Materials and Methods Rel ating to Breast Cancer
Classification Field of the Invention The present

w0 pooenvi4an concerns materials and nmet hods for PCT/GB2006/001167
classifying breast cancers. Particularly, but not
exclusively, the invention concerns the classification
of breast cancers based on gene expression data. This
classification provides inportant information with
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Genome-wide profiling technologies such as DNA microarrays

and SAGE are being increasingly used by researchers to
characterize the molecular phenotypes of many cancer types.
In breast cancer, several groups, including the inventors,
have previously used gene expression data to identify
various ‘molecular signatures’ of breast tumors and to
define clinically-relevant tumor subtypes (1-5) . Although
much work has been reported on this subject, many of these
previous studies have typically employed standard
analytical techniques such as hierarchical clustering (HC)
and principal components analysis (PCA) to define groups of

tumors or genes.

The present inventors have previously shown that a
significant proportion of the intrinsic gene expression
variation in breast cancer can be attributed to different
tumours belonging to distinct ‘molecular subtypes’ (eg ER+

and ER-, and ERBB2+ tumours) .



and ER-, and ERBB2+ tunours) .Although these studies
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further our insights into breast cancer biology and lead to

improvements in prognosis and treatment.

Summary of the Invention

Recently, Barkai and colleagues described a novel
analytical approach, signature analysis (SA), which was
specifically designed to overcome the problems of
conventional clustering (6, 7). When applied to an
expression data set, SA identifies independent units termed
‘transcriptional modules’ (TMs), which comprise a group of
tightly co-regulated genes in the context of the specific
experimental conditions harboring this co-regulation
pattern (6). In contrast to most clustering methods where
genes are grouped by simultaneously optimizing all
clusters, the SA assigns genes to context-dependent and
potentially overlapping TMs. SA and its variants have been

shown to be superior to conventional clustering algorithms



clusters, the SA assigns genes to context-dependent

and potentially overlapping TMs. SA and its variants
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clustering al gorithnmsfor predicting gene function and

defining biological relationships (6, 7 ) . For the

first tinme, the inventors have applied SA to an

i nhouse set of breast cancer expression profiles. They
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independent biological programs. Second, the SA revealed a
novel apoptosis-related gene signature in Estrogen Receptor
(ER+) tumors £hat was significantly correlated with low
histological grade (P<0.001) but independent of ER status.
Confidence in the reliability of this signature was
obtained by further demonstrating its association with low
histological grade in two independent data sets. Third, the
SA defined relationships between the tumor modules and
uncovered an unexpected positive correlation between ERBBZ+
tumors and the immune system, suggesting the presence of

substantial cross-talk between these two tissue types.

These results indicate that even after substantial prior
analysis, a substantial amount of novel biological

information remains embedded within these large-scale data
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bi ol ogi cal information remai ns enbedded within these

| arge-scal e datasets, which can be uncovered using the

appropriate anal ytical techniques. Specifically, the
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materials and nethods for assigning prognosis and/or
Importantly, the inventors have further determined that
this novel expression signature will function as a
predictive signature for response to hormonal therapies in
breast cancer. In addition, the over-expression of
apoptosis-related genes indicates that such tumors will

have enhanced sensitivity to chemotherapy.

Accordingly, at its most general, the present invention
provides materials and methods for classifying breast
tumors into molecular subtypes and modules using Signature
Analysis, particularly Iterative Signature Analysis (ISA);
and materials and methods for assigning prognosis and/or
treatment regimen to a breast tumor patient based on the SA

and ISA of the expression profile of said tumor.

The present invention further provides a method for

deriving a set of differentially expressed genes. The



treatnment reginmen to a breast tunor patient based on
the SA and | SA of the expression profile of said
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for deriving a set of differentially expressed genes.
Thei nvention identifies a set of genes and provides
the use of the expression levels of sone or all of
those genes in a breast tunour sanple in assigning a
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patient with breast cancer. Preferably, the invention
provides the use of an expression profile in determining the
prognosis and/or treatment of a patient with a breast tumour,
the expression profile representing the expression levels in

the tumour of the genes of the prognostic set.

“Prognosis” is intended in its most general sense, and may be
quantitative or qualitative. It may be expressed in general
terms, such as a “good” or “bad” prognosis, and/or in terms
of likely clinical outcomes, such as duration of disease free
survival (DFS), likelihood of survival for a defined period
of time, and/or probability of distant metastasis within a
defined period of time. Quantitative measures of prognosis
will generally be probabilistic. Additionally or
alternatively, and especially for communicating the prognosis

to or between medical practitioners, the prognosis may be
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respond well to hormonal treatment and to chemotherapy.

Consequently, the prognostic set mentioned above may be used
to predict the response to treatment, in particular hormonal
treatment (e.g. tamoxifen or indeed any selective modulators

of estrogen receptors) or chemotherapy.

For the avoidance of doubt, the term “determining” need not
imply absolute certainty in prognosis. Rather, the
expression levels of the prognostic set in a tumour will
generally be indicative of the likely prognosis of the

patient.

The expression levels will generally be represented
numerically. The expression profile therefore will generally
include a set of numbers, each number representing the

expression level of a gene of the prognostic set.



patient . The expression levels will generally be
represented nunerically. The expression profile
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each nunber representing the expression level of a
gene of the prognostic set.A nethod in accordance with
the first aspect of the invention may conprise the
steps of: providing an expression profile that
represents the expression levels in the tunour of the

genes of the prognostic set, and assigning a prognosis
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of other genes in the tumour). Alternatively, it may include

determining the expression levels experimentally.

The determining step may include the steps of:

(a) obtaining a breast tumour sample from the
patient;

(b) measuring the expression levels in the sample

of the genes of the prognostic set.

Measurement of the expression level of a gene, and in
particular its representation in the expression profile,
may be in absolute terms, or relative to some other factor
such as, but not limited to, the expression of another
gene, oOr a mearn, median or mode of the expression level of
a group of genes (preferably genes outside the prognostic
set, but possibly including genes of the prognostic set) in
the sample or across a group of samples. For example,
expression of a gene may be measured or represented as a

multiple or fraction of the average expression of a



a group of genes (preferably genes outside the
prognosti c set, but possibly including genes of the
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sanpl es. For exanpl e, expression of a gene may be
measured or represented as a multiple or fraction of
the average expression of aplurality of genes in the
sanple. Preferably, the expression is represented in
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members capable of binding to expression products that are
indicative of the expression of genes of the prognostic set,

wherein such binding may be measured.

Generally, the binding members are capable of not only
detecting the presence of an expression product but its
relative abundance (i.e. the amount of product available).
The expression profile can be determined using binding
members capable of binding to the expression products of
the prognostic set, e.g. mRNA, corresponding cDNA or cRNA
or expressed polypeptide. By labelling either the
expression product or the binding member it is possible to
identify the relative quantities or proportions of the
expression products and determine the expression profile of
the prognostic set. The binding members may be
complementary nucleic acid sequences or specific

antibodies.
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the expression profile of the prognostic set. The
bi ndi ng nmenbers may be conpl enentary nucl eic acid
sequences or specific antibodies .The step of
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the expression profile under test with other,
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The Rﬁ@mwpinﬁﬁﬁ%ﬂ§é§9aﬁd@%QSWﬁ%Q$ Hayr B9 GHSTYRUEEr RYned
compaﬁiﬁgd@r{éi x?ﬁ:%gls!w.gn(ﬁfoﬁl@ hngs) WhEEhyd & (Rheat,e)
cteris a particular prognosis (or
prevppoghpses)ained, spupfiakes privl Paef aFsecRied ctitay known
proggggggogﬁc?/ cyPa)(v:LlEﬁ gepeL A Sty %@t@’fﬂiﬁé&' O HRfglves
om a plurali of “tunours "of that prognosis. The
prof¢mepamrsmnoﬁmueb)gwhech]iw e peed orherpGieT It ivi O fhe

t Pr ef h
L e S
art&aﬁeéerp&bgndﬁlandaydbergéménaﬁpdoﬁrdmféx@r¢gﬁﬂqmomn

oghoses. The oghosis_to be assigned ati ent
proffdSd foB HERASOR oF v ﬁp?%ﬁgl%} A e
eﬁpre55|8n profile under test nost closely resenbles
The st andar rofil es d for comn son 1 be
The GQ@BanS%%§Fdﬁ geP?ﬁﬁ%ﬂ% ﬁ&f%%ﬁ% Ef efab y%%%%e
aid eenpartsasutiesr W th known or standard profiles

(preferably standard profiles) that are categorised
into two different prognoses, e.g. "good" and "bad",
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known prognoses. The prognosis to be assigned to the patient
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is that of the known or standard profile which the expression
profile under test most closely resembles. The standard
profiles used for comparison may also be used to assign a

treatment regimen.

Preferably the comparison is with known or standard profiles
(preferably standard profiles) that are categorised into two
different prognoses, e.g. “good” and “bad”, or high and low
(preferably with a cut-off between 3.8 and 4.6). The known
or standard profiles will have been generated from samples of
known prognosis, which may be determined in any convenient
way - either by actual clinical outcome for the patient
following the removal of the sample (i.e. response to
treatment), or by other prognostic techniques, e.g.

histopathological techniques, e.g. using the NPI scale.



known prognosis, which may be determ ned in any
conveni ent way - either by actual clinical outcone for
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response to treatnment), or by other prognostic
techni ques, e.g. histopathol ogi cal techniques, e.g.
using the NPl scal e. The known or standard profiles nay
al so have been generated from sanpl es which have
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the ofetdlddnireaiuipe s gaost s neass ofnerptes FHiott lpeodoces at the

confidence.can be assigned to, the edi Gt t hat
molem gt gfﬁf?&’cﬁ’é?%‘%@s@@gﬁéﬁaﬁ 1{:?@%\ gn%’t % ?‘ %ghégti ent
pro¢aleda mde, odepentag =01 theresdrengittentdhlifemore

praognosi s. The expression profile of the prognostic
relight!Smyad| Ff’e?sﬂgﬁfﬁ IRFFECREEN %ﬁ%léb’%?%’é%ttl aﬁﬁ% et® of
cap18 |H RHAGAOSHE - biwRY efumoliResAfyEdd dlrchaigcrete

realised that the expression profile of the partjcular
modigdfos FWatNRERECTD ‘f?f@rlcdln@gnSgt ?‘ée%eeflw%&ggd i:]ﬂe

subfHdiRatinan vBE QVbHec A idlatiebRoghostic assignment.
Furthermore, a confidence can be assigned to the prediction,
so that an informed choice regarding treatment of the patient

can be made, depending on the “strength” of the prognosis.

The expression profile of the prognostic set may differ
slightly between independent samples of similar prognosis.
However, the inventors have realised that the expression
profile of the particular genes that make up the prognostic
set when used in combination provide a pattern of
expression (expression profile) in a tumour sample, which

pattern is characteristic of the tumour’s prognosis.

The prognostic set of the invention (TuMl (Table 2 and
Table 2a)) is a subgroup of ER+ tumors. The TuMl expression
signature appears to be a specific molecular feature of ER+

low histological grade tumors independent of ER status.
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expression (expression profile) in a tunour sanple,

whi ch pattern is characteristic of the tunour's
w@e@ghaesis. The prognostic set of the inventi oPCT/GBMO06/001167

(Table 2 and Table 2a)) is a subgroup of ER+ tunors.

The TuM expression signhature appears to be a specific

nmol ecul ar feature of ER+ | ow histol ogi cal grade tunors

i ndependent of ER status .The expression profile

The 08kt &@sh Sl @R cx jpat Io@;r&bméangr&dﬂea A0St hiset twel |
provi de val uable i nformation not only for, prognosis
Proﬁﬁ?s?%ﬁ %FRN%&%%NR?Qﬁ#@&tHéﬁ?a?%%| TR AT ERtmeRtY

forMB¥ohgosheMiheraPy dodseH180f FRNBhedt MR, . €. 0.

tanoxi fen or other selective nodul ators of estrogen
receptors . The nethods of the invention may include

The CORPATHME ‘%rﬁ? BEp Eﬁéﬁb%x‘a%‘{ze L3aPbr tAS-REQANAS e meRE ,

in the breast tunour sanpl e before and after treatnent
e. gt otaferrddiera cchahgeri peldrt iyepmedyl akops off |estrogen

rechfdicative of an inproved prognosis or worsened
h$09n03|s The expression profile represents the
expression |l evels of a group of genes in the tunour.

TheThe é& es E %a%nvg§9 Q§§n ??gec é&fﬁ éﬂ%
1 Cal® ere s oulf'be Su |C|e ap
epre$swnn1nduehgenésthé'gamgnqmqacesstomnptMé|bnaaat &howr

son a Qupi N of th g essi on rofll S
e G e ARG nhyHe THo S| SHUFor Goyetibns the
expﬁ@é@hﬁﬁ@nmﬁun@ Shamdatﬂwpkﬁteﬁuﬁaﬁrkmeﬁnprwgﬂdmasabt

Alternatively, the expression products may be | abelled
WOrReHRIREICSEat i on from t he sanpl e under test. A

preferred nmeans of detection is using a fluorescent

| abel whjch can be detected by a |ight
The expression profile represents the exXpression levels of
a group of genes in the tumour. The genes of each
expression profile need not be identical but there should
be sufficient overlap between the genes of each expression
profile to allow comparison and grouping of the expression

profiles.

The binding member may be labelled for detection purposes
using standard procedures known in the art. Alternatively,
the expression products may be labelled following isolation
from the sample under test. A preferred means of detection
is using a fluorescent label which can be detected by a light
meter. Alternative means of detection include electrical
signalling. For example, the Motorola (Pasadena, California)
e-sensor system has two probes, a "capture probe" which is
freely floating, and a "signalling probe" which is attached
to a solid surface which doubles as an electrode surface.

Both probes function as binding members to the expression

11



meter. Alternative nmeans of detection include
el ectrical signalling. For exanple, the Mtorol a

w@ Pwsaeamn, California) e -sensor system has tmMOT/GB2006/001167
probes, a "capture probe"” which is freely floating,
and a "signalling probe" which is attached to a solid
surface which doubles as an el ectrode surface. Both
probes function as binding nenbers to the

pro@YPt eSSiRAPLedUEhg V¥R MHAJpOEIEEE Sard Wribupihebesto
are brought into close proxinitx wi th each other |
clopesRf ¥y tYn i he ereatPidiptofeaH eiegtin &die SitgR&Ron of

an ¥hieh-€an Qgﬁﬁsge%f@!h JNenR akeechOyever, a number of

newer technologies that have recently energed that
utilize 'l abel -free' techniques for quantitation, for

The@XadPt £ AdRsR P QdueRBRY oXagepsr (MuHHAIJY 1ML What

California) . The prinmers and/or_ the anplified nucleic
havgcracomlyl heeMRRESH (SR tanf il abel ' L2 aritti Gt itGr i iIsE
£oragaLssd oA aY IQndie €hargetdu &Ly Galgros

resistance as a result of two prinmers docking onto a
(Mopapgbe kgt esdd foradact, ThAJPELbREYRSHY Axtteéitsi on by
ampPLYIRT AR o1 o1 3RS 3E00800YE: of N pindiang mrenber s

may be ol 1 gonucleotide prinmers for useé in a PCR (e.qg.
Quappl tit ey REREessessedl PYynepeering ding alivargsurver

uct.s .o g [,C i fi : e
e e e e aea s dr o me g
ontpr af enadety , extgre dsiavdiprpdmerbeand ssebstquant mxdegisdon

acid probe or antibody fixed to a solid support. The
by 8§%¥%€§?%%'products may then be passed over the solid

support, thereby bringing theminto contact with the
e APSDRISIOEL, The OLAS SUPRELL Y e ol s
olifbhi€rtiides priflers for use in a PCR (e.g. multi-plexed
PCR) to amplify specifically the number of expressed products
of the genetic identifiers. The products would then be
analysed on a gel. However, preferably, the binding member
is a single nucleic acid probe or antibody fixed to a solid
support. The expression products may then be passed over the
solid support, thereby bringing them into contact with the
binding member. The solid support may be a glass surface,
e.g. a microscope slide; beads (Lynx); or fibre-optics. 1In
the case of beads, each binding member may be fixed to an
individuai bead and they are then contacted with the

expression products in solution.

