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Figure 1

breast cancer-associated disease state comprising the steps of: a) providing a
sample to be tested; and b) determining a biomarker signature of the test
sample by measuring the presence and/or amount in the test sample of one or
more biomarker selected from the group defined in Table 1; wherein the pres-
ence and/or amount in the test sample of the one or more biomarker selected
from the group defined in Table 1 is indicative of the breast cancer-associated
disease state. The invention further provides arrays and kits for use in the
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Methods for determining a breast cancer-associated disease state and arrays for

use in the methods

Field of the Invention

The present invention provides methods for determining a breast cancer-associated

disease state, as well as arrays and kits for use in such methods.

Background of the Invention

Breast cancer is the most frequently diagnosed cancer and the leading cause of
cancer death among women, accounting for 23% of the total cancer cases and 14%
of the cancer related deaths (Jemal et al., 2011). Traditional clinic pathological
parameters, such as histological grading, tumor size, age, lymph node involvement,
and hormonal receptor status are used to decide treatment and estimate prognosis
(Ciocca and Elledge, 2000; Elston and Ellis, 1991; Hondermarck et al., 2008; Hudis,
2007; Slamon et al., 2001). Histological grading, one of the most commonly used
prognostic factors, is a combined score, based on microscopic evaluation of
morphological and cytological features of tumor cells, reflecting the aggressiveness
of a tumor. This combined score is then used to stratify breast cancer tumors into;
grade 1 - slow growing and well differentiated, grade 2 - moderately differentiated,
and grade 3 - highly proliferative and poorly differentiated (Elston and Ellis, 1991).
However, the clinical value of histologic grade for patient prognosis has been
questioned, mainly reflecting the current challenges associated with grading the
tumors (Frierson et al., 1995; Robbins et al., 1995). Furthermore, 30-60% of the
tumors are classified as histologic grade 2, which has turned out to represent a very
heterogeneous patient cohort and proven to be less informative for clinical decision
making (Sotiriou et al., 2006). Clearly, traditional clinical laboratory parameters are
still not sufficient for adequate prognosis and risk-group discrimination, and for
predicting whether a given treatment will be successful. As a result, some patients
will be over-treated, under-treated, or even treated with a therapy that will not offer
any benefit. Hence, a deeper molecular understanding of breast cancer biology and
tumor progression, in combination with improved ways to individualize prognosis and
treatment decisions are required in order to further advance prognostic and,

consequently, therapeutic outcomes (Dowsett et al., 2007).
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Disclosure of the Invention

To date, a set of genomic efforts have generated molecular signatures for
subgrouping of breast cancer types (lvshina et al., 2006; Perou et al., 2000; Sorlie et
al., 2001) as well as for breast cancer prognostics and risk stratification (Paik et al.,
2004; van 't Veer et al.,, 2002; van de Vijver et al., 2002). On the other hand,
proteomic findings have been anticipated to accelerate the translation of key
discoveries into clinical practice (Hanash, 2003). In this context, classical mass
spectrometry (MS)-based proteomics have generated valuable inventories of breast
cancer proteomes, targeting mainly cell lines and few tissue samples samples
(Bouchal et al., 2009; Geiger et al., 2010; Geiger et al.,, 2012; Gong et al., 2008;
Kang et al., 2010; Strande et al.,, 2009; Sutton et al., 2010), and more recently,
affinity proteomics efforts delivered the first multiplexed serum portraits for breast
cancer diagnosis and for predicting the risk of relapse (Carlsson et al., 2008;
Carlsson et al., 2011). But despite the recent technical advancements, generating
detailed protein expression profiles of large cohorts of crude proteomes, e.g. tissue
extracts, in a sensitive and reproducible manner remains a challenge using either
classical proteomic technologies (Aebersold and Mann, 2003) or affinity proteomics
(Borrebaeck and Wingren, 2011).

To resolve these issues, we have recently developed the global proteome survey
(GPS) technology platform (Wingren et al., 2009), combining the best features of
affinity proteomics and MS. GPS is suited for discovery endeavours, reproducibly
deciphering crude proteomes in a sensitive and quantitative manner (Olsson et al.,
2012; Olsson et al., 2011).

In this study, we delineated in-depth molecular tissue portraits of histologic graded
breast cancer tissues reflecting tumour progression using GPS. To this end, 52
breast cancer tissue proteomes were profiled, to the best of our knowledge,
representing one of the largest label-free LC-MS/MS-based breast cancer tissue
studies. The protein expression profiles were successfully validated using an
orthogonal method. In the long-term run, these tissue biomarker portraits could pave
the way for improved classification and prognosis.

Accordingly, a first aspect of the invention provides a method for determining a
breast cancer-associated disease state comprising the steps of:
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a) providing a sample to be tested; and

b) determining a biomarker signature of the test sample by measuring the
presence and/or amount in the test sample of one or more biomarker selected

from the group defined in Table 1;

wherein the presence and/or amount in the test sample of the one or more biomarker
selected from the group defined in Table 1 is indicative of the breast cancer-
associated disease state. Hence, in effect, steps (b) comprises an additional step of
step ((b)(i)) of determining a breast cancer associated disease state using or based
on the presence and/or amount in the test sample of the one or more biomarker
selected from the group defined in Table 1.

By “breast cancer-associated disease state” we mean the histological grade of breast
cancer cells and/or the metastasis-free survival time of an individual comprising

breast cancer cells.

The breast cancer-associated disease state may be the histological grade (of breast
cancer cells) and/or the metastasis-free survival time (of an individual).

By “biomarker” we mean a naturally-occurring biological molecule, or component or
fragment thereof, the measurement of which can provide information useful in the
prognosis of breast cancer. For example, the biomarker may be a naturally-occurring
protein or carbohydrate moiety, or an antigenic component or fragment thereof.

Preferably the sample to be tested is provided from a mammal. The mammal may be
any domestic or farm animal. Preferably, the mammal is a rat, mouse, guinea pig,
cat, dog, horse or a primate. Most preferably, the mammal is human. Preferably the
sample is a cell or tissue sample (or derivative thereof) comprising or consisting of
breast cancer cells or equally preferred, protein or nucleic acid derived from a cell or
tissue sample comprising or consisting of breast cancer cells. Preferably test and

control samples are derived from the same species.

Where the breast cancer-associated disease state is or comprises the histological

grade of breast cancer cells, the method may further comprise the steps of:
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c) providing one or more control sample comprising or consisting of
histological grade 1 breast cancer cells, histological grade 2 breast cancer
cells and/or histological grade 3 breast cancer cells; and

d) determining a biomarker signature of the control sample(s) by measuring
the presence and/or amount in the control sample(s) of the one or more
biomarker measured in step (b);

wherein the presence of breast cancer cells is identified in the event that the
presence and/or amount in the test sample of the one or more biomarker measured
in step (b):

i) corresponds to the presence and/or amount in a control sample comprising
or consisting breast cancer cells of a first histological grade (where present);

ii) is different to the presence and/or amount in a control sample comprising
or consisting breast cancer cells of a second histological grade (where
present); and/or

iii) is different to the presence and/or amount in a control sample comprising
or consisting breast cancer cells of a third histological grade (where present).

Hence, if the first histological grade was Elston grade 1, the second and third
histological grades (where present) would be Elston grade 2 and Elston Grade 3 (or
vice versa). Where the first histological grade was Elston grade 2, the second and
third histological grades (where present) would be Elston grade 1 and Elston Grade 3
(or vice versa). Where the first histological grade was Elston grade 3, the second
and third histological grades (where present) would be Elston grade 1 and Elston
Grade 2 (or vice versa).

By “corresponds to the presence and/or amount in a control sample comprising or
consisting breast cancer cells of a first histological grade” we mean the presence and
or amount is identical to that of a control sample comprising or consisting of breast
cancer cells of a first histological grade; or closer to that of a control sample
comprising or consisting breast cancer cells of a first histological grade than to a
control sample comprising or consisting breast cancer cells of a second histological
grade and/or a control sample comprising or consisting breast cancer cells of a third
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histological grade (or to predefined reference values representing the same).

Preferably the presence and/or amount is at least 60% of that of the control sample

comprising or consisting breast cancer cells of a first histological grade, for example,

at least 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%,

78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%.

By “is different to the presence and/or amount in a control sample comprising or
consisting breast cancer cells of a third histological grade” we mean the presence
and or amount differs from that of the control sample comprising or consisting breast
cancer cells of a first histological grade or than that of a control sample comprising or
consisting breast cancer cells of a second histological grade and/or a control sample
comprising or consisting breast cancer cells of a third histological grade (or to
predefined reference values representing the same). Preferably the presence and/or
amount is no more than 40% of that of the control sample comprising or consisting
breast cancer cells of a second histological grade, and/or the control sample
comprising or consisting breast cancer cells of a third histological grade for example,
no more than 39%, 38%, 37%, 36%, 35%, 34%, 33%, 32%, 31%, 30%, 29%, 28%,
27%, 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%,
13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% or 0%.

