21 August 2006 WD 03/070979 PCT/ GB03/ 00755 MATERI ALS AN% ZETHQE%}EELATING’
TO CANCER DI AGNCSI S The present invention concerns mat erdldh4us t hods
for 5 diagnosing cancer, especially breast cancer. Particularly, but not
excl usi yel e invention relates to nethods and agnosi ng the
presencéﬁ%gm?%gk of breast cancer wusing genetic |deh#ip$§%@%%lo Car ci nonma
of the breast is one of the |eading causes of death and major illness
anongst fenmal e popul ati ons .worl dw de. Despite rapid advances in
understanding the nolecular and genetic events that underlie breast

carci nogenﬁgafgﬂ,&g ??‘rﬁ !%fg&guﬂ: Jgﬁ!@f o6 L&A Eﬁﬁﬁ%‘i@g 15 prograns,
norbidity still remains at

an unacceptably high level. Indeed, for many parts of the wor | d, breast
cancer remains one of the fastest grow ng cancers in | ocal fenale

popul ations (Chia et al., 2000). One major challenge in the 20 diagnosis
and t réet peasef ibveasfioranterrns naterdhisi aad meahddm)ﬁceccul ar

eteroc%%nel é}"- Icndicvi duasl et%re t .cancers_can it trﬁmandous vari ations
Pn cl i meCAP PreSENCaT T o PEDE %§€"368r8§§?%%ne ErLARH- A ¥at ment response
(TavaSﬁthotandﬂs@hbtly,ﬂﬂﬁQﬁnvamggaskemgtématnhhtﬁo@&lmmmaJ entity may 25
actuall represent a.co onerat e of man q%{feren and distinct cancer
subtyd%s ﬁg 4} 8ﬁn?nghPF§??5ﬁ%°Fnrl%¥' PIP2BENRAGAr, breast cancer
can alwdndi gietyic aﬁéhkifuﬁﬁ¢.d|st|nct patterns of i nci dence in different
regi onal and ethnic popul ations. For exanple, in Caucasian 30 popul ati ons,
the majority of breast cancers occurs in post- nenopausal wonen at a nean
1and n&ﬁiramn@@e oFf t60 BrehsBlisr sPEt kM6l Yed[indg aldes 1F98). In contrast,
studies in él August 2006 WD 03/ 070979 PCT/ (GB03/ 00755 Asi an populatlons
show &eBfR Padge HHISS ABARE HAEFRI e PHRYETAPRY at age 40 (Chia et al.
2000, woeedkl&CcUDeEpte raPldsadeiibe@Ui st il Na AHeaLI @ i N tumour bi ol ogy is
to explain these regional and ethnic differences on the basis 5 of genetic

or enViPtBRvETR &R fﬁ%??ﬁ%? eXRAE FradcBrEerH g Prepgékearch findi ngs obtai ned

-USi NY eRbLasdcid sREPEh@tiHRNS nEBsHudi@ok! bNi Caldivalr 30sdAtigd to other ethnic

gopulatlons as well.,
programs, morbidity and mortality due to this disease

unfortunately still remains at an unacceptably high levei.
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 variations 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, 1988). In contrast, studies in




10 Expression profiling using DNA m croarrays has recentl proved to be an
extrenely powerful and versatile approach towards the ir?ﬁe’%‘fgu&ﬁqoén of
mul ti pl e aspects of tunour biology. Previous reports using mcroarrays on
br east have focused on the identification of novel tunmour 15

subt ypeg’?)aogjp%(rg?? the identification of genes that ar eFC %Pf)ﬁqoéﬁti ally
expressed between known cancer subgroups (Perou et al., 2000, G uvberger
et al., 2001, Hedenfalk et al., 2001). However, because these studies have
primarily focused on sanples obtained primarily from Caucasi an 20

popul at.i I, { .l oper S i f. tk i.nd] described in
t hese%%%%g?%c?%aﬁog%]:%mg’gﬁl gf{}%ﬂ%?egg%%fcalr?%gggé#{gin#% er et hnic
popul degbmsindllaér egar40 alChdanainyal.et RePO keee dssess=lamd-need to be

addre bef or ecul ar oti.l ing can . becone a clinical
reali ?@EgFoﬁﬁgﬁt%g?%%%é qtg%%#%nagé g’t’m‘g;ref?éﬁ o§3{ rr%stt%no publ i shed reports
wher e ekhbax prhessi pagsimgriabnd esthanid dbf Benenaessobtiipedasiefi ned in one

\J}nsti t%ti or?'tsicstoud Iuyrlavoe bggn i%d% endeaptde)é confirmed,i.n a separate series
r om ShoPREF et r eV S RANENAL | HSTOhRs SooT o134 edfential, however, as
di f f ereptaBfh faalii hgs askeainsd i ddimigo0suad s anl kebyldticdist &€& in nmul tiple

way's ich ma ffect th xpression profile of the tunor being studied,
such B8 Fhitieidy Efas e obe OT6F ehHor BIP3Ls WG Ao2006 IO 03/ 070575
PCT/ GB831 00755 sanpl es, choice of array technology platform and patient

popul ati on base. In addition, because it is usually unfeasible to sanple

the sanme tunor over an extended period of tinme, it is often unclear if the
10di f f eegptesdiliny pess bl def usefy URiznaitheser apphaschesnitiyl y represent

di stinct r_éﬁiolggical entit%es, or ii they represent a single tunor class

in di PFRY&ttosPEgRY BICZERPHY BAveETBl ATDeTAStbite 2PEX AP e, there are

curr egbh¥rdPthll eATEiQRENDANS: aNdtdpid asplctheot it®h@uen whet her estrogen
recept or_ negative, (ER 10 breast cancers represent biological entities that

have PHPIBE Fravi Seh JePORT APERI- MHFRFETRYSr O2 1T pe in the breast

epi t hghh@erPhavt Fh)sdRve tiyalgead: £fdMoaNof OidEHiN@lhyuER state
(Kuukasgarrl et al., 1996; Par| 2000; G uvberger et al, 2001). 15 To

1% ddr e§4PEYRESe PEsPiesthe REePHERsien el de8RBaF kRl afSon a

differentially expressed between known cancer subgroups
“(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

2¢ populations, it is thus an open guestion 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




| ar ge- scal e expression profiling project of breast tunours derived from
Asian patients. First, using a conbination of supervise la?ﬂWh%Q%ervi sed
clustering nmethods, they have 20 been able to define a snall set of genes
whi ch V\Q%r}ﬁ}d%gg in conbination serves as a 'genetic_identifier' to

di stingtish Tt an unknown breast sanple is either n8FK&E'¥¥™Ralignant in
a patient of ethnic Chinese descent. The use of such 'genetic identifiers'
is of considerable use in the 25 devel opnent of nol ecul ar di agnostic assays
for specific patient popul ations. Second, using principal conponent

anal ysj ) ; LAV, p sion . profiles of nornal
breas?’ aﬁp&?&g@hﬁﬂé’:ﬂ%ﬂgﬁ%ﬁ%ﬁé %%ig}a%g%?%ﬁ h%ﬁat %l}uern[&profi |l es. This

fi ndi mPradppben asar r Bhtad®d thodel lseastuspr Ehasks mgmeliy genesis, in which to a
first i i I .S a Lfgf}t f as a

rel at iu\;%@%&%%%%nggm%%lﬁg gtglg?:é#&é:ngygﬁaat% {éﬁggf}\n&%& y °21 August 2006
WO 03/aF70979, PCTAEB08tO0TES lear yihg-hexpitbsicot prnbtypes associated with

i ndi vi tH,nL?. ;:r r i.ndi.cat i their. arising fromthis

$gr ourﬁ%lfg%lg?e r grﬁg%eer%ﬁ%ggigﬁ@ér%%tﬁaﬁ%ﬁ/ els%klltyggléé I%ﬁdct t unouri genic

pat hwépislogidhi rdlibiesompadingh¢hecpxpsessiaonipgdéitewrof a series of

i nvasi r east. s..fr i hes tients.to published reports using
pat i eﬁ;igggn%?eéslfg?g%ﬁ nsé:raﬁg%? %uécglsnﬁgﬁil %‘Fcfrléji oot higsy TSund t hat despite
sever &xaimpler -Serdyaid quetrkotdy ogprd@dlicdidd enpdndessiaed widitag choi ce of array

technql ogy_pl.at.form ny . of the key gene signatures, and, nolecul ar
: subtyggsgﬁar%elerléﬂnﬁ?k%%%#goﬁgg%edl %8?9\%%% P%ga£f"\7\% &th ént popul ati ons,
1Buggedtrengt tdrmicelrheremieseukabiokiditoppesnidiafiiese dhasi greexpr essi on- based

‘ i ndeed 15 hi_gh bust. .To the.i tors. know edge, this i
The. PRPeRty GRESPRG T T oR v AR PORO STy DYOT i Pipe T eported Tor

br easbreastespitheliid h,oby fsthelyiniyet hevedpaession gt ofiles of a series of
Found St RE BV e BPEESFRER 6F The OHET | R 20005t ype- spect {1 ¢
expr esshopersdegnatuies 20@3soci ated with their invasive counterparts. Since
15PCI S ~cancers currently represent the earliest non-invasive
To address these issues, the inventors have embarked upon a
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 meolecular 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

3




25 mal i gnant | esion detectable by conventional histopathql ggé ipgese
results suggest that the nol ecul ar subtypes defined in 4 Pes
probably arise at a relatively early stage of tunorigenesis (ie

pre-invas nd represent distinct biological entiti rat her than a
single %g’lr?\é@ﬁg‘?l ass in 30 different stages of evol uf#yﬁi{]%}" August 2006
WO 03/070979 PCUGB03/ 00755 Besi des providing a nolecular framework for the
tenporal progression of breast cancer, the inventors' results also

support the feasibility of using expression-based genom c technol ogies for
cl | i oleG3ACEL U AGRASH R0 A5 ELASSITICALLEN ARLARRLH fTerent health-care
institutions. hus, at”its nost general, disclosed hérein is a new

di agnosioEiTas8Ey Higwaleéy eindigiatgve hef phedeneeisimar ifsknofhiscancer,

parti cyl.arhy bfeast +62BESY nad s PaLlgnt _Usi i fi.c genetic

identi‘# erus._ Further, tﬁ%{ iV nta%)?gé egl\r*}eaH%etE%h%q’négggl%cécri es of multi-gene
cl assitfumeugigeprihraddwaytancer. In the first instance, the inventors have
gdetermned a set 15 of 20 genes (a "genetic identifier") which miy be used
In conbination to predict if an unknown breast tissue sanple is either
nor malThérdraby gremparihg tddiekboassion hirefilestofganeseied Wil ch can

di sti .Sk r._angd normal _breast .sanples), the inventors
have %91;#8?, eF g]%)rﬁe%%tet\é\gg{) éer%wgé:ﬁ%sgl?lsne\ﬁ?i Bﬁgl%% & g@%:gl%‘sed genetic

i dent ifepersstwsigigapstignit wmopilesanplpeimasilp Casihtype. This is of great

i mpor t . t | rgm.a . research standpoi nt ut also to ensure the
nost f%qgg%’r cr}%lreiyg{%gx?ériea ar?equSFlsteprS@\Yleaﬁg.l sf’t’tlﬁ% i nventors have

1det er metbdde heyifcalll A Py aperesbtsludihigcbhdtbye e wsegdyto predict the

prese reast . tunmour __andfor, the class qf tunmour. 30 1) The geneset
provi E%ghﬁélg%pga’z‘%"%ﬂ‘ﬁ gﬁ%%ﬁ e YIS HIBPRAFE DR %I | ows a user to
predi apletubar wnbhopss Skl AugarskabdQ06on WY BE0AISh RGE GB03/ 00755 br east
H SoUe SR £ oS DS 9! Bl ST B08M . RELLEGULAr!Y using spotted

subtypes defined using expression-based genomics 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.




2) A further set of genes (Table 4a and 4b) which when used in conbination
can al so be used to distinguish between normal and tunnd¥~$N§%%ﬁQQQ ssue
sanpl es. This geneset is nore preferably used on expression profiles

obt ai negwgo ossiosm® a commerci al ly avail abl e technol ogy plcajideesserssuch as
genechips, e.g. Affymetrix UL33A Genechips, but can 10 al so be utilized
enpl oying the spotted cDNA mcroarray technology described in 1). 3) A set
of genes (Table 5a) which when used in conbination can predict the
Estrogen Receptor status of a confirmed 15 breast tunour sanple. A second
set ofBgfades PIEBIEMShR Whletnlatiehraprikn foonbhedtemparatin predi ct t he
ERBB2 : L rea ts K P ) t of genes (Table
6) V\hipc%gﬁl%]:se% '%%Q%%%bn?%’a%rénéﬁezolﬁ%%tgggusjé%%%sp%%fct t he "nol ecul ar
subt ypairpett athe risastibi Ubhbyirofs asphe epeesding-basecthgehahiow ng 5

cat egard £S. 1 E roml - ik and ER- negative subtype
. Iﬁk%%?glé Sgﬁﬁghgﬁgﬁi?%%%%Eegﬁggagﬁﬁséﬁt?%%, the inventors have used
Bwo didlfegséhicatyipes ag5oe$ diffeskht datdldh-abgerindinguthenel y, (1) one-vs-all
(OVA) support vector machines (SVM; and (2) genetic algorithm (GA maxi num
|'i kel i hood discrimnant (M.HD) analysis. Different sets of genes are

opt i madhug, usEed ts0RPeN Yener 2DOMR; E e, diPBe PLi £1:aS i,{)évpati on al gorithm 30
used. Thus, distinct sets of genes are described below for each part. 6 21

Augustii388e° tAFOP 8% 0 709 79 PeTA aBuB/the 785 BNcA setrigk génes (Table 7) which

when us@ded N pa@EDEMAL QNbr &R BEndsed; f 0 9Lkt dslimgna' subcl ass in Asian
1(greast cancer patients. The inventors have determ néd that breast tunours

f t hEPEFUMTErneis ideptikierBe Pushpes Hhe anventsarsdhats nct subt ypes

Lum nagletérmin@dl dnddialesDoiiaki-a&e chifdGally £&l §¥@§§t The genetic
identifier (Table 7) is therefore preferably used after the tunour has
been 8Fei1y recognised as |I'luminal" in nature. This ,of course, can be
achi eved using the multi-class 10 predictor of Table 6. The Lum nal D

t unour.s g%gyTasgociated Wi th certain expression signatures that are also

f ound *Hi G Gr E85FFFoPELM YRRIEOrEnBRY S  d]keymineRERF®And Basal . This
15UPPokES2$ hferelsi NhCAYendHIQ 63BKEIFier") 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




of knowi ng the tunour subtype. 15 The determ nation of specific genesets
(genetic identifiers) allows tissue sanples to be cl assi%li%EE‘{Sé.@p.ﬁ t unour
v normal) according to the expression pattern of those genes in the
tissue. _For nple, in the first 20 genetic identifier (tunor vs normal)

t he invg}ri)[og{ﬂzu)é%ave determned 10 genes that are usuRFFEBRY¥gul ated in
tunour cells relative to nornmal cells and 10 genes that are usually
down-regul ated in tunmour cells relative to normal cells. By studying the

expression pattern of these 25 particular genetic identifiers, i.e. the
conposi te Levels +3Qf,6X [ r.qdyc t he nes in a test sanple,
it is possi b%e tol cFasﬁﬁﬁt ﬁg ésia@n%l%ekggrg%]ﬁﬁr}g%%Jﬁ?&%aﬁ&hor mal .  Thus, the

expr essi onPprodndegliresidld srobt gt mbNdemberaregssi on profile or
"fingerprint” that can serve to 30 distinguish between normal and

mal i gnant cells. 7 21 August 2006 WO 03/070979 PCT/ GB03/ 00755 Di scl osed
herei 2)i s & ftihed 9ét oxfegener (dablel & endcileh wexphegsinonsgdofile for a

reast tu r I, onpri. si the steps of_.(a) isolating expression
%r oduct s P?%rﬁo(sﬁglllha chge}gézfaﬁ uour %se?CFan‘gl%é#@Pﬂrﬁﬁl '%erté’ﬁgf‘ cell; (b)
i denti fyi ngotnrd. expres®uonbpreti Lesofe sapbleal | This afengeses sel ected from

- Tabl e 2; fg% rpoq:tehﬁ%gteegag Hjlgse%ng?hg}gégg%ﬁggégolfﬁéi&%ggari ng the expression

profile of “the tuhour cetl and $ 8%t er ni ning a
nucl ei ¢ acuslirexpr essiecaeipl bf idveilshisy aetbiokigyC pbit Eoddw gash tunour cel | .

Accor di ngl fiyst aspect t he. pr t .invention provides met hod of
creating a%s e‘%ﬁregéjsﬁ’sdn ep?bfzﬁ%fé’mgﬂﬁ’géﬁéggs‘%‘?nf?c PS, ;%aS8" t unour cell, said
10ret hod conpYscsivagutile zetieasplalyitq)thes @batidy BXArRESARrRy oduct s form sai d
br east tutrmcglr Eell qand a%ncﬁr.rra breast cell; (b) contacting said
expr essi on-proquRes 6 H%Th ‘the! - t unour and normal breast cell with a
plurality of binding nenbers capable of specifically binding to expression
ction fromTable 2; so as to create an

produgis Orf{ at | east 10'8 es _sel 2. {

expr e88i orf* gi%5f PF IB1St hb3R geRbs G Both 4spg in combination
can predict the Estrogen Receptor status of a confirmed

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 differenf types

. 25 of classification algorithms, namely, (1) one-vs-all
(OVA) support vector machines (8VM):; 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.




tumour cell and the nornmal cell; (c) conparing the expression profile of
the tumour cell and the normal cell; and (d) determ ni ng?lafugush?@bsi on

profile characteristic of a breast tumour cell. For the pur poses of

di agnos inmportant to obtain an expression profile that is

char actgfr%logtol%g]’%f a tumour cell, i.e. distinct fromEHEBE W Bssion profile
of the equivalent 8 21 August 2006 normal cell. The nethod as discl osed

determ nes the expression profile of a plurality of genes identified by the
inventors to be a "genetic identifier” of breast tunour cells (see Table

2) . Thegy expy @i &N ehesi {1t theHiRal ¥hdlalscgenecoBabat @npri se the
genetic identifier wll differ slightly between independent sanpl es.

However, tH&0 RGetedr 50 RipSick chipided BrkalacRel e )@iassheinsirofile of these

par ti cul ar ca&%@?%étﬁ@ht&on%bsﬁleé]ﬁog@”@atx}ecdb@@ﬂﬁ]!rﬂce'deﬁhémen used in
comnbi nati on provi de a characteristic pattern of expreSS|on (expre55|on

profile) ifrmEastnpmeugel et tthat "wninad dgrasighl ycaniberf eplektt fromthat in a

gor mal cel l1n+BY+§d %agmgctasﬁsep&és fmEXLr 2 8heN ik ! §Sulent he genetic
identifier froma nunber of known tunour or normal sanples, 8a 21 August

2006 WO 03rg70dirgcRTy GBE3MeY 55 The pengidssidentifdesr EBabdea | br ary of
profiles fop 9? tfher@@g ! r%@gréﬁ’f?“&rseﬁaé‘ﬁye?csthgh&n&ﬁ? the number of

expreSS|on prori e eaS|er IS to create a re e characteristic
expr essi on hsenf f¢@a§,ﬂmrﬂmoﬁn(tse® as féhmidiad] $nsrtad:twr§t| cﬂailsvaru ation) that

can be useq)fagogrsceon[églglbé le‘péél%?ﬁéa aa& C'E ug, a standard profile

may be one that 1s devi se rom a plu Ity o I'vi dual expression
1profi |l es amdedévimediviatiienost dihestnpahaly & itam@um Boe represent either the

tumour —or %%fgéi 8l i 9%3::%21? ¥Q9§1onas§889ﬂﬂse%sl83£*£ a‘}fe the present

i nvention provi des a Feat ng an”expression profil
char act er i stlise Dfungd hmféaislaggmﬂnmecebm Lugahgl nptrieods ¢ onqa-i Si ng t he steps

o (2, sl exRress! oRnpL Oligheel A 81RLAAS! sublfBlcecel 17 contacting
of knowing 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.




15 plurality of binding nenbers capable of specifically d i ndependent |y
bi ndi ng to expression products of a plurality of genes I%%@@Hﬂpﬁon1Table
2, so as to create a first expression profile of a tumour cell; (b)
isolating 'ﬁre55|on products froma normal 20 breast cellé contacting said
expressWBAY0&ucts with the plurality of binding mefit ¥ in step
(a), so as to create a conparable second expression profile of a nornal
breast cell; (c) conparing the first and second expression 25 profiles to
determ ne an expression profile characteristic of a breast tumour cell.
The expressi on products_ar ref r abl ,frade  from said nRNA
Alterﬁgflgéi% hg erbxpressﬁbﬁ pr% uc?yﬁﬁgcangﬂﬁg gﬁ expressed pol ypeptide. -
| dent |ei<pt@&s|1©n pfotftine fexpr éssasn fjunofir |@lilsconefieiadplyhecarri ed out using
blndlng qpers capabl e of specifically identifying the expression 9 21
August® 2896 WO 03/ 070979 PCT/ GBO3/ 00755 products of genes identified in

Table 2. Fog) exﬁmlaen.ngfexﬁﬁé@s@&ﬂrzﬁ_&ﬁil@lﬁspf@&w@aﬁ.dabee@m then the binding
menbers wll be nuclelc acid probes capabl e of specifically hybridising

to t hEVERNA C5llpAdfep aRPEmale PERRPE 95 féxpr essi on product or the binding
nmenber w | kppe |cﬂﬁ%hk§ﬂn§%hfeh@k Péé’éidﬁgp%fiihe g E@@f@m@pts can be

detected. The |l abel is prefera chosen so as to be able to detect the
rel at i9fe IPRGR| I GFAREL @510“1@'3&&8/%7 L Erbk etheviarerguaiti ty of the
expres3eaprogduct so as to determine the expression profile based on the

- up- regulation or down-regulation of the individual genes that conprise
the geneti écl deivmPRFERG. then ePRedsify @Fofide |2t Yheet@PAbl e that the binding
nenbegélgrgn&qﬁgphgrﬂglqggjpng§d15 detecting the presence of an expression
product buf its relative abundance (i.e. the ampunt of product avail able).
The det er nidhat idsteshinhey ruobeleiacialdegppresiion profile may be

conputy kgg%rqggu:c%.be carrl d 3&} m% hin certain 20 previously set
parane BF S Y5 aV5id far fal se negatives. The conputer nay

5 poszlve
then be able to prOV|de an expression profile standard characteristic of a

norrnahcgé éy%ﬁlg?ll f%rst aspect of the present invention provides
a method of creating an expression profile characteristic of
a breast tumour cell, said method comprising the steps of

{a) isolating expression products form 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
members capable of specifically binding to expression
products of at least 10 genes selection from Table 2; so as
to create an expression profile of those genes for both the
tumecur cell and the normal cell:;

{c) comparing the expression profile of the tumour
cell and the normal cell; and

{d) determining an expression profile characteristic

of a breast tumocur cell.
For the purposes of diagnosis, it is important to obtain an

expression profile that is characteristic of a tumour cell,

i.e. distinct from the expression profile of the equivalent




25 a malignant breast cell as discussed above. The determ ned expression
profiles may then be used to classify breast tissue sanpiledugist #¥i6mal or
mal i gnant as a way of diagnosis. 30 Thus, an expression profile database
can conprise a plurality of gene expression profiles of both normal and 10
21 August 2006 WO 03/070979 PCT/ GB03/00755 nmlignant breast cells where
the genes can be selected from Table 2; retrievably held on a data carrier.
Preferably, the expression profiles nmaking up the database are produced by
the nethod according to the first aspect. 5 Wth the know edge of the
particul ar genetic identifiers, it is possible to devise many nethods for
determ ning the expression pattern or profile of the genes in a particular
test sanple of cells. For exanple, the expressed nucleic 10 acid (RNA,

MRNA) nearalbeelilsolrat etk fhodnas i seebsed WekBgmirsdsandar d nol ecul ar bi ol ogi cal
techni ques. , The expressed nucleic acid sequences corresponding to the gene
menmbet r&F“?‘hé’r@éEﬁﬁf PoRhLa LY 0 fgig¢BAS | yiersbf 2D b¥aklt hen be anplified
Usi NG AkekBLE @A PrigmesisPeehtifidor okhercexpRssed; sequences in a
PCR if the isolated expressed nucleic acid is nRNA this can be converted
into cPRATRBYe 2)Re PCR reaction using standard nethods. The prinmers nmay
conveniently introduce a |abel into the 20 anplified nucleic acid so that
it my be identified. Ideally, the label is able to indicate the relative
quant The exprpsepon tpxefide nfictled dnddividsel]ummness thaksent after the

anmpl i '8gpl n en refl.ecting the.relative yaptity or proportion
pr eseén(% At hgﬁ%r égrlientac tlg ’E‘éjs | g}igsgﬁl%ﬁ/erefgﬁﬁﬁgyi f the label is
fl uorissipern dndepehdadt isugpled he Horkeas) thhedfinkBatsignalvewi | | i ndicate the

relatjve . aptity/.proportion or even th bsol ute quantity, of the
expr erses‘—‘gl Sgéqgéﬁ e5e FRETPEP RN WEOqLRALT itg?sﬁrPBFBJp Yons of the

expr m}emntpaadcm;srme Qﬁf@h?@{et:]Ei&ei@ﬁ:@@iﬁi@ﬁ@hbﬂ?ﬁéédlsii@[S will estﬁbl ish a
particul ar _expression profjle or the test sample. y conparing this

pr of i‘f"é“}ﬁn'"?ﬁlgﬁo%”rf"”ﬂeoﬁi PRArasqtesi sha RRIEGEINe 88 B¥PTISAORes, it is

POSSi [xprees2dn AMGE1e3008 a Weanddh040PY A 1RETh $BRSL O RRb1y

different from that in a normal cell.

By creating a number of expression profiles of the genetic

identifier from a number of known tumour or normal samples,

8a




determ ne whether the test sanple was from normal breast tissue or
mal i gnant breast tissue. Alternatively, the expression patlt&vwgnsb20Qé ofile
can be determ ned using binding nmenbers capable of binding to the

expr esswonspiooguct s of the genetic identifiers, e.g. pJelsposg@sd €spondi ng
CDNA or expressed pol ypeptide. By |labelling either the expression product
or the binding nenber it is possible to identify the relative quantities
or proportions of the expression products and determ ne the expression
profile of the genetic identifiers. In this way the sanple can be

cl assiifti éd pessidrleakoocremid gnanbrayy canpabEsdes Gor bBeh expressi on profile

wth’ %%legérpct |éu§l§_}ugrs§$ ndar d?]?? &Egﬁ%ﬁ%'tﬁggb%s nbers may be conpl enentary

nucl ei ¢ aci sequences e§pec e& 8&rray assays using
such l@lxmmdes@lcnernmrfslase meseussad it :m)lte dﬁé@dd abekovspilen a third aspect

of the iavention, there Vi met hod_for determning the
pr esence;:%?gérkltls F15t SHreR loncgﬁﬁt’rsld?r?% F‘ﬁ‘éh a’r'cfuallncé‘é‘?ﬁlgrret hod conpri sing
% a) olsttatmtug:aéxprae$stbasn)plt<hdﬂ%§n feomsadbagastednitssuein el | obtained from
an in IVI duq: sus ect edT of havi n or at risk of having breast cancer; (b)

cont aCt ARG E4i%d B?/es B9 pPod d§‘r\?3| PRObHHiIHY PrerBRridagapabl e of

speci ﬁscaé\h},Seam&rbmd@Qﬁmﬁ%ﬂlity &F e ibeal e R%8568A products

corref# Eﬂjger? 88 | ea %g of the enes identified in Table 2; and (c)

det er B REYpFEEL iLPs?ktad'flS teaktvaEifdden £A said individual based

. on t heepiewtintg edthéhecRX pLRSEF WY nRhRIUCES] éﬁr@f&m@.br east tissue cell to
1dl)_ne or nore binding nenbers. 12 21 August 2006 WD 03/070979 PCUGB03/ 00755

he patient is preferably a woman of Asian descent, e.g. ethnic Chinese

descemhus, Thesstap abpdet Qfmﬂért&egéﬁtmmegen%o%é& qf breast cancer 5
may be carried out by a conputer which is able to conpare the binding

pr of i Methsd pﬁecmless%@xmempw@m Fhabretastistiq ofue cel | s under test
W th grg?%ateglﬁ& Pfe ghegal%r ﬁ%'udpoﬁ 1onSt %ﬁngﬁle f| | e &S and/ or a previously
ne I's'C

determ st andar pr of | aract er FStTc of the presence or
ri sk of 10(atheisobdting Expressinn @lrodaytbefmtogtr brgestt t o report the

stati shhGal RhT:! 85h{NcGh"EE s (e rREQE L) S ANHIRE ot §5Ey 3nd the
15 plurality of binding members capable of specifically and
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} 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




standard profiles so that a diagnosis nmay be nade. As nentioned above, the
present inventors have identified 15 several key genes wHifpeushi06a

di fferent expression pattern in tunour cells as opposed to normal cells of
t he br apebsn7del | ectively, these genes conprise a 'geogiGeesdosgntifier' .

