d

met hod conpri si ng a) obtai ni expressi on products froma breast tissue
cel | obtai n%%ln??o"f‘ﬁ%ng?ﬁ%‘?%% O%uﬁ?jtéi?ezgaof having or at risk from
havi ng breast cancer; 25 (b) contacting said expression products with

bi ndi ng nenbers capabl e of specifically and i ndependently binding to
expressi on $f odudtielehnd expomei g t'eo achrimal § twhefein het gbemst i denti fi ed
in Table 2; C erJn nj he.prese r risk of breast 30 cancer
in s?d ind?@%gtugl %%rgegéadif(% %‘%ge%?%%iéﬁo%?fﬁ% %‘(‘pressi on products from
said breast tissue cell to one or nore of the binding nmenbers. 109
SUBSTI TUTE SHEET (RULE 26) WD 03/070979 PCT/ GB03/ 00755 13. A method
accordi ng to° cl &t M Whet T HRI pFddt Iyl rehpEier sk dapapterafitl ndi ng

to expressiopn pLoduct ongli tqdd V. nes
identified in (PéS Tablogn%fpélez%g rret"ﬂ%d&g%%orél ng C%Jod C a?fn?%jé@olgﬁcl aim 13

wherein the binding nmenbers are capable of binding to expression products
correspondi to, each of the genes identified | 10, Tab 2. 15. A nmethod
accoﬁgi ng t%gan3§cﬁﬁegt ?J AT HILH ' 1Y T e‘?fiq ctlf?elr%%tjlefrﬁ%a%]:? on of the

presence Orwhéski®ithdregste Sainserpiddead did nina dual g carried out by 15

conparing the binding of the expression products fromthe breast tissue
cell under test with an expression profile characteristic of breast tunour

cell. 16 Adethod,a0el Al 6 aldndn, VIR I Sal SO @Ry ession profile
characteristic of a breast tunour” cell
wherein the binding members are nucleic acid probes.
15
26. A method according to any one of claims 18 to 23

wherein the expression product is a polypeptide.

27. A method according to claim 26 wherein the binding

20 members are antibody binding domains.

28. A method according to any one of claims 18 to 27

wherein the binding members are labelled.

25 29. A method according to any one of claims 18 to 27

wherein the expression products are labelled.

30. A method for determining the presence or risk of

breast cancer in an individual, said method comprising
30 (a) obtaining expression products from a breast

tissue cell obtained from an individual suspected of

having or at risk from having breast cancer;
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is created by a nethod according to any one of clains 1 to 11. 17. A

nmet hod according to any one of clains 12 to 16 25 wherein the individual
is of Asiwpodezment. 18. A nethod of creating a nucl ei c a®cCid/GBopHESSi on
profile characteristic of a breast tunour cell, said nethod conprising the
steps of 30 (a) isolating expression products fromsaid breast tunour cel
and a normal breast cell; 110 SUBSTI TUTE SHEET (RULE 26) WD 03/070979

PCT/ GB03/ 00755 (1) mmnﬂ&uﬁinq;s&ﬂdiexgnasﬁmdn1grdﬂumﬂ§-WIﬂhthﬁﬁdim@ t unour
and normal breast cell th urality of bindin menber s capabl e of

speci fi cal If* ?ﬁﬁrﬁf?%ﬂi& :§§§| NGt FERE DS LOTHIRARAY TS of  genes

sel ected fromlashdtig XS0 AR ONHEAISE b RPT RSO OTid erpiid hose

genes for both the tunDur cell and the normal cell; (c) conparing the
expreSS|on%ﬂ(ﬁ&H¢eof the tunmour cell and the nornal ceII and (d)

det erdm ni ng a nu expr 5|on rofile har eri |c of breast
tunn&?lcell é%r l i Q§} f%ﬂﬁﬁeﬁr E&ﬁ éi & profile

characteri siaro:egf i tnraaaﬁtmdammalelﬂas@aldh 1R Mdl@l@@rdﬁlﬁlga the steps
of 15 (a) isolating expreSS|on roducts froma breast tunour cel
cont act i ng SHE SR I BH d{i)?&tl% saditch breasturEissue steloh gt rperenber s

