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METHODS AND ARRAYS FOR USE IN THE SAME

Field of the Invention

The present invention provides methods for determining a prostate cancer-associated disease
state, as well as arrays and kits for use in such methods.

Background of the invention

Early detection of prostate cancer (PC) using prostate-specific antigen (PSA) in blood reduces
PC-death among unscreened men. However, due to modest specificity of PSA at commonly
used cut-offs, there are urgent needs for additional biomarkers contributing enhanced risk
classification among men with modestly elevated PSA.

Prostate cancer (PC) is the second leading cause of cancer related deaths in western countries
[1] and in order to improve the prognosis of PC patients, early and specific diagnosis is crucial.
The blood-based biomarker prostate specific antigen (PSA) was introduced in the clinics in the
late 1980's and is today used as an indicator of risk for PC and as one parameter for further
testing of patient biopsies [2, 3]. The introduction of PSA has resulted in an increased number of
early diagnosed PC cases, but the moderate specificity of PSA for malignant disease has raised
key concerns regarding the cost and potential side-effects of unnecessary biopsies as well as
the risk of over-diagnosis and over-treatment [2-4]. In fact, 65-75% of the men selected for
biopsy based on total serum PSA levels (tPSA) (2 4 ng/ml), do not have PC (www.cancer.org).
Hence, in order to improve the risk classification enabling clinicians to select adequate patients
for biopsy testing, additional and/or more specific biomarkers needs to be defined.

In order to improve the specificity when testing for PC, several attempts have been made to
combine the tPSA value with other parameters, such as PSA change over time (PSA velocity),
PSA in relation to prostate volume (PSA density), or age specific ranges of PSA [2, 3]. However,
no or only modest improvements of the diagnostic power of the tPSA assay have so far been
observed [2]. In contrast, differentiating between tPSA and free (unbound) PSA has proven to
enhance the assay performance, especially for men with mid-range (4-10 ng/ml) levels of tPSA.
In fact, men having a ratio of free PSA to tPSA (%fPSA) below 18-25 % have shown to be
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associated with a significantly higher risk of having PC [5-7]. Still, 25-50% of this particular
patient group does not have PC, but they are all selected for biopsy testing [7, 8]. Recently, a
panel of four kallikrein markers has been indicated as potential predictors of biopsy outcome [9,
10], and that the combination of tPSA, free PSA, with the free PSA sub-fraction called 2proPSA
might also improve diagnostic accuracy [11].

However, there remains a significant unmet clinical need for additional, more specific
biomarkers that could be used to detect prostate cancer and/or stratify prostate cancer

according to risk, particularly prior to biopsy testing and/or therapy.

Disclosure of the Invention

Major efforts have also been pursued in order to define additional, novel serum biomarkers
associated with PC, initially using various classical biochemical technologies. To date, human
kallikrein 2 [12, 13], urokinase-type plasminogen activator [14], [11] transforming growth factor
B1 (TGF-B1) [3, 15, 16], and interleukin-6 (IL-6) [16-18] have in particular been indicated as
potential serum markers. Albeit promising, further validation studies will be required to explore
and confirm the prognostic capabilities of these markers [2-4]. Moreover, additional potential PC
markers have also been indicated using traditional proteomic techniques [19, 20], but these
observations remain to be validated using independent patient cohorts [21]. In addition, serious
technical issues have also been raised regarding the assay sensitivity, dynamic range, and/or
throughput [22, 23). To this end, affinity proteomics have been established as a high-throughput
alternative capable of targeting non-fractionated proteomes, e.g., plasma and serum, in a
multiple, sensitive, and rapid manner [24-27].

In this context, the present inventors have previously designed a recombinant single chain
fragment variable (scFv) antibody microarray platform for protein expression profiling of complex
proteomes [26, 28, 29]. Using this affinity proteomic technology platform, the present inventors
have been able to profile a wide range of crude, directly labeled proteomes, including serum,
plasma, urine, intact cells, cell lysates, and tissue extracts [28, 30, 31] in a rapid, sensitive and
reproducible manner. We have demonstrated that the platform could be used to identify
candidate biomarker signatures for e.g., diagnosis, prognosis, classification, and for evidence-
based therapy selection [32-37].
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The present inventors investigated whether affinity proteomics could be used to validate and
even further refine risk group classification targeting plasma samples from routine PSA
measurements with the patient samples being stratified into four biochemically defined risk
groups according to current established clinical practice [38-41]. The data showed that plasma
protein signatures could be identified that were able to pin-point PC (“a malignant biomarker
signature”) and to stratify patients into current as well as new subgroups related to PC risk,
which in the long-term has the potential to contribute to more individualized treatment of PC.

Accordingly, a first aspect of the invention provides a method for determining a prostate
cancer-associated disease state in an individual comprising or consisting of the steps of:

a) providing a sample to be tested from the individual;

b) determining a biomarker signature of the test sample by measuring the
expression in the test sample of one or more biomarkers selected from the group
defined in Table 1;

wherein the expression in the test sample of the one or more biomarkers selected from the
group defined in Table 1 is indicative of one or more prostate cancer-associated disease state in
the individual.

By “prostate cancer-associated disease state” we mean the presence or absence of prostate
cancer, the prostate cancer group or subgroup (A, B C, C1, C2 or D, defined below) and/or the

likelihood of prostate cancer occurring in an individual (preferably, within a given timeframe).

By “biomarker” we mean a naturally-occurring biological molecule, or component or fragment
thereof, the measurement of which can provide information useful in determining a prostate
cancer-associated disease state, e.g., prognosis of prostate 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
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a primate. Most preferably, the mammal is human. Preferably the sample is a cell or tissue
sample (or derivative thereof) comprising or consisting of crude blood, pre-fractionated blood,
plasma, plasma cells, prostate cells or equally preferred, protein or nucleic acid derived from a
cell or tissue sample comprising or consisting of plasma, plasma cells or prostate cells.
Preferably test and control samples are derived from the same species.

In one embodiment the method according to the first aspect of the invention further comprises
or consists of the steps of:

c) providing one or more control sample from an individual not afflicted with prostate
cancer;

d) determining a biomarker signature of the control sample by measuring the
expression in the control sample of the one or more biomarkers measured in step

(b);

wherein the one or more prostate cancer-associated disease state is identified in the event that
the expression in the test sample of the one or more biomarkers measured in step (b) is
different from the expression in the control sample of the one or more biomarkers measured in
step (d).

In a further or additional embodiment the method comprises or consists of the steps of:

e) providing a control sample from an individual afflicted with prostate cancer;
f) determining a biomarker signature of the control sample by measuring the
expression in the control sample of the one or more biomarkers measured in step

(b);

wherein the one or more prostate cancer-associated disease state is identified in the event that
the expression in the test sample of the one or more biomarkers measured in step (b)
corresponds to the expression in the control sample of the one or more biomarkers measured in

step (f).

By “corresponds to the presence and/or amount in a control sample” we mean the presence and
or amount is identical to that of a control sample provided in step (e); or closer to that of a
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control sample provided in step (e) (e.g., a positive control sample) than to a control sample
provided in step (c) (e.g., a negative control sample) (or to predefined reference values
representing the same). Preferably the presence and/or amount is at least 60% of that of a
control sample provided in step (e), 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” we mean the presence and
or amount differs from that of the control sample provided in step (c) (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 prostate cancer cells, 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 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 §
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 in step (d) or the
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) significantly corresponds to (i.e.
statistically similar to) the presence and/or amount of the one or more biomarker measured in
step (f) 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).
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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, or 67 biomarkers selected from the group
defined in Table 1.

Step (b) may comprise or consist of measuring the expression of IL-4. Alternatively or
additionally, step (b) may comprise or consist of measuring the expression of IL-12.
Alternatively or additionally, step (b) may comprise or consist of measuring the expression of IL-
9. Alternatively or additionally, step (b) may comprise or consist of measuring the expression of
IL-1a. Alternatively or additionally, step (b) may comprise or consist of measuring the
expression of HLA-DR. Alternatively or additionally, step (b) may comprise or consist of
measuring the expression of IL-3. Alternatively or additionally, step (b) may comprise or consist
of measuring the expression of ICAM. Alternatively or additionally, step (b) may comprise or
consist of measuring the expression of CD40. Alternatively or additionally, step (b) may
comprise or consist of measuring the expression of IL-18. Alternatively or additionally, step (b)
may comprise or consist of measuring the expression of IL-1b. Alternatively or additionally, step
(b) may comprise or consist of measuring the expression of GLP-1. Alternatively or additionally,
step (b) may comprise or consist of measuring the expression of IL-11. Alternatively or
additionally, step (b) may comprise or consist of measuring the expression of VEGF.
Alternatively or additionally, step (b) may comprise or consist of measuring the expression of
Cystatin C. Alternatively or additionally, step (b) may comprise or consist of measuring the
expression of C1-INH. Alternatively or additionally, step (b) may comprise or consist of
measuring the expression of MCP-3. Alternatively or additionally, step (b) may comprise or
consist of measuring the expression of IL-13. Alternatively or additionally, step (b) may
comprise or consist of measuring the expression of TNF-B. Alternatively or additionally, step (b)
may comprise or consist of measuring the expression of C1s. Alternatively or additionally, step
(b) may comprise or consist of measuring the expression of Integrin a-10. Alternatively or
additionally, step (b) may comprise or consist of measuring the expression of C3. Alternatively
or additionally, step (b) may comprise or consist of measuring the expression of GLP-1R.
Alternatively or additionally, step (b) may comprise or consist of measuring the expression of
IgM. Alternatively or additionally, step (b) may comprise or consist of measuring the expression
of IL-16. Alternatively or additionally, step (b) may comprise or consist of measuring the
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expression of TM peptide. Alternatively or additionally, step (b) may comprise or consist of
measuring the expression of Mucine-1. Alternatively or additionally, step (b) may comprise or
consist of measuring the expression of IL-2. Alternatively or additionally, step (b) may comprise
or consist of measuring the expression of IFN-y. Alternatively or additionally, step (b) may
comprise or consist of measuring the expression of CD40 ligand. Alternatively or additionally,
step (b) may comprise or consist of measuring the expression of IL-10. Alternatively or
additionally, step (b) may comprise or consist of measuring the expression of GM-CSF.
Alternatively or additionally, step (b) may comprise or consist of measuring the expression of
Factor B. Alternatively or additionally, step (b) may comprise or consist of measuring the
expression of C4. Alternatively or additionally, step (b) may comprise or consist of measuring
the expression of Integrin a-11. Alternatively or additionally, step (b) may comprise or consist of
measuring the expression of IL-8. Alternatively or additionally, step (b) may comprise or consist
of measuring the expression of MCP-4, Alternatively or additionally, step (b) may comprise or
consist of measuring the expression of LDL (1). Alternatively or additionally, step (b) may
comprise or consist of measuring the expression of TNF-B (1). Alternatively or additionally, step
(b) may comprise or consist of measuring the expression of IL-7. Alternatively or additionally,
step (b) may comprise or consist of measuring the expression of Eotaxin. Alternatively or
additionally, step (b) may comprise or consist of measuring the expression of Rantes.
Alternatively or additionally, step (b) may comprise or consist of measuring the expression of 3 -
galactosidase. Alternatively or additionally, step (b) may comprise or consist of measuring the
expression of Leptin. Alternatively or additionally, step (b) may comprise or consist of
measuring the expression of Mucin 1. Alternatively or additionally, step (b) may comprise or
consist of measuring the expression of LDL (2). Alternatively or additionally, step (b) may
comprise or consist of measuring the expression of JAK3. Alternatively or additionally, step (b)
may comprise or consist of measuring the expression of IL-18. Alternatively or additionally, step
(b) may comprise or consist of measuring the expression of Properdin. Alternatively or
additionally, step (b) may comprise or consist of measuring the expression of IL-5. Alternatively
or additionally, step (b) may comprise or consist of measuring the expression of Apo-A1.
Alternatively or additionally, step (b) may comprise or consist of measuring the expression of
LDL. Alternatively or additionally, step (b) may comprise or consist of measuring the expression
of TNF-a. Alternatively or additionally, step (b) may comprise or consist of measuring the
expression of BTK. Alternatively or additionally, step (b) may comprise or consist of measuring
the expression of TNF-B (2). Alternatively or additionally, step (b) may comprise or consist of