The inventors have shown (see below) that the conbinatorial expression
pattern of the genes belonging to the "genetic 20 identifier" serves to

di stingui sh between nornmal and tunmour cells. Thus, by detecting the
expression pattern of the genetic identifier in a breast tissue sanple, it
i s popsodhets taf geres ciidenéfsedtin debiihe? celBoxr( rgammle orifnal i gnant) and

whet h t hat . S.ar IS ri.sk_of. devel,opin reast 25 cancer. The
genes%%a‘?x%roeﬁs%ﬁf)gglglf@(ﬁgn%’f?cca[%N er%?ieflifé}?e rl@déﬁge ST Tabl e 2. There are

20 genisl siwwuclic odciwhpehbas ecap@blenby sguglliyagxpressed in tunour cells

rel atgve ICP. n.orrrﬁl8 chel I aNgnd 30 10 of which commonly have decreased

expre Lo HBuBur™® &&fs relative to normal cells. The differential
sexpression of the genes was determ ned using tunour biopsies and nornal

13 021 uaﬁat 2006, . WO %31070979 PCT/ GBQ3/ 0075f5: tissue biopsies. By

det ec?’r‘%g‘? Y e GRFREHARE BFREST TP BrEdifch Orofhe Pnes in a test
sa'rrplhlaemﬂér in&mossimﬁfmlad %aﬁfﬂtf gihheﬂ@eiﬂ ghastwer nal OEI mal i gnant based
on the expression profile o] e i.e..an increase or decrease in 5

t hei r CURPFEEE S0 [0 T &ELET ‘ig) a"ﬁ“reaﬁaia?h lﬁak‘-’t‘fégﬁr?)t?al%r"glf’rslaﬁ seen in nor mal
cel | sso HHIS0 bhesBl€ad BetprOvindedcaatbidadvel sghaaniiftyl ng a sanple of
breast tissue as normal _or malignant, said nethod may 10 conprise the steps
10o¢ a)a%fb)[% FPSGL ek rEVEl 8 AT t 81f P& egapt PIAICHeSChr east ti ssue
sanpl £ ) JeRBrALHE NheS akPrdHRS profi 8 elideliSomi tik ap-pl urality of binding

menbers capable of specifically binding 15 to the expression products of a
pl ur aFFEYLadF-ofe At VBTSRRI L ity RETERE el i viAda b) 9oieks $PEGi ng t he sanpl e as

nor Mekonir iR itHRagdndtasedae it dilke shi nehh natrROfbEEs Of i+t Bg expressi on
products fromthe sanple and the binding nmenbers. 20 The_sanpl e of breast
ti ssureieyFbdreFabt yrier BRRA Mo MEAPEFS are capable of not only

i5 detecting the presence of an expression product but its

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

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

false negatives.

The computer may then be able t¢o 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, an expression profile database can comprise a plurality

of gene expression profiles of both normal and

10




Asi an descent, e.g. ethnic Chinese descent. As before, the expression
product may be a transcribed 25 nucleic acid sequence orllihegusiH08ssed

pol ypeptide. The transcribed nucleic acid sequence may be RNA or nRNA. The
expr essyonzgeduct may al so be CDNA produced from saipgriBdeorssThe bi ndi ng
menber may a conpl enmentary nucleic acid sequence 30 which is capabl e of
specifically binding to the transcribed nucleic acid under suitable

hybri di sati on conditions. Typically, cDNA or oligonucleotide sequences are
used. 14 21 August 2006 WD 03/070979 PCT/ GB03/ 00755 Were the ‘expression
pr oducta}97eRE £EsSRd SpiTBEET thet Aeneshicani bRy seeABERd ifoPpref erabl y an

- anti boglyp10n ; MRAEG WL En1 £ HIRAT S NY g8Pa a1 Bady 4 'm}ﬂo Ln, specific for
said 5 expressed pol ype%ti de. .Thedbi %S%Ltﬁlgggrgnb%re@rgf%y € Fg elled for

det ect $¥pr95ai pogEotides mgkétandartde plavbdar esck povsudad blie art . _ _
Al terngtively, ﬁt‘:}&%’f&%’g‘-{ %%S{:{?Q f}&ggu%:st S Jray be | abelled follow ng isolation

10 fromthe sanple un tes pref'erred neans of detection is using a
fa uorescent | abel which can be detected by a light neter. Aternative

means ection,include, electri.cal _signalling. For exanple, the

Mbt or oﬁgétﬁei-egsheenskgr&‘rlﬁé;qeer% h&8® ?%tlﬁr‘%ﬁ@s?g'he%a’é’abgﬁ?gl Be" which is freely
fl oati by, immdsaibbe "ti3i gealike ngapy aleehonbi £dr idetathaehefd the a solid surface
whi ch as_an el ectrode. surf . Both probes function as binding
nerrber%gé)%g)%%zmeé%?teesrsﬁ Sh protuc :°f3\ﬁ5ﬁ B r915 A RFUPSULBEL h probes are

br oughtestntsampllesef preddism Fyr véxtdmpleacthotdipictesdl diidi@icn the creation of
n electrjc Si |, 20 which can be detected,. As djscussed above, the

1§i ndi n%c%n@é]ﬁé 'ﬁ@@‘)bganolf’? g’o‘h‘l}@%&f}t ?H%m CrEPLL$ J15i% in a PCR (e.g.

nul ti - ptancatd RERcdlarspecldginalll teanhidndas.t MBe NeEIss@l expressed products
25 of th %%net i.@ identifiers. The ﬁr,oducts woul d then be analysed on a
gel . I—E)'Wg\? . 2B HBENGSS t HRFU5SREPHY Frelifb &P eavere diPerEcPEi ¢ acid probe
or anttibodienkitxedidedta £t dyivaiapRaAr fablel Pe c8XPERSSieN products may then be
passed_over_.the solid suggort,, t hereby bri ngi ng theminto contact with the

30 bi g SHERpRFInaTRECLSH ¢ AL GhpEite Ry RS 1A1GI 5% Werface, e.g. a

161 cr osegnesskideeqieads {AYAOCR.ONEl L8 ersRRbLES edgressBg Case of beads,
each bi ndi n% mepber may_ be fixed to an
nucleic acid is mRNA, this can be converted into cDNA 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 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

3Q 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




15 21 August 2006 WO 03/070979 PCT/ GB03/ 00755 i ndi vi dual bead and they are
then contacted with the expression products in solution. 2hApgustid04et hods
exist in the art for determning expression 5 profiles for particular gene
set s anwotikremgrecan be applied to the present inventir@rcHegnerexanpl e,

bead- based approaches (Lynx) or nol ecul ar bar-codes (Surromed) are known
techni ques. In these cases, each binding nenber is attached to a bead or
"bar-code" that is individually readable and 10 free-floating to ease
contact with the expression products. The binding of the binding nenbers
to theie@ﬁpm'e%imtﬂmeadube stestt angyeles waiss fachi mvechli hreadiuti on, after which

t he t g (péaqtgsl %561?@ l%\r?a%%s iasréa eoassed through a device (e.g. a flow

cytorre and re urt nown net hod of determ ning expression
profiles is i nstrurrentatl on devel oped by Illunmina, nanely, fibre-optics.

I n th| nd nenber attac ed Q a specific "address" at

t he engtgﬁgatjf‘%myé ?)% i & aetflsé°n§’$3-1€r‘f8 BF FHe lq?ocggp %ssion product to

t he bldedtemglmmimermgaymmmembé:tsuara@sbe@tof:lt&mg!en\yhi:@h:h'es readabl e by a
devi ce _at the ot her f . the fibre- c_cable. The present inventors
have SGECeTTU Ipmdgggs Olﬁ&@lee?%n%té'lcd lgggl:ﬁ]cef*’bsar Fa¥- c’?fﬁ%’r’i sing a plurality
of nuc:loei:es;amdin@quEHC@s expicisled (po&y@@btﬂdesum@ouhbemr@assi ng nucleic
aci d seguenc esentl ng ,expr ess cDNA, .over the

ni cr o&F ?_5 tekien :"%fblpé C‘Er%t r‘?%mﬁﬁ’éfjrtrel characteristic of

t he eppéeﬁsleortopﬁ.dduﬁiﬁy fihemré Lamivide qehhsuagmk e pRbp&lilons30 derived from
br east tgssue 1 August 2006 WD 03/070979 PCT/ GB03/ 00755 Thus, a
nucl el 52§ daxrﬁr&sﬁéf’? JOCLE) g rRRine frsaSEPTeS S sanpl e as

mel i gpesting Jrormal gg@é/tﬁplméhﬁfflﬁér%o' [6 tIUPRRKT theusdrpdea plurality of
nucleic acid se%&%h@ said _nuclei¢c acid 5 sequences bei ng capabl e of

speci FRREPT F15S s Sepral Fpmal EJBB%R}E;tl%V (?PmBﬁElﬁn ?0r e genes

Id dent thée&%ﬂés'Eabhepﬂofﬂfbewﬁhal&fde pabiPePlort RBeasdamise W Il lead to the
I agnosi s 0O
g The binding members may be complementary nucleic acid
sequences or specific antibodies. Microarray assays using

such binding membexrs are discussed in more detail below.

Tn a third aspect of the present invention, there is provided
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 of having breast cancer;

{b) contacting said expression products with binding
members capable of specifically and independently binding to
expression products corresponding to at least 10 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 ekpression
products from the breast tissue cell to one or more binding

members.

12




breast cancer in a patient. Preferably the solid support house
nucl ei ¢ acid sequences being capable of 10 specifically gﬁ&“ﬁﬁ&éﬂ@ﬁdently
binding to expression products of at |east 5 genes, nore preferably, at

| east ‘% enﬁﬁ or at least 15 genes identified in Table 2

prefera 93’0 8 solid support will house nucleic acfﬁ”ggﬁﬂ@ﬁ%es bei ng
capable of specifically and independently binding to expression 15
products of all 20 genes identified in Table 2. Typically, high density
nucl eic acid sequences, usually cDNA or oligonucl eotides, can be fixed

ont o very SBRb 1dl SEERLEL1P0, iR O sSRgLSflecieo0l il support. The sol id

support 1S often a mcroscopic g € or menbrae filter, coated
Wit h eﬁ@@bgtfﬁaﬁr’éis(ﬁoﬁemnﬁs) The nucl ei ¢ aci d sequences can be del i vered
(or printed), usually by a robotic system onto the coated solid support
and then immobilized or fixed to the 25 support. In a preferred
enbodi?ﬁ’@ntstem hJe? drpewsisiioy produessnaepiryvelisk fafobress: sanpbe are | abel | ed,

ypi cally f resce a nd_then contacted th the
%m‘mbq{lalyz]g nucl %?CMQCEP é &Em utLﬁet}ﬁgce};le%Fof’IéL 3 hy B eEE ngi‘? on, the
fl uor dspentg menoifélt s oﬁrte.edexmsediomsgmguatdeimt @he IsteaBtas a high

r esol nner ternati t hod, the._expression 17 21
Augus't{:t"fgg% ée@iﬁ)% %?%%g?étlf’t{l]:/h(}é 'b%’?g %10 EESPEOUIY b tagged with a

non- f lobdeések pirof fbed anel/gr a lzuretriasuslecf ﬁetehgﬁbxreudl'stadndelﬁd"t he m croarray
~could theg be nichtal al n%]a \Mf % uqo glscent eﬁ/e t hat, bi nds/bonds to the
 first PSSR UBHERCERCIPEBETCE IS H (P RERHISS PhbES%e8t5 strepavi di n,
10whi ch thientsmdux . bi Theé rc)ompuiéezblmgh bBg fcatbinfed i €aporty thepattern of gene
expre n pres ttern or. profile) is obtained by analysing the
si gnaIS%ggﬁii Sé’&)'{f FH’H EBS?%WgPet BFO\'TVT'}% WdgFt BF5% Aagi R 10 sof tware.
The pa;ﬁ:hﬁdiai’n:cbfprge:hheﬁ)sm esst QN dRbgiidia sexpeidreatial sanple can then be
conpared with that of a control (i.e. an expression profile froma nornal

tissue sanple) for differential analysis. 15 As nentioned above, the

contrals MéEntSicaBd adlshvefBYhd RN O nvEREST £XUvRS shont iafiehi | es previously
udged to be charact eél stic of normal or malignant cells. These one or

re EXPPESSIGH P MELCHdIPBed rthiresab| S REesFech &RtieHata carrier as
part eh eulrirabases a-Ehb§pd>§ecd|t§C1‘}t$J§r@d 880VL .of the breast.

Collectively, these genes comprise a ‘genetic identifier’.
The inventors have shown (see below} that the combinatorial
expression pattefn 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 Lcancer.

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




20 However, it is also possible to introduce a control into the assay
procedure. In other words, the test sanple may be "spi kedl'Avgush2@lfe or
nore "synthetic tunour” or "synthetic normal" expression products which
can actwessgmriorols to be conpared with the expressippidgyaiss of the
genetic 25 identifiers in the test sanple. Most mcroarrays utilize either
one or two fluorophores. For two-colour arrays, the nost commnly used
fl uorophores are Cy3 (green channel excitation) and Cy5 (red channel 30
excitation). The object of the mcroarray inage analysis is to extract
hybri dizahé anicpisgesl By veteeaicly exer esai1eNor M@Astiod0r one-col or arrays,
si gnal s are nﬁg§¥ﬁed as 18 21 August 2006 WO 03/070979 PCT/ GB03/ 00755
absol BEEOYRtRMLi £18%° 1945Pe 1t VehSFhr P leestlrits RPE§IRIS tarrays hybri di zed
to a slagteryamel e2l1d ek hyn00b0Uha BigrANS, bastiddbal Share measured as ratios
of two exgre,ssi on P,roducts, (e.g. sanple and control (controls are
ot her FFRECKH RN PRSEHe BrodugssiofeR: )30 WREREWY O&r BREr9dsoiBscent | abel s. *
g1 crognedy &:Qredseods rdiseiased hes@iduapneberalhyofqiydises * plurality of
di screte spots, each spot containing one or nore ollgonucl eotides and each
spot FPEPF eSbMFRY! L£ilff erent 10 binding menber for an expression product
of a gene selected fromTable 2. In a preferred enbodi nent, the m croarray
will contain 20 spots for each of the 20 genes provided in Table 2. Each

" spot MRYScIREFF e bpl pFAlided dmetiedtok allaskifyinuck evnipdes each capabl e of
bi ndi gg #2380 Sgl . 0...RNA . or cDNA, of the gene of
Table 2 it is €$§%?E222?Fﬁéi ﬁgﬁgﬁgﬁ%in esﬁ%% G%gadfgprclassifying a breast

10t j ssueomprhseethastepene or nal i gnant as disclosed, said kit conprising one
20 or oI G)Di Nl Bg: (NREDEKS: £208h! SrdifuctBEEL GAL! Yo Pigdingnto an
expressi on product of "one or nore genes identified 1'n Tabl'e™ 2, and a
det ech¥enfitndansue 23mplef erably, the one or nore bindi ng nenbers (anti body
binding gdgmai Eén@éct&ﬁg'%i% %%g?es;&%%e gg(?ucengwi%lagand eotides) in the
kit are fixed to one of nore solid supports €.g. a single support for

- micr obuzplisy ¢f Brieddpy inembesaysipablenuf tigece fisajdpobtisdsugh as beads. The

det ect i i r Ly 3 radi oactive 0 ye, e.d.

15f I uo(r:%% gfglﬁp)gﬁ;?%?éﬁiggeﬁ:ﬁu%tﬁs of & %lluggﬂt)‘ o%dgenes se?.ec{:eg

from Table 2; and '

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 preferabiy 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 ¢DNA 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




t he expression products of the sanple under test. The kit 19 -------- --
21 August 2006 WO 03/ 070979 PCT/ GB03/ 00755 may al so conpli Aegusk2$ f or
detecting and anal ysing the binding profile of the expression products
under t t'/ Al ternatively, the binding nmenbers may be nucl eotide priners
5 capabl"® %P °ndi ng to the expression products of tRETEBAYSISdentified in
Table 2 such that they can be anplified in a PCR The prinmers may further
conprise detection neans, i.e. |labels that can be used to identify the
anplified sequences and their abundance relative to other anplified
sequences. 10 The kit nmay al so conprise one or nore standard expression
profiles retrievably held on a data carrier for conparison wth expression
prof i | EReYST thet @gresahgh erofibet oife the expmesssed gndvednexipreessi on profil es

may bepjg{diqlgcgg“bﬂé&c%dég&e}gbl%gad{ %ﬁt%‘-i’%%&c,g%%%{eﬁgaet he present invention.

Di scl osed hérein is also a net Si ng presence or risk of
br eastCERFEELNY rang aphikasint bohdityy slomdescepecitiai dorneaidd conpri sing 20

gbt ai i ash 8as i e sanple; isolating expression products from said
sanpl e;glgﬁealge‘lrll I n pég? expression products; contacting said |abelled
expression products with a plurality of binding nmenbers representing a

pl urald : | ect fihk0 able, 2; determ ning the presence or
ri sk O#Q%Fgg%%%géu%gggéim%?f g%i f(;aq)ﬁg‘ an%—cfr 55585 PHEPYISTdi ng profile of
sai d |wEaldl ethndswpr psxiednrps okhueins ianche hetbi ndilngrienbhensg, 30 The breast

ti ssueth%aggé b taLn S excisjional.. breast bjopsies or fine-needle
aspirates. Ige%?%ﬁu%ﬂ:’s C%O}ﬁ%’\%’ﬁ g@?%gowﬁoﬁﬁfﬁ?ﬁ@nwai n, the
1expr eswionntipr codopis wderpteder albl prefiedr medNAcEpaoeiaadnf rom sai d nmRNA.
The bi.r;;d' rs.are .preferably oligonu Ie%%i ges fixed to one or nore
solid” sh;g)%% tgt%:iﬁofensece%r ;ﬁe%? ggﬁf\ﬁ&rc@é‘r gﬁyg%tre 84dRY ((séd98bove). 5 The
bi ndi mgtprof i |24 tesngiriskeenainy cmakysad dayincdeleeel &6tricapabl e of detecting
the | %ti%kaffﬁ%t oFcla_{zj1 bees‘clamfo ee, et)i1%r ﬁggclargor].a e-sensor system has
two probes, a "capture probe" which is freely floating, and a
15 “signalling probe" which is attached to 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 éurface,
'e.g. a microscope slide; beads (Lynx); or fibre-optics. 1In

the case of beads, each binding member may be fixed to an

15




products. The determ nation of the presence or risk of breast cancer can
be nade by conparing the binding profile of the sanple whAugushZ00f a
control e.g. standard 10 expression profiles. In all of the aspects
describggvsgng, it is preferred to wuse binding nenbers capabl e of
speci fi %Pnding (and, in the case of nucleic a®CHGHFHESs,
anplifying) expression 15 products of all 20 genetic identifiers. This is
- because the expression levels of all 20 genes nake up the expression
profile specific for the cells under test. The classification of the
expressiqn,grofile is nore reliable the greater nunber of gene expression

| evel s*HYE8ERL HFGE, 209 thear arasibyresptt@sEren“tdvehe of nore than 5 genes

sel ect&gbrebk0sn Tabkaces are sassewed, nore preferably, nore than 10, even
nore preferably, nore than 15 and nost preferably all 20 genes. 25 The

genetic identifier (Table 2) nmentioned above is particularly suitable for

spot t egh G BNA MétHo@AN E2Yst LHACRROILEY rIN &R el REnTAF LQBEEM O Ot her similar
technolo%yé has been created speC|f|caI%é for this pg&fose. However, the
AvE /e

Br eseRT IRy BRI PRAVECHEET seraselst g e g predepkicdnbention may be
modi fiag §ﬁe§é}&t 1898HRL & al wr_e@;viﬁbiéi,blb%aae?g&éu RPpBYcRG used, rather than
e y

going to trouble of creating one specifically containing the genes 21
21 Augis®xd 006 nohecedin ree79od=ET/(BBosEely 558 e jkwwhi fied in Table 2. Wth

Lhi S 10ecRhitred.NC ThIMAND L8 DAV RabH U b tnéinfdif L0 @RAGKT C Tdenti Tier
(Table 5a or 5b) which, although it nmay be utilized using mcroarray
t echndicogyPerd o fearzansed, that Agyiedisidsallis etpadabbe cownerci al |y avail abl e

198NEChiRS. £ Polhinl LY MBdd XollldRAy: RNELNERS e NS, pEiucREPECtS Of the

invention described above may also be carried out using the geneset of
Tabl e @& binding ast el bindind mewheroftoTibeeetprmsdion rudducton t hese may be

used o I r QN CRIRILCE Al i | i as Affynetrix
U133A‘@§%g%ﬂﬁp§% 8@9u5|ﬁghﬁi%¥gg¥§%y%$%%ﬁﬁﬁﬁgggtB%eE%%Fﬁéd above. 15 The

pr esereafnventerscodae aaespasahenthfough a fevidrer(esgt offlogenes (Tabl e 5a)

whi ch S t assify a breast tunour on the basis of the Estrogen
Receptcgr%?%%ﬂstg g?u%‘?a%'
15

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
Taddress™ 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 nicroarray comprising a plurality of nucleic acid seguences
fixed to a solid support. By paséing 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.

16




This is clinically inportant as ER+ tunours can be treated wth hornonal
t herapies (e.g. tanoxifen) and ER- tunmours are 20 typi caldlyAuase2@gr essi ve
and refractory to treatnent. Likew se, the present inventors have al so

i dent i fwedsmeroefourt her set of genes (Table 5b) which mpeydeesssed to
classify a breast tunour on the basis of the ERBB2+ status. 25 Know ng the

ERBB2+ status of a breast tunour is also clinically inportant as ERBB2+
tumours are typically highly aggressive and carry a poor clinical
prognosis. ERBB2+ tunprs are also candidates for treatnment with Herceptin
(an  alt¥ss camEledruyiid BpcTPFrg8ntetcd2pPbiiidedai frersbl es 5a and 5b were

det er njngde @W%ngg%alq nEXPIRS AbAL Pl L& ik & S/tg0f breast 22 21
August 2006 03/ 070979 PCT/ GB03/ 00755 tunour Sanples using Affynetrix

U133A sunpethi lpuisingsernlegaditsodt netlicdal aalgecsicbpneesweseidised to identify a
set of %%Eg%éi@at were differentially expressed in ER' vs ER sanples as

vel | as vs ERBB2- sanples. Accordingly, 5 the present invention

Bur t hevequeave slds:iggnespdlsl B E ChpaBAY i cHEL W SRR G Ag 8BS edse il assi fying

br east tLéITD rs?gccordi n to BR gnd ERBB2 status. Thus, there can al so be

provi d&¢ éfcﬁ%t &$16f °F| PHnTRY gentpt i 48 Telbifodr afdrding to its ER

and/.orc1aRBB2i sitdlons of OtHY isainple wWAL10Déad HoNGhEXMI £HDs9H ¥ oducts fromthe

t unour, LI S; %); cont act i,ng sai d expression products with a 15 plurality
nEHSE s

ce
of bi KEAG 1R apAATECBE- sPEetrrERlY Fhepsatich§uPBotthe expressi on
- producHid Ichowsephueabid yacati geqamces! wetgd c Egmér%ly e 5, and C) classifying
_1{§he t unour, _cell. on %‘h.e basis of ER and/or ERBB2 status based on the
i ndi 7565t 7 Yo e hhdepandsilys i oMt s fauetrrassdent prodigssl e and t he

bi ndi rF aterdgitss JoeHl khb.@éiﬁﬁéf@f:a@iiﬂdia'%glgﬂ@efo_sgéﬁ@s eferably nucleic
y

acid 25 sequences and nore preferab nucl ei ¢ aci d sequences fixed to a
sol i d1saphdrt gehes laleanpfiedagnaraniel Bi i@l Brefef=0ay[ ahe The nucleic acid
SequenGesy %pggt vpillilggglyscel %gtcieglec grc?gesseq%;ng%eiﬁgufa%%%lslé
. of specifically and independently binding to expression
15 products of all 20 genes identified in Table 2.

Typically, high density nucleic acid sequences, usually cDNA
or oligonucleotides, can be 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 can
be 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

17




30 The tumour cell may be classified according to its ER and/ or ERBB2
status on the basis of the expression of the genes ident3lfAvgystA006abl e 5.
Table 5 identifies each gene 23 21 August 2006 WD 03/070979

PCT/ GB03/ 00755 as either being upregulated or down regulated (-) in an ER+
or ERBBYR ®UMST. Wth this information, it is possi BCHGBHOU@St er i ne

whet her the breast tumour cell under test is ER- or ER+ and/or ERBB2+ or
ERBB2-. As with all aspects of the present invention, the plurality of
genes selected fromthe deternm ned genesets (Tables 2-7 wth the exception
of Table 6b) may vary in actual nunber. It is preferable to use at least 5
genes, pl?ﬂ?r“@tﬁr‘"e%‘eltdaBFyta&tge@G“rf@a§t nQ@‘@@@égSWﬂtoﬁdbelrt@ .garry out the

i nventultmanfAffs&uwsn&ﬂasti%}?wh@‘ fef O aébg; e teChno' ogi es all ow
| arge nunmbers of binding nmenbers to be ﬁtr??!}’ 14 ere re, the nore

pr ef er rédiRgthati thoal Elusseseenis dvhi Hethindsimngs t@m’a@sentl ng all of the
genes #is@agbn JANRSELcenfOVRYES /(o E &oﬁlggéé&qu% appreci ate that
e & et

a proportion of these genes nay e omtt od still carried
8ut i rFt&erpEldighl ehie béﬂé@l’fsft bdatiy) accurate fashion. in nost cases, it
woul d be preferable to use binding nenbers representing at |east 70% 80%
or 90% of the genes in each respective 20 geneset. There can also be

provi de®ipdirg @ Lote dindssdtfiyiong patresasbf gamperpoeddicas to its nol ecul ar

Sur) LRexpeOpei i fotdby QUM N0 LR P LOSE g EOT 1 00 LI

cells; cont ac sai d ‘expression | 5P i ty of binding
-rrenber‘sstgeaba@rlét@fi %mc&ﬂmfca;lllsyrbtmdamg wit;h tdigmasprmgmqn products of a

e et e e EEA Ty ot LARGR3IRE T iBR SmeriESRiHe ng profile of
the 24m216mﬁgu§h6120@600m@31/ @iﬂgﬂﬂzaﬁcaff(%@ﬁheﬁaﬁal expsessi on products
from reggf I.H’ (E?HIIERE the b| ndj[ qg‘éﬁu?y%%npilF The nol ecul ar subtlylpE: are

prefera asa 4" Nor mal / nor nal
Thesedslﬁbeltqmeel analysis.

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
"C¥3 (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

18




are defined in the followng text. In practice, the expression profile of
the tunmour sanple to be classified is determ ned using t%bAb%ﬁE%@¥%
described in 10 Table 6 (Table 6a or Go depends on the type of

cl assi fywoabpmeal gorit hm used). Secondly, the expressiceipopiid | e woul d be
conpared to ‘a dat abase of "references" (control profiles, where each
"reference" (control) profiles, where each "reference" profile corresponds
to the 15 "average" tunour belonging to that particular nolecular type. In
this case, rather than just having normal and tumour, or ER~ and ER-, the
"ref eradrmautpr Bitidnsd tives | forcer giespondryet f jaseedisdlilyctfosubt ypes. Third, by
usi ng i .classification algorit he unknown tunpur 20 sanple
can be&arsa f ghglglljfdol%te ﬁeééé pae(ﬁl%‘?’ge 55%6'%§5g' %grr &H?E%&%uﬁea’éwséssi on profile
finds sigedd aet ercenoeedratsc rativherfetvbeeypresal o \probubtfdi ng nenbers are
sel ected as__bejn apabl e .of _bi.ndi.ng to the' expression products of a 25
pl ur al et')?‘ofsaraéinee%nﬁrg?ﬁ 551 éc%ré,rotlﬁeaﬁ%rﬂ%\erﬁﬁs‘gimwﬁgas fenbers used wil |
gover n‘tdfereente’ahi Wity difffielent efitvorbacet Nabe¥®r ds, it i S not necessary to
use bi nding nmenbers capable of specifically and i ndependently to all genes
identified in Table 6a, but the nore binding nmenbers used, 30 the better

t he t SSMICTPRTEAYOFRY USE pF uHddirged thersinmneferphlef ecabrisest | east 50%

nor e f J 02 d . 200 3/ 070979

PCUGB%%% 6%%%%%@2?\ ér%o%‘r%zg%rze eoﬁtgbl ?12% %#’ 8a;l% %3%39310@6?%@%%%5 as nentioned
above moFeThei®noahedis dear stk reaph ospatedepreaminiody of difieehert sub- cl assi fying
1§ bre%ggdggnqyr celé as_either Luninah A or_ lum nal D subtype conprising

) obt AR RY "SIBFES IR pPEdEES SOt RERPRE FuApETRe SELPETeY0 (b) contacti ng
sal d_ @xBhOBSIAN2 DI AUCHSo il aBomldihht | Yl mPLADGy TEr S Capabl @ of
specifically binding to the expression products of a plurality of genes
sel ectceiit#¥oA0Tapdtes ToragahCpLctias F0f yemep tplievidarodn Tadle with regard to
its 5 |.ar . based, on .t.he binding. profile of the expression
pr odu%t'sg?érﬂg%gfﬁem%%ﬁgﬁcse g%l‘ératlﬁéyb?%&%ﬁﬁgl%elnber S.
oligonucleotides each capable of binding to an expression

15 product, e.g. mRNA or cDNA, of the gene of Table 2 it is

‘representing.