capabl e ofcgp%gggtgglﬁhéuyindl pengentd y binding to expression products
of a plurality of genes selected from T Table 4a; so as to 20 create a first

expressi on profile of a tunmour ceII (b) isolating expression product s

fro nor breast cell; con act ai.d ssian p th t he
MU%Jtyo |%&%§ﬁ§ ?@ﬁh%%%é i?
conparablegﬁgngyuhﬁ@qgéxgﬁﬂaa[ﬂgﬂﬁlgabyé a 25 nornal breast ceII, (c)
conparing the first and second expression profiles to determ ne an

expression profile. <characteristic of a breast tunmour cell. 30 20. A

et hod accarli ng, b, Gl M of; o AL MNPl fhe G A dBlgyal ity of

genes are selecte 111
twenty genes are selected from Table 4a.

15
33. A method according to claim 23 wherein the plurality

of genes are at least those identified in Table 4b.

34. A method according to any one of claims 30 to 33 or

20 claim 24 wherein the determination of the presence or
risk of breast cancer in said individual is carried out
by comparing the binding of the expression products from
the breast tissue cell under test with an expression
profile characteristic of breast tumour cell.

25
35. A method according to claim 34 wherein said
expression profile characteristic of a breast tumour cell
is created by a method according to any one of claims 18
to 29.

30
36. A method according to any one of claims 30 to 35

wherein the determination of the presence or risk of
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SUBSTI TUTE SHEET (RULE 26) WO 03/070979 PCT/ GB03/00755 21. A nethod
according to claim19 wherein at least five genes are selected from Tabl e
da. 22. Avosthog7according to claim 19 wherein at | east PCIVGBIBYPOTISENES are
selected from Table 4a. 23. A nethod according to claim 19 wherein the
plurality of genes conprise at |east those provided in Table 4b. 10 24. A
nmet hod according to any one of clains 18 to 23 wherein the expression
product is hRNAsbrceDNAr 25. cAmpetbdduatograhnglyoratymonkioh clains 18 to

23 wherein Ehﬁbi ndi gg rrentF)ers are fgcjlfei c acid Erobgi. 15 26. A net hod
accordi ng to-3hy BHESBFScRaFHROYR £9L 23 T HRereF AL heSekpP¥sEN8ATpr oduct i s
a pol ypept i fespdétiheNBLPOEsACERT H1HPL18s¢] aim 26 wherein the binding 20
menbers are anti body bi nding domains. 28. A nethod according to any one of

clainms 18 to 27 wherein the binding nenbers are | abelled. 25 29. A nethod
accorging tg,anyno cl.ai 2 rein the expression products
are |abel e%? “30° Iﬁ&r:rg%}ﬁoé%f gﬁt%g?ier?% %i%%@f%glweggn%% %reﬁjgﬁsg%onbreast
cancer in aproAtiesdial ordai dtoeddosrmngri ssngnd30d (axppbtai ohng

expressi on ]Egﬁjgﬁts froma breast tissue cell obtained from an i ndivi dual

suspect ed £ ngRoFagteF+ 3k F rotm PEST PRCDr 3@ { Ok ahdes ; o 1Dre& BST| TUTE
SHEET ( RULE-263e MO Qg,igmgg}gogq&@p?égg 55 (b) contacting said expression

products with binding nenbers capable of binding to expression products
correspondi ng toah phuraniry ofllenesondenlidraiiin dabbecada; tandubd (c)
det Cm' ni n%éxjél& resence or risk of breast cancer in said individual based
on the binding of the expression products fromsaid breast tissue cell to

one or nore of hedbimabbgndresdied scellls Ho pmidoge@as COxsid@sion cl ai m 30
wherein at |east five genes are selected from Table 4a. 32. A nethod

accordi ng tRF FUFHF B0 wherein at | east twenty genes are selected from
Table 4a. 15 c) contacting said gene expression products with a

plurality of binding members specific for expression
15 products of one or more genes selected from Table 2; and
d) determining a gene expression profile
characteristic of the presence and/or type of breast
cancer based on the binding of said expression products
to said binding members for each of said plurality of

20 breast tumour samples.