measuring the expression of MCP-4 (1). Alternatively or additionally, step (b) may comprise or
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consist of measuring the expression of MCP-4 (2). Alternatively or additionally, step (b) may
comprise or consist of measuring the expression of GLP. Alternatively or additionally, step (b)
may comprise or consist of measuring the expression of Angiomotin. Alternatively or
additionally, step (b) may comprise or consist of measuring the expression of MCP-1.
Alternatively or additionally, step (b) may comprise or consist of measuring the expression of IL-
6. Alternatively or additionally, step (b) may comprise or consist of measuring the expression of
Lewis X. Alternatively or additionally, step (b) may comprise or consist of measuring the
expression of C1q. Alternatively or additionally, step (b) may comprise or consist of measuring
the expression of Sialyl Lewis X. Alternatively or additionally, step (b) may comprise or consist
of measuring the expression of TGF-B. Alternatively or additionally, step (b) may comprise or
consist of measuring the expression of IL-1ra. Alternatively or additionally, step (b) may
comprise or consist of measuring the expression of TGF-B1. Alternatively or additionally, step
(b) may comprise or consist of measuring the expression of PSA.

Hence, step (b) may not comprise measuring the expression of IL-4. Alternatively or

additionally, step (b) may not comprise measuring the expression of IL-12. Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-9. Alternatively or
additionally, step (b) may not comprise measuring the expression of [L-1a. Alternatively or
additionally, step (b) may not comprise measuring the expression of HLA-DR. Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-3. Alternatively or
additionally, step (b) may not comprise measuring the expression of ICAM. Alternatively or
additionally, step (b) may not comprise measuring the expression of CD40. Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-18. Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-1b. Alternatively or
additionally, step (b) may not comprise measuring the expression of GLP-1. Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-11. Alternatively or
additionally, step (b) may not comprise measuring the expression of VEGF. Alternatively or
additionally, step (b) may not comprise measuring the expression of Cystatin C. Alternatively or
additionally, step (b) may not comprise measuring the expression of C1-INH. Alternatively or
additionally, step (b) may not comprise measuring the expression of MCP-3. Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-13. Alternatively or
additionally, step (b) may not comprise measuring the expression of TNF-B. Alternatively or
additionally, step (b) may not comprise measuring the expression of C1s. Alternatively or

additionally, step (b) may not comprise measuring the expression of Integrin a-10. Alternatively
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or additionally, step (b) may not comprise measuring the expression of C3. Alternatively or
additionally, step (b) may not comprise measuring the expression of GLP-1R. Alternatively or
additionally, step (b) may not comprise measuring the expression of IgM. Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-16. Alternatively or
additionally, step (b) may not comprise measuring the expression of TM peptide. Alternatively
or additionally, step (b) may not comprise measuring the expression of Mucine-1. Alternatively
or additionally, step (b) may not comprise measuring the expression of IL-2. Alternatively or
additionally, step (b) may not comprise measuring the expression of IFN-y. Alternatively or
additionally, step (b) may not comprise measuring the expression of CD40 ligand. Alternatively
or additionally, step (b) may not comprise measuring the expression of IL-10. Alternatively or
additionally, step (b) may not comprise measuring the expression of GM-CSF. Alternatively or
additionally, step (b) may not comprise measuring the expression of Factor B. Alternatively or
additionally, step (b) may not comprise measuring the expression of C4. Alternatively or
additionally, step (b) may not comprise measuring the expression of integrin a-11. Alternatively
or additionally, step (b) may not comprise measuring the expression of IL-8. Alternatively or
additionally, step (b) may not comprise measuring the expression of MCP-4. Alternatively or
additionally, step (b) may not comprise measuring the expression of LDL (1). Alternatively or
additionally, step (b) may not comprise measuring the expression of TNF-B (1). Alternatively or
additionally, step (b) may not comprise measuring the expression of IL-7. Alternatively or
additionally, step (b) may not comprise measuring the expression of Eotaxin. Alternatively or
additionally, step (b) may not comprise measuring the expression of Rantes. Alternatively or
additionally, step (b) may not comprise measuring the expression of B -galactosidase.
Alternatively or additionally, step (b) may not comprise measuring the expression of Leptin.
Alternatively or additionally, step (b) may not comprise measuring the expression of Mucin 1.
Alternatively or additionally, step (b) may not comprise measuring the expression of LDL (2).
Alternatively or additionally, step (b) may not comprise measuring the expression of JAK3.
Alternatively or additionally, step (b) may not comprise measuring the expression of IL-18.
Alternatively or additionally, step (b) may not comprise measuring the expression of Properdin.
Alternatively or additionally, step (b) may not comprise measuring the expression of IL-5.
Alternatively or additionally, step (b) may not comprise measuring the expression of Apo-A1.
Alternatively or additionally, step (b) may not comprise measuring the expression of LDL.
Alternatively or additionally, step (b) may not comprise measuring the expression of TNF-a.
Alternatively or additionally, step (b) may not comprise measuring the expression of BTK.
Alternatively or additionally, step (b) may not comprise measuring the expression of TNF-8 (2).
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Alternatively or additionally, step (b) may not comprise measuring the expression of MCP-4 (1).
Alternatively or additionally, step (b) may not comprise measuring the expression of MCP-4 (2).
Alternatively or additionally, step (b) may not comprise measuring the expression of GLP.
Alternatively or additionally, step (b) may not comprise measuring the expression of Angiomotin.
Alternatively or additionally, step (b) may not comprise measuring the expression of MCP-1.
Alternatively or additionally, step (b) may not comprise measuring the expression of IL-6.
Alternatively or additionally, step (b) may not comprise measuring the expression of Lewis X.
Alternatively or additionally, step (b) may not comprise measuring the expression of C1q.
Alternatively or additionally, step (b) may not comprise measuring the expression of Sialyl
Lewis X. Alternatively or additionally, step (b) may not comprise measuring the expression of
TGF-B. Alternatively or additionally, step (b) may not comprise measuring the expression of IL-
1ra. Alternatively or additionally, step (b) may not comprise measuring the expression of TGF-
B1. Alternatively or additionally, step (b) may not comprise measuring the expression of PSA.

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

By “TM peptide” we mean a peptide derived from a 10TM protein, to which the scFv antibody
construct of SEQ ID NO:1 below has specificity (wherein the CDR sequences are underlined):

MAEVQLLESGGGLVQPGGSLRLSCAASGFTESSYGFHWVRQAPGKGLEWVSLISWDGGSTY
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARGTWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSQSVLTQPPSASGTPGQRVTISCSGSSSNIGNNAVAWYQQLPGTAPKLLIYRNN
QRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYY CAAWDDSLSWVFGGGTKLTVLG

[SEQID NO:1]

Hence, this scFv may be used or any antibody, or antigen binding fragment thereof, that
competes with this scFv for binding to the 10TM protein. For example, the antibody, or antigen
binding fragment thereof, may comprise the same CDRs as present in SEQ {D NO:1.

it will be appreciated by persons skilled in the art that such an antibody may be produced with
an affinity tag (e.g. at the C-terminus) for purification purposes. For example, an affinity tag of

SEQ ID NO:2 below may be utilised:

DYKDHDGDYKDHDIDYKDDDDKAAAHHHHHH
[SEQ ID NO:2]

10
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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.

Hence, in one embodiment step (b) comprises or consists of measuring the expression of one
or more of the biomarkers listed in Table 1 (A), for example, at least 2, 3 or 4 of the biomarkers
listed in Table 1 (A). The method may comprise or consist of measuring in step (b) the
expression of each the biomarkers listed in Table 1(A).

In one embodiment step (b) may comprise or consist of measuring the expression of one or

more of the biomarkers listed in Table 1(B), for example at least 2, 3, 4, 5 or 6 of the biomarkers

11
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listed in Table 1 (B). The method may comprise or consist of measuring in step (b) the
expression of each the biomarkers listed in Table 1(B).

In an alternative or additional embodiment the method comprises or consists of measuring, in
step (b), the expression of one or more biomarkers from the biomarkers listed in Table 1(C), for
example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in Table 1(C). The method may
comprise or consist of measuring in step (b) the expression of each the biomarkers listed in
Table 1(C).

In an alternative or additional embodiment the method comprises or consists of measuring, in
step (b), the expression of one or more biomarkers from the biomarkers listed in Table 1(D), for
example at least 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11 of the biomarkers listed in Table 1(D). The
method may comprise or consist of measuring in step (b) the expression of each the biomarkers
listed in Table 1(D).

In an alternative or additional embodiment the method comprises or consists of measuring, in
step (b), the expression of one or more biomarkers from the biomarkers listed in Table 1(E), for
example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in Table 1(E). The method may
comprise or consist of measuring in step (b) the expression of each the biomarkers listed in
Table 1(E).

In an alternative or additional embodiment the method comprises or consists of measuring, in
step (b), the expression of one or more biomarkers from the biomarkers listed in Table 1(F), for
example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in Table 1(F). The method may
comprise or consist of measuring in step (b) the expression of each the biomarkers listed in
Table 1(F).

In an alternative or additional embodiment the method comprises or consists of measuring, in
step (b), the expression of one or more biomarkers from the biomarkers listed in Table 1(G), for
example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in Table 1(G). The method may
comprise or consist of measuring in step (b) the expression of each the biomarkers listed in
Table 1(G).
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in an alternative or additional embodiment the method comprises or consists of measuring, in
step (b), the expression of one or more biomarkers from the biomarkers listed in Table 1(H), for
example at least 2, 3, 4 or 5 of the biomarkers listed in Table 1(H). The method may comprise
or consist of measuring in step (b) the expression of each the biomarkers listed in Table 1(H).