A kit may be produced for classifying a breast tissue sample
: as normal or malignant as disclosed, said kit comprising one
20 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 (radioactiﬁe or dye, e.g. fluorescent) for labelling

the expression products of the sample under test. The kit

18




Preferably, the nmethod is carried out on expression 20 products obtained
froma breast tunmour cell which has already been cl assi 3 letugst 2¢06ni nal ",
e.g. Using the genetic identifier of Table 6a or 6b. Wth regard to the

genesetwpngvigted in Table 6b, it is 25 preferable thgrgpodo®is t he genes in
the geneset are used for classification. The reduction in the nunber of

genes wll take away the likelihood of a reliable result. This 1is because
this geneset is selected using the genetic algorithm approach. 30 The

i nventors have provided a nunber of genetic identifiers (Tables 2 to 7)
whi ch megn abeo usagri se dhear@z0E6r adutfc@t iR Al AHgUPdind0@6e WO 03/ 070979

PCUGBQ3/ 0Q755 .edi c% ri sk _of breast cciincer and, further, can be used to
cl assiTYVLHE B35 Obridiss FXREHPR BRePICES HRESE it twonen  of Asian.
descent. 5 The provision of these genetic identifiers can allow diagnostic
t ool s, ﬁég'fl nucl.ei c,acid m croarra\és to be custom made and used to

predi & aGEdE ot e WHRYIPRY REHPSEF Srav-de: RBFLetidk BFEATSstic tool s may

be usethpaBle CENpUAGIRPEMNhE EFREIBUSE P MALEDs | §F RIagkame®ed to 10 deternine
the expression profile obtained using the diagnostic tool (e.g

m cr oaeAY Lt 1B ohFRb% 2 Fush Hhatr Ehen gardbe 3R dddreninriof i | e

char agiogl. i st pind®d fRly YurtHED ebnpRicOke BREEMH HeagkPtiyRes depending on
the particular genetic identifier used. In doing so, the 15 conputer not

only prBetEddatneaRRE WRPENtS dsrRAEY diewamehi £ingy spausRRes di agnose t he

presengd ShedryBBudartd YEDAEI V18 oY GRb1; PG Bbghbscsane time; the
conputer obtains a further expression profile by which to determ ne the

16 st andar d expression profile and so can update its owm 20 database. Thus,

diSC|Qﬁ@dkfﬁﬂﬂﬁyﬂalé@rcéﬂﬁ%igkr§ﬁetéﬂnﬁorép§f§ﬁﬁéfﬁ?%x%?é§§ﬁq$'ﬁ croarrays) to
be nade containing probes corresponding to the genesets identified in
Tabl e®r2fidesy retybevfelinbgde physidedr serxiguferotomperigonay may vary and

rangef ERne.gligenys! $l#id@sPEPbes Akt 8 Jﬂ'ﬁiﬁe.to 2ond jqnal solid
subst;”ate t% fer ee-f I%g%ilngspr obes whi c% ave T%eeeﬁnlgn |3r|§)|§gal ly "tagged"
w t h &tanddise ekapessien grofiles may be produced according to :

15 the first aspect of the present invention.

Disclosed herein is also 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.

20




"bar code". 30 A database corresponding to the various bigl ogical
classifications (e.g. normal, tunour, nolecul ar subtype 2217A‘2@13M%Q§St 2006
WO 03/ 070979 PCUGB03/ 00755 etc.) may be created which will consist of the
expressi on rofiles of various breast tissues as determ ned by the

speci al W?é’&’“ﬁ’?@r oarrays. The database may then be pPEEEBEHN™And anal ysed
such that it will eventually contain 5 (i) the nunmerical data correspondi ng
to each expression profile in the database, (ii) a "standard" profile

whi ch functions as the canonical profile for that particul ar
classification; and (iii) data representing the observed statistical

vari ath%Gilof the eSS L o R osuetR | ate myefREabliy MREPapt#R profile. In

pr act ifi@dubed e¥ A A8 danied | e%ésbﬁg{mllgemeﬁg@rseé%essi on products of that
patient's breast cells (obtained via excisional biopsy or find needle

aspi r REFRRPEY feligonpelan-iides| fizrfl tan@neher eqreessiith profile of that
cel | erfs ned W Rk N SPRELANLZEY Ekclg;&ﬁ{]sf Phee IRGlgssify the
atient”s sanple, the expression profile of the patient”s sanple will be
gyeri dcafanastg mretdde abnpaeigeslly bodlubeddy Quéeyeripcan be done in a
di recloaBbnf0 4 ndidiaet: ARAARY 1oTbe odlld 6! imnet Lo Wisne the patient's
expression profile is directly conpared to other = rndiVvi aaal expr essi on
prof i PESIRATLS he et dbhewminatidet @f rheedrabénde profisie fand hence which

cl assifil.gation Ly, v eLbe Ch. ter i vel V...t he querying may
25 be élcone nor ecca';?ﬁzaijr%%t%layg, b?o%%%%&rgpe?ﬁ% r?gngg[g?e%&/ﬁéﬁpr ession profile
coul ddfetbengrmrdd aghh ihiats pipd yedteol" st @ndamaddapdofil e in the dat abase.

he a f 2. _Indirect approach is that the "standard" profiles,
1 %%E% . . Lo . !
gecaug\‘ég% ey r?é)ﬁ:ﬁjggé%% t he aggregate of many individual profiles, 30 wll

be nuch less data intensive and may be stored on a relatively inexpensive
COTPUSE! B SE BB L DS 01 B8 1 O LIk 8y LD assoctat on
accor gdaaceimiitty mesberesephblaventspenifliosltiebdhdied (and,
in the case of nucleic acid primers, amplifying) expression
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 tTable 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
a#ailable genechips may be used, rather than géing to the

- trouble of creating one specifically containing the genes
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approach, it is likely that the data carrier will be of a_ rnuch |arger

scale (e.g. a conputer server) as many individual profi 12dAygust 2W08ve to be

stored. 5 By conparing the patient expression profile to the standard

profile C(?io?{ﬂjmtrg,gct approach) and the pre-determned statistical variation
pul’a

in the ‘f)v 'on, it wll also be possible to deli YEVCES Ut i dence

val ue" as to how closely 10 the patient expression profile nmatches the
"standard" canonical profile. This value will provide the clinician wth
val uabl e informati on on the trustworthiness of the classification, and,
for exanple,.wheth r not the apalysis should be repeated. 15 As

ment i orfed tabd6S, 11 '?f’aibgea?so Hé8sthl e Homipdr ethehdnvpaksient expr essi on

prof i lesreondehel fiaidahagertadid gbhese: MRntPeidsedadlic a8y 4 M to update the
i nvention provides a

databzbsnﬁ. Accor di %|£¥1 a, fourth aspect of the present

net ho fw@rlﬁlé‘ttiﬂ& Bictleineyape dredizedsieing prisrpperashar acteristic of a
br easttddniBUbg¢ ddscrsBed dRIROd: ¢ QW%il§bnSetJl%dSBﬁps of (a) isolating
expression products froma first breast tunour cell, contacting said

axpr eSEMGRT B oHbE Y2t YeproriRSt -6 BffiNetgineWbid®s capabl e of

speci fgzakhyn@and i ndependently binding to expression products of at |east
10 genes se?ect ed fromTable 2, so as to create a first expression
profile; 29 21 August 2006 (b) repeating step (a) with expression products

from athdseagke ?as%%%@gdqf)riﬁm%sﬁn{réig&l&fn aegkr%aa%bwe%faggégs t least a

second expression profile; and ( conparing the at irst and second
expr eFSi GATCPRDIAUteysiRy dheagenessst afdirkblevel eirc4lacingterpr essi on profile

1ghar agjrekhst i & Glapdebs 6aR! 1 u%%&ﬁtfaﬁlkheégfﬂg: pea§£§?EEOf the present

invention provides a nethod of creating a nucleic acid expression profile
char aGléPpEt o cormarpiakist avaibahlecokheckins smehhasl conprising the steps

f ' ] ' i t .t Il and
0 (a)Af'f§HJe’@£i§931§§ﬂE§§§éggﬁFQ,r LI b RILRAL 0 eato biouT cel and a

nor mal breast cell; acting sard expréesston pro&ﬁgYS for both the
described above.

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 druyg).

30

' The genesets provided in Tables 5a and 5b were determined

by generating expression profiles for a set of breast
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tumour and normal breast cell with a plurality of bindin rrenbers capabl e
of specifically binding to expression products of at |eadtAugys
selected from Table 4a; so as to create an expression profile of those

genes fwWp obplebet he tunour cell and the normal cell; pe§icee®@Es i Ng the

expression profile of the tumour cell and the nor mal cell; and (d)
determ ning a nucleic acid expression profile characteri sti c of breast
tumour cell. A sixth aspect of the present invention provides a nethod of

creating a nucleic acid expression profile characteristic of a breast
t unour REONr saRRlafevRbRY dwﬁymem:mg tﬁmzlscemc}ﬁfps( a) Al setaid Ng expression

productsy fs49 a X nt a id expression products
with a pl uraIE.i*Ltgtﬁzra §%?Jlélgl g w%g%rﬂse(gﬁg e%%épé"c?ﬂ:c%ﬁ ly and
i ndeperag&egsi i}haiblwe@rﬁnglf&mnmﬂe%yoasxppfre@du@tm ertavs lmast 10 genes sel ect ed

29a 21 f Le_4a, as to create a first expression
profil éd%)h gggt%é)rmc&%rll £$rﬁ% Y%%@%ﬁngsaé‘? PEssiMiFfPdaaLYs from a nor mal
b? east theebresentiavenniprs dudthuprmssiides piabieis whisn thag plurality of
bi ndi n r d | e 0 as to create a conparable second
expr esgjl gﬁg%r?o |I%%t§§§sa onflcn')r ﬁ*ﬁ?gbf%%&gt ?’5§F?1} EBPUESnpEFe i ghe first and
second texPRessl GiRBPE oftidteis. t 0 determ ne an expression profile
characteristic of a breast tunour cell. A seventh aspect of the present
invention provides a nethod for determining the presence or risk of breast
cancer Thys artheradian dusd bespravigethadetboprifSichgs{idyiodptai ni ng expressi on

oducg;egsrtog a brr east tissue cell obtained froman individual suspected
of having or a ri sk from having breast cancer; (b) contacting said

expr esacmu:qm@dtﬂotjstwmhahdﬂdt 'ERERYEBDEF$s Q;%ﬂﬁﬂ@l bi nding to expression
product s c rres to at |east 10 genes Identified in Table 4a; and
(c) deternid | ng Wgsﬁﬁe’ée%srlqni PO £ash Bamceumowy  sai d i ndi vi dual
based oslidye bi ndl ng of the expression products fromsaid breast tissue
cell to on or f, the . binding nenbers. An eighth aspect of the
present i n dnt i 8?1“ ingedaid (RHPk6§sion products with a

15 plurality of binding members capable of specifically
- binding to the expression products of a plurality of genes
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.

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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of obtaining a plurality of gene expression profiles in order to determ ne
a standard expression profile characteristic’ of presencelategust2q0ppe of
breast cancer, said nethod conprising a) obtaining cells froma plurality
of breaghobttiapur sanple; b) disrupting said cells teoc@esagene
expression products; 29b 21 August 2006 c) contacting said gene
expression products with a plurality of binding nmenbers specific for
expressi t,,10_ge fro 4 2; and d)
et er o e 7 P B SRRt T IR Pl ence

and/ oERt yyre EBBEBY eﬁmovdanc&tlba@exs annfpmatbomdlrtg ief peaBilbi&pressi on
produgts each sai.d _plurality of breast
tum)u*r}& aef %H%A%ggbﬁgas éert:i%l’e%ﬁ‘stt g‘ém%rres%e l Sﬁt %%t pjr%ﬁRdes a met hod
of obraERﬁ rgddop| BERBB2 xoroERme expressi on pr ofiles 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

pl ur ahk twiof fIneaspetUEOoE tHeApRk8end) itir&TtiRin, Nehs ap ukel 415, t 0 expose gene
expression products; c) contacting said gene expression oducts with a

n

pl ur aPf t9eRAS ﬁ%cﬁﬁdn@mr@% E@éﬁﬂ“kn?%rg%@@@é% i(Bablew of at |east
10 gepgen Sl Wt on J@bﬁa@)l%aﬁbmqay)v STLRERg; el expr ession
profile characteristic of the presence and/or type o reast cancer based

~on thEt i muafgreblsare eserdsseant pb crnas m@rsapdemlr&hlng averrbers for
108ach o5l Rleted! 1hyofleXRRASL - LINGH SAMLGIn: Sk SNtd) aspect of the

present invention provides a net taining a plurality of gene
expr essiuge, predlei keewh nmbe e ray adét@emampatsbhndhmgh@(mlém on profile

char a erl st sence and/or t of _hreas cer,_said net hod
COITpI’Ifé'SI ul)“'%gﬁFal ﬁ ﬁ’g &9 ?eFLé’Sﬁ? aélcgeijtﬁ Aty Sﬁ& br efof®sur sanple; b)
di srugtié n@mamecekksdtmamopmeugenee exPreRs beAding olitexis 29C - - -----

---- 21 Au t, 20
repre %lng a?l of the genes in each geneset. However, the
15 skilled person will appreciate that a proportion of these

genes may be omitted and the methed still 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.

There can also be 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 specificaily 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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c) contacting said gene expression products wth a plurality of binding
nmenbers specific for expression products of at |east 102dé%§%m%%¥@cted
from Tabl e 4b; and d) determ ning a gene expression profile characteristic
of the ﬁ;e§ %%g and/ or type of breast cancer based on the binding of said
expr ess 8&'@? ducts to said binding menbers for eachCHFEBEAPSp urality of
breast tunmour sanples. An el eventh aspect of the present invention provides
a method of obtaining a plurality of gene expression profiles in order to
determ ne a standard expression profile characteristic of presence and/or

type of _hreast cancer, said t hod conmprisin a%obtai ning cells froma

pi ur al ?}fpyregfﬂ%rrle%rsqﬁtc&?mg om s@ﬁp?‘érf'mﬂﬁ c&ilirﬁ%ﬂi AP %I Is to expose gene
expr essinderspr oducts; c) contacting said gene expression products with a
plurality of binding nmenbers specific for expression products of at |east

10 genes selected from Table 5; and d) determ ning a gene expression
profi | thechalacibir Subeyp@f dReppepsenae amd{mdl,t ypepof breast cancer based

n the  bi nd] of id expression products to said binding nmenbers for
Bach o4y dﬁ%%m iﬁya’&‘g t&%@ifﬂ?%#lgsm&eswmnmﬁ aspect of the
presemrd A¥ENtdeDNnPra%i 868 ingt hod . of obtaining a plurality of gene

expression profiles in order to determne a standard expression profile
characteristic of presence and/or type of breast cancer, said nethod

conprisl pgad)i @t alhi 8gp£aldionf pRIRia Pbir Bhd totnlirbESASL tHMOUr  sanple; b)
di srupti ngasaj d cells to expose gene expression products; 29d 21 August

2006 R8 CLaptbtisdhdssartegunedekpies Shendprethict dearetbed phurality of

1bi ndi ngprenbe[rIRechl b dPUBXRILTH PR PERIIGS of at |east 10 genes
selected from Tabl e 6a; and d) determ ni nﬁ\ga ene expression profile

char actléspitication pheoplddeeedlandfeECRY: ehpBREEsE@Acer based on the
bi ndli 30811 & 3ishu0X BE CE 8B ROUEIAcLGa58 ok biradeDgnampbers for each of
a

said plurality of breast tunour sanples. A thirteent pect of the present
i nvent{SGRtPP\ALPEd L18s, nhared eash oledirneneea (slontabPlly of gene expression

profilgeriids OrfiRke! Qadplalchiond SHRBEA J KIRLERShAD o ehL! e
15 Yaverage" tumour belonging to that particular molecular
- type. 1In this case, rather than just 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 éssigned 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. 1In
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
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characteristic of presence and/or type of breast cancer, said nethod
conprising a) obtaining cells froma plurality of breast 2luiuawst2®8npl e; b)
di srupting said cells to expose gene expression products; c) contacting

sai d gegg os¥sAssi on products with a plurality of bippgigpe:dmsgbers specific
for expression products of at |east 10 genes selected from Table 7; and d)

determ ning 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 nenbers for each of said plurality of breast

tunour, v%ﬂnmbéé;pg%fkeyﬁf% heagPesds U Lhe PEASERt hONENUJLN provides a

netho§ of obtaining a plurality of gene expression profiles in order to
det er @bg¥ea standard expression profile characteristic of presence and/ or
type of breast cancer, said nmethod conprising a) obtaining cells froma
plurality of breast tumour sanple; b) disrupting said cells to expose gene
expression products; 29e 21 August 2006 c) contacting said gene

E£XPres$i00 PLOYICES W n8oP] AL ke REa M NdHRELETRGLS capabl e of
specifically an I ndependently binding to expression products of the genes

i dent ileedifnikalkl bréost dumdet ereilniaggedtiggnéuskprlegsion profil e
characteristic ugg t he presence and/or type of breast cancer based on the

'bindinﬁmé?aséfﬁ %é%lBﬁl%y%hucts to said binding nmenbers for each of

sai d pl urak)ty dbftabnbestexpursaions anpldests Afforf tthenthmaspect of the present
inven%iggsprovides a database conprising expression profiles
charaétertstic of breast cancer or type of breast cancer produced by a
10ret hod as(ief icvadactingheadtgbtireaspieat prodertas withea net hod furt her

conprises e step.of. determningt statisti.cal riation between the
pl ur aP'rslﬁa%&%)?ﬁr g%%‘%&’r? ‘F?%s(‘gapﬂ%gﬁx? e?ﬁer?1§58¥ Yof the present
i nvenbindipg o das expmiskadn posdieitassiEl yigihmibteast damasur cell on the
basis o strogen _receptor (ER) status, said method conprising (a)
obtaiﬁ?iﬁgg?% ??igﬂsﬁ?gﬁuéP froma breast tunour

c) classifying the tumour cell with regard to its
15 molecular subtype 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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cell; (b) contacting said expression products with bindin menber s capabl e
of binding to expression products corresponding to the AeUS A0 fied in
Tabl e 5a; and (c) classifying the breast tunour on the basis of ER status

based gtobheedbndi ng of the expression products frompcgaigisdargast tunour
cell to one or nore of the binding nenbers. A seventeenth aspect of the

present invention provides a nethod for classifying a breast tunour cell
on the basis of ERBB2 status, said nethod conprising (a) obtaining
expression products froma breast tunour <cell; (b) contacting said

expr egsteaiicpr pisictest Wirkhsbidahiceg angnbBntheapabdre bef ubkddicg t o expression

duct di t.o th id i.fied .in _Table 5b; d 29f 21
 August-ZO682Y ( EC RS P yTHRF TnEBr Bhs PRABHITH e BALFS of ERBB2 tatus

based @ atshenbdastieng .of t he expression products from said breast tunour
cell to one or nore of the binding nenbers. An eighteenth aspect of the
present invention provides a nethod for classifying a breast tunour cell
on t herhkagirevigfioni 66 tebecgdnatisubigmerism daneiliec conpri sing (a)

obt ai nj,ng _expressi Qn products._from a, breast tunour cell; (b) contacting
sai d BESFLR 1HVGucE sI W IB AR T "HERBRFE¥a P& of binding to

eXPr efiils@BmPhodeI Gindl ueed Ies peedi fg, tdianokeast sihtgpaes identified in Table
6a; and (c) classifying the tumour cell with regard to its nolecul ar

|
subt yp&™eEE8d T ERE Y bPNdt f2APEFTie telehBaY B&ieesi 5B products from the

t unDUreot§lhctish tiehbh NEbn}e tcFERREES .1 ApRbheima Roaspect of the present
invention provides a nethod for classitying a breast tunmour cell on the

1Basi s doteritRe T fAPTeEh-® RE8T ke PLrePRE TSP NEi ng (a) obtaini ng
expr essaeRoPE 08 uGos f(éQ_ﬂJ FuiREeastay UMMM cofhte ikDProcoNtacting said _
expressi on products wth binding nenbers capable of bjinding to expression
produ€§§andard” expression profile characteristic of normal v
tumour and/or molecular subtypes depending on the
particular genetic identifier used. In doing so, the
15 .computer not only provides the user with information which
may be used diagnose the presence or type of a tumour in a
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, disclosed herein, 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.q.
"bar code". '

30
' A database corresponding to the various biolegical

classifications (e.g. normal, tumour, molecular subtype
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corresponding to at | east 10 genes identified in Table 7; and (c
classifying the tumour cell with regard to its Lum nal SUJAegussd008ased on
the binding profile of the expression products fromthe tunour cell and

t he bindin menbers. Aspects and enbodi nents of the present invention wll
now bewiq‘ﬁ@%"??gat ed, by way of exanple, with referen®&T@¥WES acconpanyi ng
figures. Further aspects and enbodinents wll 29g 21 August 2006 be
apparent to those skilled in the art. Al docunents nentioned in this text
are incorporated herein by reference Figure 1. Unsupervised Partitioning
of Nor rrgl flnd Tgrmur Breast Sanpl es. |ndividual expression profiles were
subj ecf&f-t 3%t BRASF R R ahdehitiloforsitted theessmsassionand the resul tant
data MprbExles@EPrasidigs aRRROX| fdsakY BDQetih@Ned R 48LS, Was sorted using
hi erarchi cal, clustering. Normal sanples ('xxxN ) are underlined, while

t unour SPESHPHIEE(MGEAETTeYSe nHie dRGAPRTS MAgpERSRME t he NCC Ti ssue 29h 21
Augus! p2086ssedDAd! ATNLESPCILCAR007 57 11RRRALLLL Y, RURDELS assoct at ed

w th each sanple. The dendogram branches illustrate the extent of

S mi | aditt ythe apigeicdhdatpoFegrespond ing | tes earbr axpreasdoTumour sanpl es

seqr egpkeri ndencesedninabll PN 2aksSRRARGAT ¥ LEVA S0k, S the dendogram
M nor variations on the data filters used to "select this data set also

yi el de§UPFiiany &F nfhecagendeyt arefile. forarhatinpabtictied observations)

Fi gur ec2asdimeavesenta e n : itioning Using
Conbi ned Qutlier Gen_esflgtsfw(ggggét%( %)aﬂ}él@r% gﬁgﬁg{é)ﬂﬁ% O(})Jtcjzstelg?gri genesets for

nor mal St¥erticahavavimrden of | gint indanisived mep8ilief itvedheEach cl ust er gram
1@0n5iSﬁ§téHdaré"WB§6ﬂfile array targets (rows) by biol ogical sanples
(colums), and light grey represents upregulation, while 15 dark grey
represents downregul ation (see Materials and Methods for selection
Criteri@orablcoltld a9R0esel ohflon Iy Wk SAMRLES R0SLSLS, Of 60 genes,
while the outlier geneset Tor “tunour "sanptes’ consi sts of "5 genes.

Speci fPecdusgenef thed vahbent shppkest usddsi mobteirest atthi shment of the 20
outlie - .St I . er gram, derlined sanple

out | | e eN8A81 S gifpggcgfmb%egmeeaa%mggé} O AT s HGE

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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hybri di zati ons, where the tunour/normal sanple was | abell usi n Cy5 and
the reference sanple Cy3. (B) Partitioning of nornal andZIt‘ﬁPr@{f | es
using the COG The 108 unique 25 array targets conprising the COG were used
to seqr ¥@ME70Me tunour and nornal sanples from Fi gurda/QBoaLi7ss) st andard

hi erarchical clustering. In contrast to Figure 1, division of the nornal
(xxxN) and tunour (xxxT) sanples is now observed as a prinmary cl ass
division, with 2 30 m sclassifications. 30 21 August 2006 WD 03/070979
PCT/ GBOB/ 00755 Figure 3: Partitioning of Normal and Tunour Sanples using a
M ni neli® 2gCeremsn “SERethe nrgsantfinsrenting. 20Imithgy dinegets fromthe COG
(Tabl gpkobbRl MErg m@ﬁém't@ﬁaltytﬁgraaeéfatcsg 18 Jif§ bungar/ normal class

di stinction were used to segregate 5 ™t rai ni ng set from Figures |
and 2BMCENYAYEHT FARAPvER- Fest computfr F@THerheds many 11 tunours. In both

cases.nqdedidt ©:20919311aN nalo Nt TR Apdegurour samples at the | evel of

the primary class division can be obser 10 Figure 4: Conparison of
expression profile variation in nornal and t umour sarrpl es. | ndependent

Frgur Saomt B e ETLPER VIR RRR Rl fR e RERBRE T gene o

exprempénlmtmmr@ﬁtamt@mchhtmq/ tmoprafd@@erirﬁneargets in these datasets
were reduced 1.9 Q%ﬂ%tz?cf ?ﬁ‘l Q%Je po(c‘bqlrm%ggg Pt mfil of variance of each

conmponent  norrmalize onent nor mal i z%d & genval ue) is
depi credsnig He gedivey aar‘rdonﬁsdqumm@ap)aé" comronkot cludedy on the x-axis,

320,01t o206 SOTRADeIY GRS U, 20 Lisstosonponent. of each

Serve r t he conponents for
each danamalawofdb@J ctlmdm maliﬁa:mam pgowardiethef cvaticdaae. Normal sanpl es

consi ‘s& nt lé’luea)gieb” wer | nf ti ogwr&?%%e%%;gf aﬁi&?ss their

conpofient s conpared ]i“}? t-Gho S 5TRP essi on patterns of
62 sa@hmﬁmaltudnnganc%foarem@ms andtifemne@rmabtttissues, anal yzed by

hi erarch cal r n usi different gene sets. Sanples were divided
into %%St]fpg'i' ;‘g PBF??%T ences in gene 30 expression (legend), and

l@are : Lum nal , (Sl); ERBB2+/ ER+ (S2, ERBB2+/er- (S3), Basal-like ($4), ER
negat | ve syht

. 9 hs meﬂ#id%gg above, it is also possible to store the

patient expression profiles on the database, and these may

be used at any time to update the database.

Accordingly, a fourth aspect of the present invention
provides a method of creating a nucleic acid expression
profile characteristic of a breast tumour cell, said method
comprising the steps of

{a) isolating expression products from a first breast
tumour cell, contacting said expression products with a
plurality of binding members capabie of specifically and
independently binding to expression products of at least 10
genes selected from Table 2, so as to create a first

expression profile;
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Il (S5), and Normal /Normal -1ike (S6) 31 21 August 2006 WO 03/070979

PCT/ GB03/ 00755 (a) Unsupervised hierarchical clustering ddiAigust 2¥baset of
1796 genes. The gray underline indicates a cluster which contains a

m xture of Lum nal and ERBB2+/ ER+ sanples. (b) Sem -supervised

hi erarchi cal clustering using the 'common 5 intrinsic gene set' (C'S, 292
genes). (c) The full cluster diagramusing the CI'S. Shaded bars to the
right of the clustergramrepresent gene clusters A-E (Table 3), and are
(A) Lum nal epithelial genes with ER. (B) 'Novel' genes. (C) Basal
epithelial genes. (D) Normal breast-like genes. 10 (E) ERBB2-rel ated
~genes. Figwe 6Gepadtind) sRgpriesenitat ievprdsedopl psodabt OGrSmSanpl es Used in
this Study. Two sanp]es are shown )/ (b), and c)/(d). The DCI S status of
cach “EalBTe GaseTON PFRRAT COTHTLBoby 45k HACEBA o olFaTT i h & E sectons
of sampkésd eapreandn(EoriltE) ,.ar@s wel | as frozen cryosections ((b) and (d),
FS) of the actual sanple that was processed for expression profiling. (e)
'Distinct (O giREPAHAG B Situt paTarf* STHESY Peeonst epprasstioTancer

DeveleRPBNls tdhereadeStiihaalP il 8l 0SiciByRAIAESi s RLoppses that different
nol ecul ar subtypes of cancer arise via different tunorigenic pathways,

and chasagowdetiatod dikeagct tusicalrogédal entities. The ' Evol utionary'

hypot hesi s proposes that the different nolecular subtypes arise as a
result of a single (or a few) 25 cancer classes undergoing different stages
of phenot piEtftldevptoprEnthe Qrese@niateditisin pgorislesbet ween the two

hypot hese y only studyi ng, advanced i nvasive cancers obtained at a single
poi nf“eFlﬁo‘fio%eFr%%ﬁFg% cs;gch@ICégs%Ffﬁﬂe&l‘é‘}(é’rr@g’sl? he hal | nark genes of
advapggeh@h-¢ PR rSHlRes . tAch® saM| es:idmRtab®WN as dark verti cal

| i nes. Based upon the CI' S geneset, six out of 32 21 August 2006 WO

03/ OO PEY/ 3reeYss twel ve DCI'S sanples cluster within the ERBB2+

groups (5%afanQS§f§5)bin§ é;?ﬂﬂ%'g%ori rﬂ)rtoggcﬂ'éj%gﬂl%a@ao Pe%sgnd one sanple was in

the normal -1i ke group.” Shaded bars to the right of t cl ustergram
repr ésesur thlél sanve agesrmad| bstamtsceblishown in 5 Figure 5. (A) Lum na
epi thel al(bgen%gn‘sygéthngRéai(iBpr%aéssaslion products for both the

tumour and normal breast cell with a plurality of binding

members capable of specifically binding to expression

products of at least 10 genes selected from Table 4a; so 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
cell and the normal cell; and

(d) determining a nucleic acid expression profile

characteristic of breast tumour cell.