Preferably histological grade control sample comprises or consists of a single
histological grade of breast cancer cells. Preferably, step (c) comprises or consists
of:

i) providing one or more control sample comprising or consisting of
histological grade 1 breast cancer cells; providing one or more control sample
comprising or consisting of histological grade 2 breast cancer cells; and
providing one or more control sample comprising or consisting of histological
grade 3 breast cancer cells;

ii) providing one or more control sample comprising or consisting of
histological grade 1 breast cancer cells; and providing one or more control
sample comprising or consisting of histological grade 2 breast cancer cells;
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iii) providing one or more control sample comprising or consisting of
histological grade 1 breast cancer cells; and providing one or more control
sample comprising or consisting of histological grade 3 breast cancer cells;

iv) providing one or more control sample comprising or consisting of
histological grade 2 breast cancer cells; and providing one or more control

sample comprising or consisting of histological grade 3 breast cancer cells;

v) providing one or more control sample comprising or consisting of
histological grade 1 breast cancer cells;

vi) providing one or more control sample comprising or consisting of

histological grade 2 breast cancer cells; or

vii) providing one or more control sample comprising or consisting of
histological grade 3 breast cancer cells.

the breast cancer-associated disease state is or comprises the

metastasis-free survival time of an individual the method may further comprise the

steps of:

c) providing one or more first control sample comprising or consisting of
breast cancer cells from an individual with less than 10 years metastasis-free
survival; and/or one or more second control sample comprising or consisting
of breast cancer cells from an individual with 10 or more years

metastasis-free survival; and

d) determining a biomarker signature of the control sample(s) by measuring
the presence and/or amount in the control sample(s) of the one or more
biomarker measured in step (b);

wherein the metastasis-free survival time of an individual is identified as less
than 10 years in the event that the presence and/or amount of the one or
more biomarker measured in step (b) corresponds to the presence and/or
amount of the first control sample (where present) and/or is different to the
presence and/or amount of the second control sample (where present);
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and wherein the metastasis-free survival time of an individual is identified as
more than 10 years in the event that the presence and/or amount of the one
or more biomarker measured in step (b) is different to the presence and/or
amount of the first control sample (where present) and/or corresponds to the
presence and/or amount of the second control sample (where present)

By “corresponds to the presence and/or amount of the one or more first control
sample” we mean the presence and or amount is identical to that of the one or more
first control sample; or closer to that of a first control sample than to the one or more
second control sample (or to predefined reference values representing the same).
Preferably the presence and/or amount is at least 60% of that of the first control
sample, for example, at least 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%.

By “is different to the presence and/or amount of the one or more a second control
sample” we mean the presence and or amount differs from that of the second control
sample (or to predefined reference values representing the same). Preferably the
presence and/or amount is no more than 40% of that of the second control sample,
for example, no more than 39%, 38%, 37%, 36%, 35%, 34%, 33%, 32%, 31%, 30%,
29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%,
15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% or 0%.

Preferably, the one or more first and/or second metastasis-free survival time control

sample is of the same histological grade as the sample to be tested.

Preferably, the one or more control samples are age- and/or sex- matched for the
individual to be tested. In other words, the healthy individual is approximately the
same age (e.g. within 5 years) and is the same sex as the individual to be tested.

Preferably, the presence and/or amount in the test sample of the one or more
biomarkers measured in step (b) are compared against predetermined reference
values.

Hence, it is preferred that the presence and/or amount in the test sample of the one
or more biomarker measured in step (b) is significantly different (i.e. statistically
different) from the presence and/or amount of the one or more biomarker measured
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in step (d) or the predetermined reference values. For example, as discussed in the
accompanying Examples, significant difference between the presence and/or amount
of a particular biomarker in the test and control samples may be classified as those
where p<0.05 (for example, where p<0.04, p<0.03, p<0.02 or where p<0.01).

Hence, the method of the first aspect of the invention may comprise or consist of
determining the histological grade of breast cancer cells and the metastasis-free

survival time of an individual (either concurrently or consecutively).

Preferably step (b) comprises or consists of measuring the presence and/or amount
in the test sample of one or more biomarkers selected from the group defined in
Table 1, for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77, 78 or at least 79 biomarkers
selected from the group defined in Table 1.

Hence, the first aspect of the invention may comprise or consist of a method for
determining the histological grade of breast cancer cells (i.e., staging of breast

cancer samples to determine histological grade) comprising the steps of:

a) providing a sample to be tested;

b) determining a biomarker signature of the test sample by measuring the
presence and/or amount in the test sample of one or more biomarker selected
from the group defined in Table 1;

wherein the presence and/or amount in the test sample of the one or more
biomarker selected from the group defined in Table 1 is indicative of the
histological grade of the breast cancer cells.

By “determining the histological grade of breast cancer cells” we mean that the
breast cancer cells of a sample are categorised as histological grade 1 (i.e., Elston
grade 1), histological grade 2 (i.e., Elston grade 2) or histological grade 3 (i.e., Elston
grade 3) as defined in Elston, C. W, and Ellis, |. O. (1991). Pathological prognostic
factors in breast cancer. |. The value of histological grade in breast cancer:
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experience from a large study with long-term follow-up. Histopathology 19, 403-410

which is incorporated herein by reference.

Where the method comprises or consists of determining the histological grade of
breast cancer cells, step (b) may comprise or consist of measuring the presence
and/or amount in the test sample of one or more biomarkers selected from the group
defined in Table 1A, for example at least 2, biomarkers selected from the group
defined in Table 1A. Preferably step (b) comprises or consists of measuring the
presence and/or amount in the test sample of one or more biomarkers selected from
the group defined in Table 1B, for example at least 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or at least 30 biomarkers
selected from the group defined in Table 1B. Preferably step (b) comprises or
consists of measuring the presence and/or amount in the test sample of one or more
biomarkers selected from the group defined in Table 1C, for example at least 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or at
least 28 biomarkers selected from the group defined in Table 1C. Less preferably,
step (b) comprises or consists of measuring the presence and/or amount in the test
sample of one or more biomarkers selected from the group defined in Table 1D, for
example at least 2, 3, 4, 5, 6, 7, 8, 9 or at least 10 biomarkers selected from the
group defined in Table 1D. Also less preferably, step (b) comprises or consists of
measuring the presence and/or amount in the test sample of one or more biomarkers
selected from the group defined in Table 1E, for example at least 2, 3, 4,5, 6, 7, 8 or
at least 9 biomarkers selected from the group defined in Table 1E. Hence, step (b)
may comprise or consist of measuring the presence and/or amount in the test sample
of all of the biomarkers defined in Table 1.

Hence, the first aspect of the invention may comprise or consist of a method for
determining the metastasis-free survival time of an individual comprising the steps of:

a) providing a sample to be tested;
b) determining a biomarker signature of the test sample by measuring the

presence and/or amount in the test sample of one or more biomarker selected
from the group defined in Table 1;
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wherein the presence and/or amount in the test sample of the one or more
biomarker selected from the group defined in Table 1 is indicative of the

metastasis-free survival time of the individual.

In another aspect, the present invention provides a method for determining a breast
cancer-associated disease state comprising the steps of:
a) providing a sample to be tested; and
b) determining a biomarker signature of the test sample by measuring the
presence and/or amount in the test sample of one or more biomarker
selected from the group defined in Table 1A (060938, Q9HCB6), Table
1B P02743, 075348, Q71UMS5, Q14195, Q9BS26, Q13905, P53396,
P23946, P25205, QQUKU9, Q81UX7, Q15819, Q6PONO, Q9UBDS9,
P80404, P05141, P05141, P31948, QINRNS, P09693, P33993, Q02978,
000567, 043159, QONWH9, Q15631, Q13011, P51888, P49591,
P62851, Q9BSJ8) and/or Table 1C (Q7Z5L7, QONQG5, Q8NHWS,
Q6UXG3, Q9Y2Z20, A5A3E0, Q15046, O75306, P55795, 043852-2,
P55884, QO9BWUO, P46782, Q6UX71, Q6UXG2, P22897, Q96P16,
P34897, P50991, Q53HCY, QOUKTY9, Q7Z7E8, 000233, P08621,
P11234, Q99798, Q92614, P47897); wherein the one or more comprises
KERA (keratocan) or is KERA (keratocan);
wherein the presence and/or amount in the test sample of the one or more biomarker
selected from the group defined in Table 1A (060938, Q9HCBG6), Table 1B (P02743,
075348, Q71UMS5, Q14195, Q9BS26, Q13905, P53396, P23946, P25205, QOUKUS,
Q81UX7, Q15819, Q6PONO, QSUBDY9, P80404, P05141, P05141, P31948,
QINRNS, P09693, P33993, Q02978, 000567, 043159, QONWH9, Q15631, Q13011,
P51888, P49591, P62851, Q9BSJ8) and/or Table 1C (Q725L7, QINQG5, Q8NHWS,
Q6UXG3, Q9Y2Z0, A5A3EO0, Q15046, 075306, P55795, 043852-2, P55884,
Q9BWUO, P46782, Q6UX71, Q6UXG2, P22897, Q96P16, P34897, P50991,
Q53HCY, QOUKTY, Q7Z7E8, 000233, P08621, P11234, Q99798, Q92614, P47897)

is indicative of the breast cancer-associated disease state.