Various methods exist in the art for determining expression
profiles for particular gene sets and these can be applied to
the present invention. For example, bead-based approaches

(Lynx) or molecular bar-codes (Surromed) are known
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the case of beads, each binding nenber may be fixed to
an i ndividual bead and they are then contacted with
W b@6aeauessi on products in solution. Various PEl/BBOHG/001167
exist in the art for determ ning expression profiles
for particular gene sets and these can be applied to
the present invention. For exanple, bead-based
approaches (Lynx) or nol ecul ar bar-codes (Surroned)

tecﬁﬁ%ﬁﬁg OMMEECQHé%%EgéSé§1 the eb?ﬁ&fﬁé R Dl BdLPgached

is attached to a bead or "bar-code" that is
to a rmbad duraWbyrrea@labW@aandsf Apdividealihg negdekde and

co h the e S roduc |
fre?h n%on%a erégggi%hgaggpregs% ﬁ“%%% gb?gbagceé
The (Efertcgletgs)ofl shachiediedy memdelrat tonthafémramsiioh pheducts

ta d.bead r co .are sed ng ce
(ax G 4 PGV SRobry S cPeaRtont 1 UF TRl HRnoare e
bead@tdo baf- cdaker ai @i g P ragsiagh @rdév:lcm (lesg. a flow-
i nstrunment ation devel oped by Illum na (San Di ego,
cytemet ey FnS) reﬁﬁmely fibre-optics. In this case, each
bi ndi ng menber is attached to a specific "address" at

the end of a fibre-optic cahle. Bindin t
A CERORR TR RBHRES Th A9k DA G TR iy TORdAEE °
insfHURLESAERN aEaB%%MIJ&}h 119 uheadabken byiegdglevi ce at
the other end of the fibre-optic cablJe . In a second

Califpeeta) ¢Iﬂ§mﬁﬂ¥seﬁ%b¥$nRQRHQ§1 prBvHIES Hsisar £50E,

bln@{ §etﬁé’m4e¥f 3 sk e£ Q@R AYh0 faorsp@§§![f§]8| N Y PYR@SIESe end
or treatnent regl nen to breast tunour San”pl e,

of @hft%ﬁ%ﬂﬂnﬂmﬁtG§bé©npr3¥R9¥Q§ §€IFHSS§§®%ﬁﬁS%Q?\H¥QQ¥CSrEO
theaﬂ%g& %n?em%l Sl ﬁatlat A c%%c@'rﬁ@lﬁ%r@gggﬁf Sch AR Wikd Ag

el ng capa specifically binding to an
readapledsy on devédacet ofha géey ¢hd of the fibre- Optlc

cable.

In a second aspect, the present invention provides apparatus,
preferably a microarray, for assigning a prognosis and/or
treatment regimen to a breast tumour sample, which apparatus
comprises a solid support to which are attached a plurality
of binding members, each binding member being capable of
specifically binding to an expression product of a gene of
the prognostic set. Preferably the binding members attached
to the solid support are capable of specifically and
independently binding to expression products of at least 5
genes, more preferably, at least 10 genes or at least 15
genes, and most preferably at least 20 or 30 genes identified
in Table 2. The binding members attached to the solid support
may be capable of specifically binding to expression products

of 20 to 30 genes identified in Table 2.
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t he prognostic set. Preferably the binding nenbers
attached to the solid support are capable of
w@pweilbisenl | y and i ndependent |y binding to expPEBEBIV6/001167
products of at |east 5 genes, nore preferably, at
| east 10 genes or at |east 15 genes, and nost
preferably at |least 20 or 30 genes identified in Table
2 . The binding nenbers attached to the solid support
e gt Ifd Vbt fdi e¥%pr essi on
T e g0 o e B e I
speoiel entadiamen ttndpperaiery: lve hbefing et o Eraueasiienoproduct s
cifical.l 1d. LRd tLy. bindi p SLOM
e o
suppdtiachee tsmppbetsohy chawgppotbchedhehstaiocnlyapinhdiey

attached thereto |y binding.members that. ar l e
mem%ﬁr%gggﬁffg§|F@Pgﬁgerﬁgg gﬁ&%ﬁf?y | g fiabRR)
bin@&Xiy essicprpseduvat sradudtie ofenbs gemad | fdeettiifnedalbhe 2

or a prognostic set therefraom Preferably the
Tab%?n%iﬁﬂpﬁb%ﬁ§5§°5FéCﬁﬁ§i%hfrggFSmSequences and the
apparatus is a nucleic acid mcroarray. The genes of

Table 2 are_listed with their Uni gene accessi on of the
Prefgiajahib it MIACANT TIPS GSRCEUBFoLacH JbrEgRoss and
the tOspefone Be wehubeved ddiemtibeckli-gene dat abase at

the National Institute of Health (NIH) : (http

2/ /www. ncbi . nlmnih.gov/entrez/query.

The f §@hSdhsunigaRE ). aFabl £5a Wishs thber ggneseref atabkeidn
in order of significance . Thus, for all aspects of
of the Widait davPbAERon e SeSUSRERePALFRCR RS K8 set of

thePERESe S5l 6adi8d @M JaP! &he? 15QBRAESESt AadLad! thie
first 5 genes listed in Table 2Z2a, nore preferably, at

Natienat Iﬂﬁiﬁﬁqﬁﬁ of Heglth g(NIH)g, 12, 15, 17, 20, 25, 30
ge@ﬁ%%ﬂ:V?&ﬁ%iﬂcgijﬁﬁm.ﬁig?bov/entrez/query.fcgi?db=unigene).

Table 2a lists the genes of Table 2 in order of significance.
Thus, for all aspects of the present invention it is
preferable that the set of genes selected from Table 2
comprises at least the first 5 genes listed in Table 2a, more
preferably, at least the first 6, 7, 8, 10, 12, 15, 17, 20,
25, 30 geneg listed in Table 2a.

Thus, in a preferred embodiment of the present invention, the
set of genes comprises at least 10 genes selected from Table
2 wherein at least 5 of those genes are the first five genes

listed in Table 2a.

The set of genes may comprises at least 15, 20, 25 or 30

genes selected from Table 2 where at least 5, 10, 15, 20 or
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Thus, in a preferred enbodi nent of the present

i nvention, the set of genes conprises at |east 10
w@emwedordet ected from Tabl e 2 wherein at | east BCDGB2006/001167

those genes are the first five genes listed in Table

2a. The set of genes may conprises at |east 15, 20, 25

or 30 genes selected from Table 2 where at |east 5 ,

10, 15, 20 or25 of those genes are the first 5, 10,

25 b8, tROsO7 g% RS theskesd s, Takl e12a. 2 fust het MRGRs
 for all d? the genes, Affynetrix (Santa d ara,
listgpi forhade (3w, affynetrix. con) provide exanpl es of
probe sets, including the sequences of the probes,
(i.e. binding nenbers in the formof oligonucleotide
Fursbguentes)fethatllacd thpattreof Adéveetrhy expries Flaraof

\ 1.a [ 0 . call i gh
ol e M A R o80SR e BB o
setgl i gonled by itdes seguentéxent diteo prebpssmalle . dvSciieige
men®eF851 Q" kP oéosfrmOfofa oiglgé)?uc?’lueoo%%r te' SZQSeES%aT'%f S C)ar:rte

s often a mcroscopic’glass side or -a ne ane
capbblleerf doatadny telrpacesabst raft ehei geneawhehi pdgd .orlTlae
Solggcleicoagid sequences are delivered (or printed) |,

usu%??? %y'a robotic system onto the coated solid
support and then immbilized or fixed to the support

I,n referred enhodi ment, the expression products
Ty R0 G e BBl G e AL ERaR R RATS e
or alibopiesseiddsabelre angded BRIt CAREFCERAIV tHiddIte

i mmobilized nucleic acid sequences. Fol | ow

. n .
aTSRSHOF ATRATT G, A G LARuBIRRTR  PEFkEPL Ly EURRP e st
of téfi A0macEHRE &Y g1SkEhs 8de hixdhehn@eahyt FON:dAS&oated
.. scanner. In an alternative method, the expression
with a substrate (i.e. a “chip”). The nucleic acid sequences
are delivered (or printed), usually by a robotic system, onto
the coated solid support and then immobilized or fixed to the

support.

In a preferred embodiment, the expression products derived
from the sample are labelled, typically using a fluorescent
label, and then contacted with the immobilized nucleic acid
sequences. Following hybridization, the fluorescent markers
are detected using a detector, such as a high resolution
laser gcanner. In an alternative method, the expression
products could be tagged with a non-fluorescent label, e.g.
biotin. After hybridisation, the microarray could then be
‘stained’ with a fluorescent dye that binds/bonds to the
first non-fluorescent label (e.g. fluorescently labelled
strepavidin, which binds to biotin). The expression products

may, however, be label-free, as discussed above.
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products could be tagged with a non- fl uorescent
| abel, e.g. biotin. After hybridisation, the

wor@soedssny coul d then be 'stained with a fl uPCEEBIVE/001167
dye that binds/bonds to the first non-fl uorescent
| abel (e.g. fluorescently | abelled strepavidin, which
binds to biotin) . The expression products may,
however, be | abel-free, as discussed above. A bi ndi ng

A b?ﬁ@&ﬁ%%f&ﬁl@aahegcgt%t@ﬁﬁt@erﬂee‘f’ ?érﬂ’é e<a5.s§1;51;‘78'581on

expression pattern or rofi | i's obtained
(exprabysompatiiersi gnabrefiteled s p@ﬁaea@ﬁ I@n’s%rraeh@'lg@otthe

81g¥§435.her9i19&§c?| Eﬁ%%gg 89_1,5 ea sp-glaew @fltgfg?l%l g.lb%%lng

eXpression o € EXperi men sanp e may t
softenpar edrivd thatiteat of genﬁznxtma$sppnfofetM¢ experimental

expr essi rofile f ' f
samgignxa?% 19%[ rE e 05‘88%8§}w%%ﬂ§%%39808| g t%\g%éaarC?(rPoIIOflﬁﬁ|
(i.¢al ur etprarmin pRgElidé ﬁﬁ&nuﬁhﬁespefeamﬁléfwﬂﬁhu|ﬁdr
exaBRBp ot PP GFPLeS pr el WUy T Gag8h rospe Mo VAIuE

or khawlacf&ﬁgétd@_mﬁ gapaes] cihArdiFregansi sl eaghlpniay.’ or
'good' prognosis and/or of a particular NPl range such
as high and/or |Iow NPl and/or characteristic of one or

TheMREEnAIRHG &U%e( FerofeQNEr&f JHY ©rf ABge {SprefsMal ues.
The standard nmay be derived from one or

PTogApPESET SHLBIUN! DEGTIBREV? tRs ISPATGAEEHLEBLBOT @

parthalast 65t Sdlde1@f eagparbber ar NBboal eoghios B dthdfor
val ues (or other defined value on a prognostic scale)

of a pretitaiRiart ImdPrPRcPueRe ah g é§§/ 6F1 pPofiFe and/or

cha®BREari & 1S Rle BrNALPRI NSARRI1Re (Ehe88/ Jhi Sos tipndar d
expre33|on profile (s) may be retrlevably stored on a

rangg{g) caf riarusss pghet sepndaghtade demgﬁdnfmfbameay%f
mor\%t E&c%f sﬁcgrhﬁf oq_"ri@Legr @91&!&& g%@%@sto ﬁQr

two-col our arrays, nost co used fl uorophores
chagpeteristic of a partlcular NPI value or range of values
(or other defined value on a prognostic scale). The standard
may include an expression profile characteristic of a normal

sample. These/This standard expression profile(s) may be

retrievably stored on a data carrier as part of a database.

Most microarrays utilize either one or two fluorophores. For
two-colour arrays, the most commonly used fluorophores are
Cy3 (green channel excitation) and Cy5 (red channel
excitation). The object of the microarray image analysis is
to extract hybridization signals from each expression
product. For one-colour arrays, signals are measured as
absolute intensities for a given target (essentially for
arrays hybridized to a single sample). For two-colour arrays,

signals are measured as ratios of two expression products,
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Cy3 (green channel excitation) and Cy5 (red channe
excitation) . The object of the mcroarray inmge
wW@e@bptei4g2 i s t o extract hybridization signals PCeDGBe@6/01167
expression product. For one-colour arrays, signals are
measured as absolute intensities for a given target
(essentially for arrays hybridized to a single
sanple). For two-colour arrays, signals are neasured
.85 SARIRS Bla LR, FXPY ERSLORINT QUUCLEnLSrthe SATRLCaENS
ontr control’'s are ot herwi se known as
‘refeeéleq:ee'rtde wirhwill ff e driterfdnoresaenestarld abel s. The
apparatus in accordance with the present invention
preferably conprises a plurality of discrete spots,
Theeappasgois dantatordghoaneviath rbeepoéseon uolweottiides and
pot re resenti i ff bi ndi ng .menber
pre R T GAulrG R =B o T i L Sy Bie L EFEEL S HH O TaBTe 5ot
contalfifferirbedinseat ol idehudieoedateayatid | dacrondpaitn spot s
for each of the enes rOV|ded |n Table 2 . Each sgot
rePRRFPRtYMhA SeTESprLT AP rt 6t TEHRRE EQF an expressio

pro@ht @08t epbledes] eaedy camblmabqfe bi. ndiMgied erbodiment,
expression product, e,g. nRNA or cDNA, of the ?ene of

themb%oazrtaty |W§1|1ei5?’é%%3ﬁt|-°t¥t?tsE§€ﬁ §ere ?5 e 51y

prot €8 gsantegiky oa pﬁé@ﬁﬂéﬁdk Qfi1di EbgpeDie a plurality of
ol i gonucl eotides . In a third as&ect of the resent

idephient i ohigmerl 8ot $d9F RAde FaRaRILE Pgrbﬂa&%ltf@mt@g

epréQSD&%'ércﬁ‘ﬁ@/tOV el §eaiillo, @PNAENGE OciRe RAALYE Wable 2
breast cancer, sald kit conprising a plurality of

it bsndemgem@es Eapabveneofispaeifeirably yreprrAsRgedoby a
p1u§§§£€§%@%%%%ﬁ£SOP{%&ﬁfkﬁ&%o‘%lld*ege prognostic set,

det ecti on reagen t may include a data
analysis tool, preferably in the formof a conputer

In grglq ag.na rée da ﬁga;tyyéc'éeshtt q.?llvepl{’_gggr apﬂlé/recglﬂg)gr%%ded
a a ed 0

ana OI'I m
a kit for assigning a prognosis and/or treatment regimen to a

patient with breast cancer, said kit comprising a plurality
of binding members capable of specifically binding to
expression products of genes of the prognostic set, and a
detection reagent. The kit may include a data analysis tool,
preferably in the form of a computer program. The data
analysis tool preferably comprises an algorithm adapted to
discriminate between the expression profiles of tumours with

differing prognoses.

In one embodiment, the kit includes apparatus of the second

aspect of the invention.

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
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di scrim nate between the expression profiles of
tunmours with differing prognoses . In one enbodi nent,

W b@okdI42 ncl udes apparatus of the second aspePCT/6GB2G06801167
invention. Preferably, the one or nore binding nenbers
(anti body bi nding domai ns or nucleic acid sequences
e.g. oligonucleotides) in the kit are fixed to one or
nore solid supports e.g. a singlesupport for

suppogch ”a Oéa}f»#%} %ggEHbgeaéﬁ’@yé’aQay@Ul Ekpxlnﬁléi&@rts

Su baqds tection neans is preferably
suppahal s@b&daeabea@$ oﬂm@yéetecglomIWR?M@séénP¥e$%ﬁab1Y a

1ab<i1es<tralcim% &E%ereexigr &asian pr?ﬁ&c%éscoefné h§ ?aﬂ%&

290 crprise reagents for detectlng
the agibrasaliysi pgoﬁh@t@ﬂﬁﬁth@ paoplé eusdent v@sexpr BBsi lok:

products under te tern tlve
maYﬁ%ﬁ%@ﬁ%mﬁﬁ§sﬁerﬁ%ﬁ§Qﬁﬁ| & S??ﬁ%?gé apégﬁgggpggﬁgdth%
1n<§£h§f he-cpaneessi one pradeciksonf pgedests demteirf tedtin
Tabl e 2 such that they can be anplified in a PCR The
prinmers may further conprise detection neans, i.e.

altdAhel SydiRat teanbbedusehetderdenty fye trhm]mqnhdéu pdimers
sequences and their abundance rela q:to ot h
capdipis |94 ddrdégdenteshe METBPEAST ?ﬁﬂéﬁﬁ §ﬁpﬁgnﬁay be

idePPiai ied As0x8i 51 SR tieashebi opsies anpliifiednérdh e
aspirates. In a fourth aspect, .there is provided a,

PCR et Ferl i mersdmay nfu et it Comerase dd%%?te]ﬁﬂ BR2BPof 1%
1apd L @A €as! HLURHE SENRILtGeYPELS] Agol i st epguehicés)

I'sol ating expression products from said breast tunour

and staingpl e ;al{ur)dangent e 1§t i ttre OEREEeIBPHHE 1Y ASEUGRCERe
prognostic set of genes; and

The breast tumour sample may be obtained as excisional

breast biopsies or fine-needle aspirates.

In a fourth aspect, there is provided a method of producing
a nucleic acid expression profile for a breast tumour
sample comprising the steps of

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

(b) identifying the expression levels of the
prognostic set of genes; and

(¢) producing from the expression levels an expression

profile for said breast tumour sample.