In an alternative or additional embodiment the method comprises or consists of measuring, in
step (b), the expression of one or more biomarkers from the biomarkers listed in Table 1(1), for
example at least 2, 3, 4, 5, 6, 7, 8 or 9 of the biomarkers listed in Table 1(I). The method may
comprise or consist of measuring in step (b) the expression of each the biomarkers listed in
Table 1(1).

in an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2(A), 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 or 38 of the biomarkers listed in Table 2(A). Step (b) may
comprise or consist of measuring the expression of ail of the biomarkers listed in Table 2(A).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2(B), 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 or 42 of the biomarkers listed in Table 2(B).
Step (b) may comprise or consist of measuring the expression of all of the biomarkers listed in
Table 2(B).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (C), 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
or 29 of the biomarkers listed in Table 2(C). Step (b) may comprise or consist of measuring the
expression of all of the biomarkers listed in Table 2 (C).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (D), for example at
least 2 or 3 of the biomarkers listed in Table 2(D). Step (b) may comprise or consist of
measuring the expression of all of the biomarkers listed in Table 2 (D).
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In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (E), 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 or 52
of the biomarkers listed in Table 2(E). Step (b) may comprise or consist of measuring the
expression of all of the biomarkers listed in Table 2 (E).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (F), for example at
least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or 16 of the biomarkers listed in Table 2(F).
Step (b) may comprise or consist of measuring the expression of all of the biomarkers listed in
Table 2 (F).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (G), for example at
least 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13 or 14 of the biomarkers listed in Table 2(G). Step (b)
may comprise or consist of measuring the expression of all of the biomarkers listed in Table 2
(G).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (H), 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 or 46 of the biomarkers
listed in Table 2(H). Step (b) may comprise or consist of measuring the expression of all of the
biomarkers listed in Table 2 (H).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (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 or 23 of the
biomarkers listed in Table 2(l). Step (b) may comprise or consist of measuring the expression
of all of the biomarkers listed in Table 2 (1).
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in an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (J), 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
or 29 of the biomarkers listed in Table 2(J). Step (b) may comprise or consist of measuring the
expression of all of the biomarkers listed in Table 2 (J).

In an alternative or additional embodiment step (b) comprises or consists of measuring the
expression of one or more biomarkers from the biomarkers listed in Table 2 (K), for example at
least 2, 3,4, 5,6, 7, 8,9, 10, 11, 12 or 13 of the biomarkers listed in Table 2(K). Step (b) may
comprise or consist of measuring the expression of all of the biomarkers listed in Table 2 (K).

In an alternative or additional embodiment, the one or more prostate cancer-associated disease
state is or includes determining the likelihood of the occurrence of clinically significant prostate
cancer. Preferably, the likelihood of the occurrence of clinically significant prostate cancer
within a particular time-frame is determined, for example, within, 1 month, 2 months, 3 months,
5 months, 6 months, 1 year, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years, 8 years, 9
years, 10 years, 15 years, 20 years, 25 years, 30 years, 25 years, 40 years, 55 years, 60
years, 75 years, 80 years or within the natural lifespan of the individual being tested.

In an alternative or additional embodiment, the method is for differentiating between risk group
A (low risk), risk group B (moderate risk), risk group C (increased risk), risk subgroup C1
(moderately increased risk), risk subgroup C2 (importantly increased risk) and risk group D
(high risk).

In one embodiment, by “low risk” we mean a 2% or lower chance of having or developing
clinically significant prostate cancer within a particular time-frame, for example, <1.5%, <1.0%,
£0.5%, <0.1%, £0.05%, <0.01%, <0.005% or <0.001% (or between any two of those points). In
one embodiment, by “moderate risk” we mean >2% and £10% chance of having or developing
clinically significant prostate cancer within a particular time-frame, for example, <8%, <8%, 7%,
<6%, 5%, s4%, $3% or <2.5% (or between any two of those points). In one embodiment, by
“increased risk” we mean >10% and s50% chance of having or developing clinically significant
prostate cancer within a particular time-frame, for example, <45%, <40%, <35%, <30%, <25%,
<20%, $15%, $12.5%, <11.0% or <10.5% (or between any two of those points). In one
embodiment, by “importantly increased risk” we mean >50% and <85% chance of having or
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developing clinically significant prostate cancer within a particular time-frame, for example,
<80%, <75%, <70%, <65%, <60%, <55%, <52.5%, <51.0% or <50.5% (or between any two of
those points). In one embodiment, by “high” we mean >90% and <100% chance of having or
developing clinically significant prostate cancer within a particular time-frame, for example,
100%, <100%, <99%, <98%, <97%, <96%, <95%, <92.5%, <90%, <87.5%, <86%, <85.5% or
<85.1% (or between any two of those points). Preferably, the ‘low’, ‘moderate’, ‘increased’,
‘importantly increased’ and ‘high’ risk groups are contiguous; hence, where using an
intermediate value for one risk group, the adjacent risk groups are adjusted accordingly. For
example, if a low risk value of <1.0% was used, the moderate risk group would span from
>1.0%. Preferably, particular time-frame is 1 month, 2 months, 3 months, 5 months, 6 months,
1 year, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years, 8 years, 9 years, 10 years, 15
years, 20 years, 25 years, 30 years, 25 years, 40 years, 55 years, 60 years, 75 years, 80
years or within the natural lifespan of the individual being tested. Most preferably, 5 years.

These groups can be defined based on the levels of %free and total PSA: group A having tPSA
<0.70 ng/ml; group B having tPSA of 2.1-8.0 ng/ml with %fPSA 227.9%,; group C having tPSA of
5.0-10-3 ng/ml with %fPSA <12.6% and group D having tPSA of 24.6-724 ng/ml. Group A and
B patients require no treatment. Group C is diverse group and can be split into subgroups C1
and C2. Group C1 is more similar to groups A and B, i.e., with low risk for prostate cancer and
thus there is low/no need for biopsy and treatment, while group C2 is more similar to group D,
i.e., the cancer group and, thus, indicates the need for biopsy and treatment.

In one embodiment the method is for or includes differentiating between risk group A (low risk)
and risk group D (high risk). In an alternative or additional embodiment the method is for or
includes differentiating between risk group B (moderate risk) and risk group D (high risk). In an
alternative or additional embodiment the method is for or includes differentiating between risk
group C (increased risk) and risk group D (high risk). In an alternative or additional embodiment
the method is for or includes differentiating between risk group A (low risk) and risk group B
(moderate risk). In an alternative or additional embodiment the method is for or includes
differentiating between risk subgroup C1 (moderately increased risk) and risk subgroup C2
(importantly increased risk). In an alternative or additional embodiment the method is for or
differentiating between risk subgroup C1 (moderately increased risk) and risk group A (low risk).
In an alternative or additional embodiment the method is for or includes differentiating between

risk subgroup C1 (moderately increased risk) and risk group B (moderate risk). In an alternative
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or additional embodiment the method is for or includes differentiating between risk subgroup C1
(moderately increased risk) and risk group D (high risk). In an alternative or additional
embodiment the method is for or includes differentiating between risk subgroup C2 (importantly
increased risk) and risk group A (low risk). In an alternative or additional embodiment the
method is for or includes differentiating between risk subgroup C2 (importantly increased risk)
and risk group B (moderate risk). In an alternative or additional embodiment the method is for
or includes differentiating between risk subgroup C2 (importantly increased risk) and risk group
D (high risk).

However, in an altemmative or additional embodiment the one or more prostate
cancer-associated disease state is or includes determining the presence or absence of prostate
cancer (i.e., the diagnosis of prostate cancer). Preferably, the diagnosis of prostate cancer
comprises or consists of measuring, in step (b), the expression of one or more of the biomarkers
listed in Table 1 (A), for example, at least 2, 3 or 4 of the biomarkers listed in Table 1 (A). The
method may comprise or consist of measuring in step (b) the expression of each the biomarkers
listed in Table 1(A). In one embodiment, the presence of prostate cancer is indicated by
classification in risk subgroup C2 or D. In one embodiment, the presence of prostate cancer is
indicated by classification in risk subgroup C2. In one embodiment, the presence of prostate
cancer is indicated by classification in risk subgroup D. In one embodiment, where the
presence of prostate cancer is indicated, the method comprises biopsy and/or treatment of the
patienf for prostate cancer according to current recommendations (e.g., surgical removal of
cancer cells, radiotherapy and/or chemotherapy).

In one embodiment of the first aspect of the invention, step (b) comprises or consists of
measuring the expression in the test sample of all of the biomarkers defined in Table 1 and/or
Table 2.

In a further or additional embodiment, the individual not afflicted with prostate cancer (of step
(c)) is not afflicted with any other prostate-related disorder. Preferably, the individual not
afflicted with prostate cancer is not afflicted with any disease or condition. Most preferably, the
individual not afflicted with prostate cancer is a healthy individual.

In a further or additional embodiment, the individual afflicted with prostate cancer (of step (e)) is

not afflicted with any other prostate-related disorder. Preferably, the individual afflicted with

17



WO 2014/161910 PCT/EP2014/056630

prostate cancer is not afflicted with any other disease or condition. Most preferably, the
individual afflicted with prostate cancer is an otherwise healthy individual. In one embodiment,
the individual afflicted with prostate cancer is afflicted with group A, group B, group C, group C1,
subgroup C1, subgroup C2 or subgroup D. Preferably, step (e) comprises providing control
samples from one or more individual from each of these groups, or any combination thereof.

In a further or additional embodiment step (b), (d) and/or step (f) is performed using a first
binding agent capable of binding to the one or more biomarkers.

Preferably the first binding agent comprises or consists 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.
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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 Left, 414(2):405-8).

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 mRNA 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 (V) 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 ef
al (1988) Science 240, 1041); Fv molecules (Skerra et al (1988) Science 240, 1038); single-chain
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Fv (ScFv) molecules where the Vi 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 ef al (1983) 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.

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. Vu
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 Vi 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:

0] 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;

(i) 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)y  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, first binding agent may be, for example, a recombinant antibody or antigen-binding
fragment thereof. Preferably, the antibody or antigen-binding fragment thereof is selected from
the group consisting of: scFv; Fab; a binding domain of an immunoglobulin molecule.

The first binding agent may be immobilised on a surface.

Optionally, the one or more biomarkers in the test sample are labelled with a detectable moiety.

The one or more biomarkers in the control sample(s) may alternatively or additionally labelled
with a detectable moiety.
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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.

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.

Preferably, 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.

Most preferably the detectable moiety is biotin.

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 a further or additional embodiment step (b), (d) and/or step (f) is performed using an assay
comprising a second binding agent capable of binding to the one or more biomarkers, the
second binding agent comprising a detectable 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,
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fluorine-19 in place of hydrogen. Labels such as %mTc, "2, '8Rh, ®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 '2l. Reference (“Monocional 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.

Preferably the second binding agent comprises or consists of an antibody or an antigen-binding
fragment thereof, for example, a recombinant antibody or antigen-binding fragment thereof.
Preferably, the antibody or antigen-binding fragment thereof is selected from the group
consisting of: scFv; Fab; a binding domain of an immunoglobulin molecule.