By “determining the metastasis-free survival time of an individual” we mean that the
individual from which the test sample is obtained is prognosed to have a
metastasis-free survival time (distant metastasis-free survival/DMFS) of either less

than 10 years or greater than 10 years from initial diagnosis.
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Where the method comprises or consists of determining the metastasis-free survival
time of an individual step (b) may comprise or consist of measuring the presence
and/or amount in the test sample of one or more biomarkers selected from the group
defined in Table 1A, for example at least 2, biomarkers selected from the group
defined in Table 1A. Preferably step (b) comprises or consists of measuring the
presence and/or amount in the test sample of one or more biomarkers selected from
the group defined in Table 1B, for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or at least 30
biomarkers selected from the group defined in Table 1B. Preferably step (b)
comprises or consists of measuring the presence and/or amount in the test sample of
one or more biomarkers selected from the group defined in Table 1D, for example at
least 2, 3, 4, 5, 6, 7, 8, 9 or at least 10 biomarkers selected from the group defined in
Table 1D. Preferably step (b) comprises or consists of measuring the presence
and/or amount in the test sample of all of the defined in Table 1A, Table 1B and
Table 1D.

Where the method comprises or consists of determining the metastasis-free survival
time of an individual, although less preferred, step (b) may comprise or consist of
measuring the presence and/or amount in the test sample of one or more biomarkers
selected from the group defined in Table 1C, for example at least 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or at least 28
biomarkers selected from the group defined in Table 1C. Also less preferably, step
(b) may comprise or consist of measuring the presence and/or amount in the test
sample of one or more biomarkers selected from the group defined in Table 1E, for
example at least 2, 3, 4, 5, 6, 7, 8 or at least 9 biomarkers selected from the group
defined in Table 1E. Also less preferably step (b) may comprise or consist of
measuring the presence and/or amount in the test sample of all of the biomarkers
defined in Table 1C and Table 1E.

[Text continued on page 11]
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Hence, although less preferred, the method of the first aspect of the invention may
comprise or consist of determining the metastasis-free survival time of an individual
wherein step (b) comprises or consists of measuring the presence and/or amount in

the test sample of all of the biomarkers defined in Table 1.

Hence, the method according to the first aspect of the invention may include
measuring SPON1 expression. The method may include measuring KERA
expression. The method may include measuring APCS expression. The method
may include measuring ATP6V1G1 expression. The method may include measuring
RPS27L expression. The method may include measuring DPYSL3 expression. The
method may include measuring ERP44 expression. The method may include
measuring RAPGEF1 expression. The method may include measuring ACLY
expression. The method may include measuring CMA1 expression. The method
may include measuring MCM3 expression. The method may include measuring
ANGPTL2 expression. The method may include measuring AEBP1 expression. The
method may include measuring UBE2V2 expression. The method may include
measuring MIS18BP1 expression. The method may include measuring CLCF1
expression. The method may include measuring ABAT expression. The method
may include measuring SLC25A5 expression. The method may include measuring
STIP1 expression. The method may include measuring OLFML3 expression. The
method may include measuring CD3G expression. The method may include
measuring MCM7 expression. The method may include measuring SLC25A11
expression. The method may include measuring NOP56 expression. The method
may include measuring RRP8 expression. The method may include measuring
SLTM expression. The method may include measuring TSN expression. The
method may include measuring ECH1 expression. The method may include
measuring PRELP expression. The method may include measuring SARS
expression. The method may include measuring RPS25 expression. The method
may include measuring ESYT1 expression. The method may include measuring
PODN expression. The method may include measuring RPRD1B expression. The
method may include measuring RPLPOP6 expression. The method may include
measuring CD300LG expression. The method may include measuring SUGT1
expression. The method may include measuring POTEF expression. The method
may include measuring KARS expression. The method may include measuring
NDUFS2 expression. The method may include measuring HNRNPH2 expression.
The method may include measuring CALU expression. The method may include
measuring EIF3B expression. The method may include measuring SLC4A1AP
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expression. The method may include measuring RPS5 expression. The method
may include measuring PLXDC2 expression. The method may include measuring
KIAA1324 expression. The method may include measuring MRC1 expression. The
method may include measuring RPRD1A expression. The method may include
measuring SHMT2 expression. The method may include measuring CCT4
expression. The method may include measuring TSSC1 expression. The method
may include measuring IKZF3 expression. The method may include measuring
UBE2Q1 expression. The method may include measuring PSMD9 expression. The
method may include measuring SNRNP70 expression. The method may include
measuring RALB expression. The method may include measuring ACO2 expression.
The method may include measuring MYO18A expression. The method may include
measuring QARS expression. The method may include measuring PABPC4
expression. The method may include measuring SCGB1D2 expression. The
method may include measuring PFKP expression. The method may include
measuring SLC3A2 expression. The method may include measuring ASPN
expression. The method may include measuring CD38 expression. The method
may include measuring MXRAS expression. The method may include measuring
CDK1 expression. The method may include measuring STC2 expression. The
method may include measuring CTSC expression. The method may include
measuring NOPS58 expression. The method may include measuring PGK1
expression. The method may include measuring FKBP3 expression. The method
may include measuring GSTM3 expression. The method may include measuring
CALMLS expression. The method may include measuring PML expression. The
method may include measuring ADAMTS4 expression. The method may include
measuring THBS1 expression. The method may include measuring FN1 expression.

In one preferred embodiment, step (b) comprises or consists of measuring the
presence and/or amount in the test sample of one or more biomarker selected from
the group consisting of MCM7, NOP56, MCM3, PABPC4, MXRAS, STC2, SCGB1D2
and ANGPTL2. For example, step (b) may comprise or consist of measuring the
presence and/or amount in the test sample of 2, 3, 4, 5, 6, 7 or 8 of these biomarkers.
Preferably, in this embodiment, the breast cancer-associated disease state is
histological grade; however, less preferably the breast cancer-associated disease

state is or also includes metastasis-free survival time.

In another preferred embodiment, step (b) comprises or consists of measuring the

presence and/or amount in the test sample of one or more biomarker selected from
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the group consisting of OLFML3, SPON1, PODN and ASPN. For example, step (b)
may comprise or consist of measuring the presence and/or amount in the test sample
of 2, 3 or 4 of these biomarkers. Preferably, in this embodiment, the breast
cancer-associated disease state is histological grade; however, less preferably the
breast cancer-associated disease state is or also includes metastasis-free survival

time.

By “expression” we mean the level or amount of a gene product such as mRNA or
protein.

Methods of detecting and/or measuring the concentration of protein and/or nucleic
acid are well known to those skilled in the art, see for example Sambrook and
Russell, 2001, Cold Spring Harbor Laboratory Press.

Preferred methods for detection and/or measurement of protein include Western blot,
North-Western blot, immunosorbent assays (ELISA), antibody microarray, tissue
microarray (TMA), immunoprecipitation, in situ hybridisation and other
immunohistochemistry techniques, radioimmunoassay (RIA), immunoradiometric
assays (IRMA) and immunoenzymatic assays (IEMA), including sandwich assays
using monoclonal and/or polyclonal antibodies. Exemplary sandwich assays are
described by David et al., in US Patent Nos. 4,376,110 and 4,486,530, hereby
incorporated by reference. Antibody staining of cells on slides may be used in
methods well known in cytology laboratory diagnostic tests, as well known to those
skilled in the art.

Typically, ELISA involves the use of enzymes which give a coloured reaction product,
usually in solid phase assays. Enzymes such as horseradish peroxidase and
phosphatase have been widely employed. A way of amplifying the phosphatase
reaction is to use NADP as a substrate to generate NAD which now acts as a
coenzyme for a second enzyme system. Pyrophosphatase from Escherichia coli
provides a good conjugate because the enzyme is not present in tissues, is stable
and gives a good reaction colour. Chemi-luminescent systems based on enzymes
such as luciferase can also be used.