A sixth aspect of the present invention provides a method of
creating a nucleic acid expression profile characteristic of
a breast tumour cell, said method comprising the steps of

(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 at least 10 genes selected

2%a




epithelial genes. (C) Normal breast-like genes. (D) ERBB2. Figure 8:
Summary of pat hway-specific and overlapping genes for tHd AWHRI06A and
ERBB2+ tunor subtypes. "U indicates 10 upregul ated genes and "D indicates
downr egul at ed genes. For exanple, there are 245 genes upregul ated and 705
genes downregul ated during the nornmal /DCI'S (Luminal ) transition. Nunbers
in bold are overl appi ng genes between two gene sets. a) Results based upon
a falfse d\la?o ry rate of 15 5% b) Results when only the top 100
nost “§MY ?’I Vi ?%diﬂ 5f: A URi GUETgERBES HenCRFRTA €A Fi gure 9. a)

D scevennyouf calLum nal D subtype A series of previously honbgenous

Lum nal A (bymog o£étﬂ§1§teiﬂ ? ﬁ:%o%FQtEY%OSI b rmaf bgrlegs%:n Figures 5 and 7
S

wer e regrouped rarc i ca usteri ng based upon “proliferation
cl uscetl: doppredingefeld cFwoebTioadrrdisss ek cheerdugdlivhi ch exhibit | ow

(LUWbBalblﬂlnéﬂﬁienﬂieQQ ésl—ldl%aain Rkebevsl; SsgfaSE)f:Br essin, of the
prollferra?{d on cluster' respectively. b) H gh 25 IeveI s of the 36-gene

* pr o PRI S S o grpresst %Ofbbpséjrfv@d“‘?’ﬁ‘aétlﬂ’éeraségﬁ?ejs'm ve tunor types.
Lum nal D(é 5 out qof 17 s%%l es, indicated as dark bars under sanple
nunbers), ‘Bhsaf PRI ERBED-ANY SETPIE*XRTISSPR IS Le8xpr ess t he

36- gesedetiral hd emabkoreehustsorif basndgbon 1306l sstengeayg |eft branch),
whi- | e Lum nal A (all but one boundary case), normal-like and normals are

showtP8Y &6éts 33 - - - ------- 21 August 2006 WO 03/070979
PCT/ GB03/ 00755 of expression. Light grey/white indicates upregul ation,

whi | g garéstgrssgeekask deddbrales SUONIAN! Ald. 906, MikERLA! S and Mt hods 5

Breast Ti ssue | es Primary breast tissues wer tarned fromthe NCC
Ti sser q?éﬁé%’rftlé‘tgy hereferphrapr it ©fabprafarandrad ibean obtained fromthe

i nst ihddvieNas, Repastdtdioy aftbAkhhgs Committees. In 10 general, all tunour
and natchgg) nq%‘rg[api-lllil tissues were sinultaneously harvested during surgical

exci si on Mo GFPEATEP RINYCERI TR 575 tt 5 ¥8npl es wer e
i mrede bt ebyaijpas Skym dirs Sediediuah $lspecoped alfi hgvimieattrey and fl ash-frozen

in | Lguw d N hé""ﬁ?ﬁ&%%b@ag r?c%%e' rmation of 15 tunour status was
subsequent |y prov fi pt of
{b} contacting sald expression products with binding

members capable of binding to expression products
corresponding to at least 10 genes identified in Table 4a;

-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.

An eighth aspect of the present invention provides 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 cancer, said method comprising
a) obtaining cells from a plurality of breast tumour
sample;
b) disrupting said cells to expose gene expression

. products;
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Pat hol ogy at Si ngapore Ceneral Hospital. Sanples were stored in liquid N2

until processing was performed. Wth the exception of | 4lufbghst 206 mat ched

normal sanple pair that came froman Indian patient, all other sanples
were 20 derived from Chi nese patients. Confirmation of the DOS status O

" tissue sanples used in this report was achi eved both by conventional H & E

staining of archival sanples, as well as direct cryosections of the actual
sanpl e that was processed for expression profiling. 25 Sanple Preparation
and M croanr ayntdderingi Zaild @BndMxphybicddi sadd s wimplavi ng Affynetri x
Genechi ps,. RNA was extracted fromtissues using Trizol reagent, purified

t hr o RHT AL EaGENP SHHLRICBIRIRRS BRRFISH 6 CkTs SHPFRTSIAPTRFRSNFEX 30 Genechi p

hybrigh zationrtace Jehedgsd Rl FRAUERCIAIREr ;8¢ [ nstructions. For each
spotted cDNA microarray hybridization 2-3 pg of total RNA was used

fol | owi ng B4dobemigisy LOGEe DO UF0PTOL PET/CEBOSFBET56ic si ngl e-r ound
lineq: applificatd t al.._ 2000). All_ breast sanples for the
spotted cﬁe%gcr%%gggéﬁr}%)?%r?%ibsfaeﬁsgn%a)nv?gfeb%sfﬁpg?et eagai nst a standard
coméricdand ywlavaid aisbeendif peddrcences paal KSidiagegene)ys5 t hat had been

simlarl mpl.ified. ¢ m croarrays were fabricated follow ng standard
procefg)ﬁr éaéc Bgl?fasjiddé’%u%ty 35397:)9,35 ST DR R PSnes obt ai ned from vari ous
comercial vendors (Incyte, Research Genetics) . Except where nentioned,

sanplaesinet espbaorgs eratgneskabeldvede sl peoyds 10ndyeq While the reference
was | %Qelilli%d Wi tlh %{5 %bri di zations were_performed using Affymetrix
U133 AP EEhEONF pREVIATLEY Hy BPPGi FREP IO MPE? b ay™ | te§Ester e capt ur ed

usi ngege OBDebasethnrhcd oavpiray s soapnefileApphitterPeetd gifon, Inc). 15 Data
ProC 38k a% ARy ANALYSL 5. F A1 SROULA0 £ DN T G080 A AL gy | uor esence

intensities corresponding to individual nicroarrays were’ upl oaded into a
central i zéd Edrengicddtabe®es Esurdlitsafemresst campous 20 data sets and

gene segprd,eval s were perfornmed using standard SQL queries. Hierarchical

clusterin s perforned using the program Xcluster (Stanford) and
visualize%)u %%ﬂ%p?h%g said cells to expose gene expression
proeducts;

c) contacting said gene expression products with a
plurality of binding members specific for expression products
of at least 10 genes selected from Table 4a; 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 breast tumour samples.

A tenth aspect of the present invention provides 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 cancer, said method comprising
a) obtaining cells from a plurality of breast tumour
sample;
b) disrupting said cells to expose gene expression

products;
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program Treeview (Eisen et al., 1998). To identify outlier genes in tunour
and normal datasets, array el ements were 25 chosen whi ch Zdohdgust 309 y
exhibited greater than 3-fold regulation across 90% of all arrays for the
normal dataset and 80% of all arrays for the tunmour dataset. Correlation
anal ysis was perforned using the simlarity nmetric concept enployed in
Golub et. al. (1999). Briefly, the simlarity 30 netrics corresponding to
the normal /tunmour cl ass distinction were cal culated for each gene, and the
genes then sontdihgsedd0fetesaphedNPnopeeduet @ik simlarity 35 21
August 2006 WD 03/070979 PCT/ GB03/ 00755 values. After being sorted by

t hei PLB6RTGW 8T i Ai8gHSMPETs cRSCAEAE | THF FEPYIRE1Er &9dHFET i nction, the top
10 geyrest fiameas hmnkasse ek 8q CHoseR iy sUbsgguent cluster analysis.
Princi pal conponent Analysis (PCA) was performed by 5 linearly transformng
the gene étpfesxirdringta grne wpehssiongiref Sleokharantebestiof correl at ed

vari Q! efe Jrab0nde <nBPBL!SLe DHEREL Ol ncerielatsd yariables (princi pal
conponents). For datasetsin I'inear Subspace, the 4at’s can be ' conpr essed'
in thisdimnedr said Rapted Dsnngrddmetaucd sbQdi pirarimatheadenli | € sinplifying the
datafrgpéec%en atij%p. Th _tfi%ftgprinci al conponent accounts for maxi num
vari abi | T35 °Fn°tiie PHRTAL 1 tEng" SEERSS 8di $iJ"P¢6fponent accounts for parts
of the remaining variability. 15 For Affynetrix Genechips, Raw Genechi p,
scananwerérequnl ddppctcontihal beskdusi NgventGOATERERIiaks Vo akahdpbl e sof tware
program Genedat a Refjojgeré and deposited intg a central data storage

faci Pt §PToTREPExDPESET o1 Yd8E TShEs SFRTS58 8 By Titefovi A %Yenes whose

expr éssigrermase abseahdami akbresmiphasrdQ16i eharActeridts), osubj ected to a | 0g2
tran [ Lzed di_at [ al. L. remaining genes and
sampree st i Vep S YR AR et e Y R4 conodat a

Expr essi off stPiSeniMareelanaf 581 8 phuleddey orf bskast tooewenti onal spreadsheet
appl sempigns. The unsupervi sed 25 dataset of 1796 genes used in Figure |
was estabggsh.ed b?!, sel ecti ng genes exhbiting a standard deviation (SD) of
>1  acros8’ af1STRBH 2HEadtr S 1Sahp I BEOSAVE By EEPISHAGR  hi er ar chi cal

cl usvtesdwrgs;was applied by using the CLUSTER program and the results were
di spl ayed by using TREEVIEW 30 (9). Significance analysis of mcroarrays
(SAM wasc) contacting said gene expression products with a

plurality of binding members specific for expression products
of at least 10 genes selected from Table 5; 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 breast tumour samples.

A twelfth aspect of the present invention provides a method
of obtaining a plurality of gene expression profiles in order
to determine a standard expression profile characteristic of
presénce and/or type of breast cancer, said method comprising
a) obtaining cells from a plurality of breast tumour
sample;
b) disrupting said cells to expose gene expression

products;
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perfornmed essentially as described in Tusher et al., (2001) (10 using a
fol d-change cutoff of 2 and an appropriate 36 21 August 208w @ﬁ/ 070979
PCT/ GB03/ 00755 delta value to cap the gene fal se-discovery rate (FDR) at

5% (0.05). Creation of a Common Intrinsic Geneset (CIS) 5 Genes common to.
both the U133A Genechip Probe Set and the 'intrinsic' dataset as defined
in Perou et al., (2000) were selected in the follow ng manner : Qut of the
original 'intrinsic' set consisting of 456 cDNA cl ones, 428 could be

assi gned t0 aospetihd Galai gane «abusiAlbnUsidhctbes3hanf ord 10 Source
dat abase (,Uningene, Build 156). This nunber was then reduced to 403 genes
af t ePTERRM B0 A 76H e UBIPEe 5t SSRFSAESS LOTheXRIEIIACTEHEOEHFES probe set was

then .quet i R sUsi MG ehbl Sseikeb8la SRl Al 292 St ches, or 72.5% of the
original 'intrinsic' set (counting only unique genes). 15 Results

Partiti onidhgdefermionhid sanend wrpuesBreastoSgecFharrstesisigic 20 Unsuper vi sed
Ol ustaring HHRSLI BARALS YBEd, £ BNA. (1 GLRALLqYS 0l ARpLox! mately 13, 000

el ements tO0 generate gene-expression prof?fesasfeor a set of 26

gr osbliiydithsoéctad brpasisibhsstreluepectdreasd (Hihdi igomtinpet? 25 normal )

obt ai.ned from pat.i en]ls agtf, ?ri ril Y Chi nese ethnicity (see Materials and
Vet h&85) S AF PEFSHYbPLEIZAFY off 2XRA5E RRPRGS2™RPP? oxi mat el y 8, 000 array
el enents were found to exhibit flourescence signals significantly above

backgr entitdeaviel fspeandh it RAS Epals@RBN SraNeE 6n Y38¢:d4 230 subsequent anal ysis.
initia t he inventors _found that an unsupervi sed clustering nethodol ogy

| .
baseﬁ‘etlb%c% °f RUFIEF G2 PEBRAOHIY ChsEP e SFRE S PRIILELSS sel ecting genes
exhi bntoypr 87 Etetmiust 20861arB0=0I/B3E087 rid€ET1&B03/ 00755 at | east 3-fold

regulat ace t least,4; rays) .tsee..Perou et al., 1999, Wang et
al ., 2000) resul tlgg ?nE%%nE%rarngy%Ec%% 3&91?%1@%5%5%(:91% Eigure 1.
SpecPet [“pPX¥ e nganpl e set segregated into two broad groups, with each

group 5 canshistaiAdnPfced1 81 2ol § fulUiPYI- AR DO FBhoSPECi NeNs.  However,
wi thin each group, the inventors found that the
sample:; '
b) disrupting said cells to expose gene expression

products;

¢} contacting said gene expression products with a
plurality of binding members specific for expression products
of at least 10 genes selected from Table 7; 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 breast tumour samples.

- A fourteenth aspect of the present invention provides 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 cancer, said
method comprising

a) obtaining cells from a plurality of breast tumour
sample;

b) disrupting said cells to expose gene expression
products;

2%




tumour and normal tissues effectively segregated into fairly |ndependent
sub- branches. The observation that tunour and normal ti $3ydigug

segregat ed using 10 unsupervi sed cl ustering suggests that speC|f|c genes
may exist that can effectively distinguish between a tunmour and nornma
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 than aentaséing\salidofene prppegsjioco| mexsiucts wigihoa. Similar findings

have pal.s91 i8eBs r&@@&h@%émegg t@arpabt)é ecﬁsfspg@lrﬂ%zf{ RIgssion profiling
projects (Perou et al 0) esti ng that at the |level of global 20
¢

t r ansCPPRTESSieY bﬁt‘i‘@“é%ﬁr"e?ﬁ”bér?sll%eﬂ”?dﬁtc tHethgedf@$Smay ' supercede' the
i nf ormtahtmeelncmcteﬁlbystgenes involved in the tumour/normal class

di stincti n | SCUSSI e_o: nes Kol Cl assify Nor mal
and Tum)u(rgi é@‘%%é“rgr}ﬁt“ oﬂe Xﬁ%ssrrlétnnplé %lgct%ae%acgfart%e S nventors'

r ese&fchh¢ Presengsdentdi gy tgeae@f @Ffeg@ne?asg@sétasetihat thaee of significant

di agneshisy OF tder aﬁsfggsqoaoﬁt%bet -to! RaP@ Bhathy MRk, S0 utility, it will
be necessary to identif ass of genes that can accurately predict if

an urfRAoYFHPEATY P%‘Hﬁéltga IPEepEt {IMRBT G¥PHEF{ gnant at the level of the
primary, 38 21 August 2006 V\D 03/ 070979 PCT/ GB03/ 00755 rat her than
secondai fteeokbssspeicyi of ahe grededenindeytibegrogeaesets, or 'genetic

i denh(%%%]%%%' g%%ﬂglrﬂg&;n)%mggpo I‘VI ggdles egr NI ni r%gflt i at egl es, such as

nei gb artifrcral neura have been previously
descPrpett Sapct lSPl§ eYpaalof, buegy cihear eroddced Qﬁ(hl)ﬂethhm/ever t he

i N'veRkofsrikegdi A tﬁlalg:hgtﬂtlﬁ ngé&r eﬂﬁel%tlhatﬁegtﬁewoa depthiy these elenents
that focuses on the use of hig reproduci bl e outlier genes. In this

met hGEBR OGS Elaenﬁlt@% Ofbélleﬁﬁﬂi‘%i’dnfi thei pretiafticel asgdetir initially
est abktedred ths p]]ﬂranﬂgpe;mdemmiatasq;tr&flwst hi n each group, genes that are
consistently up or downr egul at ed ("outliers') across all or close to all

i efliechbR LI AERted Bl o HNRIE SSRALALE oroPUidd SLndlopps | 2re 1o

conbi ne . i'ned genes to distinguish
bet wéeh CtJﬁ'éStW)mESac@%éstwwrhéﬁllaweéﬁ%@aﬂﬁngf §tsan@naaru clustering

receptor (ER}) status, said method comprising

{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 the genes identified in Table 5a; and

(¢} 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 binding

members,

A seventeenth aspect of the present‘invention provides a
method for classifying a breast tumour cell on the basis of
ERBRZ status, said method comprising

{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 the genes identified in Table 5b; and
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met hodol ogi es. The inventors first established outlier gene subsets for
both the normal and tunour popul ations. To avoi d bi ases 20Avgust 200ght be
i ntroduced by fluorophore labelling, they also included in each group 5
"reciprocal’' expression profiles in which the sanple and reference RNA
popul ation were inversely |labelled. This analysis identified 60 highly
reproduci ble "outlier' genes for the normal group and 75 25 genes for the

Lumour 97 QUP LAl ¥ELE, ShLNGL SATSLALEILLY WP oSl dgMBzEgpul at ed across all
or close to all arrays (Figure 2J. A}cross-conparlson of the normal and
t unn§F2BR PRepd Gettherkinshingdot thgnbepregbigemduntedinemn bet ween both sets

(Tablkgid)orehgadiu@utrocar I itdabn & Qrbhoed &Uthé%in%ﬂgset 30 (referred to as
t he of 108 genes. 39 21 August 2006 WO 03/070979 PCT/ GB03/ 00755 The

coG W&% THen used to cluster the 26 breast tissue sanples. In contrast to
the | arge-scale clustergram observed in Figure 1, the inventors found that

cl USRErL N e USING, LRE: aaNeRe found LNy Lhe, 006G i egll vel y segregated the 5
maj ori ty "of tunour and norimal”'sanples” into t o prirAci'pal branches, with 2
m s- BeEked freaticond Iy Pigur broest tuSpacickilsadn \thelbasismalf sanpl e and 1

t UNDEs SRITRLE1 N TRbLSe, 3a3hINQGhodaBehdAsihe former case a quality check of
the gene expression values reveal ed that this sanple was 10 associ at ed

with a nuiPeroRoPietne SEPEESSIANSBY pfCtyaf TS @ Pgpast BFARSYT n cl ust er gram),
whi chehy have led to this sanple being ms-classified. Neverthel ess, the

majority lLes re.carrectl ro d, s esting that for certain
'datasets,?é%ﬁ%%gg?ggﬁﬁﬁﬁé?§mp§§§&§%}%5°§§%§ gﬁﬁ%%@”&ﬁ 15 effective nethod
t o | HemrgrEycapaidel af nkitndige genesprbetsimenpretisttisnct cl asses. Definition of a

M ni pBdrd3pB84Iky kdent ifdgt {@rochle NULIRE; ¥ TIPS (G ass Distinction in

Breast TiSsues 20 Despite representing a dramatic reduction in the nunber
of @@ﬁes fromthe initial data set (8,000 to 108), the nunber of elenents

cont ai ned(¢n dies (EFnigs tBé idumob®cdiar geek aegraf@asikhly included in its
_entirg{ s_part of a paotentjal 25 diagnostic assay. ldeally, a diagnostic
geneggaé%gﬁgﬁl%Pbtype based on the binding gro ile o% thg

expression products from the tumour cell and the binding

members.,

A nineteenth aspect of the present invention provides a
method for classifying a breast tumocur cell on the basis of
its Luminal sub-class, said method comprising

(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 at least 10 genes identified in Table 7; and

(c) classifying the tumour cell with regard to its

© . Luminal sub-class based on the binding profile of the
expression products from the tumour cell and the binding

members.

Aspects and embodiments of the present invention will now
be illustrated, by way of example, with refererice to the

accompanying figures. Further aspects and embodiments will

29g




consist of i) a mnimal nunber of elements, ii) be of hlgh predictive
accuracy, and iii) represent a mxture of genes that are2lpdugust 36, and
negatively correlated to the class distinction in question. To further
reduce the conmbined 30 outlier geneset to its nost informative el enents,
the inventors used correlation analysis to identify and rank genes in the
COG that are nost highly correlated to the 40 21 August 2006 WO 03/070979
PCT/ GBO3100755 tumour/ normal class distinction (see Materials and

Met hods). The 10 nost highly positively and negatively correlated genes
were then assessed in their ability to accurately classify the breast
sanples. The inventors found 5 that this mniml set of 20 genes, referred
to aSbe.apgkﬁ@m&icoithﬂﬁd'EREElamcmu&mbehytclaﬁﬂjﬁbGMMQdﬂs of the normal and

| QenoRPRCHER dboF Rt SPBsaHT UcarRrOFe drergencay IAFeLBobe | nvol ved i n

breast and tunmour 10 biol ogy, as well as other genes whose role in tunour

f or magigurdrave URSLp &y isel bemﬁeﬁﬂmigbeﬁ Naeeldasd¢ umsionm) . Predictive
Capacit of t he_20- gene gﬁ tic Identifier' 15 Al anal yses done up to

this PoFatt warelpdrf tHPressHan RrofieRgve Rt of 26 breast sanpl es,

and tbusiddied pbegtstdatel Eéwrsé]fedtlianzﬁzﬁe&@emhe@eﬂﬁﬁﬁt, .has not been
addressed. To assess the robustness of .this 'genetic gghlfler , the

i nven?Bf st Mesie Bttt %Fr%?'éﬁ’;?"oFO@’Fbﬁl%aQ rgimt‘al%g) d tested the

abi I'i 4¥rHf hQelk)ived soptedi €40y hacehassida alfstatngtest set’ of another
22 Dbreast sanples, of which 12 sanples were tumours and the remaining 10

wer e NovdtalSegRant . ( 15¥xy’ élﬁ??zﬂndﬁgéﬁPﬁﬁr R ilenEWPQUL i ng set, they found

t hat é&ﬁ‘pl?éé qegﬁx@eﬁeatﬂecnaé i Ml SEp¥Eserdl $Re AR® TH@sGbassi fy the naive
set wwth conplete accuracy (Figure 3b§ Thus, it appears that the ability
of the 'genetic identifier to predict if a given breast sanple is nornal

or malignant is not confined to the training-set fromwhich it was
generated. instead, the 30 nunber of elenents in this geneset, although
mnimal, may be of sufficient sensitivity and informative power to give

it predictive value. 41 21 August 2006

 2%h




WO 03/ 070979 PCTI GB03/ 00755 Assessing the G obal Level of Variation between
Nor mal and Tunmour Breast Tissues 5 Breast tumpurs are cldinfegyst3006
characterized by wide variations in clinical courses, disease

aggressj veness. and response to nedication. Consistent with these w de
phenot yBP&* %Pt i ons has been the finding that indi PFHGBIOESeast tunours
can exhibit large variations in their global 10 gene expression patterns
(Perou et al., 2000) . One conmon hypothesis to explain these w de
variations is to consider themas the consequences of multiple independent

pat hways of tunourigenesis. However, nornmal breast tissues are also
hi ghl y"EHRATGRFePHReTF aRPHEteEnul Fly epchsFarnds. She the 15 specific state

of a nesnmdgraheBsindiesSUeLidt AtRALAL Gilidht PRI GG 415 pften dependent upon
nuner Qus dem)%raphlc factors, such as age, msnopausaT' status, and
[

medi cab$'oFerhitae Piplovheal sampilest dformaly apdskinsiis shmples certain  amount
of thesaprdeAtbONSudPRn8XRE A5 SHAR éﬁf}% %togé%z‘{c?a\%é)l l’ie@%ﬁ ympurs may al so be

reflected in non-malignant” breast i ssue as nce the inventors'
dat a sEte dspargran-ofingpt rruigtians ard thel dapartilsanpl esd tteey were able to

conmparg:ithe | r iahi) Lt r sanpl es to each
ot her. ‘I;to pelrt%?g?n(’lfa{%tﬁi ggf:oaarfﬂp%lgr Ir‘{g%%]&)éc% hq}gyﬁgk %l}agggg%ﬁ%@frﬁal conponent

anal ysi® [IrPeA) uepiblishehtihservat DO )gene expressi on matri x, conprising a
total of 22 non- malignant and 26 tunour specinmens. Using PCA, the
inventors reduced the total gene set to a series of distinct 'conponents',
i n whifgiguggch: comrerentnl ofr Bsam ks aadf Mt SB@paeount of gene expression

19 | al300 REE08S LRENDTARIY AR B! cellI% YRgLNes)zed that obser ved

variation in t ata” could arise Tromnultipl rces, such as intrinsic
42 21 IndgnsrdogneutWR03/0E6079 RCTHhEBOIL 0AEFE) bholgional variation, as

wel | asiexperi I ' e ariation (such as differences in sanple
har vegt ilg{g, Sahyggl %lgzg%{féor?tegﬁg&?abgl | ﬁ%u%%eﬁ(ﬁrf("f“oﬁ%?sjéstt@) °flowever, since
t he ner makrandf grvay segekes (wvwmrsy bgebiolkmjilopl Sadyaresest ed, treated and

nd nandrrase ! cpst FEY GREY foriierly Busalatitin Bidtps, Thus. any

19 f f edemkesrén nepresenion doehrepri dtient (sadiMagBei N0 rald
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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groups can nost likely be attributed to intrinsic 10 biol ogical variation.
The inventors plotted the amount of variation observed i 2l AngushdPdoal and
tunmour data sets against their principal conponents (Figure 4). In order
to effectiv I% conpare the 15 two datasets, each conponent was normalized
to the (}03%7 Forponent in that dataset, resulting i RCA/CH3MSS hat depicts
how the total variation across the dataset 'decays’ wth each successive
princi pal conponent (By convention, the first principal conponent is

usual ly taken to represent 20 the elenments that exhibit maxi mal variation
acr oss {; dat L L I nve e a.qgeneral rule, every
conpone%%%cr:gr?éz%g% Fﬁg‘qﬁ’o& E\ﬁeﬁ%%ﬁn%u%?lga?%%gle){ %%@8%% S Sg‘ﬁllgl ?/ exhi bi ted

hi gher Miadal i ZhrBlearnancensdliogbdsntiddrponi 20n athey nargeksdata set. This

data indica t ne expression. pr.ofil es of, normal breast
sanpl ers}qlgglegﬁéi%(jr%?f(itr%g]ﬁ%r@ %gl?g s eaﬂoékolb}&lgngﬁﬁﬁ%fantge‘% WRen conpared to
t unour gheotivh@s;/reuppdrtlaryy thethypdibhesese tuwid thesadmdgatyari ations in

gene expression abserved in tuppurs y b consequence_of breast tunours
aPisi ng@f}rgﬁﬁg r%[ﬁatlinépg S BBy Jgge‘i»ﬁ%"?a?ﬂ%. 239 59 Augdite2006 WO
03/ 070928t P& @03000Fhta 1sCandervatumonref Mlmeaul ass&ybt ypes of Breast

Cancer Across Distinct. Ethni c Popul ations The i nyentors. then used
Affynetaﬁcﬁré%éscﬁgirﬁga%borbrogf PFE“@G ang ?W‘%{E \Fé‘mB?{%%satt 8fcers and 6 nor nal

br east lewssued thkaprihaty kaessiGiotiatied fawmpeChibeese=gati ents. The raw
~expression profile scans were subjected to one round of quality control,
data filtering and processing (see Materials and Mthods), and an

unsuperigeed 4t €oapehied ofl ugheIdsnignlpratigey vhbmayes ysed to order the
normal i zed f)r%g les to one. anaother on the basis of their transcriptional

si m | aPPty? YmGT AR ES of INEPSE g8 LOTRI cANE FHEPHE Ut e genes t hat

are boubtuedls MRasUsShAGBEE Winednt JOiRkaakbmsarbes and which
exhi bited consi derabl e transcriptional variation 15 across the sanples (as

ref | ecFe8U By FafPAg R HidRlstausrarlashi d15188) PChhdienvent or s observed

that tBetiwd Qjdnky e@brd ¥ onSaAaPH €8 cFeapSaAliRd tkDl O3 3Ry @kahy di scerni bl e
T1%r)oups that could be correlated to specific histopathological paraneters.
r

ex&APIEES Hanyhete (R aERES TeRPorsduted tter bgsic principa

components. The extent of variance of each component
normalized to the 1°° component (normalized eigenvalue) is
depicted on the y~axis, and the principal component number
on the x-axis, beginning with the ond 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+

(82, ERBB2+/er- (S3), Basal-like (S4), ER negative subtype
II {(85), and Normal/Normal-like (S6)
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20 together ((S1) bar, Figure 5a), as did the ERBB2 +/ ER sanples ((S3)
bar). The normal breast sanples also clustered as a di scdrfugise2¢ioup
whose i ndi vidual nenbers exhibited very high correlation to one anot her,
suggestin that there is |l ess transcriptional variation in normal 25

br east Wlog’glﬁ@é’”as conpared to tumors. A number of saRpTEB0FEwever, were
not accurately segregated by the unsupervised clustering algorithm(gray
bar) - it is possible that such 'mxed clustering' results nay be
attributable to "noise' contributed by non-malignant conponents in the
pri mar O tissue sanple, such as normal breast epithelial tissue,

3
I yrrphog"ﬂ‘/)t i PHPET TSR Blenderhicadt FIStRedngplategd @ dRsasrt  As previously

ment i oped.79% §iaﬂéé.ar‘rh@bg§£;)/a$ﬂo@@1% QRi2heeE a 44 alePugist, 2006 WO
03/ 070979 PCT/ GB03/ 00755 using the cDNA mcroarray plattorm suggesting

that tFE21BfeR A Ts Of eitdird gy dI ERBESHERhdegmdgent (blone obj ecti ve of
this sididy @St Osdehebdhfghidart B%?céﬂ'n%c%fxg??ﬁﬁt ¥BEfn@d associ ated
ubl i she

expressi on signatures ,deflned in previods p d studies were al so
det ect HHIWE DS R $enses&tat bt 28Rt 9l -atlebnThaHalilnvéwttsrs f ocused on

cor r el ildqiul 161y GBI €551 ObaSUISrd @l bAL BfgBeraucel al  (2000), a

| andmar k study in which a simlar analysis been perfornmed on a
seri esclgfsthrenat wepresent prienehestalsy AvBd(Talvm 33, aadd Norewegi an pati ents.