The expression profile may be added to a gene expression
profile database. The method may further comprise the step
of comparing the expression profile with a second
expression profile (or a plurality of second expression

profiles). The second expression profile (or profiles) may
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(c) producing fromthe expression | evels an expression

profile for said breast tunour sanple. The expression
w@eobilba4ray be added to a gene expression probCT/6B2006/001167

dat abase. The nethod may further conprise the step of

conparing the expression profile wwth a second

expression profile (or a plurality of second

expression profiles) . The second expression profile

é d&%ég'ér%ﬁ)anéég8n8r?9&§ dunfifA sS6e9Rd (BLedshples)
rour t he

or sanple usi ng substantlally
u51m@n£ﬂpﬂngﬂosﬂ&g sbe, swhereieunp Pricyiesi s vhasehBen
assi gned f or _det ned f e ng sanple (or
PTogity 3} en‘?@@éﬁénéx%?e§§{éﬁﬁg?o %%'?o? gFoflles)
secﬁ@&:ﬁﬂmﬂ&ﬁt&ﬂd&ﬁﬁpﬂeeﬁl|Eh§O$GQﬂHﬁId&§§ﬁ5§h@ﬂa§¥@fi%?IC
of a artlcula JPrognosis for
(or P Y §PYa pgoggaﬁg%ﬁ ;ﬁﬁ%?pa r%%%ng
chaf&@%@ﬁistiﬁ ot &l @a&tleﬁaapapfmgnd&ﬂsJmﬂonuﬂm@mpde at

| east one range of NPl val ues. Alternatl\i1
' goRR| Ipr‘i‘-ﬁ?%‘tsaﬁd:alad ‘BPSEI | REPSTOHrOf i Ted) rr%’ gl cate

lowanpaS td€ tatarletarseﬂtomenparegcm NIPY e;faemwolqr the least
ronOSISISInte O

f a nostic heasyre
one pF%‘F%er & WEL c‘ﬁlr‘ﬁe@al I 9 %E%?)?jg‘éeolg? 'odHostS ¢ 1, Ptne
stafhassi fheation sy ghremi 188E mag ikl dMlle Agairtictier
prognosi s may be predicted from gene expression data,
tregdbPeRed$FHT! i ni cal techni ques, such as

hi st opat hol ogi cal techni ques, or assigned

retrospectively to the second expreSS|on proflle based
Prefarahby di ke roBRsdene Sofnt e pEPT Rt (¥ )PRagestic

“&‘é@ SAP! £ (19h:khemWaLebotde sespnkrofile
meaEBQE V&?h knomfédggyof tﬁ% prognostic set, it
classlpgssttwm;qxstem, such as the NPI. Again, the

prognosis may be predicted from gene expression data,
derived from clinical techniques, such as histopathological
techniques, or assigned retrospectively to the second
expression profile based on the disease outcome of the
patient (s) that contributed sample(s) from which the second

profile was derived.

With knowledge of the prognostic set, it is possible to
devise many methods for determining the expression pattern
or profile of the genes in a particular test sample. For
example, the expressed nucleic acid (RNA, mRNA) can be
isolated from the sample using standard molecular
piological techniques. The expressed nucleic acid sequences
corresponding to the gene members of the genetic
identifiers given in Table 2 can then be amplified using
nucleic acid primers specific for the expressed sequences

in a PCR. If the isolated expressed nucleic acid is mRNA,
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devi se many net hods for determ ning the expression
pattern or profile of the genes in a particular test

w@200plies44For exanpl e, the expressed nucl ei ¢ acPdr/GBMNAG/001167

MRNA) can be isolated fromthe sanple using standard
nol ecul ar bi ol ogi cal techni ques. The expressed nucleic
aci d sequences corresponding to the gene nenbers of
the genetic identifiers given in Table 2 can then be

thi @M fded kR RUEheb Cotigh tedy IR $cgpeektiechotsihe
expressed sequences in a PCR If the isolated

stargardgwddodgcl eic acid is MRNA this can be converted
into cDNA for the PCR reaction using standard nethods
. The prinmers may conveniently introduce a |abel into
The t preimemd itivedonuehépotigi tnserduns 4 tlajpgy Bato the
jdentified. .ldeally, t | liey @ sisndizcat e t he
s A
IdesEnpendes lpbedent abfer tohendigltid itdet ired agvent
reflecting the relative antity, or t ent
QUARRLEY O éﬁﬁﬁFngstsﬁﬁg & c d¥“§£§%%%gggff%?ﬁggﬁgbm
aftés fhelamesdenicaat onadiveact i vef lddielintiémrsirtey agfi vehe
sjignal will indicate the relative quantity/propaortion
quadh W e FEPRBSIPt STGUSRE T 19, 4 CHo e doegq oanble.
For SEQAESTES if the nebatli ve quastdddeas ar praiosicitdns, of
t he expression products of each of th enetic .
thej yehtrtiter Stnithe é‘é‘ﬁ&ﬁﬁi ghlh PRGN 4 ef&ﬁ?& i'6n
quaRt oty ) erdirdile eskveanphe abddButd afsirfiicst,i of ahe
the expression profile is nore reliable the %yeat I
ﬁg\fﬁlons

eXPRERBRY PTIHEYESex fres SPORTIES T PRESTHET CFhdHd)

of PhET OA5F&Ys 2 g&%@%‘ét&ispo‘feﬁgé@ﬁ' S9iEs ajdrawilar ge
nunber's of binding nmenbers to be utilized. . ,
identifiers will establish a particular expression profile

for the test sample.

The classification of the expression profile is more
reliable the greater number of gene expression levels
tested. The known microarray and genechip technologies
allow large numbers of binding members to be utilized.
Therefore, the more preferred method would be to use
binding members representing all of the genes in Table 2.
However, the skilled person will appreciate that a
proportion of these genes may be omitted and the method
still carried out in a reliable and statistically accurate

fashion.
The prognostic set in any aspect of the invention may

comprise, or consist of, all, or substantially all, of the

genes from Table 2. The prognostic set of genes may vary
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Therefore, the nore preferred method would be to use

bi ndi ng nmenbers representing all of the genes in Table
wa@2006ttaeyer, the skilled person will appreci aP€T/GBat06801167

proportion of these genes may be omtted and the

method still carried out in a reliable and

statistically accurate fashion. The prognostic set in

any aspect of the invention may conprise, or consist

in Pl anff nakbst antifddehdidelof bkhReggN@SPEsIMIRDI €

. e prognostic set of genes may varyin content and
the numsertionndependent|y, between aspects of the
i nvention. The prognostic set may include at least 5
10, 20, 30 or all of the genes of Table 2 . The
The {ymalgrmsmicofset heayprbyrbsie @ tsdieaslt! dws 18 aghost ¥ c°F
0 ,_€.0d. nucleic,acid mcroarrays to be custom nade
alléﬂ%‘%§é§egssp?gdl% %ed%agnose or subtype tunours.
Further, such diagnostic tools may be used in
conjunction _ wWth a conputer Ich.is pr to
The RASHHITE Pfie R P BT OTL T A1 &t r‘?gg%ﬁg?ﬁgct he
too%g,aw.@s.t gﬁlc%@Qb t{eig. mhrcsnaraay tahe cogpamenpade ard
i scussed above, to a "standard" .expressiqn fil
useq aFENE tof SRETESSI B PROTTIR BP0 et Sudh
dia#ﬂé&ﬂ%ﬁ“ﬁbqlbnmg9iﬁg §8edt he emipitiari omotvichl ¥ propides
_the user with inforpation which may be used dig Qse
whi ginel prRESHIEENSH EypRebrEROntiT T4 PAC eREO BUT at
obtdNSesa® Id MBe LR8gRO8PUE EEcOD @l N5, anifaticbhety) and
expression profile by which to determne the .
comparandar ¢S SFFE§EPEN2PPBE | &° ahd Sstc?”ég?ﬁdupﬁﬁﬁe{s%on
prof¥Ml 43 aDaBe apabhUSE Egﬁréﬁy%ﬁiﬁbﬁlﬂe@/\@f fanothe

Irst tinme, specialize
prognosis. In doing so, the 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 database.

Thus, the invention allows, for the first time, specialized
chips (microarrays) to be made containing probes
corresponding to the prognostic set. The exact physical
structure of the array may vary and range from
oligonucleotide probes attached to a 2-dimensicnal solid
substrate to free-floating probes which have been

individually "tagged" with a unique label, e.g. "bar code".

Querying a database of expression profiles with known
prognosis can be done in a direct or indirect manner. The

ndirect" manner is where the patient's expression profile

21



chips (mcroarrays) to be made contai ni ng probes
corresponding to the prognostic set. The exact

w@bysitelh2 st ructure of the array may vary and PERG82006/001167
from ol i gonucl eoti de probes attached to a
2-dimensional solid substrate to free-floating probes
whi ch have been i ndividually "tagged" with a uni que
| abel , e.g. "bar code". Querying a database of

is d%’%% ‘i‘:gﬁ)r QRBEOLL! €5 Hirtdy ‘&Wl%amneﬁpﬁegembe done

ect or Indirect manner. The "direct” manner is
proﬁM’i@rSe mgehpatiaeﬂbase et;cprch@;sarmnﬁr whi-Fi Bref et {3
conpar e 0,
S SR TR e Ty e e e

the Wasth mprtagnosi s and/ or treat rrent regi men) delivers the
best mat ch. Aspects and errbodi ments of the present

vent | t b
L e

be aspestsaasd, ehspochalyerttﬁ mxehmpbse, appahenefesenpesgo the

mentyh et gt GdSol

skilled jn the art nt t
Eol y G B I T po?%ﬁt&?rbfﬁ’p rEEengec{naﬁfnbé)(ﬂ%(jefﬂ:% f'ﬂlsl be
appd¥Rdit escof Bieast fkanged. An) the nedul e hAiee dbcuhents

tunor_nodul es (TuMs) identified b
(‘l’?rtxl Fontf e%‘F%rll’CE?cqweydn rF?SFFHC% ue

Eect aﬂgl e) represents a transcripti onal nodul e.

ranches represent_ TuMs that originate fro

Figyier la rBHE ofCthtesh8fdSrs 9t GrobaF” vi W Zﬁ‘ geﬁ%gufe
treEXBEESSLON RRAL &l 1Wist hiTumEynargeMedlies. Hhaathg ovga at

represents one gene and each col um represe e
diffement Eirghelukbagenallepiedéks (&xfar abPedeny {}qéﬁs%léﬂ/ blue

recggégQ?feQ£z§%%%n€bghi @Q@%&%%lb@ﬂgﬁéngﬂﬂhimgeSb@bﬂches
romFig |A). The | egend of eight

represent TuMs that originate from same roots over a range

of thresholds. B) Global view of gene expression patterns

within Tumor Modules. Each row represents one gene and each

column represents one tumor. Eight diagonal blocks

(separated by yellow grid) represent eight modules ({(under

gene threshold 3.0) from Fig 1A). The legend of eight

modules is 1listed. The off-diagonal blocks reveals how

genes in one module function in other modules. The red

arrows show examples of genes and tumors that can be shared

between different modules.

Figure 2. Kaplan-Meier analysis of disease outcome in two

independent patient groups. A) Overall survival for 82 ER+

patients from Stanford data set. B) Metastasis-free

survival for 71 ER+ patients from the Rosetta data set. The

green line indicates patients with ER positive tumors
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nodules is listed. The off -diagonal blocks reveals
how genes in one nodul e function in other nodul es .

wab@ened4nr r ons show exanpl es of genes and t unPCEGBR@G/001167
can be shared between different nodules. Figure 2 .

Kapl an- Mei er anal ysis of disease outcone in two
i ndependent patient groups. A ) Overall survival for
82 ER+ patients from Stanford data set. B)

. ta is-fre r f ofh{le ERhePabirent snér arptibes
hlghggsgﬁégégé%ggsgrtm T%ééﬁégsr een |$1e [ ndlafiat es patients
patiehth E&mmluw@ammﬁhmhry expressi ng TuM genes, -

while the pink one depicts patients with all other ER+
tunors . Figure 3 . Correlations Between the Tunor
FiguBegnRl Ures-refl abiifdher eRe t ekl etshe EAEROF oW F SR et s 04

th or_of_t var cc ag e
lef?ﬁéngcglmguélgﬁ g%eaﬁ%t rqvha]feélte e(S Eﬁ 09 _%glr t
colod ebakhei suaki zakien aéccm.egulm i gre asmmgs tﬁrﬁ?l@f@ﬁ‘t

TuMs. The di.agon (0)4 a ul -
thate oFPBRHonGHG gft uﬁBFg %ﬁe {;?%gggl rﬁgsfu}g&l%agr%g boxes
reguilaewohh%ﬂ&@r shshariethtbyTatder dewmgonacon’paxe&\g are

he col or of one line in djiagonal t off -dlsagol off-
mOdUB@)‘éesW#éi?ealcé’rffl“?‘rép@;%fléﬂsﬁ OFUErT el atton betTeen

dlag?ﬂg.lil 8Soxdd MsnofUMhandufoM ararkiaghby glmtc@@nm mdsmales
ue rectangle. B ) Correlations, between TuM.(Low .,
Compgrade) thad cv&w eEePneplofres éPa?‘ﬁ%ﬂ?n?ﬁnB?so L Rch

boeru M. (JJITUNE {18S POoLSEIn ANt T UM f F=REBRZHn t Lkﬁmiveaen two
igure 4 shows the workflow of the [terati NN

nat.ur e
modullegor i Tt o | T2 Firgdr SWE Hofs 1 AR 48HES oV gppi Ay
recé%ﬁlgﬁ%en E}J'\’Vc&“x%l'él%'ﬂéﬁs Fhaurerd Tulihe tlsmr gzedees aid

transcriptional nodul es.
TuM7 (cell proliferation) tumors; and C) TuM4 (immune

response) and TuM8 (ERBB2+) tumors.

Figure 4 shows the workflow of the Iterative Signature

Algorithm (ISA)

Figure. 5 shows the genes overlapping between TuM7 and NPI-

ES.

Figure 6. The tumor scores of the transcriptional modules.
Tumors are sorted by their tumor score. Y-axis is the tumor
score. X-axis is the index of the tumor, which varies in

different modules.
Figure 7. The distribution of grade and ER status in

various breast cancer data sets. The dark line is grade;

the light line is ER status. Y-axis showed the grade (1-3).
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Tunors are sorted by their tunor score. Y-axis is the
tunor score. X-axis is the index of the tunor, which
waQo 2006263440 di fferent nodules . Figure 7 . The PCT/GB2006/001167
di stribution of grade and ER status in various breast
~ cancer data sets. The dark line is grade; the |ight
line is ER status. Y-axis showed the grade (1-3)
.ER-positive was assigned as 1 ; while ER-negative was
ER-Bosi e SHP| £5% eI $@ 16dwhy1 gragamegnd iy WaR 0. The
subsequently. Figure 8 . shows Stanford data set (ER
sampdsEt VoEe tefrad gw Pragiegupadoby HRHsBRSEBR et (ER
positive tunors only) Figure 10. Gene set enrichnent
anal ysis. Genes are ranked by the signal-to-noise
FiguSeNs - r aows ot agdimach|daEs, Sﬁzeé’@%dp%w“ﬁ eimopfe only)
hi gher S2N ratio (rank), the | ower expression val ues
in treated cell line conpared to control. Figure 11.
FigMirer r chboeettta|dpstcerdaty (R papiblige ceimors Wn the
basi s of expression profiling of TuM genes.
Aver agel i nkage hi erarchical clustering enploying a
FigRear 30n Gone et ion itdtmeine waslyuseéd. | Gends sazmatandies
e Qverexpressi.on o M. _genes i i
by %’P’Sh?il%ﬁ‘? I(;t(i)'rfwalSS/eeI {Sozvgh’r gggéﬁgﬁg.gﬁlgu?% 1% treated
celMullthearTiad eh agtad ry SN ofatriiosK rbhaki or sh¢ arowksat h

Uppsal a d Stanford) o astasis (Ma) as_ the first
expBRon Conie o T gl et SR et
silencing in MCF-7 cells MCF-7 cells were transfected
W th_RLN2, specifjc si representing 3 different
Figlig Bho BT ARG RENSE AR RN 1) v o
theaPakyZedr adxgded¥ Son Y igfifigCbentTuBl RNM &S . i Average-
conmbi nation with siRNA (B) was used to
linkage hierarchical clustering employing a Pearson
correlation metric was used in this analysis. The

overexpression of TuMl genes in MCF7 is highlighted in a

yellow rectangle.

Figure 12. Multivariate analysis of risk factors for death
(Uppsala and Stanford) or metastasis (Ma) as the first

event - see also Table 6.

Figure 13A. RLN2 gene silencing in MCF-7 cells

MCF-7 cells were transfected with RLN2 specific siRNAs
representing 3 different regions of the gene and the RLN2
mRNA quantity was analyzed at 72 hrs. The efficient
SiRNA(C) in combination with siRNA (B) was wused to

knockdown RLN2 in Tamoxifen responsiveness assay.
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knockdown RLN2 in Tanoxifen responsiveness
assay. Figure 13B. Flow cytonetric anal ysis of

waa0moM0F4en sensitivity in RLN2 sil enced MCF-7 PEl/G82006/001167

RLN2 silenced and control cells were treated with [ mv

Tanoxi fen or equival ent quantity of vehicle for 48 hrs

and subsequently, the treatnent was w thdrawn. After

72 hrs, Annexin-V staining positive cells were scored
FighPeFl OMEYt OFBLYY, MidedSiA NMaASUYEié Or dMNDXaherifen

i nduced apoptosis. Mterjials and Methods Breast

sengikiVibEy aHe RiF 4| tEtenaah Mo P oA lEst BENGf SodepEgdt and

conk PYRSLY S £ A&} OPBS, & &y ﬁll'(%?dra_fnfogﬁ‘fﬁeﬁe MA@k lent
Cancer Centre of Singapore ( ) Ti ssue Repository,

quantiey apbromtistle agpirov4Bs hrem e NUDSRepEsitlyry the
hi I4Lees. il I at ai;n 3
. LGRS app! asneQnhained Ah
re?gggﬁSg&?t ﬁ%fr?rg;'rEl c%ﬁ’tﬁentpat%fet al eg ggscrlnpt Fons of ° . w9
pos$bipke cedllbeotsiren, syl ving Fland dvtometayi cathich is a
mea 339ESS0E M ol LIP3, 6! UAEDOoLeENi ques and
paraneters, have béén previously reported (5 . Sanple
Preparation and M croarray Hybridi zati on RNA was
extracted.f tjssues using Trizol (Invitrogen,
Matedt 1d q-H:"@éiers’gent and processed for Affynmetrix
Cenechip (Affynetrix Inc., Santa Cara, CA
ridizati ons, i.ng UI133A Genechil[?s according to the
and | j orm Processi ng Raw
A tCeRAECHE po s aanss WeEra@Ualel tyreonbnhat | esreisibigiined from
CeneDat a(t Refi ner (Genedata, Basel i.tzer| and)
theaifat deposi ¢ ‘T%tq?na‘fr%e r SFEEP3* St 8‘?’%@3#?&‘1‘? ty.
RepbBELEXP! eS8t N LRrdpas Rl apHeeessedfrom the NCC

Repository and Ethics Committees. Profiled samples

contained at least 50% tumor content. Detailed descriptions
of sample collection, archiving, and histological
assessment of tumors, including techniques and parameters,

have been previously reported (5).