38. A method of obtaining a plurality of gene expression
profiles in order to determine a standard expression
profile characteristic of presence and/or type of breast
25 cancer, said method comprising
a) obtaining cells from a plurality of breast tumour
sample;
b) disrupting said cells to expose gene expression
products;
30 c) contacting said gene expression products with a
plurality of binding members specific for expression

products of one or more genes selected from Table 4a; and
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33. A nethod according to claim?23 wherein the plurality of genes are at
| east those identified in Table 4b. 34. A nethod according to any one of

claims 30WD®38292¢ 20 claim 24 wherein the determ nati onPafi/aBva/oprsesence
or risk of breast cancer in said individual is carried out by conparing
t he binding of the expression products from the breast tissue cell under

test wwth an expression profile characteristic of breast tunmour cell. 25
35. A nethod accady dieigetoiciagn dendesepnesalon expfesdsi on profile
characteristic of a preast %unnur cell is chated by a_net hod according to
any one of TIAFHELQB-StHC20T BE FLEFCHER A ARE oF WP FigPt PEFFSone of cl ai ns

30 to 35 wheiedn piecgeber Fhaabi oM 0f PP ESERELO81 bh SErSucdd3
SUBSTI TUTE SHEET (RULE 26) WO 03/ 070979 PCT/ GB03/ 00755 breast cancer is

conput ed usingsaid dp fodingmenbehs Thsteagui shesaddt phoraliey [of rom nor mal
cel | $y thqgr Ldes ective exg%ession profiles. 5 37. A nethod of obtaining
a plurality ot %enémgi%¥e§%? esprofiles in order to determ ne a standard
expression profile characteristic of presence and/or type of breast
cancer, said nethod conprising a) obtaining cells froma plurality of

breast tunoid: 1 BHPe; 0b) OPRERIRE i P LRTYLERY | oF t S pIERr e
SXpr esS! 0N o REEIHEL 83 C) - SO S ALK LML U2NS: SXRLASSLAR- DLOdUELS W Lh a

plurality I ndi ng nenbers specl or expression 15 products of one or
nor e genes mepEctediaonciabl et ahdordjenet eamid Nongt wgere lexgaEssi on

prof%@e characterist%& of thg gresence and/ or type of breast cancer based
on the bi ndiHYF T 31 Xpre’di oW R bitRYs to said binding members for

each of said pl wWalddyaphing BEERSIFEMAOMpE@Pl LSy S8 bred®t hoch&lir
obtaining a plurality of gene expression profiles in order to determne a

standard ex@@@skion profile characteristic of presence and/or type of

breast 25 cancery,) sgf & qBENOd COMPriSiNg +o expose gene expression

products;

15 c) contacting sald gene expression products with a
plurality of binding members specific for expression
products of one or more genes selected from Table 4b; and

d) determining a gene expression profile
characteristic of the presence and/or type of breast

20 cancer based on the binding of said expression products
to said binding members for each of said plurality of

breast tumour samples.

40. A method of obtaining a plurality of gene expression
25 profiles in order to determine a standard expression
profile characteristic of presence and/or type of breast
cancer, said method comprising
a) obtaining cells from a plurality of breast tumour
sample;
30 b) disrupting said cells to expose gene expression

products;
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a) obtaining cells froma plurality of breast tunour sanple; b) disrupting
said cells to expose gene expression products; 30 c) contacting said gene
expressi owopsodece s with a plurality of binding nmenbers epaaBBOITOr
expression products of one or nore genes selected from Table 4a; and 114
SUBSTI TUTE SHEET (RULE 26) WO 03/ 070979 PCT/ GB03/00755 d) determning a
gene expression profile characteristic of the presence and/or type of
breast cancer ba$edoohathénhi sdiidggehesakgrexpiesspandpradustish &0 said
bi ndi ng nmenpers_for each. of said plurality of 5 breast tumour sanples. 39.
A net hod ofpoBFgﬁﬁ%Xgog BFH?&P?t?gggeﬁénﬁgggbﬁégs?BH ®EPEPPFESi n order to
det erm ne apsbandasdo€xphessirOMorpr gkhbs sBaraetar ksbincrab1pr 6seasq and/ or
type of breast 10 cancer, said nmethod conprising a) obtaining cells froma