Bri ef |y ifinih@l opitHdyi@NdASubBaAYeNt (EOMAANIQR Leport (Sorlie et al.,

2001), the authors determned that 1nvasive breast cancers could be
subdi viddeBapnal erittherdhal ®ngisst { B tNompkécoleasttS isabygpes based upon an

10l Ntrigsi %:RBQf’IEeesi%tteEer’érF‘éﬁnti ng genes whose transcriptional variation is
primarily due to the malignant tunor conponent. The specific expression

signatures that represent the 'hallmark' elenents of each particular

subty L8 &UNITRS (3% efa : [ t O.Ls -henceafter referred
to as&?hgg St an%r?& Ztﬁ%@%sgggégé%en%?hélggaﬁgﬁrc&%s% leasnd the inventors
wor k, Usledr én atleis Sévdyal Twdi shepberc egrei showt higdol(byy amtd experi nent al
desi gn, h Wkfe S n_sampl.e handlin [ ot ocol pati ent

popul gtql)ér%]‘,hlp’an %eggéésés?%%%aﬁ)?a?/a% 5’??‘8?%"(329- (:C%In%fm& O%‘S‘ mcroarray in
19 he Stanezemimsthidp 0§ pamwdifon Bendchepsioms diheaimpvent oas' study, as wel |

as diLLAT o0l Ai3YaBT 9l SSCHHENSPY oo d0S AVA I 3BY LAY @), two distinct

reast cancer
F3) 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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expression datasets fromindependent institutions (Stanford and the
inventors) thus allowed the inventors to test 30 whet her,2ldAugist 80@these
differences, if the nolecular subtypes defined in one institution's
experingnts are 45 21 August 2006 WO 03/070979 PCT/ GB03/ 00755 i ndeed

suf fici TAPY®Bbust to be detectable in another insPFTEBIYNTSH st udy. To
performthis analysis, the inventors first identified 5 probes on the

Af fymetrix UL33A Genechip corresponding to genes belonging to the
“intrinsic' set as defined by the Stanford study (see Materials and

Met hodé%.lOf égg uni c]%e ﬂenes found in the Stanford '"intrinsic' set, 292
genes, "0 V7 PChg, BITRITE FREFTHSMLtRLR  thie BEBREt @HowRAd (Bh the Genechip 10
array.aﬂ'&lesj)nvenﬁmﬁpstd&emﬁeiwtmmfiﬁfaﬁrgﬁdhpt,hhﬁd%|s§%91é‘9»asset of genes as
the 'co n intrifsi.c set' (CS). Inportantly, the S still contains many

of the'™ HAlS RAFR3 L~ JeRe 8T Mirse SPraRd dra5st itenthmsigaorf dehe n the Stanford

st udy ¢imderyseh Utefrkesit Soid Hanat !I;élge hatweshs S%bg)ﬂﬁﬁn d 15 reclustering
f the Stanford tunors using the CI'S also vyielde Ighly simlar groupings

o t hat*¥¥€arnetf LdHdgreheePithel iphtgenes #ibletER.ddBa Potalshown). Wien the

| NVasiats theanEer ferddd .t NE) INMGRLOPFea SRS YEI& 1 d on the basis
of the CI'S, they observed a stri ki%?g im:J)'r ov%ﬁr{ent ?% sz%ﬁﬁzg segregation
pattern where now all the cancer sanples grouped into highly distinct

cl assasgulBest Mmemda9%Sot hathwRlogsaded .t 9 0%%6{ lggul ar subtypes
defined in their stgdy Fgﬁt hoge di sco&erg y tlﬁgﬁ%tﬁ’%:ﬁé&%% study (Lum nal
A, Lurfofalfhsy Bimigadap ang ERBB21 | kenomsdbERBB2+) \U25itd®bradeset al ., 2000;
1501 i @pebgalate2Qhks daHmpal ;54 : f e cancers in this group
were E g b?/ econventsi onal imj’rung%%%%ggﬁg%ésqu&at%‘ﬁegﬁﬁ%ﬁf ord study defined
at | edSF eRrRfoupsest dugitdal genemrpreghlatiathland 305 artiekuni nal B/ C, the

| at t elyoREi-88: BSSRC Wal 6o WiHkh inicgl, prognasi.s (Lumnal B and C
tum)rsoare ?ﬁeat ed asﬁgg gi na Jérpﬁiatgg,s g}ém? naﬁs)réﬁ%}stle&fji}'di fficult to
di vi d8uPReRs e b2ld At ve2daprimD ©®B46 7H8RE RCUBBORHR0755 i nto two

di screkesgrouURs 905 I hE St : a i.st ent ' the Stanford study,
the i nveﬁt o'{tr))lsJ alsso obserevegaét}%ea 2&(135)3 dgg&?ve%y rate NEID?{) of
15 5%. b) Results when only the top 100 most significantly

regulated unique genes are compared.

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 tumdr 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’ (bér 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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presence of a robust Lum nal nol ecul ar subtype that was highly simlar to
the Luminal A subtype of the Standford 5 study, as this siibbypst 36
characterized by high levels of expression of ER and rel ated genes such as
GATA3, HNFB? and X-box Binding Protein 1 (bar (SI). They could not,
however YOPREPTY determine if the Luminal B/ C subtyp@STABISMETH ned by t he
Standford study were also present in their 10 patient popul ation, based
upon the criteria that both the B/ C subtypes are associated with
internediate levels of ER related gene expression, and that the lumnal C
subtype _al so expresses high | evels of a 'novel' gene cluster. The

i nvent 8F sS3RIES 5o BRerkictihtt Eepfiidgc dndicateSetbnegiiatiioal 15 subcl ass ( ER+

| ERBEZ thi W Idalt g 6o fANC U nd{ ABbNBoltflghdhy  y cancers in that this ot her
subcl ass expressed internediate |evels of E rel ated genes (similar to

Lum nal B/C) and genes found in the 'novel' cluster (simlar to [|um nal

C, barmi&iaikhhsqa 3gloass, however, al so expressed 20 high | evel s of
ERBB2-rel ated genes, and is thus likely to be distinct fromthe lumnal C
cancers defi ned by the Stanford study, as lumi nal C cancers express |ow

| evel sppfasit heERBRAQeRg cluster. Taken collectively, the inventors’
resul tsiHdicate that“tum nal A tunors (I'Lumnal in Fig. 5 25 constitute

a robuB¥infslvebeart dulssype wers obhailel Conmothy NdCoOndsaer oss di f ferent
pati eng ol i I i pal, B/ C and ER+{ ERBB2 +ve
e RHYLRL (HE%erCQPégéﬁyiﬁﬁ Ul codadl Egd cef ogggé%

subtypes may represent vari-an ose e may be nore
si gni ffedhtthe ing¥idetddnby Reposétery emd Btetdmimpeceds cithy, sanple 30
andl i pg -6t og a ol o 47_21 August 2006 WO 03/070979
S b D635 b A Rha BEOR UM, £ e N5THo (o the Luminal

cat egotyrlsghegpel Shpruppesdt dugibe dumsaligtdiorianl yf tlonogenous on the

o 1 ur (RSP S viagaee] meRiabm oFE et it 4Pe8 5 | arger group o
Lumi nalmmegipbedy wsiosgla dbprcate Setthel ogenesinshicaBatre a an@r evi ous report
ro SEPDTAMLAP SEBNERY iy flefat TERE A S L 2 o T v
1genes"tumoneystgumd was subsequently provided by the Dept of

Pathology at Singapore 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 Microarraf 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 ng of total RNA was used following
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that the Lum nal tunours could be subdivided into two distinct types,
nanely, "pure" lunminal A and another subtype that they hdvbugusf20léed to as
a Lum nal D subtype 15 (Figure 9a). It is likely that the Lumnal A/'D
subdivision is clinically neaningful, as a reclustering of a nore diverse
set of WU on the basis of the "proliferation g&REYBIYYIH ted in two
broad subdi vi sions, one representing clinically aggressive tunours (Basal,
ERBB2 and Lumi nal D), 20 and the other representing tunmours that are nore
clinically tractable (Lum nal, Normal/Normal-I|ike) (Figure 9Db).

Basal -1 j. . I | ecul_ar _subtype was, report in_.the Stanford

st udy téo:L %ecgglrﬁ%&éﬁzﬁe%gga@lhﬁﬁﬁao&e(l%gngfer25a 'Wozﬁg?))r'e&éilon si gnatures -
|) mar Keressof saeldradalk hiemspoy te@pioiaeht arostiedy as keratin 5 and 17, and
11) ge . ing to the 'noyel' cluyster. Consistent with the Stanford
st udy, r}[%é:llgg%/%{r}t%cﬁss "SI & oCOBEEP e%Pa&nﬁgs‘al Statarde associated with sinilar
expr es sicones¢ bl es il biald SRNR, r&edendCcabo NG dthatefdi)basal nol ecul ar
s§btypechia% ﬁlé ehi ghl.é. ro]télust. ]P‘ addi tion, however, they al so detected
the ~apparent gt?'ee?eﬁ& L 5PN AR EEGht FPEA (BTORSERYS (184€ was 48 21 August
2006 \HApR3LHTHD TDIRGHLLPOA004ED Hiolcea580¢1 @dd s th Aany of the expression
si gnat Lir9$§ describ gAi nlthe Stanford study. Normal Breast-like The

“nor mal 2Fi ke Yt §§ i Staess ghiained frem weFrassremascialgene cl uster that

i s al sgenbibghl {IrexpeeSBeskdidhNCENEi By eastcddiSsHes: and includes genes
aporin 1, and al cohol

such as four and a half LIMdomains 1, aqu .

dehydrglﬁgﬁh%léecg CEf"R 51’5erl§effé‘?°’3@5ﬁﬁﬁgé§’qjﬁbeltlﬁﬁoﬁlqﬂhCﬁ’ﬁe i nvent or s'

s@ri es dgksowitl s taeedes Mé AdhckhRad O apel NBG »Pirt%a%ﬁrSt.i ssues and exhibited this
expressi signature (bar (.S6) Thus, the 'normal -1i ke nol ecul ar

n. ). Th

subtyp@Ygﬁhd“a% G°BE CorRsiRferediash usdng Abhimetrdsb¥l3® ERBB2 + : The

St anf ocdnsdnichs .al setgef ikg@ﬁliéiiait&%h ERRES, L@ which these
tunors were ?éar acterized by high fevel's agfrégx%#{%&séslﬁogﬁk%f ERBB2 rel at ed
genes (8B Tﬁﬁﬁi BPing fit&ivedrad drycaparsaniscanpess éhrm.iefl t he ' novel ' cluster
(col umerBypisiamd ahsent expression of ER-related genes (colum A). A
simlar ERBB2 + subtype was also clearly 20 present in the inventors'

ries (bar (S3)). Consistent wth the expression data, they al so

subseqpged |B+e@BLiAdBthd Analysis

For spotted cDNA microarray 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 censistently 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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that the tunors belonging to this nolecul ar subtype were all ERBB2+ by
conventional inmmunohi stochem stry as well. 25 To sunmmari z4, August A@0GH

nol ecul ar subtypes defined by the Stanford study, the inventors clearly
detected at |east 4 subtypes in their own patient popul ation (lum nal A,
basal - | MO¥M8Pral breast-1ike, and ERBB2+). They COEEH’GBPR’.’)‘{“ﬁﬂ early
determne if one particular subtype (lumnal 30 B/C) was present in their
series using the genes in the CI'S, and they al so detected the potenti al
presence of 2 additional subtypes (ER+ ERBB2+ and ER- Subtype 11) which 49
21 AugustsL 2006 _ WO 03/ 070979 PCT/ GB03/ 00755 have not been reported before.
The fi Barhes t Btef RRinghaorhed & theiu/m)sisfive hendtraghbive nol ecul ar

subt ypesryerfiahseo Heeal hys dateshabl s, i Rukheqi LS dy suggests
that despite many net hodol ogi cSaI differ encego%g%/da e&r)llege%%érr&ejs, 5 t hat

mol ecufart sTiRSFpE_r A SheerR nERF I9pberpressicdnsbasethalyshoni cs are i ndeed
r emar kﬁ@iﬂciﬁquﬁémﬁﬁﬂﬁoﬂﬁi&%’%% gg&;@p%slzgie%%ﬁéﬁ] b@iti ent popul ati ons.
e

Ductal _Carcinoma in situ ( ncers press 0 Hal | mark Expression
Si gnat b0y tryRsfioreicgndy gebkeerbzassiSubhypeis:, Teiph evi ous resul ts

| ndi cagend fitls BP! LABELYoS a1 o SHYHRER) Of Drgast cancer can i ndeed

occur gnd be detected across distinct ethnic po u°af'i ons. One linitation
of thesEratls.esy ypimer REwenearreletetiatanipbles ofpeimadeny difficult to

Prof | GorkdhehRUP. GRACRLLOVES 30 PXLENASHRELIOA OF LLE o 4S such, one

question that is often raised is ese iants
r epr eseht’ comprypEesi't Aat thie mannky wilitstitntoshiopltog sath entities, or whet her

ibhey si qct i:ngle o w subtypes in different stages of
evol ut%ﬁﬁg?%g@%{!ﬁggest\% AR e %a%gof?%]%%?ernéﬁgﬁ%d %o as the
' di stifigstoprgreipalandnpdrertegototiondioy’ maiimpat kegsesbiEsgectively (Figure

6e), havepdi LieLent4 g%is %tcieggs faor clinical di ggno i s and subsequent
25 {

st agi ng and noBitori g, it e ThiE"PRBSHt HCP8 8et ¥ i ne which of

.t hese RargosEdtimeahmaisiney ivert hieiidse for breast cancer. Unfortunately, it
is not possible to distinguish between these two nodels by only studying
i nvasi ve cancers that have been sanpled at a single point in tine, as both
130 hydiorh8gEgmatmuildGoreaxipact Raw t@enpchdpcecaBs Were Ghatiiltgr to

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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that shown in Figure 5. 50 21 August 2006 WO 03/070979 PCT/ GB03/ 00755 In
conventional histopathol ogy, ductal carcinoma-in-situ (o}l arsy20ks | ong
been recogni sed as the major precursor to invasive breast cancer, and
likely represents the earliest norphologically detectabl e nmalignant

non-i nv¥A ¥ 8™r east | esion. Despite their mali gnantPCIE@OHYShowever

DCl S cancers are also distinct frominvasive cancers in a nunber of
respects. Cinically, DCIS cancers are treated differently frominvasive
cancers (DCIS Cases are primarily treated with surgery with or w thout
adj uvegt r adi gt her a%yaé 10 (Harris_et al., 1997), and DCI S and i nvasive
cancer®Hid §31H8 1 $2CBubRT HANCRYS P HAYFOVETRI Tate BEPRbratof specific
cancersg ypess{Barnes et al., 1992; Tan et al., 2002). Differences such as
these raise the possibility that while DC S cases are nalignant, they may
al so be nolecularly 15 distinct in sone respects from nore advanced

I nvasioReatedACes Sa chRfoh MMANLQLS o §an0RRd (EPgt the 'distinct origins' and
‘evol utionary' hypotheses could be tested by "profiling a series of DC'S
Cancer@ngfd CEBRParin§ot heihre UBBRI feneahdpt Redhe iSeashdethount er parts. Each
hypot hesics:29; carddiaseti 44 leadhelr £8li gl Qnge Ji. tNSooflf SidAct origins’
hypothesis is true, then the DCI' S cancers, repr'ésent | ng early' cancers,
shoul PeeFtedsitdie fpilersmoapnnet 1 Qut hiltheaokigkpakssi on si gnatures

assoCi alRdiukils 1981 boflBIi lgALHT £54 DIAR! YEoAQUNLGEPALLY, Al ternativel y, if

the 25 'evol utionary’ g%/pot hésis I's correct, en one m ght expect that

t he D@SSigredites soepelimlalobosctiusten taing dhen8tamfrotcher than to their
1pNvasigLe  eRUAL EMRAL! Sun TG el oht aj ti ssue sanpl es whose
hi st opat ﬁol ogi cal esﬁgrtllus vi\a/agﬁée'gél?flsr% 'd%gé ;h%g“g%‘%o%a%is%k}enboth usi ng 30
converreiduraf ¥ &08 sene¢niafgeastivel temmyalr oz elupdiyesecddrmmss of the actual
sanpl &ulhal 33 SedpeFLaur d b),. 21 August 2006 WO 03/070979
PCT/ GBO3/ 00755 é?’ﬁ?g‘g% onb%r %gyl‘gasszgcfhggh%u%ﬁeé Egﬁ%?e%hlv(’fere t hen generated
and cddpar edielslingeP? inntabiese eoUR.SRpaftishe Wsiiptnahe CIS as a starting
dat asat; j v or, e DCl S sanples segregated anongst the
vari outémit%vbgss:’ié\}e%%%ng?gn&liggnéﬁgé u|tnﬁt ued?%rﬁsﬁ(ft categories. Specifically, 5
1BCl S

Results

Partitioning of Normal and Tumour Breast Specimens Using

20 Unsupervised Clustering

The inventors used cDNA microarrays of approximately 13,000
elements to generate gene expression profiles for a set of
26 grossly-dissected breast tissue specimens (14 tumcur, 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 subseqﬁent analysis. Initially, the inventors found that an
unsupervised clustering methodology based upon a number of

commonly used data filters (e.g. selecting genes exhibiting .

37




sanpl es segregated into the Lum nal subtype, 4 into the ER- /ERBB2 +
subtype, 2 into the ER +/ ERBB2+ subtype, and 1 into the2l AbgushR006
breastli ke' subtype. Inportantly, within each subtype, each of the DC'S
cancers_was found to 10 robustly express the hall mark expression signatures
of its WHPLTEM ar nol ecul ar group. Interestingly, n&CHOBEWIM| es were
found to cluster within the basal or ER- subtype Il nol ecul ar subtypes,
which is consistent with previously proposed theories that these subtypes
may devel op without a 15 (or possess an extrenely transient) DC S conponent
(Barnes,_ et al., 1992). These results suggest that distinct breast cancer
mol ecuPhri®afh ypeldrepriesine anrensatt t1RasbCAsS atzaye) of sém east cancer

t unori geRasict, aSUpPRIdd, Neahheet POt hsd)S Aohat rLhe s uht represent truly
di stinct 20 biological enti ?i es, possi bl)y ari si %lgelvr?%gdlé{?&é(r ent

t unor | GERFICTIERR R tifhe Fignes ilncBrerifgioad Lyhypee reebdy set Genes
Associ gé@tbgiiteh {he Wﬂ&é%lﬁohggg%i@ogggﬁeém ansitions Inplicate
mon Ear Iy

Di sregul ation of Wit Signaling as a Event in Breast

Fanor i geresitdngnef thaixtysenef tumoandrERBB2ZRa Casesrigelxhi bit Sinil ar

| nvasi gidHQar giBn ; MRITIRT ]a;;mr' enes| n r |y, divided into two
.main ste s@Rg Fi rs:%, norrréf:<B r'ez'itgtg g%?%nﬁg%?afgf?é’stgﬁﬁi ghetransformed to a
mal i gnEftoust ane wemalhéiconerrafddcBivaler éguragatoad dhtwvari ous cel | ul ar

pat hway.s; (1NBRRy addc?i | gQBngﬁn 8%) .Tq%eég)ggrvggi rogress to an invasive

cancer, séveral tional ol ogi ca r ograns afSo have to be 52 21
August T IS apd UIER0 919 ST /c@B0BE (a5 ohtied herimmxecut ed, i ncl uding

penet ratd of 1L undi t nbrane, invasion of the cancer
into t‘%‘e' ug)%jrac%n(?%lﬁllggt%g;dﬂgt%h%ﬁggggﬁ%%gnﬁggﬁle%% 9887 Fi%ent of endot hel i al
vessel &xifsgr thahoramedifeshireity dndt imjuitsbnbacesdiHanabhaouanctds Wei nber g,

quest i En TR Tor R ELEy ¥ ERRORIReE Rt b 1Aietenet i ¢ programs that
cont r oinsupeseisewd datey sst epid: dseasubtolperspest fiieser gegssonl y shared anong
ves e PREEEToIg BrR R R R RBFHetn DY Fhdoucs, DO'S cancers.
land ttwionri samsiese iposub-dryachss dihehienyent <=t ivaed

dendogram, rather than at the level of a 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 malighant at the level of - the primary,
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significance analysis of mcroarrays (SAM, a robust 15 statistical

met hodol ogy that has been used in previous reports to i ddndipgust2006
significantly regul ated genes (Tusher et al., 2001). They concentrated on
studyin he_| um nal and ERBB2+ cancers, as nost of the DCI S sanples in
their g’ﬂ?&&% onged to these two nol ecul ar subt ypeSCTEBI¥YSS hey 20
tested and confirned the hypothesis that DCI S cancers, despite expressing
many of the hall marks of invasive cancers, are nevertheless still
transcriptionally distinct frominvasive cancers. The inventors conpared 5

| um naly; RSk Sckpaqpcs%@gn&% ,aicligisQaAi\Ji@\igﬁi Vg, %%}%%%I[;Lg%u%%g determ ned 25 that

there existed 222 genes WeT e 'signi'fican &d using a 2-fold

cut - of IIeBPFEledi O aganetialisentifisoover y nater BERyumfrv3%dl n contrast, a

control;.apal YSisraf i nly invasive lumnal . A cancers which had been
randoni y di :stifi btftaegg?%%’o%gwgr%%pnsm glofﬁé%lo# @rﬁaggﬁf'?fv ny 30 significantly
r egul ateliferiesl medeel tiwswersss ingenbees onrbiwionBsy dessirfibe@r result was

at so ohtai fqr DC nd. invasj.ve ers, bel onging to the ERBB2+
subtypg ?(ij%t?getn%tl D%%% %E}Sﬁs?t 006 200 03 EPE89 BEH GRO3/ 00755 shown)

i ndi catthmentdi uskednafsciaght-1yrdifferepti otwltegdi £bei@nresyexi st between DCI S
and in i S elonging to,both the Lym nal A and ERBB2+ subtypes.
5 SAM &ggé%/ﬁeel%ﬂ%glg% *%%aq;l (f%ﬁ?f?% O&eﬁgg PHatcWere sy gnificantly regul at ed
duri ngreprdwrcibie nothimly DEh&s ame PELS/metrasioy¥8gy | ramgiés ons for both the

lumri RBB2 | ecular subtypes. (FDR = 5% . The results are
summrlgé]éﬁqu%%ﬁ%au&%fpé@%l ﬁf?sostegl ar dnﬁtlglélll‘dn’?%ﬁbl/&sg%taﬁpe, a greater 10
Hunber indempewies twéatasitgni Wi twint kychoyfoupggukat &0 ier bpg the normal /DCI'S
transi%@)qsttg%@lupr eg}ul %%)ed é?ﬁg gene§ down vs 245 genes up), while for
the DATSITHVASIvE TF ansiPIBRCTHEEEd gbridt-Iwera’ Ligfifiostcakt I9F i ncreased in
expr esslape tthanll deoraas ede (Sengenes: oW .Venddd L9RAescap). Simlarly, for
15 the, enes were significantl downr egul ated and 275

ERBBZ subté{ e, 367 ﬁ ly
genes upregurabed™®iur iat§ the? wePreedDeEns thamkilisy, ofitiiee 113 genes were
downr eguniteined sando2engenes diptegyhade bbbt wbr ansition from DC S

t.0 invafive cancer . 20 The followi ng provides an outline as to how the
%;enese SAS§ES 13 en assessed using standard clustering

-methodologies.

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’ expfession
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 géneset

-30  (referred to as the COG) of 108 genes.
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Table 4, 5, 6 and 7 were determned. A "Cenetic Identifier"” that can
Di stingui sh between a 25 normal vs Tunour Breast Sanpl e NeAwpub?®gy Data

set:

95 Breast Tissue Sanples (11 Norrmal and 84 30 Tunors) 54 21 August

2006 WD 03/070979 PCT/ GB03/00755 Step 1: The data for each sanple was

nor mal i Y@L Hedi an  centering each expression prof PCEGEHWAE 5000

fl ouresence wunits (the Genechip technol ogy neasures expression abundance
of each gene in terns of flouresence units, from 5 0 to 65535) Step 2: An
intensity filter was applied such that only genes with intensity values in
the range of 200 to 100,000 were retained 10 Step 3: A 'Valid val ue'
filterTRsO5pprs ddhedursed Har cdupbsr thealbverensdt thiease 70% present (ie

above ghqp1RksMUM ddakesholh VakUes sl

991)1 in either normals or

ol ¥ é‘ﬂ%‘@e
tunors or both were retained chosen 1SaSt ep 4: ,J&astatistical T-test was
per f orfREFTIVEsEl ddPugenbs thehanveriersdifphed diritablysesqm@ssed in normal vs

tumrs;ﬁtngathgﬁﬂe@e@&m ‘?L‘ﬁelthgfC&G%f%ﬁgggg%tygggég?ﬁgéﬁ étﬁ,g in the

sel ecti on "of

genes 20 Step 5: fol d change

Pilt ermageyrityppf itagonsy ans] acrmgbnemutiieat iwthithiot pditaimgd di fferences in
expr essi t . . e 2,9:fold and above). This
" eSAl0RnBEL WK egg@{gﬂcl%@gl%y@{igo%gggg% ung%

resulte

in the i cation o “in tunors) and 81 genes

(up i frssifara)lv-edpeermalelspmphevsl igbnesiasenpistectd mifabl e 4a. Step 6:
The 1 @ n 1 d i rt ect or machi ne gene
M oi48.aN Ll in L TMBLE LAURI NN, SHRROTL, oA

ranking in order to

genes | er of “their inportance in

bei ng %&blee ekpressdognvainasnkavenled dhst saimlsambde evdher a tunmor or nor mal

14T oup
Augus

15

20

25

- 30

o5 BBAT YIRS UL Sl B s RGP flugenes (hat can 55 21

{grey bars in clustergram), which may have led to this
sample being mis-classified. Nevertheless, the majority of
samples were correctly grouped, suggesting that for cexrtain
datasets, ‘outlier analysis’ may serve as a simple and

effective method to identify discriminating genes between

-distinct classes.

