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Title: PROSTATE CANCER BIOMARKERS

(57) Abstract: A method is provided for characterising and/or prognosing prostate cancer in a subject comprising measuring the
level of at least one protein from a panel or at least one peptide thereof in a sample from the subject. The method may be used to de -
termine the grade and stage of the prostate cancer. Also disclosed is a method for selecting a treatment for prostate cancer, together
with corresponding methods of treatment. Systems and computing devices for performing the methods are also provided.
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PROSTATE CANCER BIOMARKERS

FIELD OF THE INVENTION

The present invention relates to prostate cancer. Provided are methods for characterising and
prognosing prostate cancer which rely upon a range of biomarkers. Antibodies, kits, peptides
and panels of biomarkers useful in the methods are also envisaged.

BACKGROUND OF THE INVENTION

Prostate cancer is the most common form of male cancer in the US and Europe, accounting for
more than 20% of all newly diagnosed cancer cases in men. The accurate determination of the
Gleason score and the stages of prostate cancer is of great significance in clinical decision
making for the selection of the most appropriate patient management strategy. Due to the
heterogeneity of the disease and randomness of the biopsy, often the biopsy does not provide an
accurate representation about the extent and progression of the disease preoperatively. In
addition, serum prostate-specific antigen (PSA), the only biomarker widely used in the diagnosis
and management of patients with prostate cancer, is known to lack specificity. Attempts have
been made to use neural networks to improve prostate cancer staging by combining input data
including preoperative serum PSA and biopsy Gleason score (WO 98/39721). Additional
biomarkers for grade and stage of disease are, however, required (Oon et al. Nature Reviews
Urology 8, 2011, 131-138).

With recent advances in technology, proteomics has become a promising technique for the
discovery of biomarkers (Goo and Goodlett, Journal of Proteomics 73, 2010, 1839-1850).

Fan et al., Journal of Proteome Research 10, 2011, 1361-1373 describe using two dimensional
difference in gel electrophoresis (2D-DIGE) to identify proteins differentially expressed between
benign prostatic hyperplasia (BPH), Gleason score 5 and 7.

Skvortsov et al., Journal of Proteome Research 2011, 10, 259-268 report on the use of 2D-DIGE
in combination with laser capture microdissection and MALDI-TOF/TOF mass spectrometry to
identify differences in protein expression between benign, Gleason score 6 and 8+ tumour
tissues.

Glen et al., The Prostate 70, 2010, 1313-1332 describe the use of isobaric Tags for Relative and
Absolute Quantitation (iTRAQ) to profile the proteomes of prostate cancer cells with varying
growth and metastatic potentials.

Goo et al., The Prostate, 2009; 69:49-61 discuss the identification of secreted proteins from
cultured normal prostate and bladder stromal mesenchyme cells by a glycopeptides-capture
method followed by mass spectrometry.
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The use of the targeted mass spectrometry based method, multiple reaction monitoring — MRM
(also referred to as selected reaction monitoring - SRM), provides a relatively straightforward
approach for quantitative validation of protein biomarkers due to its high sensitivity, dynamic
range and the ease with which protein measurements can be multiplexed (Huttenhain et al.,

5  Current Opinion in Chemical Biology 13, 2009, 518-25).

Picotti et al., Nature Methods 7, 2010, 43-6 describe a method for the high-throughput
development of MRM assays, which is illustrated by the generation of MRM assays for all
Saccharomyces cerevisiae kinases and phosphatases.

10
Jenkins et al., Proteomics, 2006, 6, 1934-1947 describe quantification of cytochromes P450 in
microsome preparations using MRM mass spectrometry.

15 DESCRIPTION OF THE INVENTION
The present invention is based upon the identification and verification of prostate cancer

biomarkers. The technology used to determine these biomarkers involved coupling label-free
LC-MS/MS with MRM.

20  A-*tissue to serum” approach has become increasingly popular in the cancer biomarker discovery
field. Differentially expressed proteins (most commonly glycoproteins or secreted proteins) are
first identified from cell lines, animal models or clinical tissue samples and then these biomarkers
are measured in the serum/plasma to evaluate if they also can be used as serum biomarkers.
However these changes do not always correlate well with the expression patterns in serum. A

25  more direct approach is to identify serum biomarkers through profiling the serum proteome.
Compared with tissue samples, serum provides an easily accessible sample, which can be
sampled over time for disease monitoring. However, serum also presents well known analytical
challenges most notably the large dynamic range of protein concentration (> 10 orders of
magnitude).

30
The present inventors pooled serum samples from 3 groups of patients: low grade disease
(Gleason score 5), high grade disease (Gleason score 7) and high grade with extra-capsular
extension (ECE). The samples were then depleted, tryptic digested and subjected to label-free
LC-MS/MS. An MRM assay was developed for 33 proteins which were identified from the label-

35  free LC-MS/MS experiment and a literature review. The developed MRM was tested for
reproducibility on both depleted and crude serum samples. Subsequently, this MRM assay was
applied to an independent 63 crude serum samples from prostate cancer patients for the
verification stage of the study. The MRM results showed highly favorable prediction accuracies in
classifying different Gleason scores and stages.

40

Thus, in a first aspect the invention provides a method for characterising and/or prognosing
prostate cancer in a subject comprising:
measuring the level of at least one protein from list A or at least one peptide thereof in a sample
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List A — 33 protein panel

Protein Names Uniprot Peptide Sequence SEQ
Accession ID No.
No.
Plasminogen P0o0747 LSSPAVITDK 1
EAQLPVIENK 2
Alpha -1-antitrypsin P01009 LSITGTYDLK 3
SVLGQLGITK 4
Alpha-1-antichymotrypsin P0O1011 EIGELYLPK 5
ADLSGITGAR 6
Alpha-2-macroglobulin P01023 NEDSLVFVQTDK 7
Antithrombin-1II P01008 TSDQIHFFFAK 8
Apolipoprotein A-l P02647 DYVSQFEGSALGK 9
LLDNWDSVTSTFSK 10
Apolipoprotein A-Il P02652 EPCVESLVSQYFQTVTDYGK 11
Apolipoprotein A-1V P06727 SELTQQLNALFQDK 12
IDQNVEELK 13
Apolipoprotein C-llI P02656 DALSSVQESQVAQQAR 14
GWVTDGFSSLK 15
Apolipoprotein E P02649 WVQTLSEQVQEELLSSQVTQELR | 16
VQAAVGTSAAPVPSDNH 17
Caveolin-1 Q03135 ASFTTFTVTK 18
Clusterin P10909 ELDESLQVAER 19
VTTVASHTSDSDVPSGVTEVVVK 20
Complement C3 P01024 SSLSVPYVIVPLK 21
DFDFVPPVVR 22
Complement C4-A/B POCOL4 VGDTLNLNLR 23
POCOL5 GLEEELQFSLGSK 24
Complement component C6 | P13671 SEYGAALAWEK 25
Complement component C9 | P02748 TEHYEEQIEAFK 26
LSPIYNLVPVK 27
Ficolin-3 075636 YGIDWASGR 28
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4
Haptoglobin P00738 TEGDGVYTLNNEK 29
VTSIQDWVQK 30
Haptoglobin-related protein | P0O0739 VGYVSGWGQSDNFK 31
Hemopexin P02790 NFPSPVDAAFR 32
SGAQATWTELPWPHEK 33
Insulin-like growth factor- P17936 FLNVLSPR 34
binding protein 3
Inter-alpha-trypsin inhibitor Q14624 NVVFVIDK 35
heavy chain H4 ILDDLSPR 36
Kininogen-1 P01042 TVGSDTFYSFK 37
IASFSQNCDIYPGK 38
Leucine rich a-2- P02750 DLLLPQPDLR 39
glycoprotein VAAGAFQGLR 40
Pigment epithelium-derived | P36955 TVQAVLTVPK 41
factor DTDTGALLFIGK 42
Protein AMBP P02760 ETLLQDFR 43
Serotransferrin P02787 YLGEEYVK 44
Serum albumin P02768 LVNEVTEFAK 45
FQNALLVR 46
Serum amyloid P- P02743 DNELLVYK 47
component QGYFVEAQPK 48
Vitamin D-binding protein P02774 SCESNSPFPVHPGTAECCTK 49
Vitronectin P04004 DVWGIEGPIDAAFTR 50
FEDGVLDPDYPR 51
Zinc alpha-2-glycoprotein P25311 HVEDVPAFQALGSLNDLQFFR 52
List B — non-ECE/ECE
Protein Peptide SEQ ID No.
Zinc alpha-2- HVEDVPAFQALGSLNDLQFFR | 52