Sample Preparation and Microarray Hybridization

RNA was extracted from tissues using Trizol (Invitrogen,
Carlsbad, CA) reagent and processed for Affymetrix Genechip
(Affymetrix Inc., Santa Clara, CA) hybridizations using
U133A Genechips according to the manufacturer's

instructions.

Data Processing

Raw Genechip scans were quality controlled using GeneData™
Refiner (Genedata, Basel, Switzerland) and deposited into a
central data storage facility. The expression data was pre-

processed by removing genes whose expression was absent
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by renovi ng genes whose expressi on was
absentt hroughout all sanples (ie 'A calls),
wanigsacing the renaining genes (9116 probes) POI/&BR@gRA01167
transformation, and nornalization by median- centering
of sanples. Signature Algorithm (SA) and Iterative
Signature Algorithm (1 SA) A detailed description of
the SA methodol ogy is provided in ref 6 which is
cnrGlGRLRET al £ *g%lﬁnggllesby<;sferﬁncecaﬁré>ef' YurkBerShg  the
operates as follows: 1) A selected set of 'mgut
remgﬁnbnsg aemed eP 116 k&% )altgor theg2 ZIPIPREOTrBAtieRecfRL
t hose_ tunors in iC r age ression of the
norf“ﬁgb?atgle%résl?}f 5 oéegghg(rég%gf?%esd tiﬁrezsz'hol d; 3) The
gl obal profiles of these selected tunors are then
. exam ned._.to se| ect g her
S19n3 S c PAHO Tty =, S IF o dild
(zsh$ a 'tunor nodule’ (TuM, conprising a set of genes
that display expression |evels above a particular gene
threshold within a specific group of tunors. The
A deffventar aeldlt:tipizﬁ%rarbﬁxﬁmsé;zonnaﬁhoﬁ@,lotgiye iist gratviivied in
signature algorithm (I SA which utilizes a |lar
refn fberidh %%n&BﬁPﬁBﬂéaE% shﬁ’s’ef‘ﬁebynirteifélreinﬁSUt Bgfgr?éfs}y’
the.a?gq stgg§§gy@§t g)g rf?flismﬁfs ;; he) TeMsdlkkcaedgh satd t ol e input
iterative rounds o A (7) , As the in t ed .genes .are
geneghdaie FSA H@e‘éhﬁp?Ar%gﬂi‘P?%ﬂﬁ?’l ot H’cﬁ?mustel\dggeelgeﬁ hencEe
tun®2Bstid Uhesrancent bh&kygdinsipesyésad anaklei daput genes
~approach. Based upon grew ous reports, a ene :
is @imozshel @rer dsfpnadstBEreeetd b a?Peopﬁ]i‘?P% EHRASH§1%y °F

thels@r é&Ié&@%d | pofept h aRal ysés E&hmindhe dd Skelettgangser
w thin each TuM are contained in the Suppl enent arg/
genlesf oflmets CIVe RIS XY SR Bet Wb eAPPYfpp Jene thréshold.

The output of SA is a vtumor module’ (TuM), comprising a

set of genes that display expression levels above a
particular gene threshold within a specific group of
tumors. The inventors utilize an extension of SA, the
iterative signature algorithm (ISA), which utilizes a large
number of random gene sets as the initial input genes and
subsequently refines the TuMs through multiple iterative
rounds of SA (7). As the inputted genes are random, ISA
does not reqguire prior knowledge and hence constitutes an
entirely unsupervised analytical approach. Based upon
previous reports, a gJgene threshold of 3.0 was selected as
an optimal threshold for further in-depth analysis (6). The
lists of genes within each TuM are contained in the
Supplementary Information. Correlations between tumor

modules were calculated as described in (6).
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nodul es were cal cul ated as described in (6) .167 The

SA software is available at : http: //barkai - serv.
wowiosedam2 ac . il / GoupPage/ sof tware. ht m. AssPCI/@BR@6901167

between TuMs and Cinical Data Chi-square tests were

used to cal cul ate the association between each TuM and

the following clinical paraneters: patient age, |ynph

node (LN) status, estrogen receptor (ER) statué,

progesterane receptor ( s, mor [ -
The h|§%olo ngw tFadeT gandg?% %%vgscdﬁgr |#§%§?%%I?E§F%_
serv.WEHQmahgnaéJi&ﬂumouﬁ?agaﬂ$oésyeceaht@n was al so
confirmed by hypergeonetric probability density
function anal ysis. Techni ques Hunan breast tissues
Asségggﬁég?ga?ggwgéﬂ(mn%éuﬁﬂ&JalIthaé Repasitory, after
iate approvals from
Chi-ECHES CBRMF {FEES RS G AMSP A Gr obahy 1 SSlE ed i n

di ssec

betWddd, %Q%Ea&‘hﬁgaxfcl@e@!{@rfdlfmmln@{ ellynabberpsuamg s :

excl si on, an sh-frozen in
patuamﬁ poen Lyenk s t Hpr &8 %ﬁ&?ragﬁﬁgogﬁ%nﬁ?%gggpy H%%r
staé“d galr% 'e%@laréﬁée§é€§mox€)f (HRyMestasd axibltasyzéynph

ornal i n- ;
hlsnmipgmyad géaééte@%éﬁ%wﬁpara&%%ﬁf?Sgb§%%Egnt?ﬂyf ) LA

s:.gnli:a'scsa!nfcleC%EF Q0 dn agééé&k@ﬂirﬁ v&rsa@isoaﬁdnlfymﬁéﬂv}aﬁcul ar
unmor si ze, based only on the inyasive
hypeaymorentic pasbabsbEssdemeos q&&PPyaEﬁgyﬁbﬁflrned

m croscopically. For small tunors, the size was
nmeasured on this histologic section. ER status was

Tec%hﬂ ¢d ned by i mmohi stochemi stry, with a positive
_*___Jﬁ%m- 0 ; :
Hum@gi%%%ﬁ €9 210%,8k CBLEANRER £R SrthangiBuckear

Repository, after appropriate approvals from the NCC

Repository and Ethics Committees. Samples were grossly
dissected in the operating theater immediately after
surgical excision, and flash-frozen in liquid N2. Samples
had not been treated with pre-operative chemotherapy. For
histological assessment of tumors and axillary lymph nodes,
formalin-fixed, paraffin-embedded tumor tissue was used to
determine tumor subtype (WHO classification), histologic
grade, and lymphovascular invasion. Tumor gsize, based only
on the invasive component, was assessed macroscopically and
confirmed microscopically. For small tumors, the gize was
measured on this histologic section. ER status was
determined by immnohistochemistry, with a positive result
being >10% of carcinoma cells showing nuclear reactivity of
at least +2 intensity. For ERBB2 immunohistochemistry, the
Dako classification system was used with scores of 0 and 1+
considered negative while 2+ and 3+ were positive. An

indeterminate conclusion was made when benign breast
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at least +2 intensity. For ERBB2 i nmunohi st ochem stry,
the Dako classification systemwas used with scores of
w@2@ndo3s42 consi dered negative while 2+ and 3+ B&T/6€B2006/001167
positive. An indeterm nate conclusion was nade when
beni gn breastepitheliumwas i nmunoreactive . Profiled
sanpl es contained at |east 50% tunor content. |SA work
scheme The Iterative signature algorithm (ISA) is an
eplgﬁégf spﬁmﬁﬁgogééhgl§égnatﬁgéffﬂé@orbhbﬁbbhabnﬁéﬂngﬁ
usé oba y deconpose gene expression data. In
at gea@tanr'wm@okSAonseatself -feed system and applied as

follows: 1 ) generate a (sufficiently) |arge sanple of

ing t seeds; 2 ) identify the robust nodules (simlar

£§§%34§$¥¥§§ﬁﬁésponding to each seed through nultiple

Thel t €624t BRS sidnaguie élg‘emtm t1en)l SA& schemienAion of
detail ed technical ort of ISACc n be fo

the pap BB ITS, ALI0ES R 087 (2 Pr-d 6?1352911%“13’

dec@ﬁﬁ@@@t§gﬁélé%ﬁie@@&o&hauﬂaaSIﬁO@éﬁwﬁhl Defei TS dssao f
each paraneter can be fqund in;_ http ://bark

sel§pfgedetuiiath 2aC 3PPLERGupPabet! %%?tﬁdr@eq%ﬁ%te a

(subRLEeLAt1 PN 1Rfrfe 2daplie BR Bhpttissdanst udy itdeartify the
rel ati ons between grade and ER stat us, the i nv ntorg
robygkvByRHL§DUrs Wdadt teafRer CRRFESRAEINT 5P

thrgﬂgﬂ et {gef 15@baﬁ%dhsNCb1§§£§ sedefi®fs .tH) ;ISR )

RoSetta data set (ref. 10); and 4 ) their in-house |,
schempa Bedet® lpd tebmegalhschPaBeC AntFERaR Aud Fod in

breast ! YR vERe teBdpthaf . 4hies ER negat i ve
Bergaﬁg?ségre hi gh-grade ‘i s g bvious . Cell culture and
pardapbgif eps Gt eataresitown as follows. Definitions of each

parameter can be found in: http://barkai-

serv.weizmann.ac.il/GroupPage/software.htm.

Parameter settings of ISA

Condition Gene Threshold minRecurrence minNoGenes randomSizes
Threshold range
3 [1.8, 4] 2 10 [5, 10:1:20]

Correlation of Grade to ER Status

To study the relations between grade and ER status, the
inventors surveyed four breast cancer data sets: 1)
gtandford data set (ref. 3); 2) NCI data set (ref. 4); 3)
Rosetta data set (ref. 10); and 4) their in-house data set.
Fig 7 showed the grade and ER status for each breast tumor.
The trend that the ER negative tumors are high-grade is

obvious.

Cell culture and Tamoxifen Treatment
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2 QDMCF-7 breast cancer cells were obtained from
Anmerican Type Culture Collection center (Manassas,
wO/200s/1683d2 cel | s were cultured in Dul becco' s nopdT/GBR006/001167
.Eagl e nedium (DMEM (G bco, Grand Island, NY)
suppl enented with 10% fetal bovine serum (FBS) , 100
UWnL penicillin, 100 WnL streptonycin, and 2 mM
L- glhutarri ne . Before tanoxi fen treatnent, cells were
ed d d
e PSP HIES e 00, HB- 300, 4RI 2Lagdaid. phefobyse
Cultty€l criel ddlbomatcenices, (Ranhasbus gHiva F?A)arfdorceZASh rwgre

ot PRSI ERLLS, VB Ao Al IS8,

Gragadl Is:lasdvveme tongatledenictl wrtedquitvdesnil bolvune sérthe

vehic| e ..1% et.hanql, set .enrichnent analysi
(FBégEAfé\%_séP NCERE &g %‘f égg gésll?c?rtf *5F t?ﬁgctluﬁorg!rim%u e
L-gUenesimé gite fear caffegeixed ehy t ragonedien daldat vente vEsitued

control sanmpl es adtvvo Qst -t r eat.nent
£hrRRy b et SRk S RER LR st
withhbeep&pehd e cHalddhl Estamgpsd) FRer gifdldrey ed out due

to insufficient nunber of genes (<10) expresse n
LabRrryorsdd 15 idSouRan. P& ¢ %8rs%1*(eh‘ﬁ%2ju‘1’ %ﬁ%ﬁﬁe’gt'

ce13LONLLL CAMa GOf LAl LN W EBnGROELR! (SAMR])SSrld €.
ownr egu mtreate&L MCF7 cell I1ne, - seetable
harandtédgar 28l Q)rs . NAME rSlLZE1iESe NESINOM 5 \wglreFDReqteél

vl BRGH L 5990 005 0 Tike Ie b 757seh T o

0 .19 0.15 TuM’ 33 0.797655 1.320043 0 . 159574

Geng %%g6ggrggﬁ%ent analysis

GSEA was used to ask if expression of the tumor module
genes might be affected by tamoxifen treatment. Four
control samples and two post-treatment samples (See
Materials and Methods) were used for GSEA analysis. Three
modules (TuM4, 5 and 6) were filtered out due to
insufficient number of genes (<10) expressed in MCF7 cell
lines. TuMl is the sole module showed a significant
correlation with control samples (ie, downregulated in

treated MCF7 cell line; see table and figure 10).

NAME SIZE ES NES NOM p-val FDR g-val FWER p-val
downregulated in treated MCF7 cells

TuMl 16 0.616471 1.6929 0 0.05 0
TuM2 16 0.727534 1.426171 0 0.19 0.15
TuM7 33 0.797655 1.320043 0.159574 0.216667 0.37
TuM3 10 0.588948 1.24243 0.146341 0.266667 0.45

upregulated in treated MCF7 cells

TuM8 25 -0.51 -1.18 0.429 0.34 0.38
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TuM3 1 0 0.588948 1.24243 0.146341 0. 266667 0. 45
upregul ated in treated MCF7 cells TuM8 2 5 -0.51 -1.18
W@20083013484 0. 386 001167 si RNA-nedi ated i nhi bi PCDEBRG06/001167
RLN2 and anal ysis of tanoxifen induced apoptosis MCF-7
cells (ATCC) were maintained in DVEM growt h nedi a
suppl emented with 10% fetal bovine serum (FBS) 100
Wl penicillin, 100 UnlL streptonycin, and 2 m
sirify ALt A0 AC ST P10 relR Cah Akl padind o tdanZOLiiEioh
‘ _ ciHf—TC STRNA (ATDIoNn) Of control si RNA using
induekidgapoptoai® ne transfection reagent (lnvitrgen, Life

_Tech | ogi T . ekls i i '
R i T L e A r Y
sup;??mtfetammh \amh FlegalAbbRinadgseing (RS tr oA was
term.nna cel.l e | i j i
penisTpite 8P 9o H e SRRDY EEl Gt A e Ca 6
MOFWere theeated wirdhsfadtdmmox 88 oM BENR vapest Lt ahti vy

of hicle f 48, . : :
(Amwv)\?violtrﬁ &Saﬁ%é%ys {:}Elg% gliia%n]gn%S E)@%L?%#gg{:gﬁﬁn% h@r%x&@%!wdg/lfﬂn

: ture nedia
reagjét\.ﬂiﬁe‘lc.ih n%é%@?ﬁeiﬁf Lefe 7'2?/&Hr821c(m'|eISS weransfgpseai sekland
. : (Annexin- .\ -Flu Ln,an j dj
werq 6t g rod BriBHHCHEEY T Ho HenPEcPar SFE( RBGnG) o
withh NE lﬁ?vﬁ@a%%%fflaﬂ Loy gyt auetar Baekes; Conkt ergatndite
pop 'atlon of ‘annexin-V positive cells was scored. as
was thermiepreseandt tba 0f11hevers CBTEGES o] prBBF@t Y’%:Qh >
% Défl%%%”ﬁﬁ%éﬁwaiL oggﬁggcééQﬂthﬁﬁﬁlea&@leN@ere
e -7 cells at 72 hrs. Equal quantities of

tredRNAL Werth rigwve Meeoki dABCPT bed st ifgits M&Fﬁfp?%l |

rever i i
vehicle Eg%tJé“ﬁ%QWa%%aégbggqgéﬁﬁ&yJ_the treatment was

Q

withdrawn by changing the culture media to DMEM with 5 %

DCC. After 72 hrs, cells were trypsinized and stained with
Annexin-V-Fluorescein and propidium iodide as recommended
by the manufacturer (Roche) and the analyzed in Flow
cytometer (Beckman-Coulter) . fhe population of annexin-Vv
positive cells was scored as the representation of the
percentages of apoptotic cells.