Definition of a Minimal Genetic Identifier for the Normal

vs Tumour Class Distinction in Breast Tissues

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

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
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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accurately predict normal fromtunors. Top 32 genes gave close to 1%

m sclassification. The results are given in Table 4b. 5 Btépeupt 2006e 32
geneset was tested for its predictive accuracy in the classification of
normal vs tunor sanples, using |eave-one-out cross-validation (LVO CV)
testi ngWONY%{%cl assifications were observed. 10 SuBCHEBIIESEt or Machi ne
(SVM Gene Rankin This approach is used to rank the genes in a dataset
according to their inmportance in being able to assign an unknown sanple to
a particular group. Typically, the 15 sanples in the dataset are divided

into 759, traini and (25% test set. A maxinmum margin hyperpl ane
separ Zﬁ‘ﬁ?@l@/flﬂ’émat]vﬁqglsﬁsg”e%t GreR:(3Re MRI§rialcapdul ated for the training
set. 2fetAsini ntheé Mo GOBESHIFH yPPESRNIvel § 5A® SRkeibBE, equation of  maxi mum
mrgin@?ﬁrglgneisH=W*G+V\2*(_32.._ ..... L FWH G L
+ Wit 8re W esatert h@%?@ﬁ%%ﬁ%én@h%ﬁ @Pddity ¥he variables 25
(geneslocudstagy td1es@engscicobESPONAMA L0 N | GH3LOP: ' Munhel ONLs (Ve ght
i_is indicator of inmportance of gene in classification) the class of all
Sanpl &84t thhe Higsmadeset ©f380pgets ot aafeTrRd froedsceion rules are built for
varyi ngesetsc ﬁ:@n%&fﬁégysécc@%ely\%lgglsﬁ?f?@i 9,,RCTE B3/ 00755 of top N
genes. The above procedure is repeated 100 tinmes and the gene ranks and

i scl AEPRL et FYRPHE esanRles AT Hedb snd @ahdsi @) L dehtifiers” that can
Predi ¢lenkBerist mRGRNup RAGEPHRRSEA Hh ceptor Status of a
Br eas?t,e Tunmour  Sanpl 1é’pl\/lat hodol %gy %d%gg%g sgteggggg?ﬁ\%asi ve breast tunor
sanpl 8¢ xtrRe 9ihd@eppgulsrovn Gaobe Aterod vadsimimwast am@ Huglokowi ng groups on
1bhe bagiuSogPf dHhelh Munahist ogham ); .ES receptor (ER) status:
35 ER os??fve St e G i@%géaﬂ%%a‘geéﬁb}{“g‘?% bB-2 (ERBB2) st at us:
21 EREBBZMpbL ihpEeanet 31 yet been described (see discussion).

Predictive Capacity of the 20-gene ‘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 Ffashion 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 value.
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ERBB2 negative sanples. Step 1: Cene selection to identifg genes that are
20 differentially expressed between a) ER+ vs ER- tunors,2lafyaeushOIERBB2+ vs
ERBB2- sanpl es. Three independent gene selection techniques were used
Significance Analysis of Mcroarrays (SAM, a 25 statistical technique that
uses raW@HOHP8Phut ations of the expression data to E@ETIGHIY®THhe ' fal se

di scovery 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 simlar to the
ranking used in Step 6, above. The top 100 significant genes were

sel ected. 57 21 August 2006 WO 03/070979 PCUGB03/00755 9 A signal to noise
(52N sddateay ¥as dised: ek BNCRIBASAL AL A8Lh, £Oel ation With the

| ass ~OTSTTCtTOM (T ther ERFTER- ERBBZ2+E = ot u et al., 1999).
The t opupgg Beewst Wkssusel ected. 5 * A support vector machi ne (SVM
ranking strategy was used to rank the genes according to their inportance
in assigning a breast tunor sanple to the correct class (see below). The
opt i neregehetgmeuysniatrh hltﬂﬂaaﬂlyaﬂeumatyrima$kgehédbed 10 Step 2: Common
Gene o) m.t he i.ndependent, anal SIS wer e pool ed, and
t he c?% rif eng’(*asl-;1 ?gg? 5f$1t Tre8 e ?ﬁﬁﬁ?%ﬁg?ge 88fed. Hence these
genes mseome hlzxd-memkiep’emie.ntCoaaﬂstﬁmftf wttenthesa olidst to be 15 used as a

' genet ] nt|f| r.edi Lo el her..the ER.or. .ERBB2 status of a breast
t unor §§ﬁ8? esul?tggn has %’IFFB o0 hﬁ?hé“%ﬁ@‘@@itains 25 uni que

20 geﬁ&&a@iStmmnurE demmexkﬂmikalix@e veeta ERRB? il aksif igabhdn, the CGS
ont ai ns 26 unl e 1 u The genes bel onging to
gach &38°ar loﬁ g%Q e?E?Bﬁbeﬁuﬁgmfyﬁﬂﬁh §8%d?§g? of each CGS for

t unor rqzlpasneiis:aid erplahs tﬁﬁse&m sraiDgt 1042 Q¥ testémgderhe classification

al gorithm use émg%ngegy pport Yect.o pyhc égpéﬁngi pé%ﬁag% ©

of tumourigenesis. However, normal breast tissues are also

highly environmentally and hormonally sensitive, and the

- 15 specific state of a ﬁormal 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 wvariability 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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cross validation error rate = 7.286 Wfor ER classification (overal
accuracy 92%, and 6.26% for ERBB2 classification 30 (o@@pﬁwymbawﬁracy
939 . 58 21 August 2006 WD 03/070979 PCT/ GB03/00755 "Genetic ldentifiers”
t hat ca%, |ct the Ml ecul ar Subtype of a Breast Tunour Sanple

Met hodol'S ‘%’Tﬂta set : Expression Profiles for tuR6F&BE¥M&HRging to the
vari ous subtypes were generated using Affynmetrix UL33A Genechips. The
hal | mar k expression signatures that characterize each subtype are

descri bed above. 10 a) Luninal (19) b) ERBB2 (19) «c¢) Basal (7) d) ER
i ke (12) A ldentification of

negat i e and Nor nmal

a Mn #rg?i@nese(’g%lgt ngf'fq%z;t PSS *RET MG &2 k- \nfradpcstippor t Vect or

Mac hi neaﬁmw:t@mchsﬁﬂi Stepiffefhecddata éazﬁpleéa@arsé\mrg; was normal i zed by
ession profile around 10 0 flouresence units

medi an, _cen erln eac

(t he Ggﬁg%hlﬁaté ‘%dﬁégi%gﬁfé§ngkb+%%%lGﬁc ) atfipttedi®Ee of each gene in
terms sfndd aﬂmeeﬁeﬁﬁael @it Bumdu©WampdDed WedO383RY1 19 21 A 'Valid val ue’
filter,_was %ﬁﬁlled such that genes that were at |east 70% present (ie

Zbove FHYGHTIm ST EChaPd REAGRSSedsiml hpizbawpeZgmntacr oss al | sanpl es

were 8xphdens 8% b AugpindiNe MRAYAL0IL RETHGRDS/ 00755 Step 3: Five
dlfferq§%{%§ha sets were created are by |eaving one of the above-nentioned

gr oups 8 B ﬁbar?qu?qﬁﬂﬁﬁnrﬁﬁﬁﬁ NEAEPYr JUps - (RfRY' One-vs-all'). 5
.Dat asedli fRsencps | 0N vabibtidNdetbd@) M RESbuL43)a 2ERBB2 (19) vs -Rest (43)

groups can most likely be attributed to intrinsie

10 biological variation.

The inventors plotted the amount of variation observed 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 ‘statiec’ 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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3 Basal (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 ditAuguss200fenes
were selected that exhibited a mninmum 2 fold change between groups

(Ratio a,f rrﬁ%n? was used to calculate the fold change 10 between two
groups) WOMRE™Bsul ts are as follows Differentially BSUSB8Y00%Sscription
regulated (2 fold) I Lumnal (19) vs Rest (43) 116 2 ERBB2 (19) vs Rest
(43) 46 3 Basal (7) vs Rest (55) 318 4 ER negative type 2 (5) vs 309

Rest (57) Normal and Normal like (12) 5 188 vs Rest (50) 15 60 21 August

2006 03/.070979 /. GB03/ 00 Step 5. A support vector machi ne gene

r anki né\‘(’)’éﬁ%V&:ﬁgnV\% %&8F}1 ?ﬁe%i’fié?eﬁa%‘% B&Pafﬁeg?ﬁfé" gﬁfﬁi‘%ts to rank genes
in  thpistilest @thhiheiPopulpeiémnce i n assi gning an unknown breast sanple to
its appropriate class (e.g. 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. tRecasRntbes case abeddet BaRlr2x (ERBBRIYS t&€Pnoriibhssuse of all 46
%fnes gave a 10 mninumof 9.7 error rate. Hence, all 46 were used in the

edi ctBYagite brpasiycagrersrandbits AFRR S RARASFnE 43NS &RatDifferential ly Top

"N Ernod pdaat aseladRs bRl tihdsR0phal &d s0enss ot @xphkdsfdd) | Lumi nal
(19) vs Rest (43) 116 35 3. 2 ERBB2 (19) vs Rest (43) 46 46 9.7 3 Basal

(7) vsPreEly 55N fieregsybietbet gt P Kangd of (BalidYy

control, data filtering and processing (see Materials and
Methods), and an unsupervised hierarchical clustering

10 algorithm was used to order the normalized profiles to one
another on the basis of their 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 1nventors 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 (({83) 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 segiegated 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 cbtained
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4 294 ill 3 Rest (57) Normal and Normal |ike 5 188 50 3 (12) vs Rest (50)
15 Step 6: The sanples were all conbined into one dat aset2ladegusb¥évs al |
cross-validation analysis was carried out using the various predictor

sets. 100 independent iterations of 75:25 (training:test) randomsplits
vwere us¥@BP®EM ting in 20 an overall cross validati 88TEBPBNSat e of 5.25%
(Overall accuracy 949 . 61 21 August 2006 WO 03/070979 PCTI GB03/00755 B
Identification of a Mniml Geneset for Classification Using a Cenetic

Al gori t hmi Maxi mum Li kel i hood Di scri m nant (GA/ MLHD) Approach 5 The GA/ MLHD

approach, is different classification algorithm (Ooi & Tan, 2003) that
sgfvesu%fglgaﬁggl ?%&%é"ﬁc\;@arf%‘/ Prat SHIFESEFFDeGetntiis Step 1: Sanpl es

ver e bsicemedavds i téahnbliegy-gJilaevbAg inkepehasses: No. of Cass sanples ER
subtype 11 5 ERBB2+ 19 Normal and 12 Nornmal-like Lumnal 19 Basal 7 A

truncated dataset of 1000 genes was then established by selecting genes

that exty bbedtihe Jargest sl@gndas dol Bedavitd o ¢BP) across all the
Eanples. S%ing: 24 runs of the GA/MLHD al gorithm were perfornmed on the 62

r east"YET SIS SHARD R FRCL AT |expgeas ken mdgrehurefescri bed in Tabl e 4.

The acqdmiaey oh phe iRLEdbER10hsat St csekierd eth By qbhecGHIM HD al gorithm
were assessed by cross- validation and i ndependent test studies. Details of

GA/ M_HB 6r56@?¥q§gxpatégnt population. The inventors focused on
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 Norwegian 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, batient
population, and expression array platform (2-color cDNA

25 microarray in the Stanford study vs l-color Genechips in
the invgntors' 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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21 August 2006 WO 031070979 PCT/ GB03/00755 (a) Crossover rates: 0.7, 0.8,
0.9, 1.0. (b) Mutation rates: 0.0005, 0.001, 0.002, 0.002d, AuguspB®6 0. 01
(c) Uniformcrossover 5 (d) Selection: stochastic uniformsanpling (e)
Predictor set size range: R~ =1 and R.x 8 0 30 optinal predictor sets
with si Y84 ing from13 to 17 genes per predicto CE’QP“%@FSQ obt ai ned.
Each predictor set 10 was associated with a classification accuracy of 1
error out of 62 sanples. (error rate: 1.61% overall classification
accuracy 98% . 10 out of the 30 predictor sets wongly classified the
Lum nal - A sanpl e 980221T as a Normal sanple. For the other 20 predictor
sets, ifgeeg fiifdicaentiy epbunk FRBRER fesappideodolenathey a ER- subtype ||
sanpl g Whith€i dnrRr edhgy Or set wongly classified the sane 990262T sanple
as a Basal -type sanple. Two of the optimal predictor sets are displayed
"in Table 6b. 20 ldentification of a Lum nal D Subclass in the Asian Breast

CancerT.ongy%@ﬂ @R 1 BT 8YA1QMS s br 8ast; (GRAEEE s S4@S $L oML ;@G | i ng studi es done
on prinarily Caucasi an “popul ati ons reveal ed the existence of a 25

51 um walcbesudn \ihe Bhtymadtréki YeiBH Eenhehip glorerppesdimgntof estrogen-receptor
rel at na A3, an | V-1 s t.her, these 'l um nall
cance snggl?k?%%ggpg??%e%i sﬁﬁ@%&gd ??1% (I-)asatd£fc'é§§ ft&ret her subtypes :
Lum n&tanfard] studei hsde BaCeriiid enduMeniaddsA .t 0B04&3 exypess very hi gh 30

| evel | at e M. ; C er xpress _internmedi ate

| evel eggsfﬁedngl?%eﬁggg%%gf%%& &?%ﬁgé%orgs?%'l g?n r%n%'taﬁors al so express
hi gh [l@veksobftha imbndgisicgesle, 6&r2lalegustung006 thADERBEOHNDT9

CT/ 07 cl, L C_funor.s re found to exhibit a worse
ld(::)l i nicgg?ég'r ﬁﬁ‘&?ﬁ‘%%é’ﬁiﬁ%ﬁ%“ tﬁ%%?%,toa\régﬁ? n%veﬁqupl??\ese subtypes are
i ndeedet| onigeakbyas etley dobmmdn Angirinbbr ssttidyCo®) br east cancers deri ved

o PR RES Al P SELEL Tl SpRce fenl g el Lhe Tum el 4
| um ngknd# Gkt ypenswadphddn deiseeckpdrtckhdn thasdtsfaeri nd this di fference
. may bgtggf éé)bge££%¥¥¥ %%Ecgiscriminating 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 ERBR2+)

25 (Percu 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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10 differences between the two studies or true differences in patient
popul ation. A careful inspection of the original Caucasi al Auwgydt2¥¢ t he

i nventors subsequently reveal ed that Luminal C tunors are 15 al so
associated with high | evels of a gene cluster whose nenbers are involved in
cel | ul a8 ¥eration. In contrast, this 'prolifer BETERINESter' is lowy
expressed in Lumnal A tunors. The high expression of genes in the
"proliferation cluster' may functionally contribute to the 20 worse
clinical prognosis associated with Lumnal C tunors, as this high
expression levels of this cluster is also seen in tunors belonging to the
clini chitysy tyggreseiore eREES @edlipatarlc ERYOubCypass el | .  Thus,

al tho 2 thdNE PRl s BUCs 24Pt YRR WRFeMtQrsObsss @k drielingndsi an breast cancer
25 popul ation, the inventors hypothesized that the genes in this

' pr ol i prgsgmicenof i3 rebupt chutidad] Bol e lgge g lerPes fhatvirde the previously
howgexﬁ@aﬁewﬂn@fe{r Aot BADT SurfiQAda by ABiaR ReRUkAbIPN into distinct

| um nal Subtypes. 30 Results 64 21 August 2006 WD 031070979 PCT/ GB03/ 00755
bdent i $twiti en bliis pubtypersrs chacrekardeed| hnkddhgdrESI Dl he Affymetrix
U133A Genechi.p, ! 0 the oL BVENM Q1o 58 o8 8 ¥en ch NEs Qgg,fa[rAgs’sth%Drr ofiles of several
5 breaSt tunors were obtal ne us?ng comerclally available Affynetrix
U133A @ehéchiopsBimgdngsProteiasgoridang(210 -t hBhewdogildanrotprol i ferati on’

cl ust &f JIeher 5 ehg hDERRalCOkCthe i amhLN% ReRGERPes Os the 65 genes
conprising the orrgrnal prc?ll eration cluster', the inventors determ ned
at 36 d<rirs8opyweree sahsafpresenty oretcheleemsseptainaiheimi scovery of a
Lumnal, .D .S dn t [ ] nal umk Po tyl 15 The inventors
1Phen L%aet etm‘r%:i égé; Pag:éﬁ{eqée?aesté??lgg?tg%@eﬁétegr ouglagf B%%Dﬂrr%nv\hi ch in their
previ A ankkyses dradabserniatednwibpoindleynedsitgndévedstdie HRumi nal A subt ype.

fwo brout Groais aAPEet er e By (T ow B PO SySHEPB® 20” expr esei on of
the 36genespressspedyhviivelsTé &ommelgroene dlasteom Wlifwcef orth referred
L0 oS A B AT R, AP LI ey oun s eter e Lo
i5 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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identified subtypes. 25 Hi gh levels of expression of the 36-geneset is also

observed in other aggressive tunor subtypes To deternine 3Augnsi 2316 D

tunors are also nore clinically 30 aggressive than Luminal A tunors, the
determned if high expression |levels of this cluster was

i nvent o t@ n
al so obg@r‘{? Z"g?gn aggressi ve tunors subtypes by recl uSCEHGBIYORBS 21 August
2006 WD 03/070979 PCT/ &B03/00755 a larger series of their tunors using
only the 36-gene 'proliferation cluster'. As seen in Figure 2, Lumnal D
tunors interm xed with tunors of the ERBB2+ and Basal subtypes, while

A tumors_mxed with the mal . and 5 'normal -1ike' tunors. This

Lum na:j_\ % go ) _
resul t*SRGESTE THATTS Re FUMYTS PePRdimst Sontle sHar@adertain hal | marks of

mor e hegdgpryagguiesgie/ 8 1) uaids: 880od hankhes btedal yD subtype may be
Genetic_ldentifier' for tﬁe Lum nal D Subtype

clinically rel evant,. 1% A ' [ ]

The i n’(‘/‘@?{%&(?rngu? heh Profagle Pt &8evEt op I8 dgkpErine ifdentifier' for the
Lum naturldussbbyPéngilny i shid sabegye cd@ beepetied dentifier’ should only
e applied t 15 that has previously been characterized as Lum nal

t unor,
i”n na?%?lgsar S PPESRICth & eEimeeregedel pEgsRIaHOPPi @F s'  shown in Tabl es

5 and fmiShePtdiofk SRS HisePUPLes I ol 9hhdesrfioh 49 funors which 20
had been previously characterized as Luminal A were nornalized by nedian
cent erfifyte4E - B Pre befobesiy shPIR taksudadionpive edresence units. Step 2: A

- vali deivahides ¢l hAhrBso PiiRlrh8dve U thBAISGENES o123 L hat were at |east 70%
present (ie above a mnimum threshold value, usually about 200) across all

sanpl ¢00dre chosen 66 21 August 2006 WD 03/070979 PCT/ GB03/ 00755 Step 3:
190 divide the sanples in a nore robust fashion, a Principal Conponent

Anal ysi s gPCA) was then used to ascertain the Luminal A and D subgroups
usi ng PhEL8EPE it 6Ifi FReR | 'PRodefrradtiopFugues” 3)thedt 8pungt Usi ng the Lumi nal

A (12 {$RRPLES)Lifinab UL rsCebdid be subdivided into two
distinct types, namely, "pure” luminal A and another
subtype that they have referred to as a Luminal D subtype

15  (Figure 9a). It is likely that the Luminal 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 te 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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sanpl es) groupi ngs, genes were selected fromthe entire expression profile
that exhibited a mininum2 fold change 10 between the tw?lghegnss2Qd€ati o of
means was used to calculate the fold change between two groups). 111 such
genes re ideptified in this analysis. Step 5: A SVM gene ranking anal ysis
was th\gﬁ'OOP?"%aned for 15 the 111-gene dataset to ré’ﬁ%‘*’@@ﬁ@%’sﬁ n the order
of their inportance in assigning a lum nal breast cancer sanple into
either the Luminal A or Lum nal D subtypes. The top 45 genes gave | owest
error rate (about 129 . 18 genes were up regulated in Lumnal D and 27

were d eguls ;0,20 lumnal D. The genes are depicted in Table 7.
St ep GS%h%S%géLg%%gymo fhé %%@n@xﬁﬁﬁ%é’ FY8PRY%4SSr was then assesed
usi ng desweibedeiouthe rsasafyed igtaidyon. No m scl assifications were observed.

25 Di scussion One outstanding challenge of the post-genomc era is to
transl ate the huge anounts of raw sequence data generated 30 by various

genoneNsewie Bereagtfridjeect Bhé Ntrdrapphi Diad’ @Rstypdats | nprove heal thcare and
he treat ment .of . di sease. One area which coqu be revol utioni sed by the

ta5vai | &b PTG "Ly SFPEREGHE S0869°MD VY6209 APET &8BBR/ 00755 t hese new

r esourieighliys ekprédied iial foffainph-east aFissdleagngsd 1163 ,ubgr e the pathol ogic
classification of a tissye, .in COE’IB| enentation to conventional
hi st opHtHe! G89" 2% FUs 87D o @ Ll p bR Fdeings 1i nadtewarivel nol ecul ar marker s.

5 | npasddaniicphodreemdiragbage of (thessohepukal ARRLBach.#s that the
resol vi nﬂ poyer of .classification schenmes based wupon nol ecul ar data can be
I

suffi cf y 1B dRVEN Y Hertegies 3559 €arpyerad evaht thi sease subtypes t hat

lbave aipuiRnt byeasd wdedués atid QRS ddOhhigi &Eé}_secsrsgeﬁ approaches (Ash et 10
al ., 2000, Bittner et al. %{ However, before the potential of

, 2000
mol ec Ui ERaGREGNEAS dSSthn Thugr| Yhe eHiorFed-likefumodeceiaxhal | enges nust be
met  anghbtQpyer 60e1 sbi B§tédhsiti@5:em b%om&@ié%%g%e key 15 informative
e refev

genes that are able to discrimnate between t ant di sease
sub-cl asses in question nust be identified. Secondly, in order to be

feasi irgsut il i 26¢ 8tanP@¥d sRhaf £1ddieRinaFSAY; RS EgeNes nust be ' pared
1g0mn 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 ERBBZ2+ by conventional immunohistochemistry as well.

25 ' To summarize, of the 5 molecular subtypes defined by the
- Stanford study, the inventors cléarly detected at least
4 subtypes in their own patient population (luminal B,
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
€IS, and they also detected the potential presencé of 2
additional subtypes (ER+ ERBB2+ and ER- Subtype I1I) which
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to a mniml set ('genetic identifiers') that collectively 20 stil

delivers high predictive accuracy. Thirdly, because the %ﬂAﬁ@@hﬁmﬁéhaviour
of many di seases can vary extensively anongst different ethnic groups and
popul at | it wll be necessary to define appropriate limts of use of

t hese 'g@ﬁé@?%%ﬁdentifiers' for specific 25 patient Pp&SBI0Bns. To
address these issues, the inventors have enbarked upon a |arge-scale
expression profiling project of breast tissues derived from Asian
patients.-Previous reports have 30 primarily focused on using sanpl es
derived frompatients of prinarilﬁhcaucasian origin (Perou et al., 2000,

G uvbelyEF 1ot Pgen repgpped kef@real khetiading Jgwd) thakdthe is essential 68
21 AuGHS0:A096 (4] (31070 REFHGROR QAE55s i [HRkeLBL 8 ido f i ndi ngS

obtained fromthese studies will be applicabléto other ethnic
popul a1y HRFECESLeetpdialinyesbors Vv afutnesussiedssi Bhagi cal and cl i ni cal
dlffer&ﬁﬁﬁi&elﬂa@f@@ﬁho@éﬁEﬁﬁbaﬁeHﬁ?@é&éﬂ%%%ebékﬁ%én”%%n@f@@'C 5 groups. In

Caucasj an popul ations, the majority of breast cancers t’end to occur in
Bost - nEdp AGL&FLbRSHP L YRl vAsr defipedsinygappressing Daped, the absol ute

nunbergeforicgasts GABEE" rGAISILRE! rARA gﬁdféq& rYed/ of the US and
t he fﬁcidence S?Jbreastrcancer ?nrthese popu a?fﬁﬁé $%ﬁ4§%%nndal 10 - the

first Pdierepbppadsenti prpulsdirapority of breast cancers, occurs in

pr e- menopausal wonen occurs at around the age of 40 (Chia et al., 2000).
This first peak is then followed by a second peak at about age 55-60. The
ear | | dectpAcTapsicwnsf i rwidsy (PERSkrCanceps|Bypnesgulhei ons is unlikely 15 to
10e 0UGid19n8 2k |4l odel 6 1d:0fhn B0 Dl SRS LRINL IeeRELE S iku REOOT AMTE 1 N L hese
countries are still relati'vely nove conpared to stern countries. To
expl aiSvbtHBY® observations, one possibility may be that the breast

cance@%eop§ggﬁgg3%gsﬁﬂ§§qmgﬁgggg ESP&&EEEﬁydgfﬁi ¥%120 het er ogenous

subtypes arising fromspecific genetic or envrronmen di fferences. For
exanplsgibtypes sok hawast lwancetrhead evalesdobcast rogehe atek qurtegest erone i n

Chons SERSRL 000 LORE SUASLANKLAL | Yol G L0RR, [ Saggas ans (L1 poren
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 is often raised is whether these
~molecular variants represent subtypes that are truly
distinct biological 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.
anortunately, 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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profiles used in the inventors' analysis, the inventors selected sanples
derived frompatients froma wi de variety of denographi &lahgust3Woca
backgrounds, as well as tumours 30 of varyi ng grades and appear ances.

First, the inventors identified a 'genetic identifier' in breast cancer
for what"O®BQ78B® haps the nost basic distinction of cPEHEBROIS ity 169 21
August 2006 WD 03/070979 PCT/ GB03/00755 i.e. distinguishing if a given
sanple is '"normal' or ‘'malignant'. Although this distinction can be
currently made by a qualified pathol ogi st using conventi onal

histop t hol o t he availabi]lity of such a nolecular assay 5 would still be
of use Pn %ﬂ#%%ﬁﬁRPa§29%ﬁqﬂﬁét Wy dpFER! FPAGABNE N SiBdui red, or when a

pat hol agi-stcTmYy haet 16y Heeadtédogvabhadd &neBita§ OF Yd2a-98: i ghly
reproducible 'outlier’ %enes in both normal and tunour datasets, the

i nvent SPsTRYRAYES PEERSE FPRFRE a6t Lokeb nspreseratthies 10 apparently abl e

to accural £dit Ribeghslodifcadlly Upddrewan L Q?asltlgnﬁﬁm&lJl§vF9{\F@l or malignant
in both a training set and naive test set "of conparable sanple quantity.

I addPFPIPE 1e§dPRg PRImiéephieidompdhemntanipyss s hawsserwere able to show

~that abciheREeSsOmIRLORL L e »f £0f 'Elva*a&@ésc%a&%f}g Fl a 45 appears to be
far less varied than their corresponding tunmour profi In the field of

br east PRERR% O égéﬁ?%tlf Clhetenldve B‘Eﬁ%)rqa@pﬁg‘ﬁyarreelta‘w%dly few reports in
the | bll?f&téﬁrtﬁgt Babm haves gd Q.%tnlc)ér@dﬂfﬁ%sEgsé?%&u?‘?}&h@%e 20 relatively

di sti ngui shi ng between normal and tunour tissues us
unbi as EF%ﬁﬁ?n@#t5f$%ﬁQﬁ§ﬁ Bith e BhoHtc rddpreyt nﬂﬂ@pbh@$apﬂJn one maj or

Uy, (hdcids ckound, Lval L Nalq R8s SPIieSILePe RIAIeLES, Ol nor mal br east

tissues were sufficiently sinilar emto co-segregate with each
ot her S5H4Ry subabaiipaddyser @laist ot bmsthodef epeciPicou 25 et al ., 2000).