glycoprotein

Kininogen-1

IASFSQNCDIYPGK

38
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5
TVGSDTFYSFK 37
Hemopexin SGAQATWTELPWPHEK 33
, FQNALLVR 46
Serum albumin
LVNEVTEFAK 45
Serotransferrin YLGEEYVK 44
Complement C3 SSLSVPYVIVPLK 21
Inter-alpha-trypsin ILDDLSPR 36
inhibitor heavy chain H4 | NVVFVIDK 35
Antithrombin-11I TSDQIHFFFAK 8
Apolipoprotein A-| LLDNWDSVTSTFSK 10
Complement C4-A/B GLEEELQFSLGSK 24
Pigment epithelium- TVQAVLTVPK 41
derived factor
Haptoglobin-related VGYVSGWGQSDNFK 31
protein
Plasminogen LSSPAVITDK 1
List C - Gleason score 6/7
Protein Peptide SEQ ID No.
. IASFSQNCDIYPGK 38
Kininogen-1
TVGSDTFYSFK 37
Vitamin D-binding protein SCESNSPFPVHPGTAECCTK | 49
Antithrombin-11I TSDQIHFFFAK 8
Complement C4-A/B GLEEELQFSLGSK 24
Protein AMBP ETLLQDFR 43
Inter-alpha-trypsin inhibitor ILDDLSPR 36
heavy chain H4
. . FEDGVLDPDYPR 51
Vitronectin
DVWGIEGPIDAAFTR 50
Haptoglobin TEGDGVYTLNNEK 51
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from the subject wherein the level of the protein or peptide is used to provide a characterisation
of and/or a prognosis for the prostate cancer.

In a further aspect the invention provides a method for characterising and/or prognosing prostate
cancer in a subject comprising:

measuring the level of at least one protein from list A or at least one peptide thereof in a sample
from the subject in order to identify the presence or absence of cells characteristic of a particular
characterisation of and/or a prognosis for the prostate cancer wherein the determined presence
or absence of the cells is used to provide a characterisation of and/or a prognosis for the prostate
cancer.

In yet a further aspect the invention provides a computing device for characterising and/or
prognosing prostate cancer in a subject comprising:

a computer program arranged to characterise and/or provide a prognosis for prostate cancer
based on the level of at least one protein from list A or at least one peptide thereof in a sample
from the subject and

a display for providing an output of the characterisation and/or prognosis for the prostate cancer.

By characterisation is meant classification and evaluation of the prostate cancer. Prognosis
refers to predicting the likely outcome of the prostate cancer for the subject.

In certain embodiments the characterisation of and/or prognosis for the prostate cancer
comprises, consists essentially of or consists of determining the grade and/or stage of the
prostate cancer.

Grade refers to a score in the Gleason system. Stage refers to stage I, II, Ill or IV prostate
cancer, as defined by the National Cancer Institute at the National Institutes of Health
(http://www.cancer.gov/cancertopics/wyntk/prostate/pageb). A stage | prostate cancer is only in
the prostate. If the Gleason score and PSA level are known, the Gleason score is 6 or less, and
the PSA level is under 10. A stage Il prostate cancer is more advanced or a higher grade than
Stage |, but the tumour does not extend beyond the prostate. A stage Il prostate cancer extends
beyond the prostate. The tumour may have invaded a seminal vesicle, but cancer cells have not
spread to lymph nodes. A stage IV prostate cancer may have invaded the bladder, rectum, or
nearby structures (beyond the seminal vesicles). It may have spread to lymph nodes, bones, or
other parts of the body.

An important characterisation is whether or not the cancer is still confined to the prostate. This is
directly relevant to prognosis for the subject. Patients with organ confined prostate cancer can be
cured through radical prostatectomy and radiation. Hormone therapy is often administered to
patients with locally advanced (defined as extracapsular extension but no evidence of nodal or
distant metastatic spread) and metastatic prostate cancer. It is not uncommon for patients
diagnosed with low grade and organ confined prostate cancer to be subsequently revealed to
have high grade and extra-capsular extension after their prostate gland is removed by surgery.
Hence there is a need for better biomarkers for grade and stage of disease.
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Thus, in certain embodiments the characterisation of and/or prognosis for the prostate cancer
comprises, consists essentially of or consists of determining the presence or absence of extra-
capsular extension or metastases.

Extracapsular extension refers to extension of the prostate cancer cells into and possibly through
the prostate capsule (the outer lining of the prostate gland). The cancer cells may extend through
parts of one or both lobes of the gland.

Metastasis, or metastatic disease, is the spread of a cancer from one organ or part to another
non-adjacent organ or part. The new occurrences of disease thus generated are referred to as
metastases.

The Gleason system is used to grade prostate tumours with a score from 2 to 10, where a
Gleason score of 10 indicates the most abnormalities. Cancers with a higher Gleason score are
more aggressive and have a worse prognosis. The system is based on how the prostate cancer
tissue appears under a microscope and indicates how likely it is that a tumour will spread. A low
Gleason score means the cancer tissue is similar to normal prostate tissue and the tumour is
less likely to spread; a high Gleason score means the cancer tissue is very different from normal
and the tumour is more likely to spread. Gleason scores are calculated by adding the score of
the most common grade (primary grade pattern) and the second most common grade
(secondary grade pattern) of the cancer cells. Where more than two grades are observed the
primary grade is added to the worst observable grade to arrive at the Gleason score. Grades are
assigned using the 2005 (amended in 2009) International Society of Urological Pathology (ISUP)
Consensus Conference on Gleason Grading of Prostatic Carcinoma.

In certain embodiments the characterisation of and/or prognosis for the prostate cancer
comprises, consists essentially of or consists of determining whether the prostate cancer is
Gleason score 6 or 7.

For Gleason Score 7, a Gleason 4+3 is a more aggressive cancer than a Gleason 3+4.

In certain embodiments the characterisation of and/or prognosis for the prostate cancer
comprises, consists essentially of or consists of determining whether the prostate cancer is
Gleason score 3+4 or 4+3.

Characterisation of and/or prognosis for the prostate cancer may also comprise, consist
essentially of or consist of predicting biochemical recurrence and/or determining whether the
prostate cancer is aggressive and/or determining whether the prostate cancer has spread to the
lymph nodes.
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By biochemical recurrence is meant a rise in the level of PSA in a subject after treatment for
prostate cancer. Biochemical recurrence may indicate that the prostate cancer has not been
treated effectively or has recurred.

Aggressive refers to a prostate cancer that is fast growing, more likely to spread, more likely to
recur and/or shows resistance to treatment.

List A lists the proteins identified by the inventors where the level of the protein can be used to
provide a characterisation and/or a prognosis for prostate cancer. The level of at least one
peptide from at least one protein from list A may also be used to provide a characterisation
and/or a prognosis for prostate cancer. In certain embodiments the peptide may be from 8 to 25
amino acids in length. More preferably, the at least one peptide comprises, consists essentially
of or consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.

One peptide may correspond to more than one protein or to a single protein.

In certain embodiments the level of 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 or 33 proteins from list A or 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 peptides of
SEQ ID Nos 1 to 52 are measured.

List B is a sub-list of proteins from list A. In certain embodiments a method is provided for
characterising and/or prognosing prostate cancer comprising measuring the level of at least 1, 2,
3,4,5,6,7,8,9,10, 11,12, 13 or 14 proteins from list B or at least one peptide thereof in a
sample from the subject wherein the level of the protein or peptide is used to provide a
characterisation of and/or a prognosis for the prostate cancer. More preferably, the level of at
least1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15 or 16 peptides of list B is measured. The
proteins in list B are differentially expressed between non-ECGE and ECE samples. In specific
embodiments the characterisation of and/or prognosis for the prostate cancer comprises,
consists essentially of or consists of determining the presence or absence of ECE.

List C is a sub-list of proteins from list A. In certain embodiments a method is provided for
characterising and/or prognosing prostate cancer comprising measuring the level of at least 1, 2,
3,4,5,6,7,8or 9 proteins from list C or at least one peptide thereof in a sample from the
subject wherein the level of the protein or peptide is used to provide a characterisation of and/or
a prognosis for the prostate cancer. More preferably, the level of atleast 1, 2,3, 4,5, 6,7, 8, 9,
or 10 peptides of list C is measured. The proteins in list C are differentially expressed between
Gleason score 6 and 7 samples. In specific embodiments the characterisation of and/or
prognosis for the prostate cancer comprises, consists essentially of or consists of determining
whether the prostate cancer is Gleason score 6 or 7.
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In specific embodiments the method comprises measuring the level of each protein from list A or
at least one peptide from each protein. Preferably, the method comprises measuring the level of
each peptide of SEQ ID Nos 1 to 52.