Conjugation with the vitamin biotin is frequently used since this can readily be
detected by its reaction with enzyme-linked avidin or streptavidin to which it binds
with great specificity and affinity.
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Preferred methods for detection and/or measurement of nucleic acid (e.g. mMRNA)
include southern blot, northern blot, polymerase chain reaction (PCR), reverse
transcriptase PCR (RT-PCR), quantitative real-time PCR (qRT-PCR), nanoarray,

microarray, macroarray, autoradiography and in situ hybridisation.

In one embodiment of the first aspect of the invention step (b) comprises measuring
the expression of a nucleic acid molecule encoding the one or more biomarker(s).
The nucleic acid molecule may be a cDNA molecule or an mRNA molecule.
Preferably the nucleic acid molecule is an mRNA molecule. Also preferably the
nucleic acid molecule is a cDNA molecule.

Hence, measuring the expression of the one or more biomarker(s) in step (b) may be
performed using a method selected from the group consisting of Southern
hybridisation, Northern hybridisation, polymerase chain reaction (PCR), reverse
transcriptase PCR (RT-PCR), quantitative real-time PCR (gqRT-PCR), nanoarray,
microarray, macroarray, autoradiography and in situ hybridisation. Preferably
measuring the expression of the one or more biomarker(s) in step (b) is determined
using a DNA microarray. Hence, the method may comprise or consist of measuring
the expression of the one or more biomarker(s) in step (b) using one or more binding
moiety, each capable of binding selectively to a nucleic acid molecule encoding one
of the biomarkers identified in Table 1.

Preferably the one or more binding moieties each comprise or consist of a nucleic
acid molecule such as DNA, RNA, PNA, LNA, GNA, TNA or PMO (preferably DNA).
Preferably the one or more binding moieties are 5 to 100 nucleotides in length. More
preferably, the one or more nucleic acid molecules are 15 to 35 nucleotides in length.
The binding moiety may comprise a detectable moiety.

Suitable binding agents (also referred to as binding molecules) may be selected or
screened from a library based on their ability to bind a given nucleic acid, protein or
amino acid motif, as discussed below.

In another embodiment of the first aspect of the invention step (b) comprises
measuring the expression of the protein or polypeptide of the one or more
biomarker(s) or a fragment or derivative thereof. Preferably measuring the
expression of the one or more biomarker(s) in step (b) is performed using one or
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more binding moieties each capable of binding selectively to one of the biomarkers
identified in Table 1.

The one or more binding moieties may comprise or consist of an antibody or an
antigen-binding fragment thereof.

The term “antibody” includes any synthetic antibodies, recombinant antibodies or
antibody hybrids, such as but not limited to, a single-chain antibody molecule
produced by phage-display of immunoglobulin light and/or heavy chain variable
and/or constant regions, or other immunointeractive molecules capable of binding to
an antigen in an immunoassay format that is known to those skilled in the art.

We also include the use of antibody-like binding agents, such as affibodies and
aptamers.

A general review of the techniques involved in the synthesis of antibody fragments
which retain their specific binding sites is to be found in Winter & Milstein (1991)
Nature 349, 293-299.

Additionally, or alternatively, one or more of the first binding molecules may be an
aptamer (see Collett et al., 2005, Methods 37:4-15).

Molecular libraries such as antibody libraries (Clackson et al, 1991, Nature 352, 624-
628; Marks et al, 1991, J Mol Biol 222(3): 581-97), peptide libraries (Smith, 1985,
Science 228(4705). 1315-7), expressed cDNA libraries (Santi et al (2000) J Mol Biol
296(2): 497-508), libraries on other scaffolds than the antibody framework such as
affibodies (Gunneriusson et al, 1999, Appl Environ Microbiol 65(9): 4134-40) or
libraries based on aptamers (Kenan et al, 1999, Methods Mol Biol 118, 217-31) may
be used as a source from which binding molecules that are specific for a given motif

are selected for use in the methods of the invention.

The molecular libraries may be expressed in vivo in prokaryotic cells (Clackson et al,
1991, op. cit.; Marks et al, 1991, op. cit.) or eukaryotic cells (Kieke et al, 1999, Proc
Natl Acad Sci USA, 96(10):5651-6) or may be expressed in vitro without involvement
of cells (Hanes & Pluckthun, 1997, Proc Natl Acad Sci USA 94(10):4937-42; He &
Taussig, 1997, Nucleic Acids Res 25(24):5132-4, Nemoto et al, 1997, FEBS Lett,
414(2):405-8).
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In cases when protein based libraries are used, the genes encoding the libraries of
potential binding molecules are often packaged in viruses and the potential binding
molecule displayed at the surface of the virus (Clackson et al, 1991, supra; Marks et
al, 1991, supra; Smith, 1985, supra).

Perhaps the most commonly used display system is filamentous bacteriophage
displaying antibody fragments at their surfaces, the antibody fragments being
expressed as a fusion to the minor coat protein of the bacteriophage (Clackson et al,
1991, supra; Marks et al, 1991, supra). However, other suitable systems for display
include using other viruses (EP 39578), bacteria (Gunneriusson et al, 1999, supra;
Daugherty et al, 1998, Protein Eng 11(9):825-32; Daugherty et al, 1999, Protein Eng
12(7):613-21), and yeast (Shusta et al, 1999, J Mol Biol 292(5):949-56).

In addition, display systems have been developed utilising linkage of the polypeptide
product to its encoding mMRNA in so-called ribosome display systems (Hanes &
Pluckthun, 1997, supra; He & Taussig, 1997, supra; Nemoto et al, 1997, supra), or
alternatively linkage of the polypeptide product to the encoding DNA (see US Patent
No. 5,856,090 and WO 98/37186).

The variable heavy (Vy) and variable light (V) domains of the antibody are involved in
antigen recognition, a fact first recognised by early protease digestion experiments.
Further confirmation was found by “humanisation” of rodent antibodies. Variable
domains of rodent origin may be fused to constant domains of human origin such that
the resultant antibody retains the antigenic specificity of the rodent parented antibody
(Morrison et al (1984) Proc. Natl. Acad. Sci. USA 81, 6851-6855).

That antigenic specificity is conferred by variable domains and is independent of the
constant domains is known from experiments involving the bacterial expression of
antibody fragments, all containing one or more variable domains. These molecules
include Fab-like molecules (Better et al (1988) Science 240, 1041); Fv molecules
(Skerra et al (1988) Science 240, 1038); single-chain Fv (ScFv) molecules where the Vy
and V| partner domains are linked via a flexible oligopeptide (Bird et al (1988) Science
242, 423; Huston et al (1988) Proc. Natl. Acad. Sci. USA 85, 5879) and single domain
antibodies (dAbs) comprising isolated V domains (Ward et al (1989) Nature 341, 544).
A general review of the techniques involved in the synthesis of antibody fragments
which retain their specific binding sites is to be found in Winter & Milstein (1991) Nature
349, 293-299.
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The antibody or antigen-binding fragment may be selected from the group consisting
of intact antibodies, Fv fragments (e.g. single chain Fv and disulphide-bonded Fv),
Fab-like fragments (e.g. Fab fragments, Fab’ fragments and F(ab), fragments), single
variable domains (e.g. Vy and V. domains) and domain antibodies (dAbs, including
single and dual formats [i.e. dAb-linker-dAb]). Preferably, the antibody or antigen-
binding fragment is a single chain Fv (scFv).

The one or more binding moieties may alternatively comprise or consist of an

antibody-like binding agent, for example an affibody or aptamer.

By “scFv molecules” we mean molecules wherein the Vy and V. partner domains are

linked via a flexible oligopeptide.

The advantages of using antibody fragments, rather than whole antibodies, are several-
fold. The smaller size of the fragments may lead to improved pharmacological
properties, such as better penetration of solid tissue. Effector functions of whole
antibodies, such as complement binding, are removed. Fab, Fv, ScFv and dAb
antibody fragments can all be expressed in and secreted from E. coli, thus allowing the
facile production of large amounts of the said fragments.

Whole antibodies, and F(ab'), fragments are “bivalent”. By “bivalent” we mean that the
said antibodies and F(ab'), fragments have two antigen combining sites. In contrast,
Fab, Fv, ScFv and dAb fragments are monovalent, having only one antigen combining

sites.