Howeveganddk tt%ésr%%res é@eall nV§§§é9%?{ Ee & sof,gynd that the nornal

sanpl es, rathef than segregatin as an in peddent fanch distinct from
t he tuPrbﬁﬁe@aﬁpﬁ esuch jagsteast §@gﬁeg‘€ttas@0\ﬁ/sihlhtar headwhidrour cl ass

origin o). JTBIHR i i I LS, of or lnyoepithelial' 30
orlglnﬁ%#ﬂggs%ésﬂ%t, nné%afgkgpgbdﬁgiﬁgsth%géwﬂ'%E?Ff§yof genes that are
1&x pr esdest ingtnde nednet irespest sarfdon umme sdubncédiinveabeéass, illustrates that

it mayceﬂ'fger_gg ttf‘ljlé/ii%lvehgorngeasoned that the ‘distinct

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 moré closely similar to one
another 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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21 August 2006 WO 03/070979 PCUGB03/ 00755 use purely unsupervised
met hodol ogi es to discrimnate between normal and tunour drdugist 2§8sues.
However, while this appears to be an issue for breast cancer genomics, it

may not e%ggl); to other tissue types. For exanple, it 5 appears that
unsuper WEEH® st ering is able to discrimnate bet RESGBAHAE and

mal i gnant col on sanples (Alon et al., 1999). One reason for this nmay be
that colon tunmours, which primarily arise fromdisruption of the

APC/ P-cat eni n pat hway, may be genetically nore uniformthan 10 breast
tunmours. The genes involved in the 20-gene 'genetic identifier' belong to
many dEFRRESSACRCRIRYEsesf mdSISustmses apoki Popr gerérrt®dare wel | - known

ter m nah dofbRteati Alchedr 1268 LoVaRSL Dl Qhagy, Hhide MAGED2 vas
previously isolated as a gene that I's overexpressed Ih primary breast
t unourds dHstapsing ratesetl Meeminrentiss fouod thadaghecB®er cell |ines

(Kurt efnAles. 520 %%ag_eg?ggg{;gésfg%ggzv%&%%m %%{lgshi Jroduces the al pha-3

subunit of the a i nt'égrin, "has el "shown to be associ at ed
Wit h neaaedey inbeolis tiachstatsigor {$r iSpiecétfiadlly,2G00r1s The CAVI prot ein,
whi ch linpks.i ' [ [ f L.ERK pat.hway,, has also previously
been i dde“%{il Fi g%&gésd%ego?gﬁ%itgﬁ% i‘%%%ﬁ ggéﬁﬁ?%’ss%rln 8nfehe(%z{ry et al., 1998,
Vi chefERBB2att. SURQEE), 228ntwhitbh BRyr/eEBBaRA $ulstypepr &sdiion i n normal breast
tissu b ne, n.addj tion to_genes w.th known roles in breast
and tﬁ%btt?rg %I%%%@P%é?#lrﬁkr%i G PGenEP YT T W et i Ped whose role in

t unouregae sty urekbact crhendCIS krzoner sFss efaaipl €o t hronbin, best known

or it i Q.th agul atj on cascade, has recent]y_ been shown to
1}bnhi bi Obru?hf ur pc%e 5 g?%&i%ﬁmﬁﬁ%cﬁ?‘pﬁgﬁsé%ﬂ%%q{‘%tf%e@ é&§ion in nornal
but nagartdprelar bredastulsanptonp . (Huangsetingly, #200@¥s JampdésAugust 2006 WO

03107097 CT/ GB03/ 00755 Anot her, .ex le is the human honol og of the S
cereviwéalrgego Ogé:(rilél?%e i“@%ﬁlilﬂ eag’ggﬁia% By éé‘EEﬂi"? af role in cell
gr owt modedudmpanditivons { Sttaifchat 5 arorati sabnt WBBprebidgsigai n insights into

he | RAERBBTY THasBegohr G Ba- o ATBNRFD 2Bt HevELPBvHoBRER osci on br of i1 65
i5 (or possess an extremely transient) DCIS component (Barnes
et al., 1892). 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 Asscociated 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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of both invasive breast cancers and DCI S cancers. The aim of this work was
to attenpt to validate the nolecular 10 subtypi ng schene Zehigueti2G08 t he
Stanford study using another breast cancer expression dataset. By
conparin their expression profiles to previously published studies

per f or %871 patient sanples of primarily Caucasi BAT/GEPYYIH, they found
that the majority of nol ecular subtypes 15 and hal |l mark expression
signatures were robustly conserved between the two series. Although a
simlar validation study has recently been reported for prostate cancer
(Rhodes et al., 2002), this report is the first time such a conparative
anal ysierthss B%%cﬁltﬁélrfb‘i“?@%ﬁlﬂérP%%tl@am%rthﬁﬁum@umrvat| on of

Tl eCUlenBHRlHEASTaRE] EALIRE bPOhPRHLEL | ALY khiedhdyddigmore remar kable
when one consi ders e many net hodol ogi cal ferences exi sting between

the dtUHRds SLI eRBfpIRgLogRELei FRIFavg toent mbeadpthmbialhe inventors'
abi | i tyegkQ1deESCtugbpi ﬁarrl%ﬂ%we d 99&&%% S%gg; Qf?%%' te the

differences in array t echnol ogy orm S resu i's significant as
Phere W%@@Fgerﬂqw - COHTer @hﬁn@oti%mdalrnhet@rdgeeledtye@ér ding the feasibility

of i t r o] I, e chnol ogi es. For
exarrplquaf%g %ﬁ&;@_g Bnt ]?‘[B q?%ngwslt?%ﬁagﬂ lr%égcij(?t e% tt%%at progt ate cancer
-expr eﬁﬁtéﬁtd’acv afhfllcbntls?)cﬁetn@(ﬂlccmramsaylsafylcwlndedl stimdeartwdat a to

ol | Jonuc) $0LLA% A" b@a. LRetleAUSL2000 . UD,034070070 DT/ GROS/ 00755 11

contras anot her rece por arin e expression “profiles of cell
| i nes basapbasanasd Bybkymsist.ed and oI i gonucl eot i de arrays reported a very
poor correlation between the studies (Kuo et al., 2002). The inventors' 5
results suggest that data fromdifferent technology platforns can indeed
be cofpaidentisy bengs afei’lOtSIaeespm%qd@n dewdd netsi ehgnifigmedyi on are fairly

r obus | nve ors results al est th t despite the
epi de%g?ggﬁéjalb%awg%rneoﬁéﬂgs Pt e ddP SR c%ﬁfc%&ge?@\g s‘t’h@n 10 Asi an and
Caucaghamrpnpwlsatreocm(wmpbegs,nmmgmfrenﬂhmussdon) , that breast cancers

bet t ' t hi ghl I | arl
o mi 1 Spo R, S pe Skt e ka: (0 BaRtETE obust!y express 15

‘1rany stbtypeicyienpethalogjens ekpr s baes iyl Uheprevisdiggesti ng that these
nDleC%ESér slﬁsyggent %ﬁggi Cégﬂyiy regulated 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 ERBB2+ subtype {data not.
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even at this pre-invasive stage. Thus, it is unlikely that these subtypes
represent an evol ving cancer class, but are distinct bi Aloyjigrat2atities
that may posses different 20 tunorigenic origins. Despite the expression of
subt ype- specific expression signatures in DCIS cancers (as reported in
this st ¥ Q%% Here is other evidence in the field t hZCT/GBYMBancers may be
distinct frominvasive cancers. For exanple, previous retrospective
reports have shown that the 25 najority of |ow nuclear grade DCI S tunors
undergo a long clinical evolution to invasive cancer (Page et al., 1982;
Betsill et al., 1976; and Rosen et al., 1980), suggesting that additional
genet i thospgnt sndamitingcthathefignéfitent besuseriphiasale. | n addition,

hi st opatdral.agi cal S [ there is a considerable

di ffeﬁ:ginﬂc}%rgg‘lﬁg%heéé%?:s%%ﬁ%ﬁlo?gélgc%}%%qg%gﬁeut(‘{%ﬁgg tumor types in DC'S
cancerkepaging asd etbavhelsmingl hA EREBERBBZhcabs ybesng 73 21 August 2006
WO 031070979 PCT/ GB03/ 00755 much nore highly represented in DCI'S conpared

to invasive cases (Barnes et al., 1992). It has been uncl ear, however, if
bhis ci¥dewaat theen sisedl tb belenmt &y pyetesd thet neare shahifhaimtlyhe ER- ERBB2-

cancergs | .S _conmponen or_if 5 t ,cancers wll eventually
evol ve @8§§%%§%é%%}ngt%& < fhs ?ﬁ%ﬁﬁlﬁ®E?§éH§§§Eéaéf??ﬁfﬁﬁﬁ the DCI'S cancers
i n t h&ranniehtor Sorsecitesheudgesisl thahdt BRBH20MBREcBad rue, since the
ERBB2+ ncers rea express ny ERBB2+ invasive _hallmrks. 10 Finally,
by i ntsélér g??sng(ﬁﬁ?e"eg%r'e 'eoﬁeﬁ%%llaé? 8‘?““%%&%, 0% eand i nvasi ve
cancera.behongialg for tite [luninal A sapdyp&ERBBZresubtypes, the inventors were
ble to define sets of enes _Whi re reqgulated in a conmon and
1§ubtySélglgﬁléc?jfeigceneTSW%%%élgnaEWﬂgcqungoﬂ%? U,la%ﬁ‘?s?ﬂw i nvasi ve cancer
t r ansithieonsrmaAl Ao gtrddd tiesutish abrebeberanahysegendd @erhy need to be
definitive concl usions

supporte y further e rinental work  _befaore an
can bé’sngag,g?r}?ér 8P r‘ﬁaie Egﬁbg}e WIFHF?Yagﬁ.ﬁvﬁgtB%%@rWﬁ ons. The inventors
f oundniclrat gtk wargheigrifeieanpoy eficsefbed Nty \Mthbrss 4 ithgnpat hway were

comonl y re%%iﬁged durig% the transition fromnornal DC'S for both
subty;rﬁligé:}”eijl i 08t PPRFUEPEGUr Bt oh 96PeRWEP) s SgRLE Rk :ad%%n i nportant common
1®Vent the DRESBsubBRELS 367 genes were significantly

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 M"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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carci nogenesis. Al though previous reports have reported the 25 invol venent
of the Wit pathway in human breast cancer carci nogenesi 1At 8p0et al . |
2001), it has been less clear if this is an early or |late event. The
inventors' results suggest the former possibility is nore likely.

Secondl YO ®® Penar kabl e comonal ity of genes regul aBEHCBIMEm the DS to
the invasive stage between the two subtypes suggests that nmany of the
genetic processes that wunderlie cellular invasion, desnoplastic reaction,
stromal 74 21 August 2006 WO 03/070979 PCTI GB03/ 00755 renodeling etc,
may be fairly neral and shared across different breast cancer subtypes.

Fi nal | yY£%Phdi %&&nt‘j@}'@' LOT c83fht SSIPLE ¥AGgRSI™EHAC%hHYh "eFneRr subt ypes may
be hi ghntepRh@behilakkyrdlissbhngirovel e WatbuRBE200 t Erdireskayéng 5 a greater
reliance on ionic-related processes, while Luminal A tunors may be under a
state ORIEAr onf'dSret SBBFFIHP st FECNOIPAYse FRATHIRS ar @FRBEEFEMRI v i nportant ,
for exampbgncd heridudieasad FRt 8bahd Cod oadueksbiiE Nalitd, t ¥pBRS nay explain
why ER+ tunpors are nore radiosensitive than ER 10 tunors (Vill al obos et

ab., 1996p, 6amtPlcal cium signaling may play a role in tunor cell notility
controlled by the MB2+ receptor (Feldner and Brandt (2002). 75 ----------
21 August 2006 WO 03/070979 PCTI GB03/00755 References Alon, U, N

Bar kai ,StBP A Aptitdepahty Kiltpshwassarybaed asuchDthpckilivand A, J. Levi ne
(1999) 4BheadyPal 1iehBss Pfy GRNGes CXPRERS kORgd ¥eabpdbyi ), usberi ng anal ysi s
of tumdur and normal colon tissues probed by oligonucleotide arrays. Proc
Nat| A¥ggeSestaygedash, A. A, M B. Eisen, R E Davis, C M, |. S

§ssos, 10 A. Rosenwald, J. C Boldrick, H Sabet, T. Truc, Y. Xin, J. |I.
Powell, L. Yang, G E. Marti, T. More, J. Hudson, L. Lisheng, D. B.

Lewi s, SRePTbshi réalid galgnér fotler WesCappthes, such ¢chag gepey, D. D.

Vi Sent&ﬂggerwe}e-r' Q: &EE@E aGfys R re @kq’ieR' abgryé/’ W m%!irﬁ\ﬁ!.’ M R

Gever, J. C Byrg; D. 15 Botstein, P. 0. Brown, an&kL. M St audt (2000)

Di sti nt¢hresyped wilufi.f fugs@lfisr gooBtcéPP) | yansishari demra¥d e by gene

tumors or both were retained chosen

-

15
Step 4: A statistical T-test was performed to select genes
that were differentially expressed 1in normal vs tumors at a
confidence level 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 being 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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expression profiling. Nature 403, 503-511 Barnes, D. M, J. Bartkova, R S.
Chanplejon, W J. 20 Gullick, P. J. Smth, and R R Mlall&ugllﬁg@@ﬁ
O/erexpressi on of c-erbB2 Oncoprotein Wy does this occur nore frequently
in ductal carcinoma in situ than in invasive mammary carcinoma and is this
of progW8LP @™ s gni fi cance? Eur J Cancer 28, 644- 64éc"12’§3§€{°§515| l, W L. J.,
P. P. Rosen, P. H Lieberman, and G F. Robbins (1978) Intraductal
carcinoma. Long-termfollowup after treatnent by biopsy al one. JAVA 239,
1863-1867 30 Bittner, M, P. Meltzer, Y. Chen, Y. Jiang, E. Seftor, M A
Ben-Dor, N. Hendeix, M Radmacher, R Sinon, Z. Yakhini, Sanpas, E
DoughetqGprakel yaaged ot leimﬁémfaomctu@@@aen%g 327@&epes Agguet 2006 WO

03/ 070972 P 3 c . Carpten, E.
Gll ag%e%s? C%! Cﬁgj gIQQZ%D%%???% eau%r y,% gerEQJférle.fm Al berts, V.
SondakTabie’ Fayward, and J. Trent (2000) Mol ecul ar cl assification of
~cutaneous nalignant nel enonma by gene expression profiling. Nature 406,
536-540 Chia, K S., A Seow, H P. Lee, and K Shannugarat nam (2000)
BancerStanci aten(i‘@ei 35 ngapoee, Wik <i®d EFor (isisngmietmﬂcer Regi stry)
10 De I ( 7 or| ng the

Met abg I'C an%l an%}%elc Sﬁ%ir%%?aa%q‘ Q‘@fﬁ%‘gggfo‘#@"n a "&shohi ¢ Scal e.

Sci encsing8,1c680-6G86-015 Eirsen: veMlCBt;LOﬁ’ {TVOSE#|) | neestily. ONo Brown, and D.

"Bot st nal ysi nd di splay of genonme-w de expression
patte?drjfgdé’%o%élﬁagllgi;égﬂde%c %%%‘?ef?xsas- 14868  Feldner, J. C. and B. H.
Brandt (2002) Cancer cell notility 20 - on the road fromc-erbB-2 receptor
steered signaling to actin reorganization. Exp Cell Res 272, 93-108

ul i I ept. Medical Diagnosis and Treatnent,
163 %ﬁﬂ%&;%w&%ﬁ%ﬁé \j %/E 25 Papadaki s (Appleton and
Lange Stanford) 666-690 Golob, T. R, D. K Slonim P. Tamayo, C. Huard,
J. P. (Gaasenbeek, H Coller, M L. Loh J. R Dowling, M A Caligi uri,

C D TE' 80 p%lodt:har}.% Eused !EanCLer

9ne genes in a dataset
according to their importance in being able to assign an
unknown sample to a particular group. Typically, 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-) is calculated for the

training set.

20 Assuming '‘m’ ¢enes are present in the set, the equation of

maximum margin hyperplane is

H=M* Gy + Wo* Gy + s o + Wit Gy 4 e + Wy* Gu
‘Where W;"s are the weights and G;’s refer to the variables

25 (genes) .

Using the genes corresponding to wvarious top N’ 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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30 Mol ecul ar O assification of Cancer Class Discovery and C ass Prediction
by Gene Expression Mnitoring. Science 286, 531-537 77 21 Augnss2008006 WO
03/ 070979 PCT/ GB03/ 00755 G uvberger, S., M Ringner, Y. Chen, S. Panavally,
L. H Saal, A Borg, M Ferno, C. Peterson, and P. Meltzer (2001)

Est rogeWHE@#87%r Status in Breast Cancer is Associ aP€3/CBIFFH Renar kabl y
Di stinct Gene Expression Patterns. Cancer Research 61, 5979-5984 Hahn, W
C. and R A Winberg (2002) Rules for making human tunor cells. N Engl J
Med 347, 1593-1603 10 Harris, J. R, M Mirrow, and L. Norton (1997)

Mal i gnant  Tunors of the Breast. In Cancer:Principles and Practice of

Oncol 08§, teRl. NDaspes, TWe BbeveHpkpasgnmend sSrepeaRod ehber gimes

(Li ppi tt % hi | phi.a/ e ah D. and R A
Vi nbe;ﬂﬁ‘?(z‘é‘g‘%‘) hneephaI:a?%gr kghgf Nﬁvévi‘gggegglfbé?‘ff‘%o,%% Sdenfalk, 1., D.
Dugganaveragglen, M Radnmacher, M 20 Bittner, R Sinon, P. Mltzer, B.
Qusterson, M Esteller, 0. P. Kallioniem, M WIlforid, A Borg, and J.
Trent (2001) Gene Expression Profiles in Hereditary Breast Cancer. NEJM

344, S5%eEtdc)bdeniifgery” thht lchp BnediSt Kbae pRettdoge2000) Thronbin inhibits
tumourg g r ' sgoci-atign.w th upzregul ati on_of 2l (wafl/cipl) and
R t z&{s'g,
Caspasesceé\# ggag%\%%-él %ggpg%ﬁen ,Qsﬁﬁeﬁ”r}-"rd%%ae er’f# Ba?ﬁﬁﬁf? J. Biol. Chem
275, ocneu3488u@le Khan, J., J. s. Wi, M Ringner, L. H Saal, M Ladanyi,
F. Westermann, F. Berthold, M Schwab, C. R Antonescu, C. Peterson, and
P. S. Meltzer (2001) dassification and 78 21 August 2006 WO 03/070979
PCT/ CB83h@ds558gy ¢ agnosti c prediction of cancers using gene expression
1Q\rofiling and artificial neural networks. Nature Med 7, 673-679 5 Kurt, R
., W J. Uba, and D. D. Schoof (2000) isolation of genes overexpressed
in fresdtay sesol 3 ddvbs bastbreancetumapeanibdns. TBeeasdi Bancar Res. Treat. 59,
41- 48 . ) .
tumors were assigned to the following groups on the basis
of IHC (immunohistochemistry):
- a) Estrogen receptor (ER} status: 35 ER positive and 20
15 ER negative samples
"b) c-erbB-2 (ERBB2) status: 21 ERBB2 positive and 34

ERBBZ 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 technigque 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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genes are method-independent and sufficiently robust to be
i5 used as a ‘genetic identifier’ to predict either the ER or

ERBBZ status of a breast tumor sample.

Result:
¢ For ER classification, the CGS contains 25 unigque
20 genes (18 up, 7 down regulated)

* 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 ERBBZ classification

30 {overall accuracy 93%).
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Kooy, My, greB2 (19)
c) Basal (7)
d) ER negative type 2 (5)
)

15 e) Normal and Normal like (12)

A. TIdentification 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 wvalue, usually_about'200) across all samples were

© 30 chosen
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2 ERBB2 (19) vs Rest (43)
3 Basal (7) vs Rest (55}
4 ER negative type 2 (5) vs Rest (57)
5 Normal and Normal like (12} vs Rest (50)
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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ai m ftePaidiaf APt VeFteTorACR P (FeRey TgRllRg (ARRlysgs was
performed for each of the five datasets to rank genes in
the order of their importance in assigning an unknown
breast sample to its appropriate class (e.g. ER or ERBB2Z

5 status, see above).

For datasets 1,3,4, and 5, a geneset was selected that
yielded a 3% misclassification rate. In case the case of
dataset 2 (ERBB2 vs rest), the use of all 46 genes gave a
10 minimum of 9.7 error rate. Hence, all 46 were used in the

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

Differentially
Top ‘N’ | Error
Dataset |Description regulated
genes rate
(2 fold)
1 Tuminal (19) vs Rest (43) 116 35 3
2 ERBBZ (19) vs Rest (43) a6 16 9.7.
3 Basal (7) vs Rest (55} 318 20 3
ER negative type 2 (5) vs
4 g yP 294 111 3
Rest (57)
Normal and Normal like
5 ' 188 50 3
(12} wvs Rest (50)

15
"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
75:25 (training:test) random splits were used, resulting in
.20 an overall cross validation error rate of 5.25% {Overall

accuracy 94%).
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B. Identification of a Minimal Geneset for Classification
Using a Genetic Algorithm/Maximum Likelihood Discriminant
{(GA/MLHD) Approach

5 The GA/MLHD approach is a different classification

algorithm (Ooi & Tan, 2003) that serves as an alternative
to the OVA SVM described in A.
Step 1: Samples were broken down into the following

10 classes:

No. of

Class samples
ER- subtype II 5
ERBB2+ 19
Normal and
Normal-like t
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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(a) Crossover rates: 0.7, 0.8, 0.9, 1.0.
{b) Mutation rates: 0.0005, 0.001, 0.002, 0.0025,
0.005, 0.01
{c) Uniform crossover
5 (d) Selection: stochastic uniform sampling
{e) Predictor set size range: Rpiym = 1 and Rpax = 80,

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, 138

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

20 Tdentification of a Luminal D Subeclass in the Asian Breast

Cancer Population

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

25 ‘Viuminal’ subtype characterized by the high expréssion of
estrogen-receptor related genes such as ESRI, 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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cluster. Luminal B/C tumors were found to exhibit a worse
clinical prognosis than Luminal A tumors, arguing that

these subtypes are indeed clinically relevant.

A similar study on breast cancers derived from Chinese
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
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
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

‘preoliferation cluster’ may functionally contribute to the

.Wworse 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

population, the inventors hypothesized that the genes in

- this ‘proliferation’ cluster could also be used to

subdivide the previously homogenous Luminal A tumors Ffound

in the Asian population into distinct luminal subtypes.

Reasults
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In the inventor’s study, the expression profiles of several

5 breast tumors were obtained using commercially available
Affymetrix U133A Genechips. Genes corresponding to the
o;iginal ‘proliferation’ cluster members were then selected
from the Genechip. Of the 65 genes comprising the original
‘proliferation cluster’, the inventors determined at 36

10 (55%) were also present on the Genechip array.

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

Tumor Population

15 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

- .20 - expression of the 36-geneset respectively. The former group
is from henceforth referred to as the true ‘luminal Af
subtype, while the latter group is referred to as ‘luminal
D', as its expression profile is distinct from previously

identified subtypes.

25
‘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
30 . 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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5 ‘normal-like’ tumors. This result suggests that the Lumlnal

" D tumors may share certain hallmarks of more highly

aggressivé 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
115 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
020 had been previocusly characterized as Luminal A were
normalized by median centering each expression profile

around 1000 flouresence units.

Step 2: A ‘alid 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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Principal Component Analysis (PCA) was then used to
ascertain the Luminal A and D subgroups using the 36

-5 proliferation geneset (Figure 3).

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 1ll-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
requlated 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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Importantly, one advantage of the molecular approach is
that the resolving power of classification schemes based
upon molecular data can be sufficiently sensitive to detect
clinically relevant disease subtypes that have currently
‘eluded traditional light microscropy approaches (Ash et

al., 2000, Bittner et al., 2000).

However, before the potential of molecular diagnostics can
fully realized, a number of challenges must be met and
overcome. Firstly, for many common diseases, key
informative genes that are able to discriminate between the
relevant disease sub-classes in question must be
identified. Secondly, in order to be feasibly utilized as
part of a clinical assay, these genes must be ‘pared’ down
to a minimal set (‘genetic identifiers’) that collectively
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

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

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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especially so given the epidemiological and clinical
differences in breast cancer between these distinct ethnic

groups. In Caucasian populations, the majority of breast

‘cancers tend to occur in post-menopausal women. However,

in Singapore and Japan, the absolute number of breast
cancer cases per year is roughly 1/3 that of the US and the
incidence of breast cancer in these populations is bi-modal
- the first peak, representing the majority of breast
cancers, occurs in pre-menopausal women occurs at around
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
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
heterogenous subtypes arising from specific genetic or
environmental differences. For example, it is known that
the levels of estrogén and progesterone in Chinese wonen
tend to be substantially lower than in Caucasians (Lippman,

1998).

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
of varying grades and appearances. First, the inventors

identified a ‘genetic identifier’ in breast cancer for what

' is perhaps the most basiec distinction of .clinical utility - .
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i.e. distinguishing if a given sample is ‘normal’ or
‘malignant’. Although this distinction can be currently
made by a gqualified patholegist using conwventional
histopathology, the availability of such a molecular assay
would still be of use in clinical settings where rapid
diagnosis is required, or when a pathologist may not be
readily available. By focusing on highly reproducible
‘outlier’ genes in both normal and tumour datasets, the
inventors identified a minimal set of 20 genes that is
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 guantity. In addition,
using principal component analysils, they were able to show
that at the expression profiles of normal breast samples
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

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
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’
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

70




OUFDOOW-0E20 W ZMOS820 DOoldOM wOcO0OO20.00 a 48 46:E
GW.1-d.2E:2 =~-EM&080 Z;52Em=1R N 2/4gus020060 .6 LN
0.0vrz.G -6 0E'6 B ~12~ 02~, 2 :E-6 E0 >RX-6 =0 Dm'as =,a 0 (5
OEJ200W-~3aQE=Do- .8 -~ -zi -6-6 7wv 15 16 |E 15 V16 t 19 1515

16 0 on‘W!WB”o 0Ox (am So Eol -0 WW -,j do~wnBCT/GBOOTSS| | | | 1 0 1

wl x Imnmo "LL=)~NM-Ow cli NN'NO a N'Ncli N'"Nol NQI Cl4 NNN w
88 SUBSTI TUTE SHEET (RULE 26) 21 August 2006 WD 031070979 PCT/ GB03100755
8C~-Cw w OVMOMONMD 00~. )9799-1-17 9.999 17~7979 79~ Cc Lh di wwwwww LU th
b ILOL~0OGd LbthththIbIb "Wwwwwww MNwMmM-~ ~~ Mg -~0
~~ p 7uBe pilrely Msapﬁmibed el hgpdviio@izes0 tegdiseriminade C4 cq C4 Qi In mO

—qm w %%Bt N Wam@and tumour b@as%@? M)\%vﬁo, W EN - o9wnC 00, W Com

no~w
this appears to be an issue for breast cancer genomics, it

may not apply to other tissue types. For example, it

5 appears that unsupervised clustering is able to
discriminate between normal and malignant colon samples
(Alon et al., 1999). One reason for this may be that colon
tumours, which primarily arise from disruption of the
APC/B~catenin pathway, may be genetically more uniform than

i0 breast tumours.

The genes involved in the 20-gene ‘genetic identifier’
belong to many different categories. Genes such as
apolipoprotein D are well-known terminal differentiation

15 genes in breast biology, while MAGED2Z was previously
isolated as a gene that is overexpressed in primary breast
tumours, but not in normal mammary tissue or breast cancer
cell lines {(Kurt et al., 2000). Another gene, ITA3, which
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 beeh 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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To gain insights into the diversity of breast cancer
molecular sﬁbtypes in the Asian population, the inventors
then generated and analyzed a series of expression profiles
of both invasive breast cancers and DCIS cancers. The aim
of this work was to attempt to validate the molecular

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
‘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.
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

jinventors' ability to detect similar subtypes in both
series despite the differences in array technolegy
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
reported that prostate cancer expression data from spotted

cDNA arrays yielded similar data to oligonucleotide arrays.

12
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In contrast, another recent report comparing the expression
profiles of cell lines as measured by spotted and
oligonucleotide arrays reported a very poor correlation
between the studies (Kuo et al., 2002). The inventors'

5 results suggest that data from different technology
platforms can indeed be compared, so long as the subtype
distinctions in question are fairly robust in nature.The
inventors' results also suggest that despite the
epidemiological differences in breast cancer between the

10 Asian and Caucasian population (see beginning of
Discussion) , that breast cancers between the ethnic groups

are to a first approximation highly molecularly similar.

The inventors also found that DCIS cancers robustly express

“15 many subtype-specific gene expression signatures,
suggesting that these molecular subtypes can be discerned
even at this pre-invasive stage. Thus, it is unlikely that
these subtypes represent an evolving cancer class, but are
distinct bioclogical 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 evoluticn to invasive céncer (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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MMn cases (Barnes et al., 1992) It has been unclear, however,
if this observation should be interpreted to mean that that
the ER-ERBB2- cancers lack a DCIS component, or if the
5 ERBBZ+ cancers will eventually evolve to a ERBB2- state.
The distinctive segregation of the DCIS cancers in the
inventors' series suggests that the former is true, since
the ERBB2+ cancers already express many ERBB2+ invasive
hallmarks.
10
Finally, by integrating the expression profiles of normal,
DCI5, and invasive cancers belonging to the luminal A and
ERBR2+ subtypes, the inventors were able to define sets of
genes which were regulated in a common and subtype-specific
15 manner during the normal, DCIS, and invasive cancer
transitions. Although the results of these analyses
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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remodeling etc, may be fairly general and shared across
different breast cancer subtypes. Finally, the inventors'
results also suégest that both cancer subtypes may be
highly metabolically distinctive, with ERBB2+ tumors having

5 a greater reliance on ionic-related processes, while
Luminal A tumors may be under a state of chronic metabolic
stress. These results are extremely important, for
example, the increased metabolic load of Luminal A tumors
may explain why ER+ tumors are more radiosensitive than ER-

10 tumors (Villalobds et al., 1996), and calcium signaling may
-play a role in tumor cell motility controlled by the ERBB2+
receptor (Feldner and Brandt (2002).
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Table 3: Tabulation of expression signatures associated with

breast tumor subtypes. Subclasses include Luminal A (L-A ,
Luminal B (L-B}, Luminal C (L-C , Basal (Bas), Normal like
(Nor), ERBB2 (ERB). Levels of expression are indicated by H
{high expression), I (intermediate expression), and A (absent
expression).
| Expression Signhature Unigene Tumor subtype
L-A | L-B | L-C | Bas | Nor | ERB
Luminal Epithelium H | | A A A
estrogen receptor 1 : Hs.1657
GATA bhinding protein 3 Hs.1699486
LV Hs.79136
Xbox binding protein 1 Hs.149923
Hepatocyte Nuclear Factor 3 alpha Hs.299867
Basal Epithelium A A A H H A
Keratinb Hs.195850
| Keratint7 Hs.2785
Laminin gamma 2 Hs.54451
Fatty acid binding protein 7 Hs.26770
erbb2 related genes A A A A A H
¢-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
"I Novel A A H H A I
kinesin-like & mitotic kinesin-like protein 1 | Hs.270845 ‘
putative integral membrane fransporter Hs.296398
gamma-giutamyl hydrolase conjugase Hs.78619
squalene epoxidase Hs.71465
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A method of creating an expression profile

characteristic of a breast tumour cell, said method
5 comprising the steps of
(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 at least 10 genes selected from Table 2; so
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) 1solating 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 at least
10 genes selected from Téble 2; so as to create a first
expression profile of a tumour cell;
(b) 1isclating expression products from a normal
breast cell; contacting said expression products with the
. 30 piﬁrality 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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5 3. A method of creating a nucleic acid expression
profile characteristic of a breast tumour cell, said
method comprising the steps of

(a) 1isolating expression products from a first
breast tumour cell, contacting said expression products
10 with a plurality of binding members capable of
specifically and independently binding to expression
products of at least 10 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 each of the
25 genes provided in Table 2.