The one or more second binding agent(s) may be labelled with a detectable moiety, for
example, the detectable moiety may be selected from the group consisting of: a fluorescent
moiety; a luminescent moiety; a chemiluminescent moiety; a radioactive moiety, an enzymatic
moiety. Preferably, the detectable moiety is fluorescent moiety (for example an Alexa Fluor dye,
e.g. Alexab47).

In one embodiment of the first aspect of the invention the method comprises or consists of an
ELISA (Enzyme Linked Immunosorbent Assay).

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 ef al in US Patent
Nos. 4,376,110 and 4,486,530, hereby incorporated by reference. Antibody staining of cells on
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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 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 prostate 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/e 107 1/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.
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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 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, prostate cancer cells of known
histological grade or prostate cancer cells from prostate 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
prostate cancer sample type (i.e., a particular prostate 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 prostate cancer-
associated disease state can be identified according to the known SVM parameters using the
measurement of the biomarkers listed in Table 1 and/or Table 2 using the values and/or
regulation patterns detailed in the foregoing examples.

It will be appreciated by skilled persons that suitable SVM parameters can be determined for

any combination of the biomarkers listed Table 1 and/or Table 2 by training an SVM machine

with the appropriate selection of data (i.e. biomarker measurements from cells of known
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prostate cancer status, prostate cancer subtype status and/or known prostate cancer risk
group).

Alternatively, the Table 1 and/or Table 2 data may be used to determine a particular prostate
cancer-associated disease state according to any other suitable statistical method known in the
art.

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.

Alternatively or additionally, step (b), (d) and/or step (f) is performed using an array.

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
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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, polyvinyl 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?2. 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.
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.

The array may be a bead-based array but is preferably a surface-based array, for example, an
arrays selected from the group consisting of. macroarray; microarray; and nanoarray.

However, the method may comprise:

(i) labelling biomarkers present in the sample with biotin;
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(i) contacting the biotin-labelled proteins with an array comprising a plurality of scFv
immobilised at discrete locations on its surface, the scFv having specificity for one
or more of the proteins in Table 1;

(iii) contacting the immobilised scFv with a streptavidin conjugate comprising a
fluorescent dye; and

(iv) detecting the presence of the dye at discrete locations on the array surface

wherein the expression of the dye on the array surface is indicative of the expression of a
biomarker from Table 1 in the sample.

The method of the first aspect of the invention may comprise measuring in step (b), (d) and/or
(f) the expression of a nucleic acid molecule encoding the one or more biomarkers.

Preferably the nucleic acid molecule is a cDNA molecule or an mRNA molecule (most
preferably an mRNA molecule).

The expression of the one or more biomarker(s) in step (b), (d) and/or (f) 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 (qRT-PCR), nanoarray, microarray, macroarray, autoradiography
and in situ hybridisation. Preferably, the expression of the one or more biomarker(s) in step (b)
is determined using a DNA microarray.

Hence, measurement of the expression of the one or more biomarker(s) in step (b), (d) and/or
(f) may be performed using one or more binding moieties, each individually capable of binding
selectively to a nucleic acid molecule encoding one of the biomarkers identified in Table 1. The

one or more binding moieties each comprise or consist of a nucleic acid molecule.
The one or more binding moieties may each comprise or consist of DNA, RNA, PNA, LNA,
GNA, TNA or PMO (preferably DNA). Preferably the one or more binding moieties are 5 to 100

nucleotides in length (e.g., 15 to 35 nucleotides in length).

In one embodiment the binding moiety comprises a detectable moiety, for example, a detectable

moiety selected from the group consisting of: a fluorescent moiety; a luminescent moiety; a
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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, for example, the radicactive 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.

However, the moiety may be a fluorescent moiety.

In cne embodiment, the sample provided in step (b), (d) and/or (f) is selected from the group
consisting of unfractionated blood, plasma, serum, tissue fluid, prostate tissue, prostate juice,
bile and urine and is preferably selected from the group consisting of unfractionated blood,
plasma and serum. Most preferably the sample provided in step (b), (d) and/or (f) is plasma.

A second aspect of the present invention provides an array for determining the presence of
prostate cancer in an individual comprising one or more binding agent as defined in the first
aspect of the invention or any embodiment or combination of embodiments thereof.

Preferably the array comprises one or more binding agent for each of the proteins defined in
Table 1.

A third aspect of the present invention provides the use of one or more biomarkers selected
from the group defined in the first aspect of the invention or any embodiment or combination of
embodiments thereof as a prognostic and/or diagnostic marker.

Preferably the all of the biomarkers defined in Table 1 are used as a prognostic and/or
diagnostic marker.

A fourth aspect of the present invention provides an isolated binding agent as defined in the first
aspect of the invention or any embodiment or combination of embodiments thereof for use as a

prognostic and/or diagnostic marker as defined the first aspect of the invention.

A fifth aspect of the present invention provides a kit for determining the presence of prostate
cancer comprising:
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A) one or more first binding agent as defined in the first aspect of the invention or any
embodiment or combination of embodiments thereof, or an array according to the
second aspect of the invention or any embodiment or combination of embodiments
thereof; and

B) instructions for performing the method as defined in the first aspect of the invention
or any embodiment or combination of embodiments thereof.

In one embodiment, the kit comprises a second binding agent as defined the first aspect of the
invention or any embodiment or combination of embodiments thereof.

A sixth aspect of the present invention provides a method or use for determining the presence
of prostate cancer-associated disease state in an individual substantially as described herein.

An array or kit for determining the presence of prostate cancer-associated disease state in an
individual substantially as described herein.

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

Figure 1. Evaluation of recombinant scFv antibody microarray. A) Scanned image of a
representative microarray containing 1440 data points (180 probes including controls x 8
replicates).The image was scanned at 80% laser power and 80% PMT-gain. B) Intra-assay
reproducibility, i.e. spot-to-spot variations. Data based on 162 different antibodies and 8 spot
replicates. C) Inter-assay reproducibility, i.e. array-to-array variations. Data based on one
sample analyzed on two independent arrays, each including 162 different antibodies.

Figure 2. Protein expression profiling of patient groups with increased risk of having PC. Four
risk groups, denoted A (lowest risk) to D (highest risk), were a priori defined based on tPSA and
% free PSA. A) Significantly differentially expressed analytes (p<0.05) were identified using
Wilcoxon's signed-rank test and presented in heat maps; green — down-regulated, red — up-
regulated, and black — equal levels. B) Each patient cohort was divided into a training set (75%
of the samples) and a test set (25% of the samples). C) Classification of the patient cohorts A to
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D using an SVM based approach using all 162 antibodies, i.e. unfiltered data. The SVM model
was trained on the training set and tested on the independent test set, and expressed in terms
of ROC AUC values.

Figure 3. Stratification of risk group C (mid-range tPSA and low % free PSA). A) Unsupervised
hierarchical clustering based on all 162 antibodies, i.e. using unfiltered data, resulted in a
division into two subgroups, denoted C1 (yellow) and C2 (Blue). B) Principle component
analysis (PCA) based on unfiltered data, confirmed the stratification into subgroups C1 (yellow)
and C2 (blue). C) Significantly differentially expressed analytes (p<0.05) were identified using
Wilcoxon's signed-rank test and presented in heat maps; green — down-regulated, red — up-
regulated and black — equal levels. D-E) Validation of the antibody microarray data of selected
molecules using a 10-plex cytokine sandwich antibody assay (MSD). Data is only shown for
those two analytes TNF-a (D) and IL-8 (E), for which a majority of the observed signals were
above the lower limit of detection for the MSD assay. The MSD data is compared with the
corresponding microarray data in those cases (C1 versus C2) where these two analytes were
indicated to be differentially expressed.

Figure 4. Protein expression profiling of subgroups C1 and C2 versus the original risk groups A,
B, and D. The samples were classified using a SVM-LOO cross-validation and ROC AUC-
values were determined. Significantly differentially expressed biomarkers (p<0.05) were
identified using Wilcoxon’s signed-rank test, and presented in heat maps; red — up-regulated,
green — down-regulated and black — equal levels. A) SVM-LOO cross-validation of C1 vs. A, B
and D, respectively. B) Heat map displaying significantly differentially expressed analytes
(p<0.05) for C1 versus A, B, and D, respectively. C) SVM-LOO cross-validation of C2 vs. A, B,
and D, respectively. D) Heat map displaying significantly differently expressed analytes (p<
0.05) for C2 versus A, B, and D respectively. E) Comparison of the malignant signature
discriminating A versus D with the expression levels of the corresponding markers for C1 vs.
C2,C1vs.D, Avs.C2, and B vs. C2.

31



PCT/EP2014/056630

WO 2014/161910

[4

Logced oL | 0 pausjerd — 3
59662d puebl 0vQD | 62
6.510d A-NdI | 82
89609d | 12
L¥6SLd L-aupniN | 92
VN sppded W1 | SZ
GEALSE '9NNIGD ‘938500 9Ll | V2
S|j80 g sowey uo Wb| Joj ooads-adhjos! (utsjold 83e|dwiod J0U) 1/810d B W61 | €z
0cecevd Hi-d1D | 2¢
¥2010d ‘00205109 ‘64105109 €0 | 12
/E28GLSH 0L-p uuba) | 02 sieMIBWoIq
12860d s|10 | 6L pauajeid — g
¥.€10d g-dNL | 81
g¢esed eL-N | Ll
0¥202009 '9£¥26004 ‘09221104 ‘85221104 e-dON | 91
V GG150d HNI-LD | SI
¥€010d ougesiy | vl
G1L6EY="19/6¥d ‘§9.6¥d ‘¢69SLd 493A | €L
6080¢d -1 2t siayiewolq
1-d19 | L1 pausjeld — 9
$84610d qL-1 | Ol
91L¥1LO gL-1 6
6HZd90D ovad 8
29eS0d ‘L°LL6LYVYVYO Wvol| £
00.80d £l 9
"1 €1 zdg uoibal g awosowoJyd uo xa|dwod uabnue slayewoiq
ayfooyns| uewny sy} Aq papoous Jojydeoss adeuns ||@o || SSeP DHWE S! Ha-V1IH ¥a-vH S paiuaeid — g
£8610d el 14
8vcsld 8-l €
665090 ZL- Z siaylewolq
¢l 180d 71l L 8100 -y
(s)'oN uoissasoy JayJeulolg | 'ON