The level of the at least one protein or peptide in the sample from the subject may be analysed
using a statistical model. In specific embodiments where the level of at least 2 proteins or
peptides are measured the proteins or peptides may be weighted. An overall score may be
calculated and used to provide a characterisation of and/or prognosis for the prostate cancer.

In further embodiments the method comprises comparing the level of the at least one protein or
peptide to at least one reference value or to one or more control samples. The level of the at
least one protein or peptide may be compared to the level of the same protein or peptide from
one or more control samples. In certain embodiments the control samples are from one or more
subjects with and/or without prostate cancer. In certain embodiments the control samples are
from one or more subjects with and/or without extra-capsular extension of prostate cancer. In
further embodiments the one or more control samples are from one or more subjects with
Gleason score 6 and/or Gleason score 7 prostate cancer. In further embodiments the one or
more control samples are from one or more subjects with Gleason score 3+4 and/or Gleason
score 4+3 prostate cancer. The level of the at least one protein or peptide in the sample from the
subject and the level of the same protein or peptide from the one or more characterized control
samples may be analysed using a statistical model. The statistical model may be partial least
square discriminant analysis or any other suitable statistical model available to one skilled in the
art.

The reference value may be a threshold level of at least one protein or peptide set by
determining the level or levels in a range of samples from subjects with and without the particular
condition to be detected (as detailed above). In certain embodiments the samples are from one
or more subjects with and/or without prostate cancer. In certain embodiments the samples are
from one or more subjects with and/or without extra-capsular extension of prostate cancer. In
further embodiments the one or more samples are from one or more subjects with Gleason score
6 and/or Gleason score 7 prostate cancer. In further embodiments the one or more samples are
from one or more subjects with Gleason score 3+4 and/or Gleason score 4+3 prostate cancer.
Suitable methods for setting a threshold are well known to those skilled in the art. The threshold
may be mathematically derived from a training set of patient data. The score threshold thus
separates the test samples according to presence or absence of the particular condition. The
interpretation of this quantity, i.e. the cut-off threshold may be derived in a development or
training phase from a set of patients with known outcome. The threshold may therefore be fixed
prior to performance of the claimed methods from training data by methods known to those
skilled in the art.

In Tables 3 and 4 a fold change of above 1 indicates an increase in the level of the protein or
peptide. A fold change below 1 indicates a decrease in the level of the protein or peptide. Thus,
in certain embodiments, if the protein is Zinc alpha-2-glycoprotein or Apolipoprotein A-1 or the
peptide is SEQ ID No. 52 or 10 the level of the protein or peptide is increased if extra-capsular
extension of prostate cancer is present relative to if extra-capsular extension of prostate cancer
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is absent or if the protein is Kininogen-1, Hemopexin, Serum albumin, Serotransferrin,
Complement C3, Inter-alpha-trypsin inhibitor heavy chain H4, Antithrombin-1Il, Complement C4-
A/B, Pigment epithelium-derived factor, Haptoglobin-related protein or Plasminogen or the
peptide is SEQ ID No. 38, 37, 33, 46, 45, 44, 21, 36, 35, 8, 24, 41, 31 or 1 the level of the protein
or peptide is decreased if extra-capsular extension of prostate cancer is present relative to if
extra-capsular extension of prostate cancer is absent.

In specific embodiments, if the protein is Zinc alpha-2-glycoprotein or the peptide is SEQ ID No.
52 the level of the protein or peptide is increased by a factor of at least 1.34, more particularly
1.34 to 1.54, more particularly 1.44, if extra-capsular extension of prostate cancer is present
relative to if extra-capsular extension of prostate cancer is absent.

In specific embodiments, if the protein is Apolipoprotein A-l or the peptide is SEQ ID No. 10 the
level of the protein or peptide is increased by a factor of at least 1.08, more particularly 1.08 to
1.28, more particularly 1.18, if extra-capsular extension of prostate cancer is present relative to if
extra-capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Kininogen-1 or the peptide is SEQ ID No. 38 or SEQ ID
No. 37 the level of the protein or peptide is decreased by a factor of at least 0.59, more
particularly 0.59 to 0.89, more particularly 0.69 to 0.79, if extra-capsular extension of prostate
cancer is present relative to if extra-capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Hemopexin or the peptide is SEQ ID No. 33 the level of
the protein or peptide is decreased by a factor of at least 0.74, more particularly 0.74 to 0.94,
more particularly 0.84, if extra-capsular extension of prostate cancer is present relative to if extra-
capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Serum albumin or the peptide is SEQ ID No. 46 or SEQ
ID No. 45 the level of the protein or peptide is decreased by a factor of at least 0.68, more
particularly 0.68 to 0.94, more particularly 0.78 to 0.84, if extra-capsular extension of prostate
cancer is present relative to if extra-capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Serotransferrin or the peptide is SEQ ID No. 44 the level
of the protein or peptide is decreased by a factor of at least 0.70, more particularly 0.70 to 0.90,
more particularly 0.80, if extra-capsular extension of prostate cancer is present relative to if extra-
capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Complement C3 or the peptide is SEQ ID No. 21 the
level of the protein or peptide is decreased by a factor of at least 0.70, more particularly 0.70 to
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0.90, more particularly 0.80, if extra-capsular extension of prostate cancer is present relative to if
extra-capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Inter-alpha-trypsin inhibitor heavy chain H4 or the
peptide is SEQ ID No. 36 or SEQ ID No. 35 the level of the protein or peptide is decreased by a
factor of at least 0.69, more particularly 0.69 to 0.93, more particularly 0.79 to 0.83, if extra-
capsular extension of prostate cancer is present relative to if extra-capsular extension of prostate
cancer is absent.

In specific embodiments if the protein is Antithrombin-III or the peptide is SEQ ID No. 8 the level
of the protein or peptide is decreased by a factor of at least 0.73, more particularly 0.73 to 0.93,
more particularly 0.83, if extra-capsular extension of prostate cancer is present relative to if extra-
capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Complement C4-A/B or the peptide is SEQ ID No. 24
the level of the protein or peptide is decreased by a factor of at least 0.72, more particularly 0.72
to 0.92, more particularly 0.82, if extra-capsular extension of prostate cancer is present relative to
if extra-capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Pigment epithelium-derived factor or the peptide is SEQ
ID No. 41 the level of the protein or peptide is decreased by a factor of at least 0.69, more
particularly 0.69 to 0.89, more particularly 0.79, if extra-capsular extension of prostate cancer is
present relative to if extra-capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Haptoglobin-related protein or the peptide is SEQ ID No.
31 the level of the protein or peptide is decreased by a factor of at least 0.66, more particularly
0.66 to 0.86, more particularly 0.76, if extra-capsular extension of prostate cancer is present
relative to if extra-capsular extension of prostate cancer is absent.

In specific embodiments if the protein is Plasminogen or the peptide is SEQ ID No. 1 the level of
the protein or peptide is decreased by a factor of at least 0.71, more particularly 0.71 to 0.91,
more particularly 0.81, if extra-capsular extension of prostate cancer is present relative to if extra-
capsular extension of prostate cancer is absent.

In further embodiments if the protein is Haptoglobin or the peptide is SEQ ID No. 51 the level of
the protein or peptide is increased if the prostate cancer is Gleason score 7 relative to Gleason
score 6 or if the protein is Kininogen-1, Vitamin D-binding protein, Antithrombin-Ill, Complement
C4-A/B, Protein AMBP, Inter-alpha-trypsin inhibitor heavy chain H4 or Vitronectin or the peptide
is SEQ ID NO 38, 37, 49, 8, 24, 43, 36, 51 or 50 the level of the protein or peptide is decreased if
the prostate cancer is Gleason score 7 relative to Gleason score 6.
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In specific embodiments if the protein is Haptoglobin or the peptide is SEQ ID No. 51 the level of
the protein or peptide is increased by a factor of at least 1.39, more particularly 1.39 to 1.59,
more particularly 1.49, if the prostate cancer is Gleason score 7 relative to Gleason score 6.

In specific embodiments if the protein is Kininogen-1 or the peptide is SEQ ID No. 38 or SEQ ID
No. 37 the level of the protein or peptide is decreased by a factor of at least 0.57, more
particularly 0.57 to 0.86, more particularly 0.67 to 0.76, if the prostate cancer is Gleason score 7
relative to Gleason score 6.