The antibodies may be monoclonal or polyclonal. Suitable monoclonal antibodies
may be prepared by known techniques, for example those disclosed in “Monoclonal
Antibodies: A manual of techniques”, H Zola (CRC Press, 1988) and in “Monoclonal
Hybridoma Antibodies: Techniques and applications”, J G R Hurrell (CRC Press,
1982), both of which are incorporated herein by reference.
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When potential binding molecules are selected from libraries, one or more selector
peptides having defined motifs are usually employed. Amino acid residues that
provide structure, decreasing flexibility in the peptide or charged, polar or
hydrophobic side chains allowing interaction with the binding molecule may be used
in the design of motifs for selector peptides. For example:

(i) Proline may stabilise a peptide structure as its side chain is bound both to the
alpha carbon as well as the nitrogen;

(i) Phenylalanine, tyrosine and tryptophan have aromatic side chains and are
highly hydrophobic, whereas leucine and isoleucine have aliphatic side chains
and are also hydrophobic;

(iii) Lysine, arginine and histidine have basic side chains and will be positively
charged at neutral pH, whereas aspartate and glutamate have acidic side
chains and will be negatively charged at neutral pH;

(iv) Asparagine and glutamine are neutral at neutral pH but contain a amide
group which may participate in hydrogen bonds;

(v) Serine, threonine and tyrosine side chains contain hydroxyl groups, which
may participate in hydrogen bonds.

Typically, selection of binding molecules may involve the use of array technologies
and systems to analyse binding to spots corresponding to types of binding molecules.

Hence, preferably the antibody or fragment thereof is a monoclonal antibody or
fragment thereof. Preferably the antibody or antigen-binding fragment is selected
from the group consisting of intact antibodies, Fv fragments (e.g. single chain Fv and
disulphide-bonded Fv), Fab-like fragments (e.g. Fab fragments, Fab’ fragments and
F(ab), fragments), single variable domains (e.g. V4 and V., domains) and domain
antibodies (dAbs, including single and dual formats [i.e. dAb-linker-dAb]). Hence, the
antibody or antigen-binding fragment may be a single chain Fv (scFv). Alternatively,
the one or more binding moieties comprise or consist of an antibody-like binding
agent, for example an affibody or aptamer. The one or more binding moieties
comprise a detectable moiety.

By a “detectable moiety” we include a moiety which permits its presence and/or
relative amount and/or location (for example, the location on an array) to be
determined, either directly or indirectly.
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Suitable detectable moieties are well known in the art.

For example, the detectable moiety may be a fluorescent and/or luminescent and/or
chemiluminescent moiety which, when exposed to specific conditions, may be
detected. Such a fluorescent moiety may need to be exposed to radiation (i.e. light)
at a specific wavelength and intensity to cause excitation of the fluorescent moiety,
thereby enabling it to emit detectable fluorescence at a specific wavelength that may
be detected.

Alternatively, the detectable moiety may be an enzyme which is capable of
converting a (preferably undetectable) substrate into a detectable product that can be
visualised and/or detected. Examples of suitable enzymes are discussed in more
detail below in relation to, for example, ELISA assays.

Hence, the detectable moiety may be selected from the group consisting of. a
fluorescent moiety; a luminescent moiety; a chemiluminescent moiety; a radioactive
moiety (for example, a radioactive atom); or an enzymatic moiety. Preferably, the
detectable moiety comprises or consists of a radioactive atom. The radioactive atom
may be selected from the group consisting of technetium-99m, iodine-123,
iodine-125, iodine-131, indium-111, fluorine-19, carbon-13, nitrogen-15, oxygen-17,
phosphorus-32, sulphur-35, deuterium, tritium, rhenium-186, rhenium-188 and
yttrium-90.

Clearly, the agent to be detected (such as, for example, the one or more biomarkers
in the test sample and/or control sample described herein and/or an antibody
molecule for use in detecting a selected protein) must have sufficient of the
appropriate atomic isotopes in order for the detectable moiety to be readily
detectable.

In an alternative preferred embodiment, the detectable moiety of the binding moiety
is a fluorescent moiety.

The radio- or other labels may be incorporated into the biomarkers present in the
samples of the methods of the invention and/or the binding moieties of the invention
in known ways. For example, if the binding agent is a polypeptide it may be
biosynthesised or may be synthesised by chemical amino acid synthesis using
suitable amino acid precursors involving, for example, fluorine-19 in place of
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hydrogen. Labels such as *"Tc, "I, "*Rh, "®Rh and "'In can, for example, be
attached via cysteine residues in the binding moiety. Yttrium-90 can be attached via
a lysine residue. The IODOGEN method (Fraker et al (1978) Biochem. Biophys. Res.

Comm. 80, 49-57) can be used to incorporate '®I.

Reference (“Monoclonal
Antibodies in Immunoscintigraphy”, J-F Chatal, CRC Press, 1989) describes other
methods in detail. Methods for conjugating other detectable moieties (such as
enzymatic, fluorescent, luminescent, chemiluminescent or radioactive moieties) to

proteins are well known in the art.

It will be appreciated by persons skilled in the art that biomarkers in the sample(s) to
be tested may be labelled with a moiety which indirectly assists with determining the
presence, amount and/or location of said proteins. Thus, the moiety may constitute
one component of a multicomponent detectable moiety. For example, the
biomarkers in the sample(s) to be tested may be labelled with biotin, which allows
their subsequent detection using streptavidin fused or otherwise joined to a
detectable label.

Detectable moieties may be selected from the group consisting of a fluorescent
moiety, a luminescent moiety, a chemiluminescent moiety, a radioactive moiety and

an enzymatic moiety.

Hence, the detectable moiety may comprise or consist of a radioactive atom. The
radioactive atom may be selected from the group consisting of technetium-99m,
iodine-123, iodine-125, iodine-131, indium-111, fluorine-19, carbon-13, nitrogen-15,
oxygen-17, phosphorus-32, sulphur-35, deuterium, tritium, rhenium-186, rhenium-
188 and yttrium-90.

Alternatively, the detectable moiety of the binding moiety may be a fluorescent
moiety.

In the method according to the first aspect of the invention the samples provided in
step (a) and/or step (c) are treated prior to step (b) and/or step (d), respectively, such
that any biomarkers present in the samples may be labelled with biotin. Step (b)
and/or step (d) may be performed using a detecting agent comprising Streptavidin
and a detectable moiety (such as a fluorescent moiety).
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Thus, the proteins of interest in the sample to be tested may first be isolated and/or
immobilised using first binding agent(s), after which the presence and/or relative
amount of said biomarkers may be determined using second binding agent(s).

In one embodiment, the second binding agent is an antibody or antigen-binding
fragment thereof; typically a recombinant antibody or fragment thereof. Conveniently,
the antibody or fragment thereof is selected from the group consisting of: scFv; Fab;
a binding domain of an immunoglobulin molecule. Suitable antibodies and

fragments, and methods for making the same, are described in detail above.

Alternatively, the second binding agent may be an antibody-like binding agent, such
as an affibody or aptamer.

Alternatively, where the detectable moiety on the protein in the sample to be tested
comprises or consists of a member of a specific binding pair (e.g. biotin), the second
binding agent may comprise or consist of the complimentary member of the specific
binding pair (e.g. streptavidin).

Where a detection assay is used, it is preferred that the detectable moiety is selected
from the group consisting of: a fluorescent moiety; a luminescent moiety, a
chemiluminescent moiety; a radioactive moiety; an enzymatic moiety. Examples of
suitable detectable moieties for use in the methods of the invention are described

above.

Preferred assays for detecting serum or plasma proteins include enzyme linked
immunosorbent assays (ELISA), radioimmunoassay (RIA), immunoradiometric
assays (IRMA) and immunoenzymatic assays (IEMA), including sandwich assays
using monoclonal and/or polyclonal antibodies. Exemplary sandwich assays are
described by David et al in US Patent Nos. 4,376,110 and 4,486,530, hereby
incorporated by reference. Antibody staining of cells on slides may be used in
methods well known in cytology laboratory diagnostic tests, as well known to those
skilled in the art.

Thus, in one embodiment the assay is an ELISA (Enzyme Linked Immunosorbent
Assay) which typically involves the use of enzymes which give a coloured reaction
product, usually in solid phase assays. Enzymes such as horseradish peroxidase
and phosphatase have been widely employed. A way of amplifying the phosphatase
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reaction is to use NADP as a substrate to generate NAD which now acts as a
coenzyme for a second enzyme system. Pyrophosphatase from Escherichia coli
provides a good conjugate because the enzyme is not present in tissues, is stable
and gives a good reaction colour. Chemiluminescent systems based on enzymes

such as luciferase can also be used.

Conjugation with the vitamin biotin is frequently used since this can readily be
detected by its reaction with enzyme-linked avidin or streptavidin to which it binds
with great specificity and affinity.