piurality of bredstdetifbuinisgnpl genp) egpseaptpnagrsaifdleel |s to expose gene
expressi on » B _C)<C act| i n xpressi gn products with a
pIura?ity ofﬂéggg?%glﬁéggeég ggécﬁ%%gg?gg g%g?8§s?8§e %?ogﬁggggof one or
mor e genes seheetedabednmpitabhe Bbhdand df deter gkpragsaocgepeo@ypt €ssi on

profile characteristic,of the presence and/or type of breast 20 cancer
based on th Ob?ﬁﬂ?nélﬁglgﬁiﬁe@?gFés PBHNCPFBdEt 8218 oPsHFaLbERdPRg nenbers
for each ofpsahdtptunshi-t ¥apb1ehreast tunmour sanples. 40. A nethod of
obtaining a plurality of gene expression 25 profiles in order to determ ne
a standard expression profile characteristic of presence and/ or type of

e s T A P08 SRORIATH A, W RELPLEL 10, CELL Eom BBl ¢y
expr essi on ppoOiuessinldbde SUBSTHILBENSIHEET §RuULEa28) < VPr835904R979
PCT/ GB03/ 00755 _, C
profile characteristic of presence and/or type of breast
cancer, said method comprising
a) obtaining cells from a plurality of breast tumour
15 sample;
b) disrupting said cells to expose gene expression
products;
c) contacting said gene expression products with a
plurality of binding members specific for expression
20 products of one or more genes selected from Table 6a; and
d) determining a gene expression profile
characteristic of the presence and/or type of breast
cancer based on the binding of said expression products
to said binding members for each of said plurality of

25 breast tumour samples.

42. A method of obtaining a plurality of gene expression
profiles in order to determine a standard expression
profile characteristic of presence and/or type of breast
30 cancer, said method comprising
a) obtaining cells from a plurality of breast tumour

sample;
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c) contacting said gene expression products with a plurality of binding
menbers specific for expression products of one or nore genes sel ected
from Tablwo33nandd d) determ ning a gene expression profi [lPETEGB03/00755
characteristic of the presence and/or type of breast cancer based on the
bi ndi ng of said expression products to said binding nenbers for each of
said plurality of breast tunmour sanples. 10 41. A nethod of obtaining a
plurality of gere eXpsesstomg paddidekls ntoragsodo geieragmessssdandard
expressi on %ch%gfi | e characteristic of presence and/or type of breast
cancer, sai R conprising a) obtaining cells froma plurality of

breast tumour 15 sl Set g dbSIANdNY Salsk el ds ﬁ&@d@@§%d%%?§amth .

expression products; c) contacting said gene expression pro
plurality ddlwiaditiy eenberdinpaediberd apexipiiession €@pradunts of one or

nore genes sel ected from Table 6a; and d) .determ nin ene, expr essi on
profi?e C af%%%%slds f|COI})‘? ?%emcﬁﬁ:%s%%ees ‘edlieocrt? pgmd'? qg?kg]aesﬁ" c‘%}?ﬁer based
on the binding af) sdith@xiassi HNydHOMIGE % sdibsabcbhi reli ng menbers for
each of said plurality of 25 breast tunour sanples. 42. A nethod of

obt ai ni ng FHIFAFTEGC he- R PRAIINGP DI s @F dereas deternine a
standard expiiesst ¢h s A4 'ﬁq&@{r@&f&f 'nofjft ;%ig{)t&m%xf%yﬁuétysoe of

breast 30 cancer, said nmethod conpris al'ni ng ce roma
plurality dfo ragiastbindioug meyergt 2 ;fdl GacBURBSTISEIRE SHERN (1IRUIEE 26) WO

03/ 070979 PCT/ GB03/ 00755 bh) disrupting said cells to expose gene
exp(r)]eégsi on brpei'aocsﬁu%%r}o%r) %%%ﬁ%%?'l ng said gene expression products with a
plurality of binding menbers specific for expression 5 products of one or

nore genes selected fromTable 7; and d) deternmining a gene expression
profile cHal-actfemethad off (et pieigeh e pdivgradrl ty e cfertsy eagtressdimger  based

on the bisgicbag%ig_jeaﬁrfyi SRS AU RLAANE & SRRAL R gers for
profile characteristic of presence and/or type of breast

15 cancer, said method comprising

a) obtaining cells from a plurality of breast tumour
sample;

b) disrupting said cells to expose gene expression
products:

20 c) contacting said gene expression products with a
plurality of binding members capable of specifically and
independently binding to expression products of the genes
identified in Table 6b;

d) determining a gene expression profile

25 characteristic of the presence and/or type of breast
cancer based on the binding of said expression products
to said binding members for each of said plurality of

breast tumour samples.