31V1S ISVISIA A3LVIDOSSY-HIONVD ILV.ISOUd V ONININNILIAA U0 SUIMHVYNOIEL *} 318VL




PCT/EP2014/056630

WO 2014/161910

€e

X sime hjeis | €9
200004d ‘€20100¥dI bio| 29
X SimMe7 | 19
L€2¢s0d 91| 09 sioyJewolq
00S€ld L-dOW | 6§ jeuondo — |
GSOAPD :168109OVY unowolbuy | gg
022Ekd HL-d719 d19 | I8
919660 (2) dOW | 95
919660 (1) -dOW | sS sJ9¥Jewoiq
y.£10d (2) 9-4NL | ¥S palsjeid — H
/81900 M1g | €S
glE10d D-INL | 2§
a1 | LS
/¥920d ly-ody | 0§
£1160d ‘2901 .¥HO ‘28299004 S| 6%
8l6/¢d uipjedold | gy
$8510d gi-1 | iy sJeMJewo|q
£££2Gd eVr | oY paugjeld - 9
()1a1| s¥
L¥6Sld LUONN | v
6SLLyd unde | ¢
asepisojoejeb
8/.29ld -9 2v
L0S¢eld sejuey | Ly
1/916d uixejoy | oy
Z€2¢1d ‘688201 9V ‘'€682019Y ‘000922HVY L 6 sla)Jewolq
¥.£10d (1) g-ANL | 8¢ paugjeid - 4
(Va1 Le
919660 dOW | 9¢
S¥10ld ‘¥9506804 £2/£6800 ‘€89£294H0D 228€2940 8- | G€
SXOINBD Li-p uubau) | g
GZ66.EAY ‘9266.EAY ‘LZ66.EAY ‘TZ6SYITV ‘6G66/EAV ‘'€29917108 ‘0215109 0| €€
16200d gJoped | 2¢
l¥1v0d 4SO0-ND | e siax}Jjeuwolq
(s)'oN uoissaosoy Josewolyg | ‘ON




PCT/EP2014/056630

WO 2014/161910

ve

88¢2.0d vsd | 19
LE110d 1g-d491 | 99
01LS8Lld Bil-71| 89
LE110d g-491 | ¥9
(s)oN uoissasoy J9yJewolg | ‘ON




PCT/EP2014/056630

WO 2014/161910

Ge

(]
[32]

a a [}

[-eupn

—
[p]

apiided WL

(=
[32]

X simeT jAjels

[o2]
N

9Ll

Q
N

Wb

~
N

22|12 (o}
o 20120

bLo

©
N

Hl-d19

Vel
N

€0

N

01-0 uubauy

3¢
N

(alialnlialmiialielia
(alialn]ialinlalielialialiel

onoa

SO

N
N

g-4NL

-—
Y]

€L

(=3
N

(a][a}a]
[allala

€-dON

=2}
—

HNI-LD

@
—

X SiMaT

~
-

5 unelsky

w0
—

2|22 2|22
2|22 2|2

493A

[Te]
-

LT

<
-

anio
al/alialialia]n]
52

-

i-d19

qi-7l

8]
-

2|2

91l

-~
~

8Ll

Qo0 Qo
(=4

o 00na

0¥ad

i-dOW

jon ] b ] bow ] bon ] o | e

WVl

€11

HJ-VIH

el

6-11

cl-i

(alialigialialial

22|12

— [N | |O| 0D

[allalla]ialia]la]

N Ll

<000 000N onD

an

(3lialial/alia]lial/alia]/al/a]lial/alalialia]/alial{allal/ala][alialia]e]/alis]}al/a]lia]{a]/a]]a]

(S)[alia]la]ialial{al{aliala]{al/alialfalia]jalialla]lis]{alalia]ia]ia]m]ia]m]{a]
s }[al{alia]ia]ialia}{a]liala]lia]l/a]gfalial/alfa]ia] e

(&)[alia]lia]lialialia]{a]is] s

QAZD | GAZD | VAZD | GALD | EALD | VALD | 2DALD | BIAV | QAD | A

SNOILLVYOIANI

M | r | I ] H] 9 [ 4] 3 [ a]jos]8g ]|V

paje|nbai-dn = n, ‘pajeinbai-umop = ., — GN
J1V1S ISVYISIA ILVIDOSSY-UIINYD ALVISOUd V ONININNILIA 04 SLASHNS UINAVINOIE :Z IT8VL



PCT/EP2014/056630

WO 2014/161910

uowoibuy | /g
VvSd | 99
d19 | 69
(2) ¥-dDO | 9
(1) -dDIN | €9
(@) g-INL [ 29
Mg ]| 19
0-4NL | 09
a1 6s
n lv-ody | 8
a G-l | /S
n uipsadosd | 96
a g1 | 6§
MV | ¥
n (@ 1a1] es
n L uoni | g6
n a upda | LG
n a a asepisojoeeb- g | oG
n a a sejuey | 67
a a uixelog | gy
a a a 1| ¥
a a (1) g-INL | oF
a a (1)1a71 | sp
a v-dOW | vv
a a a 81 | ev
a a a L1-p uubay| | z¥
a a a 19-491 | \v
n n n n ¥O | Ov
n n n n g Jojoed | 6€
a a a a 4S0-W9 | 8¢
a a a a oL-11 | Z€
a a a a g-491 | 9¢
a a a eIl | GE
a a a puebij ovaD | ve
a a a a A-NdI | €8

VALD | ZOALD g

SNOILLYOIaNI

_




WO 2014/161910 PCT/EP2014/056630

Table 3 - Clinical laboratory parameters of patient samples included in the study

Group Number of tPSA %f PSA
samples (ng/ml) (free/total)
A 20 <0.70 n/a*
B 20 2.1-8.0 2279%
C 20 4-10 <12.6 %
D 20 24.6-724 n/a’

¥ n/a = not applicable
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Table 4 - Summary of plasma biomarkers analyzed by the microarrays

Antigen (no. of clones)

Antigen (no. of clones)

Angiomotin (2)
Apolipoprotein A1(3)
B-galactosidase (1)
Bruton tyrosine kinase BTK (1)
C1 esterase inhibitor (4)
Clq (1)**

Cls (1)

C3 (6)**

C4 (4)**

C5 (3)**

CD40 (4)

CD40 ligand (1)
Choleratoxin subunit B (control) (1)
Cystatin C (4)
Digoxin (1)

Eotaxin (3)

Factor B (4)**
GLP-1 (1)

GLP-1-R (1)
GM-CSF (3)
HLA-DR (1)

ICAM (1)

IFN-7(3)

IgM (4)

IL-l1a (3)**

IL-1p (3)

IL-1-ra (3)

IL-2 (3)

IL-3 (3)

IL-4 (4)**

IL-5 (3)**

IL-6 (4)**

IL-7 (2)

IL-8 (3)*/**
-9 (3)

IL-10 (3)**
IL-11 (3)

IL-12 (4)**
IL-13 (3)**
IL-16 (3)

IL-18 (3)
Integrin a-10 (1)
Integrin a-11 (1)
LDL (2)

Leptin (1)
Lewis™ (2)
Lewis (1)
MCP-1 (8)**
MCP-3 (3)
MCP-4 (3)
Mucine-1 (6)
Procathepsin W (1)
Properdin (1)**
PSA (1)

Rantes (3)

Sialyl Lewis™ (1)
TGEF-B1 (3)

Tm peptide (1)
TNF-u (3)*
TNF-p (4)**
Tyrosine-protein kinase JAK3 (1)
VEGF (4)**

* Antibody specificity determined by MSD.
** Antibody specificity previously validated by ELISA. MSD. protein array.
blocking/spiking experiments. and/or mass spectrometry.
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EXAMPLES

Introduction

Early detection of prostate cancer (PC) using prostate-specific antigen (PSA) in blood reduces
PC-death among unscreened men. However, due to modest specificity of PSA at commonly
used cut-offs, there are urgent needs for additional biomarkers contributing to enhanced risk
classification among men with modestly elevated PSA. In this study, recombinant antibody
microarrays were applied for protein expression profiling of 80 plasma samples from routine
PSA-measurements, a priori divided into four risk groups, based on levels of total and %free
PSA. The results demonstrated that plasma protein profiles could be identified that pin-pointed
PC (a malignant biomarker signature) and most importantly that showed moderate to high
correlation with biochemically defined PC risk groups. Notably, the data also implied that the risk
group with mid-range PSA and low %free PSA, a priori known to be heterogeneous, could be
further stratified into two subgroups, more resembling the lowest and highest risk groups,
respectively. In conclusion, in this proof-of-concept study, we have thus shown that plasma
protein biomarker signatures, associated with risk groups of PC, could be identified from crude
plasma samples using affinity proteomics. This approach could in the longer perspective provide
novel opportunities for improved risk classification of PC patients.

Material and Methods

Clinical samples

We used de-identified EDTA anti-coagulated blood samples from 80 men aged 50-70 years
referred for routinely performed PSA testing at the Dept. of Clinical Chemistry, Skane University
Hospital, Malmé, Sweden. No clinical information or patient identifiers were retained for these
samples, and samples were stored at -80°C until use (Table 3). The levels of free and tPSA
were determined using the dual-label DELFIA Prostatus®© total/free PSA-assay (Perkin-Elmer,
Turku, Finland, which is calibrated against the WHO 96/670 (PSA-WHO) and WHO 68/668 (free
PSA-WHO) calibrators. Detectable ranges were from 0.10 to 250 ng/ml for tPSA and from 0.04
to 250 ng/ml free PSA. Coefficients of variation (CV) for measuring tPSA was $10.6% for tPSA,
and <7.3% for free PSA. The samples were divided into four groups based on the levels of
%free and total PSA: A (n=20) had tPSA <0.70 ng/ml; B (n=20) had tPSA of 2.1-8.0 ng/ml with
%fPSA 227.9%; C (n=20) had tPSA of 5.0-10-3 ng/ml with %fPSA <12.6%; and D (n=20) had
tPSA of 24.6-724 ng/ml. These four groups of de-identified samples reflect highly different
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categories of risk of PC diagnosis or outcome with group A having very low long-term risk of
significant PC, group B having modestly increased risk of prostate disease but low likelihood of
clinically significant PC, group C with importantly increased risk of PC, and group D having very
high risk of clinically significant or advanced stages of PC [38-41]. The procedures followed
were in accordance with the Helsinki Declaration of 1975.

Labelling of plasma samples

EDTA anti-coagulated plasma samples were labeled according to a previously optimized
protocol [28, 29] for serum proteomes with one minor adjustment. In order to prevent the plasma
samples from coagulating, EDTA was added to a final concentration of 4 mM to the PBS buffers
used throughout the protocol. Briefly, the samples were centrifuged at 16 000 x g for 20 minutes
at 4°C, and 5 pl of the samples were then diluted 45 times in 4 mM EDTA PBS, resulting in a
total protein concentration of about 2 mg/ml. Diluted samples were incubated with 0.6 mM EZ-
Link Sulfo-NHS-LC-Biotin (Pierce, Rockford, IL, USA) for 2 hours on ice, after which unreacted
biotin was removed by dialysis against 4 mM EDTA-PBS for 72 h at 4°C. Finally, samples were
aliquoted and stored at -20°C prior to use in microarray experiments.