In an alternative embodiment, the assay used for protein detection is conveniently a
fluorometric assay. Thus, the detectable moiety of the second binding agent may be
a fluorescent moiety, such as an Alexa fluorophore (for example Alexa-647).

Preferably the predicative accuracy of the method, as determined by an ROC AUC
value, is at least 0.50, for example at least 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85,
0.90, 0.95, 0.96, 0.97, 0.98 or at least 0.99. More preferable the predicative
accuracy of the method, as determined by an ROC AUC value, is at least 0.80 (most
preferably 1).

In the method of the first aspect of the invention step (b) may be performed using an
array such as a bead-based array or a surface-based array. Preferably the array is

selected from the group consisting of: macroarray; microarray; nanoarray.

The method for determining a breast cancer-associated disease state may be
performed using a support vector machine (SVM), such as those available from
http://cran.r-project.org/web/packages/e1071/index.html  (e.g. e1071 1.5-24).
However, any other suitable means may also be used. SVMs may also be used to
determine the ROC AUCs of biomarker signatures comprising or consisting of one or
more Table 1 biomarkers as defined herein.

Support vector machines (SVMs) are a set of related supervised learning methods
used for classification and regression. Given a set of training examples, each marked
as belonging to one of two categories, an SVM training algorithm builds a model that
predicts whether a new example falls into one category or the other. Intuitively, an
SVM model is a representation of the examples as points in space, mapped so that

the examples of the separate categories are divided by a clear gap that is as wide as
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possible. New examples are then mapped into that same space and predicted to
belong to a category based on which side of the gap they fall on.

More formally, a support vector machine constructs a hyperplane or set of
hyperplanes in a high or infinite dimensional space, which can be used for
classification, regression or other tasks. Intuitively, a good separation is achieved by
the hyperplane that has the largest distance to the nearest training datapoints of any
class (so-called functional margin), since in general the larger the margin the lower
the generalization error of the classifier. For more information on SVMs, see for
example, Burges, 1998, Data Mining and Knowledge Discovery, 2:121-167.

In one embodiment of the invention, the SVM is ‘trained’ prior to performing the
methods of the invention using biomarker profiles of known agents (namely, breast
cancer cells of known histological grade or breast cancer cells from breast cancer
patients with known distant metastasis-free survival). By running such training
samples, the SVM is able to learn what biomarker profiles are associated with
particular characteristics. Once the training process is complete, the SVM is then
able whether or not the biomarker sample tested is from a particular breast cancer
sample type (i.e., a particular breast cancer-associated disease state).

However, this training procedure can be by-passed by pre-programming the SVM
with the necessary training parameters. For example, cells belonging to a particular
breast cancer-associated disease state can be identified according to the known
SVM parameters using the SVM algorithm detailed in Table 4, based on the
measurement of the biomarkers listed in Table 1 using the values and/or regulation
patterns detailed therein.

It will be appreciated by skilled persons that suitable SVM parameters can be
determined for any combination of the biomarkers listed Table 1 by training an SVM
machine with the appropriate selection of data (i.e. biomarker measurements from
cells of known histological grade and/or cells from individuals with known
metastasis-free survival times).

Alternatively, the Table 1 data may be used to determine a particular breast cancer-
associated disease state according to any other suitable statistical method known in
the art, such as Principal Component Analysis (PCA) and other multivariate statistical
analyses (e.g., backward stepwise logistic regression model). For a review of
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multivariate statistical analysis see, for example, Schervish, Mark J. (November
1987). "A Review of Multivariate Analysis". Statistical Science 2 (4): 396—413 which

is incorporated herein by reference.

Preferably, the method of the invention has an accuracy of at least 65%, for example
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% accuracy.

Preferably, the method of the invention has a sensitivity of at least 65%, for example
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% sensitivity.

Preferably, the method of the invention has a specificity of at least 65%, for example
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% specificity.

By “accuracy” we mean the proportion of correct outcomes of a method, by
“sensitivity” we mean the proportion of all positive chemicals that are correctly
classified as positives, and by “specificity” we mean the proportion of all negative

chemicals that are correctly classified as negatives.

The method of the first aspect of the invention may further comprise the steps of:

e) providing treatment to the individual being tested based upon the breast-
cancer associated disease state determined in the preceding steps.

Hence, the method comprises treating the patient according to the histological grade
of their breast cancer and/or according to their predicted metastasis-free survival
time. For example, a more aggressive treatment may be provided for higher grade
breast cancers and/or wherein metastasis-free survival time is predicted to be
relatively low (e.g., less than 10 years) versus relatively high (e.g., more than 10
years). Suitable therapeutic approaches can be determined by the skilled person
according to the prevailing guidance at the time, for example, see NICE Clinical
Guideline 80 “Early and locally advanced breast cancer: Diagnosis and treatment”,
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(available  here:  http://www.nice.org.uk/nicemedia/pdf/CG80ONICEGuideline.pdf)

which is incorporated herein by reference.

Accordingly, the present invention comprises an antineoplastic agent for use in
treating breast cancer wherein the dosage regime is determined based on the results
of the method of the first aspect of the invention.

The present invention comprises the use of an antineoplastic agent in treating breast
cancer wherein the dosage regime is determined based on the results of the method
of the first aspect of the invention.

The present invention comprises the use of an antineoplastic agent in the
manufacture of a medicament for treating breast cancer wherein the dosage regime

is determined based on the results of the method of the first aspect of the invention.

The present invention comprises a method of treating breast cancer comprising
providing a sufficient amount of an antineoplastic agent wherein the amount of
antineoplastic agent sufficient to treat the breast cancer is determined based on the
results of the method of the first aspect of the invention.

In one embodiment, the antineoplastic agent is an alkylating agent (ATC code LO1a),
an antimetabolite (ATC code LO1b), a plant alkaloid or other natural product (ATC
code L0O1c), a cytotoxic antibiotic or a related substance (ATC code LO1d), or an
other antineoplastic agents (ATC code LO1x).

Hence, in one embodiment the antineoplastic agent is an alkylating agent selected
from the group consisting of a nitrogen mustard analogue (for example
cyclophosphamide, chlorambucil, melphalan, chlormethine, ifosfamide, trofosfamide,
prednimustine or bendamustine) an alkyl sulfonate (for example busulfan, treosulfan,
or mannosulfan) an ethylene imine (for example thiotepa, triaziquone or carboquone)
a nitrosourea (for example carmustine, lomustine, semustine, streptozocin,
fotemustine, nimustine or ranimustine) an epoxides (for example etoglucid) or
another alkylating agent (ATC code LO1ax, for example mitobronitol, pipobroman,
temozolomide or dacarbazine).

In a another embodiment the antineoplastic agent is an antimetabolite selected from
the group consisting of a folic acid analogue (for example methotrexate, raltitrexed,
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pemetrexed or pralatrexate), a purine analogue (for example mercaptopurine,
tioguanine, cladribine, fludarabine, clofarabine or nelarabine) or a pyrimidine
analogue (for example cytarabine, fluorouracil, tegafur, carmofur, gemcitabine,
capecitabine, azacitidine or decitabine).

In a still further embodiment the antineoplastic agent is a plant alkaloid or other
natural product selected from the group consisting of a vinca alkaloid or a vinca
alkaloid analogue (for example vinblastine, vincristine, vindesine, vinorelbine or
vinflunine), a podophyllotoxin derivative (for example etoposide or teniposide) a
colchicine derivative (for example demecolcine), a taxane (for example paclitaxel,
docetaxel or paclitaxel poliglumex) or another plant alkaloids or natural product (ATC
code LO1cx, for example trabectedin).

In one embodiment the antineoplastic agent is a cytotoxic antibiotic or related
substance selected from the group consisting of an actinomycine (for example
dactinomycin), an anthracycline or related substance (for example doxorubicin,
daunorubicin, epirubicin, aclarubicin, zorubicin, idarubicin, mitoxantrone, pirarubicin,
valrubicin, amrubicin or pixantrone) or another (ATC code LO1dc, for example
bleomycin, plicamycin, mitomycin or ixabepilone).

In a further embodiment the antineoplastic agent is an other antineoplastic agent
selected from the group consisting of a platinum compound (for example cisplatin,
carboplatin, oxaliplatin, satraplatin or polyplatillen) a methylhydrazine (for example
procarbazine) a monoclonal antibody (for example edrecolomab, rituximab,
trastuzumab, alemtuzumab, gemtuzumab, cetuximab, bevacizumab, panitumumab,
catumaxomab or ofatumumab) a sensitizer used in photodynamic/radiation therapy
(for example porfimer sodium, methyl aminolevulinate, aminolevulinic acid,
temoporfin or efaproxiral) or a protein kinase inhibitor (for example imatinib, gefitinib,
erlotinib, sunitinib, sorafenib, dasatinib, lapatinib, nilotinib, temsirolimus, everolimus,
pazopanib, vandetanib, afatinib, masitinib or toceranib).