5. A method according to any one of the preceding

claims wherein the expression product is mRNA or cDNA.

30 6. A method according to any one of the preceding
claims wherein the binding members are nucleic acid

probes.
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5 8. A method according to claim 7 wherein the binding

members are antibody binding domains.

9. A method according to any one of the preceding
claims wherein the binding members are iabelled.

10
10. A method according to any one of claims 1 to 8

wherein the expression products are labelled.

11. A method for determining the presence or risk of
15 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
20 members capable of specifically and independently binding
to expression products corresponding to at least 10 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
25 - expression products from said breast tissue cell to one

or more of the binding members.
12. A method according to claim 11 wherein the binding

members are capable of binding to expression products

" 30 corresponding to each of the genes identified in Table 2.
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A nmet hod of creating an expression profile characteristic of a breast
tumour cell, said nmethod 5 conprising the steps of (a) isolating
“expression products fromsaid breast tunour cell and a normal breast cell;

(b) contacti saj d ressi on prodycts faqr th the  tunpur_ and, normal
breast cel ]\r/}ig't h%“ﬁ%foﬁeiaﬁfo Bihdh§latd mender S1édPabre"BErepBeifical Iy

bi nding to exjy erticrmipiadust SOl JreashcL0 geresselegt-adskrom Tabl e 2;
so as to create an expression profile of those genes for both the tunour
cell and théEaGiflircaaid (adigddyardi ig cherdepr essi by prubakeéngf thhe
tumour 15 ggllg; t or.mal .l determ_ning_an _expression
profile char a(?tdéﬁll@gﬁﬂ;%ho%f eg%l;:ree%'slto’nt %%gﬁi&%lcgl 22, tﬁer‘rgfﬁgago 12P8ati ng an
expressi on predfli hed2( clatactieh st expireasboaagtofumeueheebktesakdi get hod
conprising t step f (a) isqlating expression products froma breast
tunmour cell ,Ol}fg@ﬁteécst%i %@‘"&grd C@i&r-essi on products with a plurality of

bi ndi ng nenbers capabl e of specifically and 25 i ndependently binding to

expression products of at least 10 genes selected fromTable 2; so as to
create a firét éxpeddsidoncersting ¢b aleamodd wbkkei(b¥aidol ating

- expression %&%@%%%ﬁo%r%QB%i@%rgﬁ%racteristic of a breast tumour cell

10 is created by a method according to any one of claims 1
to 10.
15. A method according to any one of claims 11 to 14

wherein the individual is of Asian descent.

15
16. A method of creating a nucleic acid expression
profile characteristic of a breast tumour cell, said
method comprising the steps of

{a) isclating expression products from said breast

20 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
members capable of specifically binding to expression
products of at least 10 genes selected from Table 4a; so

25 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
cell and the normal cell; and

(d) determining a nucleic acid expression profile

30 characteristic of breast tumour cell.
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breast cell; contacting said expression products with the 30 plurality of
bi ndi ng nenbers as used in step (a), so as to create a cciphugast206econd

expression profile of a normal breast cell;, and 107 21 August 2006 (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 creating a nucleic acid expression profile characteristic of a breast

tunmour cel |17 saixd meRidD & fC IAIHLSIRY ot h@icakers a0fi i @kpre@lsabinng expr essi on
products froma first breast tunmour cell, contacting said expression
products Frafitle shinacdisniptéic withdi by emsibéraogapaisild osadgecifical ly

and i ndepengs WalelR t r i.0 products of at |east 10 genes
e R R N

selected fro o create a first expression profile; (b)
repeating step ({@) witshhlexpmes sixpr opsddund s odactsomram lkedstagtsecond
breast tumqur celkgﬁ as tg create at |east a,second expression profile;

(c) conpar i tHe I e S YL 90 54 156 ESRE S SEL FPe BLOGH Thiofilit8s 3t 0 creat e

a standar d g1ual=aii€¢ yaeird b @RS %ie%_e&rsofciab%bqa%%cngéic%tfii%a%yaak%aeast _
tumour 20 cell. 4. A method according to any one of the precéding clains
wher ei n t hésiepgndgndnb&isiddng capabeestsiospeciotiucalsl pfany lmdependent |y

bi nding to f rovided.in_ Tahle 2. 5. A nmethod,accordi ng
to any onejgﬁggﬁgsp%%gg |%ﬁg%%%§i#ggéﬁeggrngfhggegﬁrgggﬁgﬁ Sr%aﬁgF is mMRNA
or cDNA 3pGeshioet padfddeondi ag tumoamry cene;of the preceding clains
mher%;n t he bing%ng nengers are nucleic acid_ probes. 108 21 August 2006
met hod accdPdi ng SPH3&A 9 REPEESELRPNBTeLET 2 THABr & ROER&lexpr essi on

product ispacRekyRenti;deon?ad+ifgMekiad.apeasding k?o@lh@itg‘ fivhergen the
bi ndi ng nenbers are anti body binding donains. 9. met hod according to any
one of thepPprEéeditingoLfcbangd naghaeabrrehesbiaaddngnnenber dadresbabel | ed.

to create a comparable second expression profile of a
normal breast cell;

15 (c) comparing the first and second expression
profiles to determine an expression profile

characteristic of a breast tumour cell.

18. A method according to claim 16 or claim 17 wherein

20 the said at least 10 genes are selected from Table 4b.

19. A method according to claim 17 wherein at least

twenty genes are selected from Table 4a.

25 20. A method according to claim 17 wherein the at least

10 genes comprise at least those provided in Table 4b.

21. A method according to any one of claims 16 to 20
wherein the expression product is mRNA or cDNA.

30
22. A method according to any one of claims 16 to 20

herein the binding members are nucleic acid probes.
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10 10. A nethod according to any one of clains 1 to 8 wherein the
expresslon products are |abelled. 11. A nethod for deter rAlrhumyst H¥6pr esence
or risk of 15 breast cancer in an individual, said nmethod conprising (a)
_obt ai ni ng expression products froma breast tissue cell obtained from an

i ndi vi dual suspected of having or at risk from having breast cancer; (b)
contacting said expression products with binding 20 nenbers capabl e of
specifically and independently binding to expression products
corresponding to at least 10 of the genes identified in Table 2; and (c)

det erm ni ng 4he DI eREAKE] dcddadif K orff@Ngelc il 32 icddiyi dual based
on the binding of the 25 expression products from said breast tissue cel

to one or nOWERFLN Hehdi el FrRP Tebardukt. I8 retdwdd/reeddddi.ng to claim 11
wherein the binding nenbers are capable of binding to expression products
30 corresponding to each of the genes identified in Table 2. 109 21 August
2006 33. Axet hod medosdli agedadiclqitn Kl din JRivick? ivhenei Binthag |
determ nation of the presence or risk of breast cancer in said individual
is carried dﬁﬁéaﬁf§: rAHgE RHE HHinsdingy GMaiRes -expr essi on products from
the breast tissue 5 cell under test with an expression profile
characteristic of breast tunour cell. 14. A nmethod according to claim13
wher ei n sai &5 .exgr essiton prasfaddd nghdmcaemer icstsl ofofclaibisedst tbubwur cell 10

is created et hod according to any qne .o lLaims 1 to 10. 15. A

met hod accor fﬁﬁgsbq§ﬁ§%8%5h6¥’c%§% Slfrﬁolf}ei%ﬁgrein the individual is
of Asitan descent. 15 16. A nethod of creating a nucleic acid expression
profile characteristic of a breast tumour cell, said nmethod conprising the

steps of (ayfG-sofatisid ek FEssi B dptedddt's oncomis sidipFeadt to2d4t umour cel |
and a nor mal,fueast Gl laxgdd)s GOAL Bebingsakd expressign products for both

the tunmour and normal breast cell "'with a plurality of binding nenbers
capabl e of specifically binding to expression

27. A method for determining the presence or risk of
15 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
20 members capable of binding to expression products
corresponding to at least 10 genes identified in Table
4a; and
(¢} determining the presence or risk of breast
cancer in said individual based on the binding of the
25 expression products from said breast tissue cell to one

or more of the binding members.

28. A method according to claim 27 wherein at least
twenty genes are selected from Table 4a.

30 _
29. A method according to claim 27 wherein the at least

10 genes are at least those identified in Table 4b.
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products of at |east 10 genes sel ected fron1TabIe 4a; so 25 as to create an
~expression profile of those genes for both the tunmour cellAugwgt209€ nor ma
cell; (c) conparing the expression profile of the tumour cell and the
normal cell; and (d) determning a nucleic acid expression profile 30
characteristic of breast tunour cell. 110 21 August 2006 17. A nethod of
creating a nucleic acid expression profile characteristic of a breast
tumour cell, said nethod conprising the steps of (a) isolating expression
products froma breast 5 tunour cell; contacting said expression products

with a plurgl]ty ofetdidingJRIBR S £apableoh fSQie._‘é i fisC 3l ¥ And
i ndependent |y binding to expression products of at least 10 genes selected
from Tabl e 4#rersgmshe dategmd ng tiliarstof éyer egsisencpr ofri vg séf of t unour

cell; 10 (b)bﬂ gﬂogtatdar}%egx&r e%5| on prao u;sa&gr O?F%F%ﬂﬁ?@&ﬁbr east cell;

contactlng sai d expression pro uct's Wit F’ndlng menber s
as used in stepaaEng Sﬂlea$)1n1'din@reﬂi e eafpasahbe peeandtexFremsian
profile of a normal, breast cell; 15 (c) conBarlng the first and second

expressi on Y dd 5o i St tniRE S to8H eddhoanprEPrRESioRaPaetaLesti c of

a breast tlﬂgﬂgfdaﬂérls¥qc Armethad ageH i NG b9 claim 16 or claim17
wherein 20 the said at |east 10 genes are seﬂected fromTable 4b. 19. A

met hod according to claim 17 wherein at | east twenty genes are sel ected

from Tabl e . 25 20. . A met hod .accordi ng _t.o 17 mhereln the at | east
10 genes coégrlsg & hgggﬁccﬁggénﬁr&?'&gﬂlwn ?aﬂﬁéribn 5339 A net hod

accondi ng t ex@ieseienobrolfaias chl rbet2@ i swher sikNat Bee8X¥pr e5sbaR BeOPUCt is
MRNA or cDNA. 30 22. A nethod according to any one of clains 16 to 20
herein the BiSnditsgteenber ¢ BeEbpdcrsicordéng probRE. oRe AGgadeipeoss 23. A
met hod accordj g to any one of clains 16 to 20 wherein the expression
product is a polypeptide. 5 24. A nethod according to claim23 wherein the
bi ndi ng nenbers are anti body bi ndi ng donai ns.

32. A method according to any one of claims 27 to 31
15 wherein the determination of the presence or risk of

breast cancer is computed using an algorithm which

distinguishes a tumour cell from normal cell by their

respective expression profiles.

20 33. 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
cancer, said method comprising

a) obtaining cells from a plurality of breast tumour

25 sample; '

b) disrupting said cells to expose gene expression
preducts;

c) contacting said gene expression products with a
plurality of binding members specific for expression

30 products of at least 10 genes selected from Table 2; and

d} determining a gene expreésion profile

characteristic of the presence and/or type of breast
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25. A nmethod according to any one of clains 16 to 24 wherein the binding
menbers: are | abelled. 10 26. A method according to any ord Agust200fs 16 to
24  wherein the expression products are | abelled. 27. A nethod for

determ ning the presence or risk of 15 breast cancer in an individual,
said nmethod conprising (a) obtaining expression products from a breast

ti ssue cell obtained froman individual suspected of having or at risk
from havi ng breast cancer; Qg%acqntacting sai,d expression products with

bi ndi ng 20 G5 $acEFhRMTe Bt RIMHIRG 05 ERpres¥PsRsFoauEESduCts
correspondi RG, 13 i3t HieREhgl hfBNeS idgntihbhedsi Baab %-uréga_tgngf_( c)

determ ning the presence or risk of breast cancer in said indlvidual based
on the bindibrgpasft tthemouzs sexyplessi on products from said breast tissue cel
to one or nore of the binding nmenbers. 28. A nethod according to claim?27

~ wherein at least twenty genes are selected from Table 4a. 30 29. A nethod

accord ng t @4l anmmdZhelieicd PHUE ndhg @agturi®iggnes geaeabxpeastishose
identified in Table 4b. 112 21 August 2006 30. A nethod according to any
one of clai WEOEEles 20 ofdeTeite dededBiapninatrbAast eKBrpreésence or risk

of  breast GEA ol RnS3d lpdivi;duals | Le b c ' t he
bi ndi ng of ?ﬁg exgress?gn Sro Eé?g% rgﬁsggééébgggg%rt¥¥§8e8ggﬁ¥é%%%er t est
with an expressieosn prefli hetholdacaopeisshigc of breast tunour cell. 31. A

met hod accordi ng 50 EIaLnLBO mhﬁreig said 1@ ex ressi%n E%ofile
characteristic ofa®BFEALt FufSdrSc&FP™ AsPLPEAl LHY b aPARERBACWEXHT ding to
any ame of ghaipns;16 to 26. 32. A nethod according to any one of clains 27
- to 31 is wherein the determ nation of the presence or risk of breast
cancer is conput 8d 0$FRYPAANE §ediidt BmlhEI ER cWPesEngahehespressiwur cel
from normal Gell,-by.their respective expression profiles. 20 33. A method
of obtaining a plurality of gene expression profiles in order to determ ne
a standard expres$i onntacting said gene expression products with a

. plurality of binding members specific for expression
15 products of at least 10 genes selected from Table 4a; 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.

35. A method of obtaining a plurality of gene expression
proefiles 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 ¢) contacting sald gene expression products with a
| plurality of binding members specific for expression

products of at least 10 genes selectéd from Table 4b; and
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profile characteristic of presence and/or type of breast cancer, said

met hod conprising a) obtaining cells froma plurality of 2drAumst309our 25
sanple; b) disrupting said cells to expose gene expression products; c)
contacting said gene expression products with a plurality of binding

. menbers specific for expression 30 products of at |east 10 genes sel ected
fromTable 2; and d) determ ning a gene expression profile characteristic
of the presence and/or type of breast 113 21 August 2006 cancer based on
t he bindi ng of salld dxFrEsigiiory @ adunet $xpressdicd pnedildg nenbers for each

of sai d Pl urceﬂa{r_tayctoefrisbcrfcasc;f tthlrtraD rress%rrrx%leesé'nglso 4'tyAerr%tfh%q:egfstObt aining a
plurality of"gene expression profilTes in order to &6t &rm né -4 st andar d
expressi on darafdd eadwd ant ethesthitiddhoprlogs endel amgress stiype pebdheeast
cancer, said nethod c_or@lri sing a) obtaining cells froma plurality of
breast tunour® SEI-% dhigletnh et thiory eesind odelsied & & 1laxpddévgehe
CoMActd ng said gene expression products with a

expressi on é?%}?tél &
pl uralsfty oqu{)l ndi ng mnerﬁ)ers%pecifi c for expression 15 products of at
| east 10 genes selected from Table 4a; and d) determ ning a gene

expression profile characteristi.c.of the._presence and/or type of.breast
cancer base%"ag‘n ﬁ]éneoriqhocf?no &bscsa&indngxﬁr é’slé]irgﬁflﬁ%&%cfggnet 8X§5?835Pﬂdi ng
menbers. for mpash 16fs sial bldy ald g tefrmd@ebreasthnbidrauexpaapkesn 35. A

met hod of obtaining a plurality of IO%ene expression profiles in order to

det er ni ne a BodHddr FRBGRAELTIET 1 df PreseRseadney/ost tyPsf Opr BEBAEE and/ or
type ];ﬁ breast, 23 CaNGe! mexdh %RBQQS?LQGP” sing a) obtaining cells froma
anpl e; b) di

plurality of breast tunour s i'srupting said cells to expose gene
expression produdt sght3rcinc artldcet ifmgmsai ¢ lgeré ieéyprésbirenspr bducts wWith a
plurality ofsa%{prldei;ng menbers specific for expression
b) disrupting sald cells to expose dgene expression
products;
15 c) contacting said gene expression products with a
plurality of binding members specific for expression
products of at least 10 genes selected from Table 5; 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.

37. 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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products of at |east 10 genes selected from Table 4b; and 114 21 August
2006 d) determining a gene expression profile characteri2dtAugusf2Glfe -
presence and/or type of breast cancer based on the binding of said
expression products to said binding nenbers for each of said .plurality of
5 breast tunour sanples. 36. A nethod of obtaining a plurality of gene
expression profiles in order to determ ne a standard expression profile
characteristic of presence and/or type of breast 10 cancer, said method
conprising a) obtdi FORGaCERNS BRdM gopleuszbireysépnppeaguctansiEh sanpl e; b)
di srupting [ || pr. L QE d , ) contacting
sai'd gene e pﬁgggﬁg 8&88&?@2%%ig%g§e%%lSﬁgﬁﬁggcoﬁggi%gﬁgaségﬁgers specific
for expressipowduptadodt atofleatstl dd@styeb@sgepéecsetiected TabbeTabt ead and d)

determning a gegz gépression profile characteristic of the presence
and/ or type of bfdaSfte3fildndel H58EdSRTERELBINAFAGIS® sai d expression

product s t o chaird RieRdishe cmerbens Lekseaeh Qhqasakdrphburakiby-g5r breast
tumour sanples. 37. A nethod of obtaining a plurality of gene expression

23 profil escamcerdbrsed @at &hgi héndisgandasdidxpxpsssshon ppopiliets
characteristic _of p n type of breast_.cancer,.said pethod
conpri si ng a) §§%§i%§§§l§§|ﬁg%ég%ﬁmﬁgﬁlﬁﬁﬁﬁi? %?l%r%ggfa%hﬁ%u?ggsanple; 30

b) di srupti bgeaaitd teebhg tampipese gene expression products; -21 August
2006 c) contacting said gene expression products with a plurality of
bi ndi ng nmenbers specific for expression products of at |east 10 genes

sel eghed fram Tahl g.6ao428¢ oeia@ﬁ&ﬁanhnbmgrgz%@9609X§%ﬁé8é§5$§%§ﬁéde 5

characteristic of the presence and/or type o reast ~cancer based on the
bi ndi ng of vaicdiérpr ésspodepr bdudesermonsardsbamdi ng eembessiéowr each of

sai d plural | Q ast . tumpur sanples. 10 38. .A nethod of obtaining a
plurality opgégﬁgeegégéégFgﬁlsglc ¥PpFesence “and/or type S SPLaLL

cancer, said method comprising
a) obtaining cells from a plurality of breast tumour
15 sample;
b) disrupting said cells to expose gene expression
preducts;
c) contacting said gene expression products with a
plurality of binding members specific for expression
20 products of at least 10 genes selected from Table 7; and
d}) determining a gene expression profile
characteristic of the presence and/or type of breast
cancer pbased on the binding of said expression products
to said binding members for each of said plurality of

25 breast tumour samples.

39. 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 ceils_from a plurality of breast tumour

sample;
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profiles in order to determ ne a standard expression profile
characteristic of presence and/or type of breast cancer 2lg%igstd0hod
conprising a) obtaining cells froma plurality of breast tunmour 15 sanpl e;
b) disrupting said cells to expose gene expression products; c) contacting
sai d gene expression products with a plurality of binding nenbers specific
for expression 20 products of at |east 10 genes selected from Table 7; and
d) determining a gene expression profile characteristic of the presence
and/ or type of bleast sxe@idary Isaded cen lish&oberBiPAg ORNSardPERBFFE8BI on
products t()f%§ d gLnding menbers for each of said plurality of 25 breast

t unour sanppés.u§§.'A nmet hod of obtaining a plurality of gene expression
profiles in order)t @cthetertiinie saist ardar dxexpseishopropuetisl @ith a
characteristic of presence and/or type of breast 30 canc%n, i d t hod
conpri si ng &LUeBtdityi R 5@#“%15%Bﬁ?éeﬁﬁuFéPPP§eonbF8§§ﬁ PGﬁEEV 28Anpl e;

116 --g----- independentdy PHINSH 2R o xBledkIhHPHrBAUSRIS 0§k he fengxpose

-gene expression products; c) contacting said gene expression products with

a pluralitydehthifngidng nn8rrdres tbapabl e of specifically and 5

i ndependent |y bi i%%tto expressi on praoducts _of th%o%ﬁqgs identified in
m-i C

Tabl e 6b; d) det ﬁénﬁﬂ@@ﬁéae?ﬁpgsgﬁgﬁeﬁﬁéPpl8 aracteristic of the

presence an@d/miralitee ief ikr eFSt-heC pieeknkasaddgsrt Rgpki bdi bgeaktsai d
expression products 10 to said binding nenbers for each of said Elurality
of breast CEPSGE Pavsdedn Ahe Ripsingdodcedidi RFPLESIAPIoRECHICEFai s 33

to 391]of urt hey s%%%!ﬁidqglrgt ?{%nﬁ’)te% czfo.rp(egeHcbegssieamtami% gentai ning a
a of I | | [

plurdlity of expression p es obtai ne fromsaid plurality of breast
t unmour sanplasas4l tuAkouet sechpdesor ding to any one of clainms 33 to 39
further conprising the step of determning the 20 statistical variation
between the plurality of expression

40, A method according to any one of claims 33 to 39
further comprising the step of producing a database
15 containing a plurality of expression profiles obtained

from said plurality of breast tumour samples.

41. A method according to any one of claims 33 to 39
further comprising the step of determining the
20 statistical variation between the plurality of expression

profiles.
42. A database comprising expression profiles
characteristic of breast cancer or type of breast cancer

25 produced by a method according to claim 33 or claim 41.

43. A database according to claim 42 wherein the

expression profiles are nucleic acid expression profiles.

30 - 44. A database according to claim 42 wherein the

expression profiles are protein expression profiles.
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“profiles. 42. A database conprising expression profiles characteristic of
breast cancer or type of breast cancer 25 produced by a Ziedigugt 286or di ng
to claim33 or claim4l. 43. A database according to claim42 wherein the
expression profiles are nucleic acid expression profiles. 30 44. A

dat abase according to claim42 wherein the expression profiles are protein
expression profiles. 117 21 August 2006 45. A nethod for classifying a
breast tunouy.cel] on.th basis of Estrogen receptor (ER) status, said
met hod corrpr‘f%‘i nd* I?%Bh%gt%?%iﬁj‘se%épﬁyééﬁ oh Beddtc ttamolemeg 18r easthes
tumour cel | pddi)s GOl dighrs &b UL SEIN JURQAUCt S Wit B R g menber s
capabl e of binding to expression products .corresponéll ng to the genes
identified 9P BA; and (c) classifying the breast tumour on the basis

of ER 10 status a}seoq)toarh}iq]e beixndri ng .of the ex%re si on p%oducts fromsaid
breast tumour cel 1%t & one or hore Of THE PEONEHS retBefs PT265EA net hod for

cl assif yi ng tarrtanaaste tlynour cell on the is basis of ERBB2 status, said
met hod conprising (a) obtaining expression products froma breast tunour
cell: (b) contactifg AR SRR $Hi6h eprsgseionwpPrrdbchai g thnbabsisgcapabl e
of bindi ng el i 'S, 2 rr i.ng t nes identified
in Table Sb?[%and fg%%%gﬁ%%gdﬁ%gcgpeggggt@g%% gﬁgtgﬁgggasi s of ERBB2
st at us basedcarrasperisiingi ity dhet lgenewspidssitaliedr dduthblir 6ay sahd breast
tunmour cell to on(% or_,mor Le}rfof. thcg] b%}ndi ng menbers. 25 47, A.nmethod for
classifying a bresst Samsdr Yd&d 0 PhE2shasPeoBf Ppsthel Baaftar osubRype,
sai d et hod scenpisi $iaR@d () teRt aliRidiagexrr easi eRpPEeduchSpLhHafkas br east
tumour cell; 30 (b) contacting said expression products wth binding
nenbers capdBlP8 SF 16 kdieA§tt §UBRpressilontpr edacps me8e-of-the-- - - - - .-

binding members.

46. A method for classifying a breast tumour cell on the
15 basis of ERBB2 status, said method comprising
(a) obtaining expression products from a breast
tumour cell:
(b) contacting said expression products with binding
members capable of binding to expression products
20 corresponding to the genes identified in Table 5b; and
(c) classifying the breast tumour on the basis of
ERBBZ status based on the binding of the expression
products from said breast tumour cell to one or more of

the binding members.

25
47. A method for classifying a breast tumour cell on the
basis of its molecular subtype, said method comprising
{a) obtaining expression products from a breast
tumour cell; )
30 (b) contacting said expression products with binding

members capable of binding to expression products
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21 August 2006 corresponding to at |east 10 genes identified in Table 6a;
and (c) classifying the tunour cell with regard to its #ol&emsti006ubt ype
- based on the binding profile of the 5 expression products fromthe tunour
~cell and the binding nenbers. 48. A nethod according to claim47 wherein
the binding nenbers are capable of specifically and independently 10
binding to at |least twenty genes identified in Table 6a. 49. A nethod .

accordi ng tocé:rllgismgﬂdv\herei n éhjte) bi n(rjllgfl menbers are capabl e of

speci fical | y"&nd Thdepehdent 13- Widh nf (Fnas et Yiiehdmed abdént i fied in
Tabl e 6b. 16 5Gind net hod according to any one of clains 47 to 49 wherein
t he nol ecul ar subtypes are selected fromLum nal, ERBB2, Basal, ER-type ||
and nor nal / nor mal (4} Kekaspi Hing the Haunduar casllds siiftyi nupoa risk dasti tisunour

cell on the i i ;b}gn - SS,: id net conprising (a)
obt ai ni ng ex%@ge;%?lo% pér%% ts %raéoergsgﬁb?é%st%mt%aﬁlﬁmpr@ e Pg;) tbgnt acting
sai d expr es sy gEidut tradudt 25 deinndibeg treisher $cqdpablde tok biRding to
expression -products corresponding to at |east 10 genes identified in Table
7; and (c) "E"8¥Si¥ying the tumour cell with regard to its Lum nal -
sub-cl ass based on the binding profile of the 30 expression products from
the tunmour cell and the binding nenbers. 119 21 August 2006 52. A nethod
accordi ng t ¢ %l aifmSthiterasgrshing ttemedrimcdlll whasebeemhpr bundishy

classified i_nal | ar type by.a nethod .accordi to any one
of clains %%n’t%o go.ar}% é%%aiﬁlrée{%r?o%%%ggg% F%éyt 87 étin%egfng?ngg& m 52
wher éitn  t héilnghirmaltcs wi- dleass: itsrehttyi Bahe HechurirAal An 1201 6a.

49. A method according to claim 47 wherein the binding
members are capable of specifically and independently
binding to at least the genes identified in Table 6b.

15
50. A method according te any one of claims 47 to 49
wherein the molecular subtypes are selected from Luminal,

ERBBZ, Basal, ER-type II and normal/normal-like.

20 51. A method for classifying a breast tumour cell on the
basis of its Luminal sub-class, said method comprising
(a) obtaining expression products from a breast
tumour cell;
(b) contacting said expression products with
25 - binding members capable of binding to expression products
corresponding to at least 10 genes identified in Table 7;
and
(c) classifying the tumour cell with regard to its
Luminal sub-class based on the binding profile of the
30 expression products from the tumour cell and the binding

members.
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52. A method according to claim 51 wherein said tumour
cell has been previously classified as a Luminal
molecular subtype by a method according to any one of

claims 47 to 50.

53. A method according to claim 51 or claim 52 wherein

the Luminal sub-class is Luminal D or Luminal A.
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