Production and purification of scFv

One hundred sixty-two human recombinant scFv antibody fragments directed against 62
different analytes, mainly involved in immunoregulation, were selected from the n-CoDeR
library [42], and kindly provided by Bioinvent International AB (157 scFv clones; Lund, Sweden)
and Prof. M. Ohlin (5 Mucine-1 specific clones; Dept. of Immunotechnology, Lund University,
Lund, Sweden) (Supporting Information Table 3). The specificity, affinity (in the 1-10 nM range),
and on-chip functionality of these phage-display derived scFv antibodies was ensured by using
(i) stringent phage-display selection protocols [42], (ii) multiple clones (s4) per target analyte
and (iii) a molecular design adapted for microarray applications [26, 27]. In addition, the
specificity/reactivity pattern of several of the antibodies have previously been validated using
well-characterized serum samples, and orthogonal methods, such as ELISA, Meso Scale
Discovery (MSD), cytometric bead array (CBA) and mass-spectrometry (MS), as well as using
spiking and blocking experiments (Supporting Information Table 3) [31, 33, 34, 36]. All scFvs
were produced in 100 ml E. coli cultures and purified from expression supernatants using affinity

chromatography on NiZ-NTA Agarose (Qiagen, Hilden, Germany). Bound molecules were
eluted with 250mM Imidazole (Saveen Werner, Malmo, Sweden), dialysed against PBS, and
then stored at 4°C prior to use in microarray experiments. The integrity and purity of the scFvs
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were evaluated by 10% SDS-PAGE (Invitrogen, Carlsbad, CA, USA). The protein concentration
was determined by measuring the absorbance at 280 nm.

Production and processing of antibody microarrays

Briefly, scFv microarrays were produced using a non-contact dispenser (SciFlexarrayer S11,
Scienion, Berlin, Germany) and processed according to a set-up previously optimized [28, 29].
In total, 180 scFvs and controls were arrayed in 8 replicates onto Blank Polymer Maxisorp slides
(NUNC A/S, Roskilde, Denmark), with one drop (300 pL) in each position, at a scFv
concentration of 0.05-0.4 mg/ml. The 180 probes were arrayed into three columns, each
comprising of 60 rows (Fig. 1A). AlexaFlour-647 labeled streptavidin (10 ug/ml) was printed as a
position control, and printing buffer (PBS) was included as a negative control. After printing, the
slides were allowed to dry and blocked in 5% (w/v) fat-free milk (Semper AB, Sundbyberg,
Sweden) in PBS o/n. The slides were then placed in a Protein Array Workstation (Perkin Elmer
Life & Analytical Sciences, Wellesley, MA, USA) and washed for four minutes with 0.5% (w/v)
Tween-20 in PBS (PBS-T). Next, 70 ! of the labeled samples, diluted 1:2 in 1% (w/v) fat-free
milk powder and 1% (v/v) Tween-20 in PBS (PBS-MT), were injected and incubated with
agitation for 60 minutes. After a second wash, the arrays where incubated for 60 minutes with
350 pil of 1 ug/ml Alexa-647 conjugated streptavidin in PBS-MT. After washing, the arrays were
dried under a stream of nitrogen gas and scanned with a confocal microarray scanner
(ScanArray Express, Perkin Elmer Life & Analytical Sciences) at 5 ym resolution, using five
different scanner settings (50% PMT gain and 70% laser power (50/70), 70/70, 80/80, 80/90,
and 90/90). Signal intensities were quantified using the ScanArray Express software version 4.0
(Perkin Elmer Life & Analytical Sciences). The local background was subtracted, and to
compensate for any possible local defects, the two highest and lowest replicates were
automatically excluded. Presented signal intensities represent the mean value for the remaining
four replicate spots. Only unsaturated spots were considered for analysis

Microarray data normalization

Chip-to-chip normalization of the data sets was performed, using a semi-global normalization
approach [32, 33}, similar to the normalization developed for DNA microarrays. The coefficient
of variation (CV) was first calculated for each analyte and ranked. The fifteen percent of the
analytes that displayed the lowest CV-values over all samples were identified, corresponding to
24 analytes, and used to calculate a chip-to-chip normalization factor for each sample. The
normalization factor Ni was calculated by the formula Ni = Si/y, where Si is the sum of the signal
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intensities for the 24 analytes for each sample and i is the sum of the signal intensities for the
24 analytes averaged over all samples. Each data set generated from one sample was divided
with the normalization factor Ni. Log2 values of signal intensities were used for further analyses.

Data analysis

The 80 patient samples were divided into four groups (n = 20) based on values of tPSA and
%fPSA. For the initial classification analysis, each of the four risk groups was divided into a
training set (n=15) and a test set (n=5). {n order to classify the samples, we used the support
vector machine (SVM), a supervised learning method in R [43]. The supervised classification
was performed using a linear kernel, and the cost of constraints was set to 1, which is the
default value in the R function SVM, and no attempt was performed to tune it in order to avoid
overfitting. The SVM model was trained using the training set and then frozen, and applied to
the test set. No filtration of the data was performed before training the SVM, i.e. data from all
antibodies on the array were included in the analysis. Further, a receiver operating
characteristics (ROC) curve, was constructed using the SVM decision values, and the area
under the curve (AUC) was calculated. Using unsupervised hierarchical clustering in Cluster
and Treeview [44], the C group could be divided into two subgroups denoted C1 (n = 10) and
C2 (n=10). Due to the smaller sample number, a division into training and test sets was in this
case not possible, and the SVM was therefore trained using a leave-one-out cross-validation
procedure. Significantly up- or down-regulated plasma proteins (p < 0.05) were defined based
on the relative protein levels and identified using Wilcoxon’s signed-rank test. The samples were
visualized using a principle component analysis (PC) software program (Qlucore Omics
Explorer, Lund, Sweden) and/or Cluster and Treeview.

Validation experiments

in an attempt to validate the antibody microarray results, a human Th1/Th2 10-plex MSD (Meso
Scale Discovery, Gaithersburg, MD, USA) assay was run on all 80 EDTA-plasma samples.
Each well of the MSD 96-plate had been pre-functionalized with antibodies against IFN-3, IL-13,
IL-2, IL-4, IL-5, IL-8, 1L-10, IL-12p70, IL-13 and TNF-a in spatially distinct electrode spots. The
assay was run according to the protocol provided by the manufacturer and the
electrochemiluminiscence-based readout was performed in an MSD SECTOR® instrument. The
limit of detection was defined as a signal 2.5 times the standard deviation over the zero point in
the standard curve.
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Results

In this study, we have performed protein expression profiling of non-fractionated, biotinylated
EDTA-plasma samples from 80 patients at various levels of risk of having PC, using our
in-house developed recombinant antibody microarrays. The samples had been a priori divided
into four risk groups based on tPSA and %fPSA reflecting different categories of risk of PC
diagnosis or outcome (Table 3).

Evaluation of scFv microarray

A representative microarray image is shown in Figure 1A, demonstrating that homogenous spot
morphologies, high signal-to-noise ratios, and dynamic signal intensities were obtained. All 80
samples were successfully profiled; hence, array data from all 80 samples could be used for the
subsequent statistical analysis. The intra-assay reproducibility was assessed by analyzing the
spot-to-spot variation, resulting in an average coefficient of determination (R2) of 0.95 (Fig. 1B).
The inter-assay reproducibility, i.e. array-to-array variation, was evaluated by analyzing a single
sample on independent arrays, resulting in an R2-value of 0.96 (Fig. 1C).

Classification of risk groups

First, we determined a focused (62 analyte) plasma proteome profile of the four prostate cancer
risk groups, denoted A - D (Table 3), with group A displaying the lowest risk and group D the
highest risk. Using Wilcoxon's signed-rank test, 3 to 44 differentially expressed (p < 0.05)
plasma analytes were identified, which are shown as a heat map in Figure 2A. The data showed
that only 3 analytes were differently expressed between the two lowest risk groups, A and B.
Hence, as could be expected from a clinical point of view, the data implied only small
differences between the two lowest risk groups. In contrast, 37, 44, and 30 de-regulated
analytes were observed for groups A, B, or C versus the highest risk group D, indicating at
large(r) differences. In more detail, several complement proteins (e.g. C3, C4, C1q, Factor B
and Properdine) were found to be down-regulated in the high risk group D, while the up-
regulated analytes displayed a complex pattern of both TH1 (e.g. IL-2, IL-3 and INF-a) and TH2
(e.g. IL-4, IL-10) cytokines. Most importantly, the biomarker signature differentiating group A
(very low PC-risk) versus group D (very high risk of clinically significant or advanced stages of
PC) could be viewed as a malignant biomarker signature pin-pointing PC.

Next, we evaluated the ability of the array platform to classify the four risk groups (A to D),

based on the abserved protein expression profiles. To this end, each patient group was divided
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into a training set (75% of the samples) and a test set (25% of the samples) (Fig. 2B). Hence,
the SVM model was trained on the training set and then applied on the independent test set.
The results showed that the risk groups could be distinguished with different accuracy, with
groups B and D displaying an AUC of 0.68, groups A and B an AUC of 0.84 (based on three
analytes only), and groups A and D an AUC of 0.72 (Fig. 2C). Thus, the data showed that
malignant signature could be used to well discriminate group A (very fow risk) versus group D
(very high risk of clinically significant or advanced stages of PC) (cfs. Figs. 2A and 2C). In
contrast, the C group could not be differentiated from any of the three other risk groups (AUC =
0.5in all cases). In this context, it should be noted that the C group represents a heterogeneous
patient group (mid-range tPSA, low %free PSA) of which only 25-50% actually have PC,
although all are selected for biopsy testing. Hence, stratification of this heterogeneous patient
group could potentially be a key instrument for identifying patients at higher or lower risk of
developing PC.

Stratification of risk group C

In order to investigate whether the C risk group could be further stratified, we performed an
unsupervised hierarchical clustering based on unfiltered data, i.e. using data from all antibodies
included on the array. The result showed that the C risk group could indeed be stratified into two
distinct subgroups, denoted C1 and C2 (Fig. 3A). Similarly, a clear subdivision of the C cohort
was also observed, using principle component analysis (PCA), (Fig. 3B). Moreover, 49
significantly differentially (p<0.05) expressed plasma analytes were observed for C1 versus C2
(Fig. 3C). In more detail, three complement proteins were up-regulated in C1 (C1q, Factor B
and C4), while the remaining differentially expressed proteins were down-regulated in C1. The
latter group of analytes included a number of cytokines (e.g. IL-6 and IL-4), complement
proteins (e.g. C1-INH and C1s), as well as celi surface proteins (e.g. ICAM, HLA-DR, Mucine-1
and CD-40). Taken together, the data showed that the heterogeneous risk group C could be
stratified into two distinct subgroups, C1 and C2, with a large number of dereguiated analytes.

To validate the array data, an independent 10-plex cytokine sandwich antibody microarray

(MSD) was applied (Figs. 3D and 3E). The observed down-regulation of TNF-a (Fig. 3D) and
IL-8 (IL-8) (Fig. 3E) in C1 versus C2 could be validated by the MSD data.
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Risk classification of subgroups C1 and C2

In order to assess the biological impact of the stratified subdivision of risk group C, the protein
expression profiles of subgroups C1 and C2 were compared to those of the other three original
risk groups, A, B and D. In case of C1, the results showed that C1 could be well differentiated
from risk group D (AUC = 0.82), but not from risk groups A and B (AUC = 0.5 in both cases)
(Fig. 4A). Furthermore, 47 differentially expressed analytes were observed for C1 versus D, but
only 16 and 15 for C1 versus A and B, respectively (Fig. 4B). In the former case, a pattem of up-
regulated complement proteins (e.g. C1q, C3, and Factor B) and down regulated cytokines (e.g.
TGF- a1, IL-1ra, IL-6 and MCP-1) and cell surface markers (e.g. ICAM, CD40 and LewisX) were
observed in C1 versus D.