In specific embodiments if the protein is Vitamin D-binding protein or the peptide is SEQ ID No.
49 the level of the protein or peptide is decreased by a factor of at least 0.63, more particularly
0.63 to 0.83, more particularly 0.73, if the prostate cancer is Gleason score 7 relative to Gleason
score 6.

In specific embodiments if the protein is Antithrombin-III or the peptide is SEQ ID No. 8 the level
of the protein or peptide is decreased by a factor of at least 0.68, more particularly 0.68 to 0.88,
more particularly 0.78, if the prostate cancer is Gleason score 7 relative to Gleason score 6.

In specific embodiments if the protein is Complement C4-A/B or the peptide is SEQ ID No. 24 the
level of the protein or peptide is decreased by a factor of at least 0.61, more particularly 0.61 to
0.81, more particularly 0.71, if the prostate cancer is Gleason score 7 relative to Gleason score
6.

In specific embodiments if the protein is Protein AMBP or the peptide is SEQ ID No. 43 the level
of the protein or peptide is decreased by a factor of at least 0.70, more particularly 0.70 to 0.90,
more particularly 0.80, if the prostate cancer is Gleason score 7 relative to Gleason score 6.

In specific embodiments if the protein is Inter-alpha-trypsin inhibitor heavy chain H4 or the
peptide is SEQ ID No. 36 the level of the protein or peptide is decreased by a factor of at least
0.72, more particularly 0.72 to 0.92, more particularly 0.82, if the prostate cancer is Gleason
score 7 relative to Gleason score 6.

In specific embodiments if the protein is Vitronectin or the peptide is SEQ ID No. 51 or SEQ ID
No. 50 the level of the protein or peptide is decreased by a factor of at least 0.66, more
particularly 0.66 to 0.88, more particularly 0.76 to 0.78, if the prostate cancer is Gleason score 7
relative to Gleason score 6.

In a further aspect, the present invention relates to a method for determining the presence or
absence of extra-capsular extension of prostate cancer in a subject comprising:

measuring the level of at least one protein from list A or a peptide thereof in a sample from the
subject wherein the level of the protein or peptide is used to determine the presence or absence
of extra-capsular extension of prostate cancer.
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In certain embodiments the at least one peptide comprises, consists essentially of or consists of
the amino acid sequence of any of SEQ ID Nos 1 to 52.

In yet a further aspect, the present invention relates to a method for determining whether a
prostate cancer of a subject is Gleason score 6 or Gleason score 7 comprising:

measuring the level of at least one protein from list A or a peptide thereof in a sample from the
subject wherein the level of the protein or peptide is used to determine whether the prostate
cancer is Gleason score 6 or 7.

In certain embodiments the at least one peptide comprises, consists essentially of or consists of
the amino acid sequence of any of SEQ ID Nos 1 to 52.

The present invention further relates to a method for selecting a treatment for prostate cancer in
a subject comprising:

(a) measuring the level of at least one protein from list A or at least one peptide thereof in a
sample from the subject wherein the level of the protein or peptide is used to provide a
characterisation of and/or a prognosis for the prostate cancer and

(b) selecting a treatment appropriate to the characterisation of and/or prognosis for the prostate
cancer.

In certain embodiments the at least one peptide comprises, consists essentially of or consists of
the amino acid sequence of any of SEQ ID Nos 1 to 52. In further embodiments the
characterisation of or prognosis for the prostate cancer comprises, consists essentially of or
consists of determining the presence or absence of extra-capsular extension. In yet further
embodiments the characterisation of or prognosis for the prostate cancer comprises, consists
essentially of or consists of determining whether the prostate cancer is Gleason score 6 or 7 or
determining whether the prostate cancer is Gleason score 3+4 or 4+3.

In certain embodiments if extra-capsular extension is absent the patient is treated with radical
prostatectomy and radiation. If extra-capsular extension is present the patient may be treated
with hormone therapy and/or radiation. Therefore, the methods of the invention may facilitate
patient management and improve treatment. Costs may be lowered for patient care by ensuring
therapies are not pursued in circumstances where they are unlikely to be unsuccessful.

The present invention further relates to a method of treating prostate cancer comprising
treatment of a subject with radical prostatectomy and radiation or hormone therapy wherein the
subject is selected for treatment on the basis of a method as described herein.

In a further aspect, the present invention relates to a hormone therapeutic agent for use in
treating prostate cancer in a subject wherein the subject is selected for treatment on the basis of
a method as described herein.
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In yet a further aspect, the present invention relates to a method of treating prostate cancer
comprising treatment of a subject with hormone therapy wherein the subject has an increased
level of Zinc alpha-2-glycoprotein or Apolipoprotein A-1 or the peptides SEQ ID No. 52 or 10 or a
decreased level of Kininogen-1, Hemopexin, Serum albumin, Serotransferrin, Complement C3,
Inter-alpha-trypsin inhibitor heavy chain H4, Antithrombin-Ill, Complement C4-A/B, Pigment
epithelium-derived factor, Haptoglobin-related protein or Plasminogen or the peptides SEQ ID
No. 38, 37, 33, 46, 45, 44, 21, 36, 35, 8, 24, 41, 31 or 1.

The invention also relates to a hormone therapeutic agent for use in treating prostate cancer in a
subject wherein the subject has an increased level of Zinc alpha-2-glycoprotein or Apolipoprotein
A-l or the peptides SEQ ID No. 52 or 10 or a decreased level of Kininogen-1, Hemopexin, Serum
albumin, Serotransferrin, Complement C3, Inter-alpha-trypsin inhibitor heavy chain H4,
Antithrombin-Ill, Complement C4-A/B, Pigment epithelium-derived factor, Haptoglobin-related
protein or Plasminogen or the peptides SEQ ID No. 38, 37, 33, 46, 45, 44, 21, 36, 35, 8, 24, 41,
31or1.

By hormone therapy is meant a form of treatment which reduces the level and/or activity of
selected hormones, in particular testosterone. A hormone therapeutic agent is an agent for
carrying out hormone therapy. The hormones may promote tumour growth and/or metastasis.
The hormone therapy may comprise a luteinizing hormone blocker, such as goserelin (also
called Zoladex), buserelin, leuprorelin (also called Prostap), histrelin (Vantas) and triptorelin (also
called Decapeptyl). The hormone therapy may comprise a gonadotrophin release hormone
(GnRH) blocker such as degarelix (Firmagon) or an anti-androgen such as flutamide (also called
Drogenil) and bicalutamide (also called Casodex). The hormone therapy may comprise a drug
that blocks the formation of testosterone. In specific embodiments the hormone therapy may be
bicalutamide and/or abiraterone. Hormone therapy may be given before and/or during radiation
treatment. Hormone therapy may be intermittent (for several i.e. 1, 2 or 3 months at a time with
intervals in between) or continuous.

The invention also relates to an antibody that binds specifically to a peptide that comprises,
consists essentially of or consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.
The antibody may be of monoclonal or polyclonal origin. Fragments and derivative antibodies
may also be utilised, to include without limitation Fab fragments, ScFv, single domain antibodies,
nanoantibodies, heavy chain antibodies, aptamers etc. which retain peptide-specific binding
function and these are included in the definition of "antibody".

Such antibodies are useful in the methods of the invention. They may be used to measure the
level of a particular protein or peptide.

Methods for generating specific antibodies are known to those skilled in the art. Antibodies may
be of human or non-human origin (e.g. rodent, such as rat or mouse) and be humanized etc.
according to known techniques (Jones et al., Nature (1986) May 29-Jun. 4;321(6069):522-5;
Roguska et al., Protein Engineering, 1996, 9(10):895-904; and Studnicka et al., Humanizing
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Mouse Antibody Frameworks While Preserving 3—D Structure. Protein Engineering, 1994, Vol.7,
pg 805).

According to a further aspect of the invention there is provided a kit for characterising and/or
prognosing prostate cancer in a subject comprising one or more antibodies that binds specifically
to a peptide that comprises, consists essentially of or consists of the amino acid sequence of any
of SEQ ID Nos 1 to 52.

The invention also relates to a peptide of 25 amino acids or fewer for use as a biomarker,
wherein the peptide comprises, consists essentially of or consists of the amino acid sequence of
any of SEQ ID Nos 1 to 52. In certain embodiments the peptide is more than 5, 6, 7, or 8 amino
acids in length. The level of the peptide in a sample may be used to provide a characterisation of
and/or a prognosis for prostate cancer.