RNA was isolated from control and RLN2 silenced MCF-7 cells
at 72 hrs. Equal gquantities of RNA were reverse transcribed
using superscript II reverse transcriptase by oligo-T
priming and RT-PCR was performed using RLN2 specific oligos
to assess the efficiency of RLN2 silencing. (Oligos used
for RT-PCR: RLN2-F: TGCCATCCTIT CATCAACAAA, RLN2-R:
CAACCAACATGGCAAC ATTT, Actin-F: CGGGAAAT CGTGCGTGACATTAAG,
Actin-R: TGATCTCCTT CTGCATCCTGTCGG) .
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primng and RT-PCR was performed using RLN2 specific
oligos to assess the efficiency of RLN2 silencing.

w@ aloegari42zised for RT-PCR RLN2-F: TGCCATCCTT PCT/GB2006/001167
CATCAACAAA, RLN2- R CAACCAACATGCCAAC ATTT, A Ctin- F :
CGGGAAAT CGTGCGTGACATTAAG, Actin-R TGATCTCCTT
CTGCATCCTGICES) . Results Identification and
Deconposition of TuMs in Breast Cancer The inventors

Res@ARkI €d the I SA an extension of the basic SA to a

—3Set—of ninety- six breast cancer gene expression
profiles. A key paraneter in the ISAis the 'gene

Idéﬁ%&%ﬁgngén'afﬁ:g?ééﬁ%ﬁé¥9i%§tE@gTEMS §$r$é§§%EQQéHEer
Thet iighestot hermml el dilioiSherneent ehel pmddYi thealbagsives
aa, @oeécgfguyf t%ﬂ?%%# der. @ 32558?61?&&! al Yl J19. Qe

't Niresho pro uces a no decormposi ti on
prodfi leke fekey exqorasston :daattaxeattseh fiéetleat ‘gesol uti ons
Figure la illustral once he form
thr%slnold du‘?em?trrelc i ow él n%gfehrgsﬁ%?%écy OF eW TuMs
reqarletioht + athy mﬂ:jmtr fUlfed genketareanblduMis®nsi gitteroftha

| b, f ly | ated t d A
cong i I ot S0 el an s Pars (ot st ! BN Smeh

rundegasposedet 9 & Ixaerxgﬂrngnlg@her tatedtdbas Wwhete msch
TuM now contains_a small.er set _of tlght ly- correl ated

PToRyEFs e afiad geie s3e HTRO SGeie™ REeSREI 450F  FRF S it

dathulfe WREecgemnerad &shiutdfonthi@h .t higarvere 1es@detds om
the sane branch. It is worth noting that the TuMs

thigefPREAP YR heh$ FOEbRHodc ROSPRedF SRR nobt 11 G5

threls¥st 865 defdhnesny LHanventiianal, hhends ehbgalwhere each
cl usterlng -“unlike the Tatter, different TuMs can

TuMs kgreiebimdh Yyelrgamimaavors (Lapﬁeim fprrelated tumors

and genes. At higher resolutions, the expression data is
decomposed into a larger number of TuMs, where each TuM now
contains a smaller set of tightly-correlated tumors and
genes. At a gene threshold of 3.0, eight TuMs were
generated; of which three were resolved from the same
branch. It is worth noting that the TuMs defined by the ISA
approach are distinct from the clusters defined by
conventional hierarchical clustering - unlike the latter,
different TuMs can share common genes and tumors (arrows in

Figure 1b)

The inventors compared the gene content of each of the
eight TuMs to previous reports describing various molecular
signatures in breast cancer. The first three modules (TuMl,
TuM2 and TuM3) were commonly derived from a single larger
module containing several genes previously reported as

highly expressed in ER+ tumors, such as ESRLl, GATA3, and
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Figure Ib) The inventors conpared the gene content of
each of the eight TuMs to previous reports describing

wWQo 2006008401 ecul ar signatures in breast cancerPCTB82006/001167
first three nodules (TuM, TuM2 and TuM3) were
commonl y derived froma single |arger nodul e
contai ni ng several genes previously reported as highly
expressed in ER+ tunors, such as ESR, GATA3 , andBCL2

seng 11fle) . Al thiss harger R has iRty been
een treated as honbgenouS in other studies, its
tresued ess fhinaiErompsosint oshernsoudies 1 et disstdaessivdi ts
suggests that. t l.ar.gers. QRKI $6
dec ]Igg?]ptfleorair%ﬁong’t%a&ﬁiggpgégggg#égi%%%tp%:;%en élsgcicti ng ©
larbeol ogickd nEnogransllSpecnbirta | yultinle distthndye and

30-gene JuM? and -38-gene T | al
POSE%B?Y ab%&—?pfgﬁ%ndcolfy va%r%ilglgsggg%%g%%o% taolaagrgeé regul at ed
Spebyf EEaBUgh wasi BCOEHtandhSTER -gene TWHR rast 3BQsensf TuNe

enes in the 34-gene Tu ule are not faound.i

Shag?tﬁ‘é?sﬁwao]r Gﬁﬁ%&a@ﬁumf’. &' g8 cY?%le%Pél rgegr}eesatkenr%wn ko
pe dehaldtéd Bnend adudniarg peeet hat) STCATUMN 4edhtoeudtd >@l0$0

be correl ated to many previouslg gefined en .
of ERBreBFINT gifat U eteden THeaBPiRancers “I%\Méoc%il&s
eit@brarids o8 seivOf (Benes d Beekyeled Nih nakee: dxtindddedn, in

i ncl udi ng i nmunogl obulin genes, T cell receptor
thesfiBlhPYEiI AFRETMNE Fami |y nembers (1), while TuM 5,

cont ai ning FBLNI, SPARC and vari ous col | agen i sforms,

are |i kelf to represent contributions fromthe stromal
TuMseft 8 pepul @t biP (A9 COrmeNB teantai HeW KRF &Y T By

def%ﬁgatégné7ex SERP 51 RIS ERONEI PBed Ot t En@XPY emsison
signatures of breast cancers belonging to the
conBagaB/ERiuﬁﬁ;g@“%ﬁtgﬂ%gy@@S(inxy}ved in immune
function, including immunoglobulin genes, T cell receptor
subunits, and TNF family members (1), while TuM5,
containing FBLN1, SPARC and various collagen isforms, are
likely to represent contributions from the stromal cell
population (1). TuMé contained Keratin 5, Keratin 17, and
SFRP1, corresponding to the expression signatures of breast
cancers belonging to the Basal/ER- molecular subtype (1-4),
and TuM7 contained a significant number of genes (p<107%),
belonging to the NPI-ES expression signature, previously
identified as a molecular surrogate of the Nottingham
Prognostic Index (8), as well as several genes involved in
cell proliferation (eg MAD2L1, CDC2). TuM7 includes 85
genes and NPI-ES includes 62 genes. 16 genes were common in
both gene sets. To evaluate the significance of this
overlap, the inventors performed a random permutation test

in the following manner: randomly select 85-gene and 62=
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and TuM7 contai ned a significant nunber of genes (p<10
4 ), belonging to the NPI-ES expression signature,
w@e@eilai4dt y i dentified as a nol ecul ar surrogat BCDGBRIVE/001167
Not t i ngham Prognostic Index (8), as well as several
genes involved in cell proliferation (eg MAD2L1, CDC2)
TuM/ i ncl udes 85 genes and NPI-ES includes 62 genes.
16 genes were common in both gene sets. To eval uate
h L gni ficance i.S ia[]%g I
gen%erg?%%rréeyl a&r andlo‘—iorrcfepfatlrillr?u%n g%ﬁ%%a?fes%\;%llt er}%ggl 51v€\3/isng
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S 1S 4 . Thus, th i gni ficance of over bet ween
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Fin@%@?QlTT$@F?&ﬂ%?iﬁ@ﬂwieﬁéﬂbaiQeﬂ?§ewﬁyfd04&ﬂy¥ﬁjﬂ§ed to

physi ca inked to_ the 17921 | ocus, (eg v-erb-b2,
ther*{ée!,zl P}\W%")‘S , Pec%r‘f‘é’éfﬁdﬂ?&i' n@g?a' RN o'%%ﬁ‘i? gqte
a pEBBB@u§i%SJ§@EBOJ(t]ed4)ERBB_§h@S;ﬁst’:@ﬁUk1—34)' ndrcadee ddatlts
) desE te being an entirely unsupervi sed anal yti cal
indigRrBatet t#eSR e H5pedr snt 8“Bér‘?%3ﬁ'a‘flk%1‘m%/rve’fsfqdci ent
ana@itiBati $GOVELINY tRNYsAl hppehral to W the @, gene

expressi on signatures previously reported for breast
effighert. atrung- eddagamRBVel 1 Bxpriesdtbn 4 gt draor
genfSEQ k@é@%ﬂ“éi&grﬁ{:@_ LS iFendubow Hist ol agi et Haade

in + Tunors Besides identifying these previously
canggperted signatures, the | SA al so discovered a novel

expression signature in TuM. TuM is significantly

enriched in genes that have putative relationships to
TuMép@gmpsige$F&(Nng;kgxpﬂmgsion Signature Associated with

Apoptosis and Low Histological Grade in ER4+ Tumors

Besides identifying these previously reported signatures,
the ISA also discovered a novel expression signature in
TuMl. TuMl is significantly enriched in genes that have
putative relationships to apoptosis (P=0.01 by the
hypergeometric distribution), including programmed cell
death 4, mitochondrial ribosomal protein S30 and beta-
TrcpPl, and also contains genes such as PCM1l, recently
reported to be associated with grade in breast cancer (9),
cell-cell signaling genes such as GJAl and IL6ST, and genes
coding for the xenobiotic-metabolizing enzymes NAT1l and
FMO5. To investigate the clinical significance of tumors
exhibiting high expression of the TuMl signature, the
inventors correlated these tumors to various known clinical
and histopathological parameters. To provide a basis for
comparison, a similar analysis was also performed for the

other TuMs as well. As can be seen in Table 1A, numerous
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hypergeonetric distribution) , including prog-ranmed

cell death 4 , mtochondrial ribosomal protein S30 and
whetwaAaodiwCPl 1 and al so contai ns genes such asPE®ZB2006/001167

recently reported to be associated with grade in

breast cancer (9) , cell -cell signaling genes such as

G&JAl and 1 L6ST, and genes coding for the

xenobi oti c-met abol i zi ng enzynes NATI and FMb . To
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1t ng expression of the TuM signature, the
cllnmvethhsrimk¢mﬂ$ﬂuﬂ$ prsserevieted t o o iigyenkERERnhave

| d
congeB f:a cfla&l i Stc%@%teligltgghg aéxl@%% 84S Tul R, QV hde

of “conparison, a simlar ysi s was al so
3. prﬁ@VﬁEd deﬂail&d(ﬁﬂm@msﬁmhe @b Wes |lasgigdndpe seen

rep?ﬁgegbkg éﬁﬁv%g$ ?E%Lgﬁ Q%arac e{?EL?2§ agﬁgeen

reveal ed. The |nventors have concentrated on t he
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that TuMs 1 and 3 were sig |f|can 05|t| el
CongaFEENE Wy thi FHlEROQ%%JE‘f;Fs iPwo. é?p €8 Xnese

threRnNshiiceNfe M t B11 higR c0RsEr ¥ dind timﬁﬁolbﬁiﬁﬂlgielﬂgsﬁ:@y
these three TuMs were all ER+ by stand

HoveiRnoMndt5ehdiistd y20d Home9RtY ’EHWk&X%WEe‘ana gtrong

pos9@h3&eTléMrr%>iathbhe%@hstlbazn&m&ublg\ieaqorgrxald@t i @xowiobh ,
[ ow hi stol ogi cal grade (p<O0. 001 conpared to p=0.024
compgettuMeoand=p=02037teHr TUB) 2xtigdestity t t HeM3)

sug}%%‘.lﬁ Prgssl opnsi gk Ulspreght ohe s@g@ﬁ@:@r@ Gnight be a
ec eature of ER+ F rade tunors. However, as
SPeEﬁilpunUmskﬁW@aﬂn oferrdrugle aszloci BRed wiarh SEEREr tumors.
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histological grade than ER- tumors (see below), the
inventors also considered the ©possibility that the
correlation between TuMl expression and low-grade might
simply be due to the predominance of ER+ tumors within
these modules. To address this possibility, the inventors
repeated the association studies using only ER+ tumors as
the study population, in contrast to the previous analysis
in Table 1A where all tumors were used. As shown in Table
1B, even after removing all non-ER+ tumors, TuMl remained
significantly correlated with low grade (p=0.001) while
TuM2 and TuM3 were not (p=0.24 and p=0.21 respectively).
These results indicate that the TuMl expression signature
is significantly correlated with low histological grade in

a manner independent of ER status.
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inventors al so considered the possibility that the
correl ation between TuM expression and | ow grade

wore@htiozinpl y be due to the predom nance of ERRCT/GBRI0S/001167

within these nodul es. To address this possibility, the
i nventors repeated the association studies using only
ER+ tunmors as the study popul ation, in contrast to the
previous analysis in Table I A where all tunors were
Thetﬁﬁﬁi33§p%$%%9@g b@gﬁggﬁfé!f% L\ ralchek 1 e0B¥tdgatdd
—ROERTGRor s, —TuM T emmar ned srgnificanily correlated
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) nner i_.ndependent of ER. stat The T
Pubwiéﬁwadr?aél@wg’tr&aégi ga%‘f%%i?%:aan%scys 'Co%ﬁe?%gg e
set _Lpa/yyﬂt ‘Sicﬁﬁe?ﬁ:lap datadeetn) Teond nstependerit? DaeasSetynFha
i nventors en tested the general appl.i.cabtli of the
(71T R P S b B g KB R Tt £
micggt he(‘%q)p,U?\}Hdi@ey tavakbabhe dateastetcaruher “gapaford
s. The first data set the "Rosetta data "
datgopst st SCPSIEA Heddt PE%@FE [ = eféﬁ%%réﬁfled
tumgﬁépgpn%f gonycleotidephaspdcabsroays ays) (I thewhkl e
the second data set’ (the "Stanford data set’) qongists
TuMbf g42@s bidertifiek j® $AFPPESSERY ERITY uhith%S) aﬁjﬁgfi ! ed

20 YXEN 30%%%@% IEAYS 63) the Robber 34arduMt gemras
' |§en ifred in tﬁ% present stﬁdyo(see Tg%le 2), .20 and
mictBagemes weseedourrlion ConeIRbSBEL Wl ERd-% alfforFor 'S
in-H%8g8a£é§¥§sreﬁﬁﬁftﬂﬂﬁkyth§9n§hét@Gﬂlméi dthere divided
'nvent or’s !h- ouse series, they found that the TuM
thesiEgmat unersdi vi deckh HereEReseGHBr 3nPnS bRt ioTh&latds 8

intgngwgtggggggc aé&%&%%&%s expressing high or low levels

of the TuMl expression signature, with tumors highly
expressing the TuMl signature being significantly
associated with low histologic grade in both data sets
(p<0.001 for both). These results indicate that the TuMl
expression signature is associated with low-histologic
grade in a wide variety of patient populations, and hence
it may reflect a general molecular feature of breast
cancer. Interestingly, in both data sets, most, but not
all, of the previously-defined ‘Luminal A’ subtype tumors
(3) expressed high levels of the TuMl signature, even
though only one of the 34 genes in TuMl (NAT1l) has
previously been reported to be expressed in this tumor

subtype.

As clinical follow-up data was also available for the

Rosetta and Stanford patient cohorts, the inventors tested
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into two distinct subgroups expressing high or |ow
| evel s of the TuM expression signature, with tunors
WoR@halig34expressi ng the TuM signature being  PCT/GB2006/001167
significantly associated with | ow histologic grade in
both data sets (p<0.001 for both). These results
indicate that the TuM expression signature is
associated with lowhistologic grade in a wide variety
of .patien i hepgcerbdi i
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suridiga GAEUEE BRLal Bt IITASH" aih Goke Tho L FRse tue
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(p=0. 0001 for overall survival; p=0.

R : . =0. 0036 _fo
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tunors did not exhibit an inproved clinical outcome
chaworrariet ittt CBAt EWA EPPERS 1 (FrS WhEr Boﬁ;ﬁkj/%ams
ser{%? %&%ﬁe@QTQ-ééige Aessibl @ataases expkaini ng

this di ference between these Imocfopulati ns may Lhe
generallﬂadﬂnqﬁ|ngpegwpna@ﬁ|system1c adjuvant therapy: e
stanford series consists primarily of later stage patients
with locally advanced disease who received adjuvant
endocrine treatment after surgery (if their tumors were
ER+). It is thus possible that the presence of the TuM1l
signature may reflect a tumor’s gsensitivity to adjuvant
treatment rather than a tumor’s intrinsic tendency to

metastasize (see Discussion).