In a still further embodiment the antineoplastic agent is an other neoplastic agent
selected from the group consisting of amsacrine, asparaginase, altretamine,
hydroxycarbamide, lonidamine, pentostatin, miltefosine, masoprocol, estramustine,
tretinoin, mitoguazone, topotecan, tiazofurine, irinotecan, alitretinoin, mitotane,

pegaspargase, bexarotene, arsenic trioxide, denileukin diftitox, bortezomib, celecoxib,
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anagrelide, oblimersen, sitimagene ceradenovec, vorinostat, romidepsin,

omacetaxine mepesuccinate or eribulin.

Accordingly, a second aspect of the invention provides an array for use in a method
according to the first aspect of the invention, the array comprising one or more first
binding agents as defined above in relation to the first aspect of the invention.

The array binding agents may comprise or consist of binding agents which are
collectively capable of binding to one or more biomarkers selected from the group
defined in Table 1A, for example at least 2, biomarkers selected from the group
defined in Table 1A. Preferably the array binding agents may comprise or consist of
binding agents which are collectively capable of binding to one or more biomarkers
selected from the group defined in Table 1B, for example at least 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or at least
30 biomarkers selected from the group defined in Table 1B. Preferably the array
binding agents may comprise or consist of binding agents which are collectively
capable of binding to one or more biomarkers selected from the group defined in
Table 1C, for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27 or at least 28 biomarkers selected from the group
defined in Table 1C. Preferably the array binding agents may comprise or consist of
binding agents which are collectively capable of binding to one or more biomarkers
selected from the group defined in Table 1D, for example at least 2, 3,4, 5,6, 7,8, 9
or at least 10 biomarkers selected from the group defined in Table 1D. Preferably
the array binding agents may comprise or consist of binding agents which are
collectively capable of binding to one or more biomarkers selected from the group
defined in Table 1E, for example at least 2, 3, 4, 5, 6, 7, 8 or at least 9 biomarkers
selected from the group defined in Table 1E.

Hence, the array binding agents may comprise or consist of binding agents which are
collectively capable of binding to all of the biomarkers defined in Table 1A. The array
binding agents may comprise or consist of binding agents which are collectively
capable of binding to all of the biomarkers defined in Table 1B. The array binding
agents may comprise or consist of binding agents which are collectively capable of
binding to all of the biomarkers defined in Table 1C. The array binding agents may
comprise or consist of binding agents which are collectively capable of binding to all
of the biomarkers defined in Table 1D. The array binding agents may comprise or
consist of binding agents which are collectively capable of binding to all of the
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biomarkers defined in Table 1E. Preferably the array binding agents comprise or
consist of binding agents which are collectively capable of binding to all of the
biomarkers defined in Table 1.

The first binding agents of the array may be immobilised.

Arrays per se are well known in the art. Typically they are formed of a linear or two-
dimensional structure having spaced apart (i.e. discrete) regions (“spots”), each
having a finite area, formed on the surface of a solid support. An array can also be a
bead structure where each bead can be identified by a molecular code or colour code
or identified in a continuous flow. Analysis can also be performed sequentially where
the sample is passed over a series of spots each adsorbing the class of molecules
from the solution. The solid support is typically glass or a polymer, the most
commonly used polymers being cellulose, polyacrylamide, nylon, polystyrene,
polyviny! chloride or polypropylene. The solid supports may be in the form of tubes,
beads, discs, silicon chips, microplates, polyvinylidene difluoride (PVDF) membrane,
nitrocellulose membrane, nylon membrane, other porous membrane, non-porous
membrane (e.g. plastic, polymer, perspex, silicon, amongst others), a plurality of
polymeric pins, or a plurality of microtitre wells, or any other surface suitable for
immobilising proteins, polynucleotides and other suitable molecules and/or
conducting an immunoassay. The binding processes are well known in the art and
generally consist of cross-linking covalently binding or physically adsorbing a protein
molecule, polynucleotide or the like to the solid support. Alternatively, affinity
coupling of the probes via affinity-tags or similar constructs may be employed. By
using well-known techniques, such as contact or non-contact printing, masking or
photolithography, the location of each spot can be defined. For reviews see Jenkins,
R.E., Pennington, S.R. (2001, Proteomics, 2,13-29) and Lal et al (2002, Drug Discov
Today 15;7(18 Suppl):S143-9).

Typically the array is a microarray. By “microarray” we include the meaning of an
array of regions having a density of discrete regions of at least about 100/cm?, and
preferably at least about 1000/cm?. The regions in a microarray have typical
dimensions, e.g. diameter, in the range of between about 10-250 um, and are
separated from other regions in the array by about the same distance. The array
may alternatively be a macroarray or a nanoarray.
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Once suitable binding molecules (discussed above) have been identified and isolated,
the skilled person can manufacture an array using methods well known in the art of

molecular biology; see Examples below.

A third aspect of the invention provides the use of one or more biomarkers selected
from the group defined in Table 1A, Table 1B, Table 1C, Table 1D and/or Table 1D

for determining a breast cancer-associated disease state.

In one embodiment all of the biomarkers defined in Table 1A, Table 1B, Table 1C,
Table 1D and Table 1D are used collectively for determining a breast

cancer-associated disease state.

A fourth aspect of the invention provide an analytical kit for use in a method
according to the first aspect of the invention comprising:

A) an array according to the second aspect of the invention or as defined in
the first aspect of the invention; and

B) instructions for performing the method as defined in the first aspect of the

invention (optional).

The analytical kit may comprise one or more control samples as defined in the first

aspect of the invention.

Preferred, non-limiting examples which embody certain aspects of the invention will
now be described, with reference to the following figures:

Figure 1. Peptide and protein statistics. (A) Total number of unique peptide
sequences identified per sample (FDR 0.01, using Mascot + X!Tandem). (B) Total
number of assembled protein groups identified per sample (FDR 0.01, set at protein
level, using Mascot + X!Tandem). (C) Number of unique peptides per protein group
(FDR 0.01, set at protein level, using Mascot + X!Tandem) resulting in a total protein
coverage of 2140 protein groups in the entire study. (Data based on all samples and
runs, including replicates, pool runs and samples with missing clinical parameters).
(D) Evaluation of quantified peptides (Progenesis LC-MS software, limited to Mascot
scored peptides using FDR 0.01) against the PeptideAtlas (version 2011-08 Ens62,
human). In addition, for peptides not present in the PeptideAtlas, a second
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comparison was performed in order to evaluate if the corresponding protein had been
reported. In cases of multiple protein accessions, all were assessed. (E) Comparison
of peptide length. (F) Observed peptide frequency in PeptideAtlas.

Figure 2. Reproducibility of the entire GPS setup (i.e. capture + LC-MS/MS)
illustrated both for combined data and individual mixtures for a representative sample
(sample 7267) and the reference (pool) sample. In order to include (plot) a data point,
the protein had to be quantified (normalized abundance >0) in all triplicate runs. Such
requirement was used for all data plotted in panel A-E. (A) lllustrated for all data
combined (based on 1264 proteins). (B) lllustrated for CIMS-mix 1 (based on 315
proteins) (C) lllustrated for CIMS-mix 2 (based on 661 proteins) (D) lllustrated for
CIMS-mix 3 (based on 452 proteins) (E) lllustrated for CIMS-mix 4 (based on 370

proteins).

Figure 3. Significantly differentially expressed proteins based on histologic grade,
estrogen receptor status, and HER2 status. Differentially expressed analytes are
shown in heatmaps (red - up-regulated, green —down-regulated). (A) PCA-plot and
associated heatmap of histologic grade 1, grade 2 and grade 3 samples (data filtered
on variance 0.2, p-value <0.01, g-value <0.25). In addition results from a leave-one
out cross validation approach with a SVM demonstrated with ROC- area values. (B)
PCA-plot and associated heatmap of ER-positive and ER-negative samples (data
filtered on variance 0.2, p-value <0.01, g-value <0.32). In addition result from a leave-
one out cross validation approach illustrated with a ROC-curve. (C) PCA-plot and
associated heatmap of HER2-positive and negative samples. (data filtered on
variance 0.2, p-value <0.01, g-value <0.9). Result from a leave-one out cross
validation approach illustrated with a ROC-curve.