30 44. A method according to any one of claims 37 to 43

further comprising the step of producing a database

117

SUBSTITUTE SHEET (RULE 26)



10 breast tunour sanples. 43. A nethod of obtaining a plurality of gene
expression profiles in order to determ ne a standard expression profile
char act erweto7mf9 pr esence and/ or type of breast 15 cancerCTgasod/oosshod
conprising a) obtaining cells froma plurality of breast tunmour sanple; b)
di srupting said cells to expose gene expression products; 20 c) contacting
sai d gene expression products with a plurality of binding nenbers capable
of specifi cabhyasdnihg i adependeit {yobi agpngssoexpression ppodustd of the
genes iden%ified in Tabl e 6b; d% determ ning a gene_expression profile 25
characteris ?%mo?a%%épg?%%%hE% AhdP Pty peBFUhr e3P L8 ancer based on the
bi ndi ng of said expression products to said binding nenbers for each of
said plurality of breast tunour sanples. 30 44. A nmethod according to any
one of cl ai$%- 37Atesod fagehedinonpei singndeo St @pahis pBoduci 4§ a dat abase

117 BSTI T, SHEET (RULE 26), WO 03/ 070979 PCT/ GB03/ 00755 containing a
pl urigi ty o#g%(%ér_'%s%? FHTOY 1 6 ob %ﬁ)n%]g 3??%%‘%%?% pHifality of breast
tumour sanpdiestigbical med fogh BEE o e vigert OL 180 Yo DNEa Df t ¢l 8F NBxBFetid8 5

further conprising the step of determning the statistical variation

bet ween théPEﬁiﬁ%ﬁ$ty of expression profiles. 46. A database conprising
expression profiles 10 characteristic of breast cancer or type of breast
cancer produced by a nmethod according to claim37 or claim45. 47. A

dat abase actor dikhgatmlzd s nedtomwhel ey netibres s ekpr gssobiles of i | es are nucleic

aci xpression profiles. 48. dat abase accordi to claim46 wherein
t hedl(gxgr e s B Profi | ese a‘?% TLET CEKPTesST o BT ocfflg@é‘?a%@. CA et hod for

cl assi fyi n@podieastb} WO LES) | s &fotdiehg 20 hasd 5 087 BEst regemmresept or (ER)
status, said nethod <conprising (a) obtailning expression products froma
breast tunour cell;

47. A database according to claim 46 wherein the

expression profiles are nucleic acid expression profiles.
15

48. A database according to claim 46 wherein the

expression profiles are protein expression profiles.

49. A method for classifying a breast tumour cell on the
20 basis of Estrogen receptor (ER) status, said method
comprising
(a) obtaining expression products from a breast
tumour cell;
(b) contacting said expression products with binding
25 members capable of binding to expression products
corresponding to the genes identified in Table 5a; and
(c) classifying the breast tumour on the basis of ER
status based on the binding of the expression products
from said breast tumour cell to one or more of the

30 binding members.
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(b) contacting said expression products with binding 25 nmenbers capabl e of
bi ndi ng to expression products corresponding to the genes identified in
Tabl e 5a;werd/ofwy9 cl assifying the breast tunour on the ba®CI/GH3ERSSSt at us
based on the binding of the expression products from said breast tunour
cell to one or nore of the 30 binding nenbers. 118 SUBSTI TUTE SHEET ( RULE
26) WO 03/070979 PCT/ GB03/00755 50. A nethod for classifying a breast
tunour cel | 50n themneblasidsfof ERBBRiSyahgsa lsacdstettmdueonplilsbngtha)
obt ai ni ng expressi on ucts froma, hreast _tunour cell; 5 (b) contacting
sai d expreségﬁﬁsp?gd%géggwaﬂtB?ndFﬁb Hehbef sCeEpEbFen8f bi nding to
expressi on produchs oL 1esRGNEkPBE9i bhep96a8est s depbif hegdrbRsTabl e 5b; and
(c) cIaSS|fg|ng the breast tunmour on the %a5|s of ERBB2 status based on