Correlation Analysis Between Different TuMs Reveals An

Unexpected Relationship Between ERBB2+ Tumors and the

Immune System

A major strength of SA is the ability to reveal higher-
order correlations between the different modules {5). In
the context of tumor biology, this can be highly useful in
identifying relationships between the various TuMs, and to
determine if the expression of the different molecular

signatures within a particular tumor are occurring in an
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characteristics of the two cohorts: While the Rosetta
series conprises early stage (Stage | ) patients that

wo poogaosasnl did not receive any system c adj uvRait/GB2006/001167
t herapy, the Stanford series consists primarily of
| ater stage patients with [ocally advanced di sease who
recei ved adj uvant endocrine treatnent after surgery
(if their tunmors were ER+) . It is thus possible that
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Aot dhs dlin (e lRRee ot IR o, o B
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. rel h
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TulMl gniggriates-anatrel AiRepar to cet@reddimite grud2oeadr TuMg i n

anlnde endent n- i ndepe f ashi ) e
51 R A et RO LeF PR e, A a® st Ee ke
prdﬂiﬁéﬁ?ﬂﬂoﬂﬂﬂMﬂuﬁFeewbe|pwélt?fﬁmyfhﬂﬂﬁﬁlﬁ%eﬁheltﬁSEhMS
as a eat map, | ustratin tereat nsnips.,o t he
(the £ RASa:’ MTers) a PBs’%e?%Telm C(C?iﬁrge?}r?é YltLFBPMl
(FEyxarplm) TuMesk fidaands3asl S@reéaétdhtghﬁlythopeebae@gng

(but not identical ?"m tunor signature' (F
knQvRyi te i iy Afh & eBgRoFanekprP essi g ec’T?é“Pﬁ?M 1§| éﬁak‘{}?@n

that &dnded bt @ reXpressrt gaJaV At yBeVE veiigaat yr esvasa
hlc_\gl\l'l?lllust%lrgg}lacr lg%’adje-ug/gd glggry;;édESé}gpenlelslgl%ﬁl of
proliferation markers such as Ki6é7 (1-4). However, in
addition to these expected findings, the inter-TuMs
correlation analysis revealed an unexpected finding -
specifically, the TuM4 ‘immune’ module was found to be
correlated with the ERBB2+ module TuM8 (Fig 3C), at a
correlation strength comparable to the other relationships
highlighted in Figure 3. This correlation suggests the
presence of substantial cross-talk between immune cells and
tumor cells of the ERBB2+ molecular subtype, and is further
addressed in the discussion. Notably, tumors exhibiting a
common TuM4 (+) TuM8 (+) ‘tumor signature’ were weakly but
significantly correlated with incfeased lymphovascular
invasion (LVI) (p=0.03; Chi-square analysis), unlike tumors
that were either TuM4 (+) or TuM8(+) alone. This result
suggests that tumors expressing both the TuM4 and TuM8

signatures may be associated with clinical characteristics
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proliferation nodule, was positively correlated with
TuMs (the '"basal' nodule) but negatively correl ated
wowaok/1T4h (Figure 3B) . These findings are coPGI/€Bedv6/001167
with previously known traits of breast cancers - for
exanple, it is known that tunors of the ER- or 'basal'’
subtype typically have a high histol ogi c grade and
i ncreased expression of proliferation markers such as
L K67 ( vV t ed
dlsl‘éll gt %régnt R%@%?eﬁ#ul%ﬁ%%%e ﬁl%ﬁ %ma g%%@?g%/eal ed
isodratunexpect ed finding - specifically, the TuM4
"“inmune’ nodule was found to be correlated with the
ERBB2+ nodul e TuMB (Fig 3C) , at a correlation
As aidieamgbh behpasablevd Oartc‘h e:ldhlilealr eaaamemm ps
hi ghl din Figure S tion suggests
a R reebiEe By sathietannd 4ttty segeFark beFaEen Thnine
s:.g@ﬁ]flls:'aafﬁé bﬁnﬁiclgeﬂ:lhrﬁoaﬂflsf helaERBBarwsﬁewl ars s ype,
nd is further, a dressed In the discussion. . Notably,
Post%ﬁéfresoéxﬁ%?ﬁﬁ% BCTTOT PR S (;5 5B ?11 Sk the
gersisgRILULDre YR £t M8 akt Yadwtiresiugaitbcanely €0 rbvdebrs
wi th increased | ynphovascul ar i nvasi on LVI%\%( =0 t&g
only Ehdyghdrerandt ysi RIS RECFGBrSAtAaL ‘P]gs elther
negEltl\i%ﬂsc@&eT%@ {A3ufd onentTNohi1vesHkbeSHEGESES At
tunors expressing both the TuM4 and TuMB S|gnatures
tunerp WethsE8ERRIEE SFQFET iSfiecdRg- 6) . They found that

ce&*&%a%%&ét ve8di s&i NGlndy ABLEMaRS bhabr8¥P4SSSt from
el t her si gnat ure in isolation. Associ ati on bet ween

othrms (§he@s€l iLni the Pwml@rs AbegRoFUBHE| eTg treated
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erize y

each tunor s char a score. A positive or
sulrrsyatiens soorelahdpuarmslndiat (Tabikild)tunor the

Statistical approaches were then used to discover the
clinical significance of these transcriptional modules. The
results revealed a number of significant associations
between modules and clinical characteristics. Overall, the
inventor’s results (especially under stringent significance
thresholds : p<0.01, Table 1A) suggest that only ER/PR
status and tumor grade are likely to be associated with
gene expression data, which was also observed by ref. 4.
TuM4, the immune cluster, was negatively correlated with ER
and marginally positively correlated with high grade
(p=0.02) . This result is consistent with the rebort that
Immunoglobin genes comprised the majority of ‘ER-' genes
(Iwko et al., 2002). TuM5, the predominantly stromal cell
cluster, was not associated with any clinical parameters.
As expected, TuMé and TuM8, representing ER-/Basal and

ERBB2+ respectively, were significantly negatively
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genes are upregul ated or downregul ated. Here the

inventors only study tunors with positive score
whewausl4t unors with negative score are insuffPCi/eBR006/001167

(only three nodul es had tunors with negative scores;

see Fig. 6 ) . They found that certain tunors with | ow

tunor score are clearly apart fromothers (those in

the rectangle) . These tunors were treated as "l ow

coral t%%”%?thséﬁph&so g e%‘ée@h*eh%ﬁiaér PRRSAPSEUGUENt

correlation anal ysis (Tabl . Statistical
tumggsr Gachebliwer BRERRNHG dthd @emnsg@@véprmﬁ@ ezl
ERB%zQ”'b %ﬁecgs%e Desg, nxﬁo 'd%tl'l.op%l![f?%é@f n The
esul revealed a nu signi ficant assocl ati ons

clumiameensrredgheélmmtby |¢nmla¢lea1r adthr hsghclisQrkraidal
e avent r s L suI speci al Ly _under stringent
grasc?gnl |cance hres C% t:eh %%D.S%f,ty]‘?able | A) suggest
that only ER/PR status and tunor grade are likely to

o be a%soci ated with ne expression data, which was
%@—é@?&—é@ﬁm 4 . TuMt , the immune cluster,
FolWEtSverdie@@zlt kuel ynﬁilf)fﬁ@d::'&ir&ﬂ giidh B aedgmangi ealdy.,
ositive correl ated with. high Thi s
200t FEVERnerer SH A TR HES GRGRELEarT] FRAEYI obi n
betGRRES TEORPI beedesPendiPrid WwiefurkR3- genes (Iwko et al

., 2002) . TuM 5, the predom nantly stromal cell
cluster, was not associated with any clinical

TuIDATERREEES on AS s EXPESE Btk o T UNE AN TUMBE ol 651 €SEALANY
ER-—/Basal and ERBBZ+ respectively, were significantly

negati vel ycorrelated with ER (p<0.001). For the TuMB

Usﬁﬂ@QQQathvar%étéUQP£%¥§£§ W ¢l JERBBZ £l He hadr PEEA: 10n
erformed were all BB2+ by 1HC as well. TuM 7, the

bet@@lan FudlLi eEpBes vhor | ard ehov jtamsirgarprieanepysimply a
coﬂé@&ﬁ@n EegfmkﬁglplQ£%$%fgéﬁéﬂyd¥¥h ER status, or if the

association between TuMl expression and low tumor grade was

independent of ER. In this analysis, TuMl expression was
correlated with grade independently of ER (p<0.001), but
the association of TuM2, another tumor module, with low

grade was not (p=0.9) (Table 5)

The TuMl Module is Downregulated by Tamoxifen Treatment in

vitro

The observation that TuMl is expressed in a subset of ER+
tumors raises the possibility that expression of this
module may depend, at least in some part, on ER activity
and signaling. To investigate the relationship between TuMl
expression and ER signaling, we tested the responsiveness
of TuMl to ER activity using an in vitro system. First, by

profiling a set of breast and gastric cancer cell lines, we
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grade but not correlated with ER status. Correl ations

bet ween TuMs Fol | owed by the instructions given by
w®edogrredan2 et al ., 2004, the inventors cal cul ap€dGBR@®6/001167

correl ation val ues between TuMs, corresponding to

Figure 3 . TuM Expression is Associated with Low

Hi stologic Grade Using nmultivariate anal ysis, we

tested if the correlation between TuM expression and
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To investigate the rel onshi p. bet ween. Tu
Whl@?p}”%%‘fl ]Fﬁ%aﬂ'ﬁaguﬁ_ch? ﬁgﬁ %\gh S e ¥zeacment
(FDRes ponasi V'ﬂﬁ@&i:‘ewfllEqu ttmERaﬁelLyym ya ks igigrean ion the

tro system Fi rof a set aqof breast _and

Mataagﬁ}ﬁc RAeR lﬁe CSRAF otfEITRET TR TUMLeEoe
in Wedube M@ﬁlQ%QhQ%QﬁQ&S&ﬁylBetEEpEﬁ&eﬁﬂeﬁSkuﬁaﬂ&echel

line MCF7 (Figure 11) . Second, vvetreted MCE7 cells

S1gRALRNY andRE PR, NS ARPBEESPCof EROLGM si HFGETE Sset

of gﬁréegwpgyanal ysis (GSEA, 16) further discovered that
TuM was significantly dovvnr egul ated in

A Possible Association Between TuMl Expression and Clinical

Outcome

Our finding that expression of the TuMl module is dependent
on active ER signaling made us investigate if the presence
of this module in primary tumors might function as a
molecular biomarker for active ER activity, and identify
tumors that are likely to respond to tamoxifen or other
anti-hormonal treatments. We tested the prognostic ability
of TuMl in three data sets. In the first data set from
Stanford University, in a multivariate analysis of TuMl,
grade, age, lymph node and tumor size, TuMl behaved as an
independent predictor of survival outcome, while grade did
not, demonstrating that TuMl is more directly prognostic of
patient survival than grade status alone (Table 6) . Second,
we tested the Ma data set, which comprises a set of pre-

gselected tamoxifen responsive and resistant ER+ tumors
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tamtreated MCF7 cell lines conpared to controls

(FDR=O. 05) . As a control, none of the other TuMs
wowese/1ed4iect ed by tanoxi fen treatnent wth thePCT/GB2006/001167

exception of TuM 2 , which was marginally correl ated

with tanoxifen treatment (FDR=O. 19) . The details of

this analysis are given in the Materials and Mt hods.

This result suggests that at least in vitro, TuM
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tomew i Ml apem@eeinggpessenhns (p=0.025, Figure 12c¢). By
multivariate Cox regression analysis, TuMl remained

significantly associated with survival (p=0.024); while

grade, tumor size, and lymph node status did not (Table 6).

Knockdown of relaxin 2, a TuMl module gene, decreases MCF7

response to tamxifen

To functionally investgiate the association of the TuMl
signature with a tumor’s —response to anti-hormonal
treatment, the role of a representative TuMlgene, Relaxin2
(RLN2) was assessed in a ER+ breast cancer cellular model.
RLN2 gene was silenced in MCF-7 cell line by siRNA mediated

knockdown. The RILN2 silenced and control cells were treated

with 1 pm tamoxifen for 48 hrs and the percentage of

apoptotic cells were analyzed after 72 hrs. The flow

o,

cytometric analysis revealed that about 73 % of the cells
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anal ysis, TuM was the sol e independent prognosis

factor (p=0.03; Table 6); as grade, tunor size, node
waereeaga4nre controlled in the Ma patient cohoPCT/GB8)06/001167

Thi s observation was al so tested using Gene Set

Enrichment Anal ysis (GSEA) which confirmed that TuM

expression was significantly associated with tanoxifen

response (p=0.024;) . Third, the prognostic ability of
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DiséhRseLiocel l ul ar nodel . RLN2 gene was silenced in MCF-7

—celrtTThe by si RNA nedi ated knockdown. The RLN2
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-stal ning posit
exffression signatures in breast cancer, the SA identified a

novel gene expression signature (TuMl) that was
significantly enriched in genes related to apoptosis and
correlated with low histologic grade in three independent
data sets. It is worth noting that the association of the
TuMl signature with low histologic grade was demonstrated
to be independent of ER status. The TuMl signature is thus
distinct from previously reported expression signatures for
low histological grade, which have tended to comprise genes
related to ER status such as GATA3 (4), which may reflect
the well-known observation that ER negative tumors tend to

be high-grade.

Many of co-regulated genes identified in TuMl have been
linked to apoptosis. Among them, programmed cell death 4
(PDCD4) has been shown to inhibit the growth of tumor cells
(11), beta-TrCP1(BTRC; also known as Fbwla or FWDl), a
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popul ati on, about 23 %of the cells were apoptotic. It
shows that high | evel expression of RLM2 sonehow

W@ whaoR41 anoxi f en responsi veness i n the breasPCTaBC@6/001167
cell line nodel as evidenced by the reduced Tanoxifen
sensitivity of RLN2 silenced cell lines. The unknown
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three |nde n ent data sets is worth naoting that
hupga, égéog‘ a@n EFO %Ee?uﬂ?p%¥ thf &aiSeh dpeReased

ses st oHAgG &@@@ddaﬂﬁﬁyd@ﬁoﬂﬁﬁétﬂiﬁd:ﬂt@f basi pdependent of
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genes related to ER status such as GATA3 (4), which
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therapies in breast cancer. Consistent with this
possibility, the TuMl signature was strongly associated
with clinical outcome in patient populations receiving
adjuvant hormonal treatment (the Stanford cohort), but was
not associated with clinical outcome in patient populations
that did not receive such treatment (the Rosetta cohort).
Notably, it has also been recently reported that breast
tumors with overexpression of apoptosis-related genes can

display enhanced sensitivity to chemotherapy (16).

In addition to identifying TuMl, the SA also allowed the
inventors to define correlations between the various TuMs
to explore the higher-order regulatory relationships
between these co-regulated gene groups. They discovered a
striking positive correlation between TuM4, containing
immune-related genes, and TuM8, containing ERBB2 related
genes and hence representative of the ERBB2+ tumor subtype.

This result raises the possibility that substantial cross-
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(11), beta- TrCPl (BTRC, also known as Fbw a or FWJ ),
aconponent of the SCF (SKPI-cullin-F-box) ubiquitin
W@e@hadir4t i gase conpl ex, functions in multipl ePCT/GB2006/001167
transcriptional prograns by activating the NF-kappaB
(NFKB) pat hway, which in turn represses cel
proliferation (12) , and heat shock 7CkDa protein 2
(HSPA2) may provide cellular protection from apoptosis
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scovere
tumor cells, which then mediates the activation of the

immune response. Intriguingly, the inventors found that
tumors expressing both the TuM4 and TuM8 signatures were
significantly correlated with LVI. As such, cross-talk
between tumor cells and the immune system may contribute to
the ability of these tumors to exhibit enhanced angiogensis
and tendency for metastasis, both of which have been

related to NFKB activity (21).

In conclusion, the inventors have demonstrated the
feasibility of performing SA on cancer expression data, and
shown that the SA analysis can yield novel biological
findings, even for data sets that have received substantial
prior analysis. SA thus provides a powerful alternative
method to cluster genes and to integrate external clinical

information with gene expression data. Furthermore, the
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striking positive correlation between TuM4

containing i nmune-rel ated genes, and TuM 8
weowbadeng ERBB2 rel at ed genes and hence PCT/GB2006/001167

representative of the ERBB2+ tunor subtype. This

result raises the possibility that substantia

crosstal k may occur between ERBB2+ tunor cells and

cells of the inmune system At the present nonent, the
Tuh DRI Gl GAN ONlenSRREULEL i N8 DA e Dl ﬁgghé}{»-

mechani sms underlying thi's process potenti a
levhevelecwlar rmtl@attlpalshypbeocﬁmmm Jexa:melalsmg ckheer

R A e T e N

regimdyF-deapipaBrsl Eo b8) madekey conponent of the imune
response pathway (19) that regul ates the expression of
i nfl ammat ory cyt oki nes, chenoki nes, i nmmunoreceptors ,
and cell adhesion nol ecul es. Mreover, Biswas et a
has recently reported that activated NFKB can be found
predom nantly in the ER-neg/ ERBB2- positive subgroup
of breast tunors (20) . Thus, the inventors believe
that the positive relationship between TuMd (i mrune
response) and TuMB (ERBB2) may be due at |least in part
to the activation of NFKB specifically in ERBB2+ tunor
cells, which then nediates the activation of the
I mmune response. Intriguingly, the inventors found
that tunors expressing both the TuMd and TuMB
signatures were significantly correlated with LVI. As
such, cross-talk between tunor cells and the inmune
system may contribute to the ability of these tunors
to exhi bit enhanced angi ogensi s and tendency for
nmet astasi s, both of which have been related to NFKB
activity (21)
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I n conclusion, the inventors have denonstrated the

feasibility of perform ng SA on cancer expression
waladoa/108m21 shown t hat the SA anal ysis can yi el BCTGB2006/001167

bi ol ogi cal findings, even for data sets that have

recei ved substantial prior analysis. SA thus provides

a powerful alternative nethod to cluster genes and to

integrate external clinical information with gene
Talff%o Eﬁs' %%s%%tl 'thHrt ecrv;g%ﬁ'xfe fi‘% T.uk(ﬁd g’sn%%cpycis’/_\ 1cal

urther our rsta Ing O e hi gher eveI | éctt

parasegtamsnshi psmgcur rboghin kme'.aﬁquaaacer andlpaﬁbl e and

rtant .di agn a treat ment regi men
DR R 1, AT o Aty AT P tdad onLy
thd Lm:bg‘nlrﬁmhaalrﬁs pamlmlelsm eal. opar askt BredShyIgbdOk hakdliyses
squ e hgs S anlgl Hyper eometrlc robability density
WeEUn PJsi st A UPhelBi i ¥d cadmPisarsl uEge(ﬂPSt
s1gnﬂ5_)camnf¢csfmatmcbm h amaimses mer e hisgiiH ghéed, .

The value i n bold indi cate t he nost significant
eSURFY ATTRE<0Stabpl) PRLN PUGERSheFeEe reRptor; and
Lvestivegesveeeapkor ist-astsn; PR : progesterone receptor;

and LVI : |ynphovascul ar invasion. Table | A

Correl ati ons between Mdul es and i ni cal
TabBhgracioer¢istios betAgen Siodel o6 adieclinindb chataxBefikt2ys.

vs. ) cm 3 LN ER PR LVI TuM (Low O .0152 <0.001

de) (3%} (1.2} (+ ) (4} (.)