Figure 4. Biological relevance of differentially expressed analytes between the three
histologic graded tumor types using IPA. (A) The 49 proteins identified as
significantly differentially expressed proteins between the three tumor cohorts
mapped to their cellular localization. Colored log,-ratio (median grade 3 / median
grade 1) where red color illustrates up-regulation and green color illustrates down-
regulation. Proteins with known association to tumorigenesis have been indicated.
(B) The top reported network found to be associated with DNA replication,
recombination, cell cycle, and free radical scavenging. (C) The second reported
network found to be associated with gene expression, infectious disease, and cancer.
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Figure 5. Validation of protein expression profiles using an orthogonal method. To
this end, mRNA expression profiles based on data from 1411 histological graded
tumor samples was used. 42 of 49 differentially expressed proteins among histologic
grade 1, 2 and 3 were successfully mapped (using Gene Entrez ID) into the GOBO-
database. (A) MRNA expression profiles for proteins found to display a decreased
protein expression in histologic grade 3 tumors (median ratio compared to histologic
grade 1) whereof 15 (of total 16) analytes could be mapped with the GOBO-tool. In
addition, correlation of the 15 genes to different gene set module expression pattern
is indicated. Grey dots indicate actual correlation values. (B) mRNA expression
profiles for proteins found to display an increased expression in histologic grade 3
tumors (compared to histologic grade 1) whereof 27 (of total 33) could be mapped
with the GOBO-tool. In addition, correlation of the 27 genes to different gene set
module expression pattern is indicated. Grey dots indicate actual correlation values.

Figure 6. kaplan meier analyses of exemplary biomarker signatures of varying
lengths and combinations of Table 1 biomarkers.

Figure S1. Schematic overview of the workflow used in the study. (A) Tumor sample
preparations and (B) peptide capture using CIMS-antibodies, run schedule on the
LC-MS/MS and data analysis. The analysis of all eluates derived from one CIMS-
binder mix were finalised prior to move on to the next CIMS-binder mix derived
eluates. Consequently, all CIMS-binder mix analysis started with an analysis of an
eluate from the pooled sample, continuing with half of the individual samples in a
random sequence according to histological grade. Halfway through the mix, another
pool sample was injected, then the remaining samples and at the end finishing with
the third pool sample. After completion, the analysis of the eluates from the next
CIMS-binder mix was started. Between binder mix 2 and binder mix 3, two injections
of blank beads were run. Blank beads contained no antibodies attached, so only
background peptides that bind to the magnetic beads should elute. Data was
analyzed in Proteios SE and Progenisis to obtain identification and quantification of
peptides and proteins.

Figure S2. Identification reproducibility of the entire GPS setup (i.e. capture + LC-
MS/MS) illustrated as Venn diagrams. (A) Overlap of peptides (all unique sequences)
between replicate capture runs for sample 7267. Statistics for total coverage of
sample 7267 (top diagram) and individual mixes (the smaller four Venn diagrams)
are shown. Data generated from Proteios SE (i.e. Mascot and X!Tandem scored
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peptides). (B) Overlap of peptides (all unique sequences) between replicate capture
runs for the pool sample. Statistics for both total (top diagram) and individual mixes
are shown. Data generated from Proteios SE (i.e. Mascot and X!Tandem scored
peptides).

Figure S3. Distribution of log2 MS intensity for quantified proteins. (A) Median
normalized abundance (based on 50 samples with clinical records) plotted for 1364
proteins (24 proteins with a median log2 intensity value of 0 were excluded). Bars are
colored according to MS intensity, ranging from light yellow (low MS intensity) to dark
red (high MS intensity). (B) The distribution of log2 MS intensity values based on GO
biological processes for selected protein categories. Analytes were grouped by major
biological processes using the Generic Gene Ontology (GO) Term Mapper tool
(http://go.princeton.edu/cgi-bin/fGOTermMapper).

Figure S4. Individual intensity boxplots for 8 of the differentially expressed proteins
between the three histological grades, demonstrating highest expression in
histological grade 3 tumors.

Figure S5. Individual intensity boxplots for 8 of the differentially expressed proteins
between the three histological grades, demonstrating highest expression in
histological grade 1 tumors.

Figure S6. Extended comparisons between histological grades (A) log2-fold change
between histologic grade 2 (H2) and histologic grade 1 (H1), between histologic
grade 3 (H3) and histologic grade 1 (H1), and between histologic grade 3 (H3) and
histologic grade 2 (H2). The top 49 illustrated analytes are the protein signature
identified as differentially expressed between the three grades. Therefore, all
comparisons are calculated and shown. The lower 47 analytes are derived from
SVM-calculations between two of the grades while the third grade is left out. This
calculation was done for all three comparisons, and the list of significant analytes
was consequently compiled. The matrix color figure was generated using Matrix2png
(Pavlidis and Noble, 2003). (B) The ROC AUC values derived from the SVM
calculations from a two group comparison. Listed are both ROC AUC values from
unfiltered, (entire dataset) as well as filtered data (variance 0.2 and p-value <0.01).
(C) Heatmap of histological grade 1 and grade 3 (data filtered on variance 0.2, p-
value <0.01, g-value <0.25). Differentially expressed analytes are shown in heatmaps,
where red color illustrates up-regulation and green color illustrates down-regulation.
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(D) PCA-plot of histological grade 1, grade 2 and grade 3 using the 50 differentially
expressed proteins between grade 1 and grade 3 (Figure S8C).

Figure S7. Individual intensity boxplots exemplified for a subset of proteins identified
as differentially expressed in the ER-status comparison or the HER2/neu-status
comparison. (A) Differentially expressed analytes between ER-positive and ER-
negative tumors. (B) Differentially expressed analytes between HER2-negative and
HER2-positive tumors.

Figure S8. Evaluation of Ki67-positive (25% cut off) and Ki67-negative staged
tumors. Differentially expressed analytes are shown in heatmaps, where red color
illustrates up-regulation and green color illustrates down-regulation. (A) PCA-plot of
Ki67-positive and Ki67-negative staged tumors. Heatmap of corresponding analytes
and samples. (data filtered on variance 0.2, p-value <0.01, g-value < 0.27). (B)
Result from a leave-one out cross validation approach with a SVM illustrated with a
ROC-curve.

Figure S9. Transcription factor association network analysis using IPA for the
differentially expressed analytes reflecting histological grade or ER-status. Lines
connecting molecules indicate molecular relationships and the style of the arrows
indicate specific molecular relationships and the directionality of the interaction. (A)
The 49 proteins identified in the multi-group histological grad comparison were used
as input. Logzratio of the median value for histological grade 3 vs histological grade 1
used in order to color code measured analytes. Red color illustrates up regulation.
Green color illustrates down-regulation. (B) The 39 proteins identified in the ER-
status comparison were used as input. Logz ratio of the median value used in order to
colour code measured analytes. Red colour illustrates up regulation and green colour
illustrates down-regulation in the ER-negative samples.

Figure S$10. Individual mRNA expression profiles based on data from 1411
histological graded tumor samples exemplified for a subset of the analytes found to
display significant differential protein expression between histologic grades. (A-E)
mRNA expression levels for five proteins found to display increased expression in
histologic grade 3 tumors. (F-J) mMRNA expression levels for five proteins found to
display decreased expression in histologic grade 3 tumors.
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Figure S11. mRNA expression profiles based on data from 1620 ER-status defined
breast tumor samples. 32 of the 39 differentially expressed proteins were
successfully mapped into the GOBO-database using gene entrez ID. (A) mRNA
expression profiles for 10 proteins found to display an increased protein expression
in ER-positive tumors. In addition correlation of the 10 genes to different gene set
module expression pattern is illustrated. Grey dots indicate actual correlation values.
(B) mRNA expression profiles for proteins found to display an decreased expression
in ER-positive tumors. In addition correlation of the 22 genes to different gene set
module expression pattern can be seen. Grey dots indicate actual correlation values.
(C-D) Individual mRNA expression profiles exemplified for two proteins found to
display increased expression in ER-positive tumors. (E-F) Individual mRNA
expression profiles exemplified for two proteins found to display decreased

expression in ER-positive tumors.

Figure S12. Individual mRNA expression profiles mapped, using the GOBO-
database tool, exemplified for three analytes found to display significant differential
protein expression in the HER2/neu comparison. Data based on 1881 available
tumor samples. (A) HER2/neu, (B) S100A9 (C) GRB7. In addition to above three
analytes a fourth protein (accession P22392) was tested to be mapped. However,
due to error message from the GOBO-database tool using either Gene Entrez ID
4831 or 654364 the data is missing.

Figure S13. Kaplan-Meier analysis, using DMFS as 10-year endpoint. 42 of the 49
proteins differentiating the histological grades were successfully mapped to the g