t he bi ndi ngt@hroehecekpr essi on 10 products from said breast tunour cell to
one of nore of .ndi ng. ers. 51. A nethod for, classifying.a breast
tunnu§ cell on t?}lj‘é’3 %%2?%9% H??Eaﬁgl%%%?%?S%%%tgﬁ%?ugs?dwﬁgéh%ﬂngbﬂ%rising
15 (a) obt ahahbgrex@uesisi ®nopriotuei sgf tongpbseastn pusauetsel |; (b)
contacting said expression products with binding nenbers capable of

bi ndi ng to BXPFEIRIHHAIY oeictse Foreeshoniihgied B pfaphei b7 ofngenes
identified in Taple -#0s 684 A éﬁét%%@%&fﬁmufh t‘c’l@@”ﬁaﬁgyof‘ th regard

to its nolecular subtype based on inding profile of t expressi on
product s frioBhestaimpurbastd emdthdebbidithagf nembeespr@sss3n A et hod
acc ing to claim51 wherein .the bindin me rs are capabl e of

spem@i cal I%r%%%?%d%%%dse%? )}Or%?%ﬁiwﬁn(?%r a‘fgf as? %n%e?lgsm(i’ﬁ%n?ffi ed in
Tabl e 6a. 30h&IiMdim} heshiweedr ding to claim51 wherein the binding
menbers are capable of specifically and i ndependently binding to at |east
twenty genes identified in Table 6a. 119 SUBSTI TUTE SHEET ( RULE 26)

51. A method for classifying a breast tumour cell on the
basis of its molecular subtype, said method comprising

15 (a) obtaining expression products from a breast
tumour cell;

(b) contacting said expression products with binding
members capable of binding to expression products
corresponding to a plurality of genes identified in Table

20 ba; and

(c) classifying the tumour cell with regard to its

molecular subtype based on the binding profile of the

expression products from the tumour cell and the binding

members.

25
52. A method according to claim 51 wherein the binding
members are capable of specifically and independently
binding to at least 5 genes identified in Table 6a.

30 53. A method according to claim 51 wherein the binding

members are capable of specifically and independently

binding to at least twenty genes identified in Table 6a.
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WO 03/ 070979 PCT/ GB03/00755 54. A nethod according to claim51 wherein the
bi nding nenbers are capable of specifically and i ndependently binding to
at | east wbasgeres identified in Table 6b. 5 55. A net hodpracraBodionyst o any
one of clainms 51 to 54 wherein the nolecul ar subtypes are selected from
Lum nal, ERBB2, Basal, ER-type Il and normal/normal-1ike. 10 56. A nethod
for classifying a breast tumour cell on the basis of its Lum nal

sub-cl ass, said nethod conprising (a) obtaining expression products froma
breast tunour cell; (b) contacting said expression products with 15

bi ndi ng nenbérs tapabhedorceprding £e ekpiessiovhpreductbe kordésgonding to
a plurality es...d ified kn . Ly3+8n C LEvi t he tunour
cell with r%%é?gfgogf%sggéﬁééﬁa?fsa%§§¥gégz%% egnénl?ﬁéséﬁﬁ ¥%ggprofile of
the 20 exprlessdbngptodatct sedsonthbegénapuidentifhad theThbhdi 6g. nenbers.
57. met hod according to claim56 wherein said tunour cell has been
previously classified as a Lum nal 25 nol ecul ar subtype by a nethod

according tgsanyponetRbd &L3bPEiRSG £8 2Ry 98e ArEihpdsasgordipg to claim
56 or clains 57 wherein the Lum hal sub-class is Lumnal D or Lum nal A.