TuM 0. 0242229 00176 . Ooiiad(eERH Luminal) (1,2) (+) (+
) 0.0371 <0s006% O</90151TeMBs(ER+ 11) (1,2) (+) (+)

) cm) 3 LN ER PR LVI
TuMl (Low 0.0152 <0.001 <0.001 0.0107 0.0152
Grade) (<3%) (1,2) (+) (+) (-)
TuM2 0.0242 <0.001 0.0021
(ER+/Luminal) (1,2) (+) (+)
0.0371 <0.001 0.0015
TuM3 (ER+ II) {(1,2) (+) (+)
0.0044
TuM4 (Immune) 0.0212 (3) (=)
TuM5 (Stroma)
TuM6 (ER- 0.0236 <0.001 0.0098
/Basal) (+) (-) (-)
TuM7 (Cell
Proliferation) <0.001 (3)
<0.001 <0.001
TuM8 (ERBB2+) (-) (-)
*The parameter in the () indicates the direction of correlation with

the TuM. For example, TuM2 is positively correlated with high grade (3)
and ER-neg (-); while TuM3 is positively correlated with smaller tumor

size (£3), low grade (1,2), ER-pos (+), PR-pos (+) and LVI-neg (-).
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0 .0044 0.0212 (3) TuM4 (Imune ) (-) TuM (Stroma)
TuM6 (ER- 0.0236 <0.001 0 .0098 /Basal) (+ ) (-) (-)
waoi6/1033¢2 | <0.001 (3) Proliferation) <0. 001 ROT/G82006/001167
TuMB8 (ERBB2+) (-) (-) *The paraneter i n the ()
i ndicates the direction of correlation with the TuM
For exanple, TuM2 i s positively correlated with high
grade (3) and ER-neg (-) ; while TuM3 i s positively
TaEQérfé at@éisd%ltan%%l ho%EwEHHD'{‘ul?i 2 (d33 Ana HiQY %%QSal
, R-pos (+) ‘@nd CV™-neg (-)
9ra¢%b1re 5, tmm@ mlwnsTberwe@mmM c@umn@ diogt each
ol ak + sadere are two
moﬁu?é glr e(g%%g& EtFﬁ ttgg'%st co(lD gt e ?L}:%Wor
mO@@l@ngarrdg tthe 2R ¢cwm:mm m@@trleeenaadalher&rmhmnigjmm
whERL esent s all remaining ERt tunors . Table IB.

rrelation between TuMs 1 , 2 , 3 and tunor grade
within ER+ tunors . TuM (Low TuI\/lZ Grade)

. Lurd.nal), . 0000 P= 0. 2395
i b%EF%{'z Tty Ié%\f!g "(félRHJ 1% ? 15 aﬁdztu%r ffagel wgthin ER+
tumoETabl e 2 . Co-regul ated genes in TuM Probe Gene Nane

Uni gene
TuMl (Low TuM2
Grade) (ER+/Luminal) TuM3 (ER+ II)
Grade P=0.0001 P= 0.2395 P= 0.2123
1& 2 12 12 12 12 8 16
3 2 30 11 21 6 26
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woe@baai4iszie factor 6 Hs. 408177 202731_at progrBOTS$2006/001167
cell death 4 (neoplastic transformation inhibitor)
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zz;::4 P te em mf V.4, sodium bi car bonat e Hs.414028

6‘trans omosa iens, clone INAGE:57. Qgté 72 212196 at Hs.437867
21159% Ecme ric r’epeasan imm noglo ulin- |edoma|n 1 Hs.166697
11ad Hter 1’( o) EII"‘f ansducer { gpl30, oncostatin M 1 4aonas
147 r:ecepto s ?é 00648 s _at gl ut anat e- ammoni a Hs'436450
21833 Pase &%ﬁ Pk ﬁrlbne i’%‘ft hase) Hs. 442669 21451 9_s_at .~

P<f axi n ' P 2191 14 at g20 protein >

ot 21O b i P e B o famly 24 reTaar
21530SeRi unfPBPYELP TP E4FEdm exchan nember 1 Hs, 839999
200et 73002 LHRATG Y Hf mcagor%eggt@nspg giEeHs. 69089 Fo200072
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219114t 3535920999087 s at nyosn n binding protein C, slow "s#10%
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221562_s_at sirtuin (silent mating type information regulation 2 homolog) 3 (8. cerevisiae) Hs.511950
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213933_at prostaglandin E receptor 3 (subtype EP3) Hs.27860
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661bB2 986058 72395 3 @of 12rH0S RS Neg980kG7 75 26 2
&R 13 p@s pos yes neg 98QL#8 6932 3neg Of NBS poOs neg
Ne.ineg 980193 49325 3 3 of 23rmeg peg Ny 980184 58 50 3
%a20f 32 peg neggyes 980197, 55 30,3 2 pft4 pggs pos yes
980203 44,515 1 Ogf 11 pos pessNo 980208.42 23 3 5 Qf20
pess Pos Ng 980214,49 60 2 5.0 13,H50s Regd N,pos 2+
980215 50,30 2 8,0f 23 pos nggNo 96 0216,65 45 2 5 @f20

513%2%6 neg [\QS 36 3 1of12 neg neg No pos
980261 60 15 2 0of9 pos neg No

980278 64 40 3 14 of 20 pos neg yes pos 2+
980285 49 40 3 1of7 neg neg yes pos
980288 45 60 3 13 of 15 pos neg yes pos
980315 59 45 3 0of19 neg neg yes

980333 51 40 3 20f7 pos pos No

980335 33 3 3 3of7 neg neg yes pos
980338 55 30 3 0of7 neg neg No

980346 52 20 3 0of4 pos pos possible 3+
980353 58 45 3 0of25 neg neg No

980373 77 30 3 0of 14 neg neg No

980380 56 0of6 neg neg

980383 64 30 2 0of 16 pos pos No

980391 56 20 2 0of7 pos pos No

980395 68 30 3 1of 10 neg neg yes

980396 66 35 3 10 0f 12 neg neg yes

980403 73 30 3 0of9 pos pos possible

980404 46 30 2 10of5 pos pos yes

980409 48 15 2 0of 19 pos neg No

980411 69 30 2 0of9 neg neg No

980434 73 30 3 0of 16 pos pos No

980441 66 30 3 40f14 neg neg yes

990075 66 25 3 5 of 21 pos pos yes

990082 49 34 2 30f16 pos pos No

990107 50 40 1 10f 18 pos neg yes
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980217 50 30 2 7 o f 12 pos neg yes 980220 40 37 2 Oof
5 pos pos yes 980221 33 65 3 1 of 13 pos pos No neg
wO30a383462 20 3 7 of 2 1 neg neg No 980247 35 HEI/8B1006/001167

19 neg neg yes pos 980256 46 36 3 1lof 12 neg neg No pos
980261 60 15 2 Oof 9 pos neg N o 980278 64 40 3 14

of 20 pos neg yes pos 2+ 980285 49 40 3 1 of 7 neg neg

yes pos 980288 45 60 3 13 of 15 pos neg yes pos 980315
3145 3 Oof 19 neg neg yes 9&9@33 o 1 40 3 2,0f7 pos
@Qﬁwhb 98@@35 33,3 3309 % ne s,yes Ros 980338 55
313 Cof 7, neg neg No 9§034§ % 4 p@s pos

ible 3+ 980353 58 45 3 eg neg Nog 980373 77
%ﬁi% §§ neg %gg No é3803%% 56 &%f 6n§eg neg 980383

02 16 pos 91 §§ 20"% Oof" pos pos
géb1§8039g9268 30 q‘fl of 10 ng(g;ineg §e§0396y 66 35 3
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=]
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34 738%0 3 Oof 16 pbs pb¥'No P e '§°

0104 pos neg pos
2000171 50 25 2 0of9 neg neg No pos
2000209 58 50 3 0of 7 pos neg No pos
2000210 50 40 3 30of6 neg neg yes pos
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2000237 43 47 3 23 of 40 pos pos yes pos
2000272 49 30 3 10of 16 pos neg yes
2000274 40 35 3 10 of 23 pos pos yes
2000287 53 40 3 0of8 neg neg possible pos
2000320 67 20 3 20 of 21 neg neg yes pos
2000376 65 3 8 of 23 neg neg yes
2000399 44 40 2 0of8 neg neg No pos
2000401 51 50 3 20f6 neg pos No
2000422 51 63 3 3of7 pos pos No neg
2000500 44 75 3 6 of 6 neg neg yes
2000593 60 41 3 0of 15 neg neg No pos
2000597 57 40 2 Oof12 pos neg possible pos 3+
2000609 62 70 2 17 of 17 pos pos yes pos
2000638 60 40 1 0of 156 pos neg No Intermediate
2000641 47 60 3 16 of 24 neg . neg yes pos
2000651 45 4 2 3of5 pos pos yes
2000652 56 25 3 6 of 21 neg neg No pos
2000675 78 55 3 16 of 16 neg neg yes pos
2000683 72 35 2 00of 17 pos pos No neg
2000709 45 30 3 0of 16 neg neg No pos
2000731 68 51 3 1 of 29 pos neg No pos
2000759 57 7 3 0of 12 neg neg No pos
2000768 39 40 3 0of 17 pos pos No pos 2+
2000775 51 25 2 Oof12 pos neg No neg
2000779 48 55 3 0of 14 pos neg No neg
2000787 57 60 3 0of9 pos pos yes pos 3+
2000804 39 40 3 5 of 21 pos pos yes neg
2000813 60 23 3 16 of 17 neg neg yes pos
2000818 52 10 2 0of 11 pos neg No pos 2+
2000829 51 45 2 10 of 10 neg neg yes pos
2000880 55 15 2 0 of 26 neg neg No
2000948 56 35 3 4 of 22 pos neg yes
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980441 66 30 3 4 of 14 neg neg yes 990075 66 25 3 5 of
2 1 pos pos yes 990082 49 34 2 3 of 16 pos pos No
wWOEAT345D 40 1 1 of 18 pos neg yes990113 70 9BCBGB2W6/001167
of 15 pos pos N o 990115 38 28 3 9 of 10 pos pos yes
990123 54 55 3 7 of 1 1 pos pos N o 990134 43 40 3 Oof
19 peg neg N o 990148 60 40 2 6 of 19 pos neg yes
990174 55 45 2 3 of 24 neg neg yes 990223 52 531 of 2
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inv ﬂp’é % 1T STUF P56 Pos Y eE HGTI8 75403 BB Y
neg possi bl e pos 2000320 67 20 3 20 of 2 1 neg neg yes
pos 2000376 65 3 8 of 23 neg neg yes 2000399 44 40 2
Oof 8 neg neg N o pos 2000401 5 1 50 3 2 of 6 neg pos
N o
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2000422 5 1 63 3 3 of 7 pos pos N o neg 2000500 44 75 3
6 of 6 neg neg yes 2000593 60 4 1 3 OCof 15 neg neg N o

W@o®6AWPH597 57 40 2 Oof 12 pos neg possi bl e pPGT/88B2006/001167

2000609 62 70 2 17 of 17 pos pos yes pos 2000638 60 40
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of 24 neg neg yes pos 2000651 45 4 1 2 3 of 5 pos pos
yes 2000652 56 25 3 6 of 2 1 neg neg N o pos 2000675
rabif 85 3otGcohe16nOgLIEg JeSHAT 2000683 3535 2 OOf
pos N o neg 2000709 45730 3 Oof 16 neg neg N o
Corﬁééa2@90$3Ya€8e5 4r@ higfPlgi ghdechdg Roddpos 2000759 57
7 3 Oof 12 neg neg N o pos 2000768 39 40 3 Oof 17 pos
pos N o pos 2+ 2000775 5 1 25 2 Oof 12 pos neg No neg
2000779 48 5% 3 Oof 14 pos¢neg N o rieg 2000787 57 60 3
Tuni Qodw &2@DS pPos yes pos 3+ 2000804 39 40 3 5 of 2 1 pos
TuMz XOS-/Y@Saneq o 200843 60 23 3 16 of 17 neg neg yes pos
rums 2800818 52 3022 ©Qef 1x1 pos neg N o pos 2+ 2000829 5 1
rums ABumdnel 0 Of 10.:neg.neg yes pos 2000880 55 15 2 Oof 26

s N8@oAEY N 0,2000948 36,,35,3,4 of 22 pos neg

Y£520020021_64 38 33 C&bogf 1133, pPpQoss nneegg yyeess
Zﬁjégq 652 38" 50 33 1100ff §55;b§boss ppooss NNoo

meHQQQSS 22++-2002Q0566 07021 207 11022 oobf 1477 ppooss
%2 NNoo ppooss 22++ 20020071 58 28 33 CDooff 1166
T““B.dﬁ%?a ppoods*NN8G pPoBss®Bh+4-39 014 o

S, Ihmels J, Barkai N. Similarities and differences in genome-wide expression data of six

organisms. PLoS Biol. 2(1):E9, 2004.
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20020090 60 45 3 19 of 27 neg neg yes pos 3+ 20020160

86 120 3 Cof 10 pos pos No neg LN : lynph node; ER
we@stocagEm r ecept or; PR progesterone receptor; PCNGB2006/001167

| ynphovascul ar i nvasionTable 4 . Correl ation val ues of

Figure 3 . The top correlations values are highlighted

in bold. TuM (Low Grade) X TuM2 (KR+/Lumnal) O ,. 6

5 X TuM3 (ER+ Il1) O ,. 420 .. 76 X TuMd (Immune) -
Tallle. 5 0 Chrfilatidn7/bérweed bhrXdel ahMb T(uf ra@e)th@r.cldnfcdd) . 2 4

pagmet;z% Qn brgas% %(an-lt-:lé!y%é‘ Eﬁr]g%%@g.‘} reg:pe5519n Jmult;LQrarlaQ% 0

anet’)lys”i)lsbss 1Be‘f1deso Tl ?n](Y PR 3S9m"’>“<”9P?ao"1lP’f ‘"e‘fréf?aotl’?)i “FLHT\‘/B

gr{dERBB2+)oQtive) rdgrfpssich BoeffDdieft .me3nd the, vara®ledis 14

asdbciatkaByXnSiow kbl s J , Barkai N . Sinmlarities and
di fferences i n genone-w de expreSS|on data of six
organi sns. PLoS Biol. 2(1) :E9, 2004.Table 5 .

Corr el at ON_ DETVWEEN T ag6% @bkEidhee antedamer clinical
Vapaﬁlﬂréetveﬁs i nRﬁ?FsiéEtzzgameemebgesusmng | i near regression
mul tivari ate analysis ( 8PSS)cienBesi des TuM, only PR

is marginally cor reI at edowgrt qugad@ppé'h@ogmia itive
TUMegr essdoepoicoef@pci ent meems the varineble is
T@gSsoci at-eel w th okdw gr ade.4185% Confa.dence P - | nterval
ﬂﬁ@gresSJQmGVhﬂLable f or -Regeessi on ovabue Coeffi ci ent

TuM4 0.353 -0.125 -0.391 0.141
TuM5 0.426 0.120 -0.179 0.420
TuMe 0.405 0.127 -0.174 0.427
TuM7 0.192 -0.184 -0.462 0.0924
TuM8 0.337 -0.137 -0.420 0.1l46
AGE 0.197 0.006 -0.003 0.016
SIZE 0.317 0.003 ~-0.003 0.009
NODE 0.106 0.183 -0.040 0.406
ER 0.091 -0.255 -0.551 0.041
PR 0.020 0.315 0.052 0.579
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TUMA1 0.003 0.067 (0.012-0.388)
SIZE 0.113 2.206 (0.83-5.868)

NODE 0.439 0.801 (0.456-1.406)
METATASIS 0.007 5.822 (1.633-20.75)
GRADE 0.090 2.094 (0.892-4.917)
AGE 0.677 0.989 (0.951-1.028)
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genes conprises at |least 20, 25, 30 or all of the
genes of Table 2 . 3 . A nethod according to claim1

woeoosiied4m 2 wherein the set of genes conpri se BCT/GB2®H/001167

the first 5 genes listed in Table 2a. 4 . Use of a set
of genes conprising at |east 10 genes selected from
Table 2 for predicting response to treatnent in a
i Wi th breast cancer based on the expression
profile of said set of genes in a breast tunour sanple
obtained fromsaid patient . 5 . Use according to

Gl ai M3, Mhey &gy F‘i}%ﬁ@%lﬂg Qégﬁén%”%i@leéaéﬁeﬂteaﬁ{ a
20 25, 30 or al the genes of Table 2 . 6 . Use

azm‘aredlmgvnitdjl birepst4cancelai thé whghed mcvrﬂrgeri%imc_:pf
%en%s c:o I s%% east th fIrSE e5n§ e |st
S0 7 PIROLSERGR GRcorai REE IS A B i s
Je;&pre%sfi@mrlle‘sfleng bbheastepsonf pews dimah A asmicit

profile that represents the expression levels in the
SR (ffr%lsdllgepaﬁf-e@%ne‘@eﬁ%ﬁna%%%%rﬁ"’% f genes

RIGEH G aaNdkgk ! § §aLERAL é@ﬂé 888 LLrddierfitd ent

based on the expression profil 8 . A nmethod for
determ ning the prognosn S and/or treatment regi men of

pat| ent_ t\ll\jl*o t():rcea ga{_jce{: sal dl”EhQrOdlr?chEP“ Si n%f
e steps o) 5‘) nreasu i ng &t expre33| on | evels

kg"eﬁm dontpaursesagpl Ee@btalzmﬁd2$[0mS@t‘Cb.I)BtdErﬁh@fgeales of

set of genes
Table 2%

3. A method according to claim 1 or claim 2 wherein the
set of genes comprise at least the first 5 genes listed in

Table 2a.