In specific embodiments the level of the peptide in a sample is used to determine the presence or
absence of extra-capsular extension of prostate cancer and/or to determine whether a prostate
cancer is Gleason score 6 or 7 and/or to determine whether a prostate cancer is Gleason score
3+4 or 4+3.

The present invention further relates to a panel of at least two prostate cancer biomarkers
comprising at least one protein from list A or a peptide thereof. In certain embodiments the at
least one peptide comprises, consists essentially of or consists of the amino acid sequence of
any of SEQ ID Nos 1 to 52.

In a further aspect, the present invention relates to use of at least one protein from list A or a
peptide thereof for characterising and/or prognosing a prostate cancer in a subject, wherein the
level of the protein or peptide in a sample from the subject is used to characterise and/or provide
a prognosis for the prostate cancer.

The invention also relates to use of at least one protein from list A or list B or a peptide thereof
for determining the presence or absence of extra-capsular extension of prostate cancer in a
subject, wherein the level of the protein or peptide is used to determine the presence or absence
of extra-capsular extension of prostate cancer.

In yet a further aspect, the present invention relates to use of at least one protein from list A or
list G or a peptide thereof for determining whether a prostate cancer of a subject is Gleason
score 6 or Gleason score 7, wherein the level of the protein or peptide is used to determine
whether the prostate cancer is Gleason score 6 or 7.

In certain embodiments the at least one protein or peptide is chemically modified. In specific
embodiments the chemical modification is phosphorylation and/or glycosylation.
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According to all aspects of the invention patient samples may be of any suitable form. The
sample may comprise, consist essentially of or consist of a biological fluid or a fluid or lysate
generated from a biological material. In certain embodiments the biological fluid comprises,
consists essentially of or consists of a blood sample. In specific embodiments the blood sample
is a plasma sample. In further embodiments the blood sample is a serum sample. In further
embodiments the biological fluid comprises, consists essentially of or consists of seminal fluid. In
further embodiments the biological fluid comprises, consists essentially of or consists of urine,
optionally wherein the urine is obtained before or after a prostatic massage. In certain
embodiments the biological material comprises, consists essentially of or consists of prostate
tissue.

The level of protein or peptide may be measured by any suitable method. In certain
embodiments the level of the at least one protein or peptide is measured by mass spectrometry,
immunoassay and/or radioassay. Measurement by immunoassay may comprise, consist
essentially of or consist of immunoblotting or enzyme-linked immunosorbent assay (ELISA).

In certain embodiments measurement by mass spectrometry comprises, consists essentially of
or consists of multiple reaction monitoring — MBRM. MRM is a method used in tandem mass
spectrometry in which an ion of a particular mass is selected in the first stage of a tandem mass
spectrometer and an ion product of a fragmentation reaction of the precursor ion is selected in
the second mass spectrometer stage for detection. For proteins, following ionization, a peptide
precursor is first isolated to obtain a substantial ion population of mostly the intended species.
This population is then fragmented to yield product ions whose signal abundances are indicative
of the abundance of the peptide in the sample.

In specific embodiments only proteotypic peptides are used for MRM. By proteotypic peptide is
meant peptides which are indicative of the presence of a particular protein. They may have no
missed cleavage, be 8 to 25 amino acids long, be outside the N-terminal 25 amino acids of the
protein, with no potential ragged ends and/or peptides that are unique mapping tryptic peptides.

The methods of the invention may be performed in vitro in certain embodiments.

In a further aspect, the present invention relates to a system or device for performing any of the
methods described above. The system or device may be specifically adapted or configured to
perform the methods of the invention, for example to calculate the level of at least one protein in
the sample and determine the characterisation or prognosis of the prostate cancer. Thus, the
system or device may contain suitable software to make the relevant calculations and
determinations. The system or device may comprise an apparatus for measuring the level of at
least one protein, together with a processor and a storage medium comprising a computer
application that, when executed by the processor, is configured to cause the system or device to
perform the steps of the claimed method using the apparatus. Thus, the methods of the
invention may be automated methods in some embodiments. The system or device may perform
MRM in some embodiments.
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The methods of the invention may further comprise measuring the level of at least one additional
protein from list D or at least one peptide thereof in a sample from the subject.

The methods of the invention may alternatively comprise measuring the level of at least one
protein from list D or at least one peptide thereof in a sample from the subject. The

embodiments described above apply mutatis mutandis to this aspect.

List D — additional proteins

Protein Name Uniprot Peptide Sequence SEQ
Accession ID No.
No.
Annexin A3 P12429 GAGTNEDALIEILTTR 53
SDTSGDYEITLLK 54
Anoctamin-7 Q6IWH7 LLDLLVPDIPESVEIK b5
QALAENEVLFGTNGTK 56
Apolipoprotein D P05090 NPNLPPETVDSLK 57
ADGTVNQIEGEATPVNLTEPAK |98
Beta-Ala-His dipeptidase Q96KN2 EWVAIESDSVQPVPR 59
GDGWLTDPYVLTEVDGK 60
CD5 antigen-like 043866 ELGCGAASGTPSGILYEPPAEK | 61
EATLQDCPSGPWGK 62
Chromogranin-A P10645 EDSLEAGLPLQVR 63
Coagulation factor XII P00748 TTLSGAPCQPWASEATYR 64
Coagulation factor XllI B P05160 QGYDLSPLTPLSELSVQCNR 65
chain QEEQTTCTTEGWSPEPR 66
Complement G1q P02746 QGYDLSPLTPLSELSVQCNR 67
subcomponent subunit B
Complement C1r P00736 GFLAYYQAVDLDECASR 68
subcomponent
Complement factor H P08603 LGYVTADGETSGSITCGK 69
EQVQSCGPPPELLNGNVK 70
Complement factor H- Q03591 STDTSCVNPPTVQNAHILSR 71
related protein 1
Complement factor H- P36980 ITCAEEGWSPTPK 72

related protein 2 TGDIVEFVCK 73
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Endoglin P17813 LPDTPQGLLGEAR 74
GNCVSLLSPSPEGDPR 75
Galectin-3-binding protein Q08380 SDLAVPSELALLK 76
AAIPSALDTNSSK 77
Glutathione peroxidase 3 P22352 QEPGENSEILPTLK 78
NSCPPTSELLGTSDR 79
Histatin 3 P15516 Not determined
Ig kappa chain G region P01834 VDNALQSGNSQESVTEQDSK 80
DSTYSLSSTLTLSK 81
Ig mu chain C region P01871 NVPLPVIAELPPK 82
Insulin-like growth factor 1 P08069 VAGLESLGDLFPNLTVIR 83
receptor AENGPGPGVLVLR 84
Insulin-like growth factor IA | P01343 Not determined
Insulin-like growth factor- Q16270 GTCEQGPSIVTPPK 85
binding protein 7 GEGEPCGGGGAGR 86
Interleukin-6 P05231 NLDAITTPDPTTNASLLTK 87
EALAENNLNLPK 88
Kallikrein-11 Q9UBX7 ILQLILLALATGLVGGETR 89
TATESFPHPGFNNSLPNK 90
Monocyte differentiation P08571 AFPALTSLDLSDNPGLGER 91
antigen CD14 STLSVGVSGTLVLLQGAR 92
Prostate and breast cancer | Q9GZY1 LPGILAPETVLLPFCYK 93
overexpressed gene 1
protein
Prostate-specific antigen P07288 LSEPAELTDAVK 94
HSQPWQVLVASR 95
Prostatic acid phosphatase | P15309 SPIDTFPTDPIK 96
LSGLHGQDLFGIWSK 97
Proteasome subunit beta P28072 LAAIAESGVER 98
type-6 FAVATLPPA 99
Transforming growth factor | P01137 EAVPEPVLLSR 100

beta-1

VAGESAEPEPEPEADYYAK

101
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Vascular endothelial growth | P15692 SWSVYVGAR 102
factor A
Vascular endothelial growth | 043915 ETCVEVASELGK 103
factor D QLFEISVPLTSVPELVPVK 104

List D lists proteins identified by the inventors where the level of the protein can be used to
provide a characterisation and/or a prognosis for prostate cancer. The level of at least one
peptide from at least one protein from list D may also be used to provide a characterisation
and/or a prognosis for prostate cancer. In certain embodiments the peptide may be from 8 to 25
amino acids in length. More preferably, the at least one peptide comprises, consists essentially
of or consists of the amino acid sequence of any of SEQ ID Nos 53 to 104.