In contrast, the results showed that C2 could be well differentiated from both risk group A
(AUC=0.72) and B (AUC=0.75), but not from risk group D (AUC=0.57 (Fig. 4C). In this case, 22
and 28 de-regulated analytes were observed for C2 versus A and B, respectively, but only 5 for
C2 versus D (Fig. 4D). While only two down-regulated analytes (C1q and IL-4) were observed in
C2 versus A, a pattern of up-regulated cytokines (e.g. IL-1ra, MCP-1, and IL-6) and cell surface
markers (e.g. CD40, LewisX and Sialyl LewisX) were observed in C2 versus both A and B.
Taken together, the results showed that C1 was more similar to the lowest risk groups A and B,
while C2 displayed a higher similarity to the highest risk group D, indicating that the C1 group
represented low risk patients and the C2 group high risk patients.

Finally, to further highlight the biological relevance, we compared the overlap of the malignant
signature (33 biomarkers) discriminating risk group A (very low risk) versus risk group D (very
high risk of clinically significant or advanced stages of PC) (Fig. 2A) with the expression levels
of the corresponding markers of the above signatures (Fig. 4E). The data showed that a
significant part of the malignant biomarker signature was also differentially expressed in the
case of C1 versus C2 (27 of 33 biomarkers) and C1 versus D (29 of 33 biomarkers), while the
overlap was significant smaller with the signatures differentiating A versus C2 and B versus C2.
Hence, the data further indicated the biological relevance of the malignant biomarker signature
pin-pointing PC.

Discussion

Blood plasma is a minimally invasive and clinically well-established sample format that would be
the ideal source of biomarkers for early detection and risk classification of PC. Consequently, it
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has also been assessed for this purpose in numerous large-scale proteomic efforts [19, 20].
However, due to the inherent complexity of plasma samples, with respect to number of proteins
and dynamic range, it has been argued that classical proteomic analysis of non-fractionated
samples would be unlikely to be useful for classifying PC [21]. Although pre-fractionation
reduces the sample complexity, it has in turn been associated with serious issues regarding
skewed protein yield/recovery, as well as reproducibility and sensitivity [22, 23]. In this context,
we have recently shown that affinity proteomics, represented by recombinant antibody
microarrays, could be used to profile high- as well as low-abundant analyst in crude proteomes
[26, 27]. Previously, a single serum marker thrombospondin-1 (TSP-1), was shown to be able to
differentiate between benign and malignant prostatic disease using antibody microarrays [45]. In
this proof-of-concept study, we have used affinity proteomics targeting crude plasma samples in
order to decipher the first multiplexed candidate plasma protein biomarker signatures
associated with risk groups for PC. Hence, recombinant antibody microarray-based analysis of
PC demonstrated a potential route toward defining the next generation of PC-associated
biomarkers.

The blood plasma proteome consists of both classical plasma proteins, as well as tissue
leakage proteins. The intrinsic ability of the human immune system to sense even subtle
changes in the body's homeostasis, ranging from a bacterial infection to a growing tumor,
provides a unique opportunity of using the immune system as a remote and early sensor of
disease [46]. In fact, immunosignaturing has gained significant interest [47], in particular due to
recent studies showing immunosurveillance as an important factor in tumor development [48].
To this end, we have designed and applied a recombinant antibody microarray targeting mainly
immunoregulatory analytes [26, 27]. Previously we have demonstrated the potential of our array
design for cancer diagnosis [32, 33], evidence-based therapy selection [35], as well as
predicting the risk for breast cancer recurrence [37]. In this discovery study, we have extended
the range of applications, and indicated its potential use for risk group stratification in PC, clearly
differentiating the two lowest versus the highest risk groups.

Risk classification of potential PC patients can currently be performed in the clinic, using serum
PSA assays (tPSA and %free PSA) [49], one of a few models for risk classification [3, 50, 51].
Although this approach enables detection of many tumors, the low specificity for malignant
disease results in several patients being subjected to unnecessary biopsy testing [3]. This

number could be significantly decreased if the clinicians had access to more adequate tools for
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risk classification. In particular, the patient group with mid-range tPSA (4-10ng/mi) and low
%fPSA is known to be heterogeneous, including a mix of PC and benign prostatic hyperplasia
[7, 49]. In our attempt to classify the four pre-determined risk groups, the results showed in fact
that the patient groups with mid-range tPSA and low %fPSA (group C) could not be
differentiated from any of the other three risk groups. Hence, our data further supported the

current notion of group C being a very heterogeneous patient group.

However, our data rather implied that the C group could be divided into two distinct subgroups,
C1 and C2, which, as anticipated from the current literature [2, 3, 5, 49], more resembled the
two lowest and the highest original risk groups, respectively. When aiming for personalized
treatment of cancer patients, the ability to stratify heterogeneous patient groups into more
accurate subgroups of higher and lower risk of having (developing) a certain cancer will be
instrumental. In the long run, this could provide novel opportunities for managing PC cancer
patients. However, this discovery study was in part limited by the fact that full clinica‘l
documentation of the patients included was not at hand, and the observed candidate biomarker
signatures will be properly validated in follow-up studies, targeting larger, independent cohorts
of well-characterized patients. Notably, the two cytokines, IL-6 and TNF-4, that could be
detected with the orthogonal method (MSD) used for initial validation, supported our
discrimination of C1 versus C2.

When examining the candidate biomarker signatures in more detail, novel as well as a number
of biologically relevant analytes already known to reflect high and low risk of PC were observed.
Briefly, TGF-a1 has been shown to be associated with PC, e.g. promoting cell progression in
PC models, higher tumor grade, and metastasis, and has subsequently been proposed as a
tentative biomarker [3, 4, 52]. Accordingly, we found TGF- a1 to be down-regulated in the two
lowest risk groups, A and B, versus the highest risk group, D. In addition, it was also down-
regulated in A and B versus C2 (high risk), C1 (low risk) versus D, as well as in C1 versus C2.
In the case of IL-6, this cytokine has also been suggested as a potential biomarker for PC [3, 4].
Our data showed that IL-6 was down-regulated in the various comparisons of the low risk
groups (A, B, or C1) versus the high risk groups (D or C2), respectively. Furthermore, other
cytokines known to be down-regulated in the low risk groups, such as IL-1ra and MCP-1 [53,
54], was also found to be down regulated in the different comparisons of the low risk groups (A,
B or C1) versus the high risk groups (D or C2), further supporting our reported observations. In

addition, the observation that Lewis X was down-regulated in the low risk groups was in
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accordance with previous results, indicating Lewis X as a prognostic parameter in prostate
cancer [55]. It should be noted these observations also supported the candidate malignant
biomarker signature observed to pinpoint PC. To date, complement proteins have not been
significantly reported in the context of PC. Our data showed that different combinations of
several complement proteins, such as C1q, C3, C4, properdin, and/or C1-INH, were up-
regulated in the various low risk groups versus the high risk groups, respectively. Although
previously not reported in clinical studies, C1q has been shown to display a protective role in
prostate cancer cell lines [56].

Taken together, we have delineated candidate plasma biomarker signatures associated with PC
risk groups as well as PC using affinity proteomics. Targeting independent patient cohorts, the
results indicated that the conventional risk groups, a priori defined based on clinical parameters
could be stratified, and even further sub-stratified, potentially outlining novel, refined PC risk
groups.
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Claims

A method for determining prostate cancer-associated disease state in an individual
comprising or consisting of the steps of:

a) providing a sample to be tested from the individuai;

b) determining a biomarker signature of the test sample by measuring the
expression in the test sample of one or more biomarkers selected from the group
defined in Table 1;

wherein the expression in the test sample of the one or more biomarkers selected from
the group defined in Table 1 is indicative of one or more prostate cancer-associated

disease state in the individual.

The method according to Claim 1 further comprising or consisting of the steps of:

c) providing one or more control sample from an individual not afflicted with prostate
cancer;
d) determining a biomarker signature of the control sample by measuring the

expression in the control sample of the one or more biomarkers measured in step

(b);

wherein the one or more prostate cancer-associated disease state is identified in the
event that the expression in the test sample of the one or more biomarkers measured in
step (b) is different from the expression in the control sample of the one or more
biomarkers measured in step (d).

The method according to Claim 1 or 2 further comprising or consisting of the steps of:
e) providing a control sample from an individual afflicted with prostate cancer;

f) determining a biomarker signature of the control sample by measuring the

expression in the control sample of the one or more biomarkers measured in step

(b);
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10.

1.

wherein the one or more prostate cancer-associated disease state is identified in the
event that the expression in the test sample of the one or more biomarkers measured in
step (b) corresponds to the expression in the control sample of the one or more
biomarkers measured in step (f).

The method according to Claim 1, 2 or 3, wherein step (b) comprises or consists of
measuring the expression of one or more of the biomarkers listed in Table 1 (A), for
example, at least 2, 3 or 4 of the biomarkers listed in Table 1 (A).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of each the biomarkers listed in Table 1(A).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of one or more of the biomarkers listed in Table
1(B), for example at least 2, 3, 4, 5 or 6 of the biomarkers listed in Table 1 (B).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1 (B).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 1(C), for example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in
Table 1(C).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1(C).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 1(D), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11 of the biomarkers
listed in Table 1(D).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1(D).
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12.

13.

14.

15.

16.

17.

18.

19.

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 1(E), for example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in
Table 1(E).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1(E).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 1(F), for example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in
Table 1(F).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1(F).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 1(G), for example at least 2, 3, 4, 5, 6, 7 or 8 of the biomarkers listed in
Table 1(G).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1(G).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 1(H), for example at least 2, 3, 4 or 5 of the biomarkers listed in Table
1(H).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1(H).
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20.

21.

22,

23.

24.

25,

26.

27.

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 1(l), for example at least 2, 3, 4, 5, 6, 7, 8 or 9 of the biomarkers listed in
Table 1(l).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 1()).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(A), 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 or 38 of
the biomarkers listed in Table 2(A).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(A).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(B), 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 or 42 of the biomarkers listed in Table 2(B).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(B).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(C), 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 or 29 of the biomarkers listed in Table 2(C).

The method according to any one of the preceding claims, wherein step (b) comprises or

consists of measuring the expression of all of the biomarkers listed in Table 2(C).
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28.

29.

30.

31.

32.

33.

34.

35.

36.

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(D), for example at least 2 or 3 of the biomarkers listed in Table 2(D).

The method according to any one of the preceding claims, wherein step (b) comprises or

consists of measuring the expression of all of the biomarkers listed in Table 2(D).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(E), 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 or 52 of the biomarkers listed in Table 2(E).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(E).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(F), for example atleast 2, 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15 or 16
of the biomarkers listed in Table 2(F).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(F).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(G), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 of the
biomarkers listed in Table 2(G).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(G).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
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37.