4. Use of a set of genes comprising at least 10 genes
selected from Table 2 for predicting response to treatment
in a patient with breast cancer based on the expression
profile of said set of genes in a breast tumour sample

obtained from said patient.

5. Use according to claim 3 wherein the set of genes
comprises at least 20, 25, 30 or all of the genes of Table
2.

6. Use according to claim 4 or claim 5 wherein the set
of genes comprise at least the first 5 genes listed in

Table 2a.

7. A method according to any one of c¢laims 1 to 3

comprising the steps of
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conprising at |east 10 genes selected from Table 2;
(b) providing an expression profile that represents

WO b@oasanessi on |l evel s in the tunmour of said sSeeCT/GB2006/001167

genes; and (c) assigning a prognosis and/or treatnent
reginmen to the patient based on the expression
profile. 9 . A nethod according to claim8 wherein

step (b) Comntw&@&ngoahaékpﬁ€s§X@ﬁe§§¢£&&éﬂ&ﬁﬁﬂﬂﬁépresents

?%ﬁlned fron1th wi t h bi ndi ng menbers capabl e
ﬁ&?ﬁﬁsﬁﬁoga ngré%s??ﬁliﬁqﬁﬂﬁnQ§ St Ssith@ingenes;

mgrier s being i ndicative of the expression of said set

of genes, wherein such binding can be neasured. 10. A

met hod accoﬁ@ﬁﬁ@ﬂﬂﬁgcBapﬁeglmh9®@|andfmreﬁqﬁanmﬁnnwreglmen

VA S oRA" B RRADar o8, o ot B Bt dBoti1 oA

met hod according to claim9 or cIa|n110 mhereln t he
bi ndi ng nenber. i.s a_conpl enentary nucleic acid
sgquen%emSF 8% peti FPECERt T Hdyt S Rrognastifo@nd/or

ageendmBatt 0cgiyeANSE O Sd @& & Yt bl-Maer %a%cteg‘e saig\
expression products are 1abelled for detection.

w@?ﬁb@daéémpéﬂﬁgnﬁotbﬁystﬁﬁﬁcﬂfcIa|ns 9 to 11 mhereln

he b led f
ot hod \BboaPaPNe LS S5 SR Sro ki T oq ¢ P WHePEn

stepogm)samp®6|GBSaEn@@afrmm)ddmﬁwpaﬁmﬁﬁﬁ @F prekkl 8f genes
mthe, ast _tunpur sanpl e of thecﬁatient w_ th

pF8W956§F990ﬁFa}ﬁ@ﬁte%%r% FOPPrtiae L TN feR g 2/
previ oysh ypeeteaihgesn SéaREes gh o Qid S Mhitehd Sepresents

the expression levels in the tumour of said set of genes;
and
(c) assigning a prognosis and/or treatment regimen to

the patient based on the expression profile.

9. A method according to claim 8 wherein step (b)
comprises contacting expression products obtained from the
sample with binding members capable of binding to said
expression products, said binding members being indicative
of the expression of said set of genes, wherein such

binding can be measured.

10. A method according to claim 9 wherein the expression
products are selected from the group consisting of MRNA,

cDNA, cRNA or expressed polypeptide.
11. A method according to claim 9 or claim 10 wherein the

binding member is a complementary nucleic acid sequence or

a specific antibody.
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characteristic of a particular prognosis and/or
characteristic of a predictive response to treatnent

wa2006A03t hod according to claim14 wherein theCT/GB2006/001167

previously obtained profiles are stored as a dat abase
of profiles . 16 . A nethod according to any one of
clains 7 to 13 further conprising conparing the

expr ess 'm%ﬁ’zhb@V@EEOQHJ.thté einPlogenss diminie dreasty
tunour sanple before and after treatnent to detect any

@ﬁmr@em #hehexpxpresenoprpdetts enmdidlalilve! doran
éagi progn03|s or worsened prognosis. 17 . A
according to any one of clainms 7 to 14 wherein
an expression profile of the breast tumour sanple has

al read de erm ned the tunmour to be an ER+ t r
ditbgr QUPCLhPE BCROKELRGACACEBY PTGy Fo AT T il n

théﬂéﬂ%akﬂﬁnblhalﬁinﬂﬁﬂﬁértD@rfﬁbbﬁﬂéﬂ(ﬂbr_detection.
chenot her apy. 19 . apparatus for predicting response

to treatnent of a breast tunour sanple whi ch

%tﬂfar% g%t%%ﬁpé' 8§d§n Og %ﬁ#p&?é £ oD Arg,

‘ache plural ity o ers each bin g
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cIa|n119 wherein the set of genes conprises at | east

W evinusily getgrmipedt REapanEs RFofhht evlpich Js  An
rdien ¥a) 2 pherein

R A BT S ar ] et re T 7' genes

|dtstred Her iB&blkeoZaa predictive response to treatment.

15. A method according to claim 14 wherein the previously

obtained profiles are stored as a database of profiles.

16. A method according to any one of claims 7 to 13
further comprising comparing the expression levels of the
set of genes in the breast tumour sample before and after
treatment to detect any change in the expression profile

indicative of an improved prognosis or worsened prognosis.

17. A method according to any one of claims 7 to 14
wherein an expression profile of the breast tumour sample
has already determined the tumour to be an ER+ tumour

subgroup.

18. A method according to claim 1 wherein the treatment

is hormonal therapy and/or chemotherapy.
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22. An apparatus according to claim119 or claim20
wherein the solid support has attached thereto only

whreditoi4zrenber s t hat are capabl e of specifi cabCHGBaE6/001167

i ndependent |y binding to expression products of the
genes identified in Table 2 . 23 . An apparatus
according to according to any one of clains 17 to 22

cdfpri $hngrpanaiche; ﬁonc%ﬂecﬁﬂ@trjogj nespeteeeitd theatment of
bi nd] ers _are nucleic acid sequences. 24. An
a%pg?ggﬁgegﬁ%%¥%i%@“ﬁ% A idie aPPacP&Fs COUPYbses & solid
wheppbntt be wHES Rt dis-hardpna d -

chenpt herapy . 25. An apparat us g@%%?%?ﬁg ?g é?é?ﬁ$%4
WHEFBEHRS t he Ho rivioiling mamey ibeingnorbibhe26f dp&itfically
f 9haPE BELGE treatment in.a patient wih

br east cgﬁ%g?%ﬁggfgﬁﬁﬁﬁl%g§f}%%iﬁﬁpgeﬁﬁb?ﬁlP¥9 BFt ot 'one
bPhd# nee rembegenaapaiicrain specisticak! yehbsdidgpottses at

ef@égési&&ﬁ%%%gﬁ%%ﬁb%%ﬁﬁ-Set of genes and a det'ection

reagent’ E’sz'genes conprises at | east

10 genes selected fromTable 2 . 27. A kit according

to claim26 further conprises neans for |abelling said

pf Ur al $¢ PRI G Ryamiddads to 28aim kPt whereinli tige teet of

&th Al ergi n,the,set of.genes

g%rrpf% z%sn%gﬁlgl%as@ttzé ?%5,2%3025 :jéﬁl é%fajtﬂeo’ge%es Fines of
Tebke 2. 29. A kit according to any one of clainms 26

to 28 wherein the set of genes conprise at |east the

first 5 genes listed in Table 2a. 30. A kit according

t2l anyAroreppefrathal BRcdediog29of BIERGM19 or claim 20
wherein the set of genes comprise at least the first 5

genes listed in Table 2a.

22. An apparatus according to claim 19 or claim 20
wherein the solid support has attached thereto only
binding members that are capable of specifically and

independently binding to expression products of the genes

identified in Table 2.

23. An apparatus according to according to any one of
claims 17 to 22 comprising a nucleic acid microarray

wherein the binding members are nucleic acid sequences.

24. An apparatus according to any one of claims 19 to 23
wherein the treatment is hormonal therapy and/or

chemotherapy.

25. An apparatus according to claim 24 wherein the

hormonal therapy is tamoxifen.

63



conprising a data analysis tool, wherein the data
analysis tool is a conputer program 31. A kit

wa@ecwenaismy to claim30 wherein the data anal ysPGT/GBoA06/001167
conprises an al gorithm adapted to discrim nate between
t he expression profiles of tunours wth predicted
responses . 32. A kit according to any one of clains

2% to ﬁkl@rﬂw iﬂx%al%w hESSLOPoREOT L esrd 4ty easty

tunour sanpl'es Wth responses to treatnent
andﬁ@nnenpﬁéssneasprcantes chat@dctir i enprigfitg a
particular re se to t eat nent kit . COr

By 53 7 HRRATRe ' SetbERs R AT o e IR ile
agerrdidnd d exprysenenopretattd 4P 4 tsaddS.oB4erKidnd a
according to any one of clains 26 to 33 wherein the
e mn |@?aH€PﬁEnHPeFﬁéFaB?eaﬁﬁﬁcﬁ FEt R sess at

/iégstt 4G QfeliieRd stegeelceanfiié}mv%%férb the hor monal
therapy i s tanoxifen. . met hod of producing a

nucl eic acid expreSS|on proflle for a breast tunour

I onprising.the steps. of ,(a ol ati
éggfegéﬁbﬁppro lnnggnFsalﬂ %&eas¥ %ﬁmﬁﬁéhglsﬁs means
(Hfr |1®ejamﬂ1y1gn@ahhep&uﬁaessy0daf I ]eillﬁiﬂ:Bn@fm@n]:See:ts of
genes, said set of genes conprising at |east 10 genes
sel ected from Table 2 ; and (c) producing fromthe

OFPr ession |a%é@r§11§1@; %28%@&%10@6 Peef b1 £ih 0F7 Salkkrein the
breast tunour sanpl é. . A method according to claim

e signasheogprises at least 20, 25, 30 or all of the
genes of Table 2.

29. A kit according to any one of claims 26 to 28 wherein
the set of genes comprise at least the first 5 genes

listed in Table 2a.

30. A kit according to any one of claims 26 to 29 further
comprising a data analysis tool, wherein the data analysis

tool is a computer program.

31. A kit according to claim 30 wherein the data analysis
tool comprises an algorithm adapted to discriminate
between the expression profiles of tumours with predicted

responses.

32. A kit according to any one of claims 26 to 31
comprising expression profiles from breast tumour samples
with known responses to treatment and/or expression
profiles characteristic of a particular response to

treatment.

64



10

15

20

25

30

genes conprises at |least 20, 25, 30 or all of the
genes of Table 2 . 38. A nethod according to claim 36

w@eooslied4m2 37 wherein the set of genes conpri sePer/GBe@sinoiic?

the first 5 genes listed in Table 2a. 39. A nethod
according to claim 36 or claim 38 conprising addi ng

the expression profile to a gene expression profile
databagekif0aclopBi hgdt&CLHF By dfo ARy mene ok cCchai Ns

36 to 39 further conprising conparing the expression
pFEFPF&SGF t AR IBBBFRILEX BRI E6f Ay OReaof claims 19
pkyrakity of expression profiles characteristic of a
particul ar response to treatnment . 41. A method

according to claim40 further conprising the step of

producing.a standard expression profile representin .
tRe" 11 ot EndCEREHAT Ha/ G (P GUCAPRES Gf to 33 Wherein
exheesseQtm@iof i & esoaieiaC trefdrSiyC 2ot /arPahbinedhatapy .

response to treatnment. 42. A nethod according to claim
40 or 41, conprising the steps of: (a) isolating

eXpr esgi Rt PLOAYELE Snd M O & fill 354 %%@.%&ﬁt R 5&@{5@5??

contacting said expression products with a plura
ofhefrapy ngs nembexsfempabl e of specifically and

i ndependent|y binding to expression products of the
set of genes; and creating a first expression profile
f Bem t hemexpo@Sst oprddveisy of Hkaeiet aefidqgenpsekpibhe

tunour_sappl e; (b) isolating expression products from
apgggb%% Egr a breast tumour sample comprising the steps of
(a) isolating expression products from said breast
tumour sample;
(b) identifying the expression levels of a set of
genes, said set of genes comprising at least 10 genes
selected from Table 2; and

(¢) producing from the expression levels an

expression profile for said breast tumour sample.

37. A method according to claim 36 wherein the set of
genes comprises at least 20, 25, 30 or all of the genes of

Table 2.

38. A method according to claim 36 or claim 37 wherein
the set of genes comprise at least the first 5 genes

listed in Table 2a.

39. A method according to claim 36 or claim 38 comprising
adding the expression profile to a gene expression profile

database.
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breast tunour sanple of known prognosis,- contacting
sai d expression products with a plurality of binding

woreobao®4zapabl e of specifically and i ndependertt/gB2006/001167

bi nding to expression products of the set of genes of
step (a) so as to create a conparabl e second
expression profile of a breast tunour sanple; and (c)

cogpara nge il fddirBRd $8cany exer8sstéPaimsolsl es 19
determ ne the treatnent response of the first breast
t fwothre1s YRy 1439, campaxpngs Sheneypoes s oy REdhske with a

g&&@&ﬂ%é'élﬁaozaes@i%a}p'rto%i‘if geng ?ﬁ&&ffﬁ?”o?"@is@':eeés&in
reast turour sanples, erein € genée expression

pood files atardetierddtficomfesppassionlieved spaisa set

of genes, wherein the set of genes conprises at | east

18- ¥ el ected from Table 2 , which database is
retrievably held on a data carrier. 44 . An expression
profil e database according to claim43 wherein the set

ofl dat ewnd serandingade 2021ip54030uskher| cofprheing the

g . 4 p L QN Il e: dat abase
N A A ST s AR S SRS e
geaese samqirics el flieast ahlde skoosfl &ndgoesthe spdranity of
Tabl e 2a. 46. An _expression profile database, according

t RIS D S Uit CASTRE TR RheF ePh FHRABRDT T on

Profpd.ese I didlRicmtaci d expression profiles. 47. A
nmet hod of determ ning a nol ecul ar subtype of a tunour,

said method conprising (a) obtaining gene expression

Py oducy s, d 1008 aac@cyrrcﬁlrlgt X PlibyrPYh éi?n@i,esc':omprising the

steps of:

(a) isolating expression products from a first breast
tumour sample; contacting said expression products with a
plurality of binding members capable of specifically and
independently binding to expression products of the set of
genes; and creating a first expression profile from the
expression levels of the set of genes in the tumour
sample;

(b) isolating expression products from a second
breast tumour sample of known prognosis; contacting said
expression products with a plurality of binding members
capable of specifically and independently binding to
expression products of the set of genes of step (a) so as
to create a comparable second expression profile of a
breast tumour sample; and

(c) comparing the first and second expression
profiles to determine the treatment response of the first

breast tumour sample.
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(b) dividing said tunour sanples into groups on the
basis of the anmount of gene expression product for a

w@bkwwabissy of pre-sel ected genes above a pre- de€T/680006/001167

threshold; and (d) allocating a nol ecul ar subtype to
said group of tunmours based on the gene expression
profile. 48. A method according to claim47 further

cmsrpr | BhNgxEHBs & o dbaer S Gattiamaide %@ﬁ@k@glﬁ% a plurality
eating step (b) using a hg%her pre-sel ecte
EegﬁB?deﬂﬂﬁeﬁﬁ%ﬂQi liles @81 besnpEi sHRgUE PROPEPT Ly

[ I
| nd§%§%%2%ﬁ'='%’%‘fé. RO braRETel 685 doBlPea from
I eagrea@lcglenbsvm eIﬁ ed detomfTgkhes? wheaeﬂnpt]me adseit yof
b f dt I ort.
e A IS = e g B5meRaE T astaRor Bo TabTe 2,

| @asth 285 t e sS0 Prreddi fadife hﬂ@&e§naéed§€é e@&ﬁ_ﬁléf om
Table 2 . 51. A diagnostic tool according to claim 49

or claim50 wherein the set of genes conprise at | east

the 118! cRofenesod r@t&qléﬂ AEAB8 €2acabrafnd] AONORLI 43
tool according to a one of clalns to erern
tw@ebenmlhganﬁﬂbeﬂﬁchmmlmmm@euseacad tegwenzes 25, 30 or

all of the genes of Table 2.

45. An expression profile database according to claim 43
or claim 44 wherein the set of genes comprise at least the

first 5 genes listed in Table 2a.

46. An expression profile database according to any one
of claims 43 to 45 wherein the expression profiles are

nucleic acid expression profiles.

47. A method of determining a molecular subtype of a
tumour, said method comprising

(a) obtaining gene expression products from a
plurality of tumour samplesg;

(b) dividing said tumour samples into groups on the
basis of the amount of gene expression product for a
plurality of pre-selected genes above a pre-defined
threshold; and

(d) allocating a molecular subtype to said group of

tumours based on the gene expression profile.
48. A method according to claim 47 further comprising

sub-dividing said tumour samples by repeating step (b)

using a higher pre-selected threshold.
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49. A diagnostic tool comprising a plurality of binding
members capable of specifically and independently binding
to expression products of at least 10 genes selected from
Table 2, said plurality of binding members being fixed to

a solid support.

50. A diagnostic tool according to claim 49 wherein at
least 20, 25, 30 or all of the genes are selected from

Table 2.

51. A diagnostic tool according to claim 49 or claim 50
wherein the set of genes comprise at least the first 5

genes listed in Table 2a.
52. A diagnostic tool according to any one of claims 49

to 51 wherein the binding members are nucleic acid

sequences.
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