30 59. A diwgmbsinctheohotenptisi agbbypeararet yebécheddingn henbeas, capabl e
o, SLESh SRk pleogncepLLyc b i 120, SUBET| T SIEET (RULE 20

WO 03/ 0709 expr essi on " pro S0 furality of genes

selected from Table 4a, said plurality of binding nenbers being fixed to

a so éd sup %rt. 5 60. A diagnostic_tool conprising a plurality of binding
s caﬁg te DfMePeRd el Fieaml Y hadpendedi sy bimeamhgeetd @xpklssi on

products ofpasplusal ity Ringsnessssl , 4 jdiplurality of
bi ndi ng nenbers bei ng fi%%%@t% %&%o?%%ggup%%$§hﬂ§%$%ﬁ“g%?%?%gﬁ% tic tool

conprising a plufalitgbofiimhimgiegpression products from a breast

tumour cell;
(b) contacting said expression products with
15 binding members capable of binding to expression products
corresponding to a plurality of genes identified in Table
7; and
(c) classifying the tumour cell with regard to ifs
Luminal sub-class based on the binding profile of the
20 expression products from the tumour cell and the binding

members.

57. A method according to claim 56 wherein said tumour
cell has been previously classified as a Luminal
25 molecular subtype by a method according to any one of

claims 51 to 55.

58. A method according to claim 56 or claims 57 wherein
the Luminal sub-class is Luminal D or Luminal A.

30
59. A diagnostic tool comprising a blurality of binding

members capable of specifically and independently binding
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menbers capabl e of specifically and i ndependently binding to expression
products of a plurality of genes selected from Table 5a, said plurality of
bi ndi ng meolwazooei ng 15 fixed to a solid support. 62. A acagrIsSnisst ool
conprising a plurality of binding nenbers capable of specifically and

i ndependently binding to expression products of a plurality of genes

sel ected 20 from Table 5b, said plurality of binding nenbers being fixed

to a solid suppgptesd8BonAodbagrost bt & oplucaPty séhogganpbusalétyeaf binding
menbers capabl e of specifically and ipdependently binding 25 to expression
products of T80B| Trllft 2 of SYERSRISER e RO F rDFRFhny ene@bes e pidral ity of

bi ndi ng nenpey s being s&%fﬁds grsolid support. 64. A diagnostic tool
conprising a plurality o in g 30 nenbers capable of specifically and
i ndependently binding to expression products of a plurality of genes

selected 12 SUBST| TUTE SHEET ULE 26) WO 03/070979, PCT/ GB03/ Q0755 from
Table§7, sa%%‘prgrgF?QQO%?l%F%ﬂéi;cﬂ%ﬂﬁ%?%n%e?h%luf? %€§t8ggb%%$fﬁgsupport.
65. A di agngshibert0ehpsON®rbsi e@iﬁi@é@ij{ta/n@fim@déﬂgenéwemﬁaﬁngapabl e

of specifically and independently binding t o expression products of the
genes identt®i e¥PrrasTaphepreduckai df pd uphirayiey of ndengs neabegsedei ng

claims 50 TAoBs aRErern’ o310 orhA G Rinpor aTnd e EAGEEL el figany one o
ol i gonucl eofides. t422 sGUBSTsIpBE&ECSHEET ( RULE 26)
10
61. A diagnostic tool comprising a plurality of binding
members capable of specifically and independently binding
to expression products of a plurality of genes selected

from Table 5a, said plurality of binding members being
15 fixed to a solid support.

62. A diagnostic tool comprising a plurality of binding

members capable of specifically and independently binding

to expression products of a plurality of genes selected
20 from Table 5b, said plurality of binding members being

fixed to a solid support.

63. A diagnostic tool comprising a plurality of binding

members capable of specifically and independently binding
25 to expression products of a plurality of genes selected

from Table 6a, said plurality of binding members being

fixed to a solid support.

64. A diagnostic tool comprising a plurality of binding
30 members capable of specifically and independently binding

to expression products of a plurality of genes selected
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WO 03/070979 PCT/GB03/00755

from Table 7, said plurality of binding members being

fixed to a solid support.

65. A diagnostic tool comprising a plurality of binding
members capable of specifically and independently binding
to expression products of the genes identified in Table
6b, said plurality of binding members being fixed to a
solid support.

66. A diagnostic tool according to any one of claims 59
to 65 wherein said binding members are cDNA or

oligonucleotides.
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