38.

39.

40.

41,

42

43.

44,

listed in Table 2(H), 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 or 46 of the biomarkers listed in Table 2(H).

The method according to any one of the preceding claims, wherein step (b) comprises or

consists of measuring the expression of all of the biomarkers listed in Table 2(H).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(l), 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 or 23 of the biomarkers listed in Table 2(l).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(1).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(J), 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 or 29 of the biomarkers listed in Table 2(J).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(J).

The method according to any one of the preceding claims wherein step (b) comprises or
consists of measuring the expression of one or more biomarkers from the biomarkers
listed in Table 2(K), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or 13 of the
biomarkers listed in Table 2(K).

The method according to any one of the preceding claims, wherein step (b) comprises or
consists of measuring the expression of all of the biomarkers listed in Table 2(K).

The method according to any one of the preceding claims, wherein the one or more

prostate cancer-associated disease state is or includes determining the likelihood of the
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45,

46.

47.

48.

49,

50.

51.

52.

occurrence of clinically significant prostate cancer (i.e., the prognosis of prostate
cancer).

The method according to any one of the preceding claims, wherein the method is for
differentiating between risk group A (low risk), risk group B (moderate risk), risk group C
(increased risk), risk subgroup C1 (moderately increased risk), risk subgroup C2
(importantly increased risk) and risk group D (high risk).

The method according to any one of Claims 22, 23 or 44 ,wherein the method is for
differentiating between risk group A (low risk) and risk group D (high risk).

The method according to any one of Claims 24, 25, 44 or 46, wherein the method is for
differentiating between risk group B (moderate risk) and risk group D (high risk).

The method according to any one of Claims 26, 27 or 44 to 47, wherein the method is for
differentiating between risk group C (increased risk) and risk group D (high risk).

The method according to any one of Claims 28, 29 or 44 to 48, wherein the method is for
differentiating between risk group A (low risk) and risk group B (moderate risk).

The method according to any one of Claims 30, 31 or 44 to 49, wherein the method is for
differentiating between risk subgroup C1 (moderately increased risk) and risk subgroup
C2 (importantly increased risk).

The method according to any one of Claims 32, 33 or 44 to 50, wherein the method is for
differentiating between risk subgroup C1 (moderately increased risk) and risk group A
(low risk).

The method according to any one of Claims 34, 35 or 44 to 51, wherein the method is for

differentiating between risk subgroup C1 (moderately increased risk) and risk group B
(moderate risk).
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54,

55.

56.

57.

58.

59.

60.

61.

The method according to any one of Claims 36, 37 or 44 to 52, wherein the method is for
differentiating between risk subgroup C1 (moderately increased risk) and risk group D
(high risk).

The method according to any one of Claims 38, 39 or 44 to 53, wherein the method is for
differentiating between risk subgroup C2 (importantly increased risk) and risk group A
(low risk).

The method according to any one of Claims 40, 41 or 44 to 54, wherein the method is for
differentiating between risk subgroup C2 (importantly increased risk) and risk group B
(moderate risk).

The method according to any one of Claims 42, 43 or 44 to 55, wherein the method is for
differentiating between risk subgroup C2 (importantly increased risk) and risk group D
(high risk).

The method according to any one of the preceding claims, wherein the one or more
prostate cancer-associated disease state is or includes determining the presence or
absence of prostate cancer (i.e., the diagnosis of prostate cancer).

The method according to Claim 22 or 23, wherein the one or more prostate cancer-
associated disease state is or includes determining the presence or absence of prostate
cancer (i.e., the diagnosis of prostate cancer).

The method according to any one of the preceding claims wherein, step (b) comprises or
consists of measuring the expression in the test sample of all of the biomarkers defined

in Table 1 and/or Table 2.

The method according to Claim 2, wherein the individual not afflicted with prostate
cancer is not afflicted with any other prostate-related disorder.

The method according to Claim 60, wherein the individual not afflicted with prostate
cancer is not afflicted with any disease or condition.
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63.

64.

65.

66.

67.

68.

69.

70.

71.

The method according to Claim 2, 60 or 61, wherein the individual not afflicted with
prostate cancer is a healthy individual.

The method according to any one of the preceding claims wherein step (b), (d) and/or
step (f) is performed using a first binding agent capable of binding to the one or more
biomarkers.

The method according to Claim 63 wherein the first binding agent comprises or consists
of an antibody or an antigen-binding fragment thereof.

The method according to Claim 64 wherein the antibody or antigen-binding fragment
thereof is a recombinant antibody or antigen-binding fragment thereof.

The method according to Claim 63 or 64 wherein the antibody or antigen-binding
fragment thereof is selected from the group consisting of: scFv; Fab; a binding domain of

an immunoglobulin molecule.

The method according to any one of Claims 63 to 66 wherein the first binding agent is
immobilised on a surface.

The method according to any one of Claims 1 to 67 wherein the one or more biomarkers
in the test sample are labelled with a detectable moiety.

The method according to any one of Claims 2 to 68 wherein the one or more biomarkers
in the control sample(s) are labelled with a detectable moiety.

The method according to Claim 68 or 69 wherein 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.

The method according to Claim 68, 69 or 70 wherein the detectable moiety is biotin.
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73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

The method according to any one of Claims 63 to 71 wherein step (b), (d) and/or step (f)
is performed using an assay comprising a second binding agent capable of binding to
the one or more biomarkers, the second binding agent comprising a detectable moiety.

The method according to any one of Claim 72 wherein the second binding agent

comprises or consists of an antibody or an antigen-binding fragment thereof.

The method according to Claim 73 wherein the antibody or antigen-binding fragment
thereof is a recombinant antibody or antigen-binding fragment thereof.

The method according to Claim 72 or 73 wherein the antibody or antigen-binding
fragment thereof is selected from the group consisting of: scFv; Fab; a binding domain of

an immunoglobulin molecule.

The method according to any one of Claims 72 to 75 wherein the one or more second
binding agent(s) are labelled with a detectable moiety.

The method according to Claim 76 wherein 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.

The method according to Claim 77 wherein the detectable moiety is fluorescent moiety
(for example an Alexa Fluor dye, e.g. Alexa647).

The method according to any one of the preceding claims wherein the method
comprises or consists of an ELISA (Enzyme Linked Immunosorbent Assay).

The method according to any one of the preceding claims wherein step (b), (d) and/or
step (f) is performed using an array.

The method according to Claim 80 wherein the array is a bead-based array.

The method according to Claim 80 wherein the array is a surface-based array.
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83.

84.

85.

86.

87.

88.

The method according to any one of Claims 80 to 82 wherein the array is selected from
the group consisting of: macroarray; microarray; nanoarray.

The method according to any one of the preceding claims wherein the method

comprises:

(v) labelling biomarkers present in the sample with biotin;

(vi) contacting the biotin-labelled proteins with an array comprising a plurality of scFv
immobilised at discrete locations on its surface, the scFv having specificity for one
or more of the proteins in Table 1;

(vii) contacting the immobilised scFv with a streptavidin conjugate comprising a
fluorescent dye; and

(viii) detecting the presence of the dye at discrete locations on the array surface

wherein the expression of the dye on the array surface is indicative of the expression of
a biomarker from Table 1 in the sample.

The method according to any one of Claims 1 to 63 wherein, step (b), (d) and/or (f)
comprises measuring the expression of a nucleic acid molecule encoding the one or
more biomarkers.

The method according to Claim 85, wherein the nucleic acid molecule is a cDNA
molecule or an mMRNA molecule.

The method according to Claim 86, wherein the nucleic acid molecule is an mRNA

molecule.

The method according to Claim 85, 86 or 87, wherein measuring the expression of the
one or more biomarker(s) in step (b), (d) and/or (f) is 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
(QRT-PCR), nanoarray, microarray, macroarray, autoradiography and in situ
hybridisation.
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89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

The method according to any one of Claims 85 to 88, wherein measuring the expression
of the one or more biomarker(s) in step (b) is determined using a DNA microarray.

The method according to any one of Claims 85 to 89, wherein measuring the expression
of the one or more biomarker(s) in step (b), (d) and/or (f) is performed using one or more
binding moieties, each individually capable of binding selectively to a nucleic acid

molecule encoding one of the biomarkers identified in Table 1.

The method according to Claim 90, wherein the one or more binding moieties each

comprise or consist of a nucleic acid molecule.

The method according to Claim 91 wherein, the one or more binding moieties each
comprise or consist of DNA, RNA, PNA, LNA, GNA, TNA or PMO.

The method according to Claim 91 or 92, wherein the one or more binding moieties each
comprise or consist of DNA.

The method according to any one of Claims 91 to 93 wherein the one or more binding
moieties are 5 to 100 nucleotides in length.

The method according to any one of Claims 91 to 94 wherein the one or more nucleic
acid molecules are 15 to 35 nucleotides in length.

The method according to any one of Claims 91 to 95 wherein the binding moiety
comprises a detectable moiety.

The method according to Claim 86 wherein the detectable moiety is 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.

The method according to Claim 97 wherein the detectable moiety comprises or consists

of a radioactive atom.
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99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

The method according to Claim 98 wherein the radioactive atom is 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.

The method according to Claim 97 wherein the detectable moiety of the binding moiety
is a fluorescent moiety.

The method according to any one of the preceding claims wherein, the sample provided
in step (b), {d) and/or {f) is selected from the group consisting of unfractionated blood,
plasma, serum, tissue fluid, prostate tissue, prostate juice, bile and urine.

The method according to Claim 101, wherein the sample provided in step (b), (d) and/or
(f) is selected from the group consisting of unfractionated blood, plasma and serum.

The method according to Claim 101 or 102, wherein the sample provided in step (b), (d)
andfor (f) is plasma.

An array for determining the presence of prostate cancer in an individual comprising one
or more binding agent as defined in any one of Claims 63 to 78 or 91 to 100.

An array according to Claim 104 wherein the one or more binding agents is capable of
binding to all of the proteins defined in Table 1.

Use of one or more biomarkers selected from the group defined in any one of Claims 1
to 103 as a prognostic and/or diagnostic marker as defined in any one of Claims 1 to
103.

The use according to Claim 106 wherein all of the biomarkers defined in Table 1 are
used as a prognostic and/or diagnostic marker.

An isolated binding agent as defined in any one of Claims 63 to 78 or 91 to 100 for use
as a prognostic and/or diagnostic marker as defined in any one of Claims 1 to 103.
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5
110.

10
1.
112.

15

A kit for determining the presence of prostate cancer comprising:

A) one or more first binding agent as defined in any one of Claims 63 to 78 or an array
according to Claims 80 to 83 or Claim 104 or 105;

B) instructions for performing the method as defined in any one of Claims 1 to 103.

A kit according to Claim 109 further comprising a second binding agent as defined in any
one of Claims 91 to 100.

A method or use for determining the presence of prostate cancer in an individual
substantially as described herein.

An array or kit for determining the presence of prostate cancer in an individual
substantially as described herein.
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