One peptide may correspond to more than one protein or to a single protein.

In certain embodiments the level of 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 or 32 proteins from list D or at least 2, 3, 4,
56,7,8,9,10,11,12,13, 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 peptides of
SEQ ID Nos 53 to 104 are measured.

DESCRIPTION OF THE FIGURES

Figure 1. Diagram of the label-free and MRM workflow

Figure 2. Plot of m/z versus RT. Filters were applied to select only ion features with m/z values
from 299.000 to 2702.952, RT (min) from 13 to 102, charge state from 2 to 8 and features with at

least three isotopes.

Figure 3. Plot of unique mapping peptide feature abundance versus CV% in the 10 reference
pool samples. The mean CV% was calculated as 43.4%, indicated by the horizontal red line.

Figure 4. PCA plot of unique mapping peptides identified from the label-free LC-MS/MS
experiment. Blue: Gleason score 5 samples, yellow: Gleason score 7 samples, red: Gleason

score 7 with ECE samples.

Figure 5. Volcano plot of unique mapping peptides. Upper: Gleason score 5 and 7, lower: non-
ECE and ECE. Red: >2 fold change and p-value<0.05.

Figure 6. MRM development process
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Figure 7. Histogram of MRM transition CV% distributions calculated from the 6 scheduled MRM
replicate runs of depleted (upper) and crude (down) serum samples.

Figure 8. An example demonstrating the reproducibility of the short gradient MRM runs on 63
serum samples. (a) MS/MS spectral for peptide DYVSQFEGSALGK, (b) Chromatogram result of
the selected transitions of the peptide in the 38 mins gradient MBRM run, (c) Transition Peak
comparison between BH31 and 10 replicates, (d) Histogram of CV% of all the transitions in the
10 replicate runs.

Figure 9. Two examples of peptides that were found to be differentially expressed in MRM
results. Left: box plot of the top one transition, right: area under the peak of all the transitions in
each serum sample.

Figure 10. ROC curves of prediction of Gleason score and organ confined status of the disease
using PLS-DA with 200 times bootstrapping

Figure 11. ROC curve of 4 peptides panel in differentiating between non-ECE and ECE serum
samples

Figure 12. 1D SDS PAGE gel showing the serum proteins after depletion. Protein loadings were
adjusted according to the staining intensity of each lane

Figure 13. Chromatogram results of the 53 peptides from 32 proteins measured in scheduled
MRM runs. The chromatogram results are based on the initial unscheduled MRM runs with 8
transitions per peptides

Figure 14. Missing Data plot for each of the variables measured over the 118 samples
Figure 15. Histogram of observed data with missing values (blue) compared to imputed data

Figure 16. Average AUC over 100 iterations of random forest for Indolent Versus Significant
patients

Figure 17. Average ranked variable importance of the top 30 peptides for indolent versus
significant disease

Figure 18. Average AUC over 100 iterations of random forest for Indolent Versus Aggressive
patients

Figure 19. Average ranked variable importance of the top 30 peptides for indolent versus
aggressive disease

Figure 20. Average AUC over 100 iterations of random forest for Significant Versus Aggressive
patients
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Figure 21. Average ranked variable importance of the top 30 peptides for significant versus
aggressive disease

Figure 22. Histograms comparing the distribution of the imputed data versus the data with
missing values for peptides

EXAMPLES
The present invention will be further understood by reference to the following experimental

examples.
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Label-free LC-MS and MRM development for discovery and verification of biomarkers for
prostate cancer

Abbreviations: AA, amino acid; AUC, area under the curve; CV, coefficient of variation; ECE,
extra-capsular extension; IAA, iodoacetamide; MRM, multiple reaction monitoring; OC, organ
confined; PCa, prostate cancer; PCA, principal component analysis; PLS-DA, partial least square
discriminant analysis; PSA, prostate specific antigen; PTP, proteotypic peptide; ROC, Receiver
operating characteristic; RT, retention time; TFE, trifluoroethanol; TPP, Trans-Proteomic
Pipeline; VTDB, vitamin D-binding protein.

SUMMARY

Prostate cancer (PCa) is the most common cancer diagnosed and the second most common
cause of cancer-related deaths in men in western countries. Currently, serum prostate-specific
antigen (PSA) is the only biomarker widely used in the diagnosis and management of patients
with PCa. However, it lacks specificity. Thus, additional biomarkers are urgently needed for
clinical management of PCa. High-throughput LC-MS is increasingly amenable to profile
biological samples for potential protein markers for disease and it has the potential to reveal
protein biomarkers that may have clinical utility. In this current study, label-free LC-MS/MS was
applied to the pooled serum samples from PCa patients with different Gleason score and stages
after affinity depletion. 51 and 24 peptides were found to be significantly differentially expressed
(p< 0.05) with at least 2 fold changes between patients with Gleason score 5 and 7, and patients
with organ confined and extra capsular extension, respectively. A multiple reaction monitoring
assay (MRM) was developed to verify the changes of 32 proteins identified from the label-free
LC-MS/MS experiment and literature review. High reducibility of this MRM assay was observed
on 6 replicates each of affinity depleted (CV = 6.51%) and crude (CV = 7%) serum samples. The
initial verification of the 32 proteins on 63 independent PCa serum samples has demonstrated
the robustness of MRM as a quantitative method for measuring peptides/proteins in large
number of crude serum samples. The 32 protein signature measured by MRM has shown highly
favorable predictive performance for PCa grading (AUC = 0.789) and staging (AUC = 0.824).
With careful validation on large patient cohort, this signature has the potential to improve
diagnosis and help to identify the most beneficial treatment plan for PCa patients.

INTRODUCTION

PCa remains the most common form of male cancer in the US and Europe, accounting for more
than 20% of all newly diagnosed cancer cases in men (1, 2). The morality rate was reported to
be approximately 9% of all cancer caused death (1, 2). With early diagnosis, most of men
affected by PCa can be treated effectively through surgery or radiation therapy to prevent the
tumour from further growth and metastasis (3). The accurate determination of the Gleason score
and the stages of PCa is of great significance in the clinical decision making for the selection of
the most appropriate patient management strategy. However, due to the heterogeneity of the
disease and randomness of the biopsy, most often the biopsy does not provide accurate
representation about the extent and progression of the disease preoperatively. In addition, the
stages of the disease (whether it is organ confined or locally advanced disease) is often unclear
before treatment, which information is essential for selection of the most appropriate treatment



10

15

20

25

30

35

40

45

WO 2015/092046 PCT/EP2014/078914
23

options. Patients with organ confined PCa can be cured through radical prostatectomy and
radiation, or hormone therapy will be given to treat patients with locally advanced and metastatic
PCa. It is not uncommon for patients diagnosed with low grade and organ confined (OC) PCa to
be subsequently up graded and up staged revealed to have high grade and extra-capsular
extension (ECE) after their prostate gland was removed by surgery. It is clear that we need better
biomarkers for grade and stage of disease.

With recent advances in technology, proteomics holds great promise for the delivery of
biomarkers through high throughput proteomics profiling analysis of biological samples. A “tissue
to serum” approach has become increasingly popular in the cancer biomarker discovery field (4-
7). Differentially expressed proteins (most commonly glycoproteins or secreted proteins) are first
identified from cell lines, animal models or clinical tissue samples and then these biomarkers are
measured in the serum/plasma to evaluate if they also can be used as serum biomarkers.
However these changes do not always correlate well with the expression patterns in serum. A
more direct approach is to identify serum biomarkers through profiling the serum proteome.
Compared with tissue samples, serum provides an easily accessible sample, which can be
sampled over time for disease monitoring. However, serum also presents well known analytical
challenges most notably the large dynamic range of protein concentration (> 10 orders of
magnitude) (8), which means fractionation methods are required to remove the most abundant
proteins. Notwithstanding these limitations it is apparent that biomarkers discovered in serum
have greater potential for ‘transfer’ to clinical assays.

A number of studies have reported serum biomarker discovery for PCa using different
proteomics profiling methods and these studies have predominately used SELDI-TOF and 2D gel
electrophoresis (9-14). Advances in these proteomics techniques particularly LC-MS/MS has
promised a better proteome coverage and higher sensitivity in detecting novel biomarkers for
PCa diagnosis and prognosis. A label-free LC-MS/MS approach has been increasingly popular
for proteomics studies dealing with clinical samples (15-19). Furthermore, the use of the targeted
MS based method, MRM provides a relatively straightforward approach for quantitative validation
of protein biomarkers thanks to its high sensitivity (attomolar level), dynamic range (10°) and the
ease with which protein measurements can be multiplexed.

Here, we took the approach of coupling label-free LC-MS/MS with MRM for the identification and
verification of serum proteing biomarkers which can predict Gleason score and stages of PCa. As
outlined in Figure 1, the pooled serum samples from 3 groups of patients: low grade disease
(Gleason score 5), high grade disease (Gleason score 7) and high grade with ECE were
depleted, tryptic digested and subjected to label-free LC-MS/MS. An MRM assay was developed
for 32 proteins which were identified from label-free LC-MS/MS experiment and literature review.
The developed MRM was tested for reproducibility on both depleted and crude serum samples.
Subsequently, this MRM assay was applied to an independent 63 crude serum samples from
PCa patients for the verification stage of the study. The MRM result showed that this 32 protein
signature can provide highly favorable prediction accuracies in classifying different Gleason
scores and stages.
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MATERIALS AND METHOD

Reagents and Chemicals
All reagents were American Chemical Society (ACS) grade or higher. All solvents used, including
water, were LC-MS grade.

Serum Sample Collection

Blood samples from patients with PCa were collected between 2005 to 2008 as part of the
Prostate Cancer Research Consortium BioResource (http://www.tchpc. tcd.ie/node/178)
following standard operating procedures with informed consent from patients with PCa before
undergoing radical prostatectomy. Ethical approval was granted by the relevant hospital sites
within the consortium. Anticoagulant free tubes were used to collect blood samples which were
then transported to the laboratory for processing within 30 min. Blood samples were allowed to
clot for 30 min and then centrifuged at 3,000 rpm at 20 °C for 15 min. The supernatants were
collected, aliquoted and stored at -80 °C until the time of analysis. Each serum sample
underwent no more than 3 freeze/thaw cycles prior to analysis. The clinical information summary
of the patient cohorts used in the label-free LC-MS/MS (n = 30) and MRM (n = 63) are listed in
Table 1. The detailed clinical information can be found in the Supplementary Table 1 and 2.

Generation of Pooled Samples

Ten patient samples were collected for each of the three groups: PCa patients with post
operation Gleason score 5, Gleason score 7 and Gleason score 7 with ECE. 12 pL from each
control/patients was used to generate a pool of 120 pL for each group.

Table 1. Clinical information summary of patient cohort used in the label-free LC-MS/MS
and MRM experiment. GS: Gleason score, SVI: seminal vesicle invasion, LNI: lymph node
involvement.

Patient | No. | "9¢ PSA ECE svI LNI
(years) (ng/ml)
GS5 10 | 61 (4.81) 2'22 0 0 0
Label-free (5.26)
LC-MS/MS
62.7 7.9
GS 7 10 (5.48) (2.96) 0 0 0
GS 7 with 60.7 7.86
1 1 1
ECE 0 (6.91) (2.76) 0 0
Patient | No. | "9¢ PSA 1 55343 | GS3+4 | GS 443
MRM (years) | (ng/ml)
GS 6 21 59.4 7.69 21 0 0
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(5.49) | (2.80)
60.6 7.9
GS 7 2 | 678 | @) 0 11 11
GS 7 with 63.65 8.95
11
ECE 20 612) | o) 0 o

Affinity Depletion of Serum Samples

A MARS Hu-14 column (Agilent Technologies, catalog number: 5188-6557) was used with a
Vision HPLC system (Applied Biosciences) to deplete the fourteen most abundant serum
proteins (albumin, transferrin, haptoglobin, IgG, IgA, a1-antitrypsin, fibrinogen, a2-macroglobulin,
a1-acid glycoprotein, complement C3, IgM, apolipoprotein Al, apolipoprotein All, and
transthyretin) following the manufacturer’s instructions. 20 pL of pooled serum from each sample
group was diluted 1 in 5 with commercially available Agilent Buffer A (Agilent Technologies) and
underwent high speed centrifugation at 15000 g for 5 min to remove particulate matter and lipids.
A total of 80 pL of the diluted sample was then injected onto a MARS Hu-14 column and the low
abundant protein fractions were eluted from the column with Agilent Buffer B (Agilent
Technologies). The column was washed extensively in between individual sample depletion. The
depletion of all the samples was carried out in a random order. Depletions were repeated six
times for each pooled sample in order to obtain a sufficient amount of protein: the fractions
containing the low abundant proteins were concentrated and desalted by centrifugation using
spin columns (Agilent Spin Concentrators for Proteins, Agilent Technologies). The concentrated
low abundant proteins was collected from the filters and immediately stored at -80 °C. Protein
concentration was determined using Bradford assay. A reference pool sample was prepared by
pooling equal amount of protein together from the three pooled depleted protein samples.

Bradford Protein Assay

The protein concentration of the serum samples was determined using the method described by
Bradford (20). Bovine serum albumin standards were prepared at concentrations of 0, 0.05, 0.1,
0.2, 0.4, 0.6, 0.8, and 1 pg/ul through serial dilution from the 2 pg/ul stock solution (Sigma-
Aldrich). The depleted serum samples were used directly and crude serum samples were diluted
at 1:120 with ddH,0. 25 pl of the sample or standard were added to 1.25 ml of Bradford reagent,
and then vortexed and transferred to a cuvette. The absorbance at 595 nm was measured after 5
minutes. A standard curve was constructed using the absorbance from the known concentration
of BSA standards and the protein concentration of each sample was calculated based on the
absorbance reading from the standard curved and adjusted for the sample dilution factor.

1D SDS PAGE

The depletion efficiencies and the Bradford quantification were examined by running SDS PAGE
gel. An aliquot containing 4 g of proteins of interest for each samples was re-suspended in SDS
sample buffer (Novex) and run on 1D SDS PAGE (12 % Tris-HCI). Proteins were visualized
using a modified colloidal Coomassie blue stain (21).
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Trypsin In-Solution Digestion

Serum proteins in-solution digestion was carried out using sequencing grade modified porcine
trypsin (Promega). Samples were subjected to reduction (10 mM DTT, 50 mM NH,HCO; and
50% trifluoroethanol (TFE), 30 min, and room temperature) and alkylation (20 mM iodoacetamide
(IAA), 30 min, room temperature, dark) to eliminate disulphide bridging at cysteine residues and
prevent it from reforming. DTT was added in to a final concentration of 10mM to quench excess
IAA. Buffer exchange was carried out using spin concentrators (Agilent) and washed three times
with 3mL of 5 % (v/v) TFE, 50mM NH4HCO;. Sample was recovered from the spin concentrator
and the concentrator was washed twice with 50 pl of 5% TFE in 50mM NH4HCO;. 20 pg trypsin
was resuspended in 20 pL of 50 mM NH4,HCO; and appropriate amount of trypsin was added to
the samples and incubated at 37°C for 18 hours at 500rpm in a thermomixer (trypsin to substrate
ratio = 1: 100). The digested samples were put on SpeedVac to dryness and resuspended in
buffer A (3% ACN, 0.1% formic acid) and stored in aliquots of 100 L at a concentration of 1
pg/uL at -80°C.

Label-Free LC-MS/MS Experiment and Data Analysis

Samples were reconstituted with buffer A (3% acetonitrile, 0.1% formic acid) to generate a final
concentration of 1 pg/ul. 4 pl samples were separated using a 90 min gradient on a 150 mm x
75um C18 nano-LC chip (Agilent) coupled to an Agilent 6520 Q-TOF mass spectrometer.
Gradient elution was conducted using buffer A and buffer B (90% acetonitrile, 0.1% formic acid),
using a flow rate of 300 nL/min with the following program: 0-40% B 0-90 min, 40-90% B 90-100
min, hold 90% B 100-115 min, 90-0% B 118 min, followed by column reconditioning for 15 min.
Each pooled sample was run in triplicate and the order of the protein samples was randomized.
A standard peptide mixture was run before and after the experimental samples to ensure
instrument performance was satisfactory. Technical variance was determined by running
reference pool replicates before, in-between and after sample runs, which resulted in 10
replicates being analysed in total. The samples were run in the “auto MS/MS” mode with 2
MS/MS spectra acquired for each MS scan. At the end of experiment three identification runs
were performed using reference pool sample in the “auto MS/MS” mode with 10 MS/MS spectra
acquired for each MS scan to aid in protein identification.

Data collected from the Agilent Q-TOF mass spectrometer was converted into mzXML using
ProteoWizard (22). The mzXML files were imported to a commercial software Progenesis LC-MS
version 2.5 (Nonlinear Dynamics). The mass and charge ratio was plotted against retention time
(RT) and a reference pool sample was selected as the reference run such that the rest of
samples could be aligned to it. Manual alignment was undertaken for each sample as a ‘seeding’
guide for automatic alignment by assigning 15 to 20 alignment vectors to each sample as
suggested by user manual (Nonlinear Dynamics). Feature detection and automatic alignment
were then performed automatically by Progenesis LC-MS. Filters were applied to select only ion
features with m/z values from 299.000 to 2702.952, RT (min) from 13 to 102, charge state from 2
to 8 and features with at least three isotopes. Finally, the identified features and the
corresponding MS/MS spectra of these features (including sample and the identification runs
were exported from Progenesis for database search. The MS/MS spectra were searched using
Mascot (v 2.2.0, Matrix Sciences) against UniprotKB/Swiss-Prot database (v 57.1). The search
parameters were: enzyme: semiTrypsin, allow up to 1 missed cleavage, taxonomy: Homo
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sapiens, fixed modifications: carbamidomethylated cysteine, variable modification: oxidized
methionine, and mass tolerances of precursor ions: 20 ppm, product ions: 0.1 Da.

The search results were imported into Progenesis LC-MS and peptide sequences/ identifications
were mapped across different samples and three identification runs. The normalized feature
abundances were exported and subsequent analysis was carried out using R. None unique
mapping peptides (peptide mapping to more than one protein) were removed from the search
results. To assess the reproducibility of the identified peptide features, the coefficient of variation
(CV) of each feature from the reference pool samples was calculated and plotted against the
normalized feature abundances.

MRM Development, Experiment and Data Analysis

The search results were filtered using PeptideProphet within Trans-Proteomic Pipeline (TPP) and
a minimum probability threshold of 0.9 was given to achieve error rate of 2.2% and sensitivity of
0.642 (23, 24). MS/MS spectral library of the PCa serum label-free LC-MS/MS data was built
using Skyline (25). A previous in-house human plasma MS/MS library and a few public MS/MS
libraries including PeptideAtlas, NIST and GPM were also used in the MRM method
development.

The MRM method design and result analysis was carried out using Skyline (25). Only proteotypic
peptides (PTP) were included in the MRM design. PTP in this study was defined as no missed
cleavage, 8 to 25 amino acids (AA) long, outside the N-terminal 25 AA, no potential ragged ends,
unique mapping tryptic peptide. Peptides with methionine were also excluded in case oxidation
could affect peptide quantification. Cysteine was set to have carbamidomethylation modification.
The charge states of precursor ions were set to 2 and 3. The product ions were limited to singly
charge and only y ions were selected. In order to minimize the potential interference, y ions with
m/z close to precursor ion were excluded. Up to 5 peptides with highest MS/MS signal were
selected for each protein and up to 8 transitions representing the highest y ion peaks in the
MS/MS spectral were selected.

The MRM experiment was performed using an Agilent 6460 QqQ coupled with a 150 mm x
75um G18 nano-LG chip. Peptide samples were reconstituted with buffer A to generate a final
concentration of 1 pg/uL and 3 pL was loaded for each sample. A flow rate of 300 nL/min was
used. The gradient elution method for the initial MRM development is as follow: 0-40% B 0-90
min, 40-90% B 90-100 min, hold 90% B 100-115 min, 90-0% B 118 min, followed by column
reconditioning for 20 min. The resolution at quadrupole1 (Q1) and quadrupole 3 (Q3) was unit.
The collision energy for each transition was calculated using a formula (precursor m/z x 0.036 -
4.8). In the MRM runs, the duty cycle for unscheduled method was maintained around 3s, the
dwell time was set to 20m seconds and the fragmentor voltage was set to 135V in the positive
ion MRM mode. 10 min window was set for each peptide in the scheduled MRM experiment. In
the running of 63 individual crude serum samples, a short gradient elution method was used: 0-
35% B 0-30 min, 35-95% B 30-35 min, hold 95% B 35-36 min, 95-0% B 38 min, followed by
column reconditioning for 15 min. Blank was run in-between each sample and the order of
sample running was randomized. A standard peptide mixture was run at the beginning and after
every 10 samples during the experiment to ensure the instrument performance.
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Statistical Analysis

Student t-test was used to identify differentially expressed peptides in the label-free LC-MS/MS
and MRM data. Q-value was calculated as an indication of FDR. PCA plot was generated for the
unique mapping peptides expression data from the label-free LC-MS/MS experiment. The
prediction performance of the 32 proteins measured by MRM was assessed using partial least
square discriminant analysis (PLS-DA) with 200 times bootstrapping. The 4 peptide panel was
tested using Random Forests method with 10 fold cross validation. Receiver operating
characteristic (ROC) curves were generated and areas under the curve (AUC) values were
calculated. A permutation method was used to test whether the AUC values generated are due
to random chance. All the statistical analysis was performed in R.

RESULTS

Affinity Depletion

The depletion efficiencies were assessed by running depleted serum samples on 1D SDS PAGE
and staining with Goomassie blue (Supplementary Figure 1). The depletion efficiencies were
consistent across 3 PCa groups and one non-PCa control sample. The staining result from the
1D gel was also used to adjust protein loading for the label-free LC-MS/MS experiment.

LC-MS/MS Data Analysis

Spectral alignment was performed in Progenesis LC-MS and the quality of the alignment was
assessed manually for each sample run to ensure high quality. After alignment and filtering using
Progenesis LC-MS, 91086 features (containing isotopes) were identified as potential peptides. A
plot of m/zversus RT can be found in Figure 2. The extracted ion chromatograph was
normalized using total ion count across different samples. Protein/peptides were identified using
Mascot search. FDR was calculated as the percentage ratio of number of protein matches from a
decoy database (“reverse”) and the total number of “forward” protein matches (26). A Mascot
search score of 34 was determined to achieve FDR of 3.08% (468/15039). The search results
were imported back to Progenesis LC-MS and protein/peptide identification were mapped across
different runs. The normalized abundance of the identified peptide features was exported. The
aim of the label-free LC-MS/MS experiment was to look for differentially expressed peptides and
collect MS/MS data for subsequent validation using MRM. Therefore the identified peptides were
then further filtered by excluding peptides with score less than 34 to remove low score peptides
within the identified proteins, which resulted in 1391 peptides from 95 proteins. By filtering out
none unique mapping peptides, relative quantitative expression data were obtained for 765
peptides from 81 proteins.

In order t0 measure experiment variations between different sample runs (HPLC variation,
sample preprocessing, etc.), 10 reference pool samples were include before, in-between and
after the pool patient sample runs. The CV% of the unique mapping peptides from the 10
reference pool samples was plotted against logarithm scaled peptide abundance (Figure 3). The
average level of CV% was 43.4 % and lower level of CV% was found to be associated with
peptides with higher abundance.
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Principal component analysis (PCA) was applied to the normalized relative abundance data of
unique mapping peptides. The first two principal components were plotted in Figure 4. In the
PCA plot, Gleason score 5 were separated from all the Gleason score 7 patients while Gleason
score 7 and Gleason score 7 with ECE were close to each other. The technical variation of the
LC-MS/MS run was mostly captured by the first principal component and biological variation was
more apparent at the second component.

Volcano plot was used to study the differentially expression between different groups. In Figure
5, the fold change (logs) were plotted against p-values (-logio) calculated from t-test for all the
unique mapping peptides. Peptides with at least 2 fold change and p-value less than 0.05 (i-test)
were labeled in red and their corresponding protein names were given on the plot. 51 and 24
peptides were found to pass the thresholds between Gleason score 5 and 7, and between non-
ECE and ECE, respectively. The lists of these peptides together with fold change, p-values can
be found in the Supplementary Table 3 and 4.

Discrepancies in the changing direction were found between peptides from the same protein. 10
peptides from Apolipoprotein B-100 were identified to be differentially expressed between
Gleason score 5 and 7. 9 peptides were found to be up regulated in the Gleason score 7
samples however one peptide (IADFELPTIIVPEQTIEIPSIK) was showing down regulation. Such
discrepancies were also found in other proteins. It may be due to the experimental variations, or
false positive hit from the database search, or as a result of different PTMs or protein isoforms.

A list of 64 proteins was selected from the protein/peptides biomarkers identified from label-
free LC-MS/MS and published literature results for subsequent biomarker verification using
MRM. The list are shown in Supplementary Table 5, the reference concentration of the proteins
were based on the review published by Hortin et al. (27). Due to the relative small sample size
and large variations observed in the label-free LC-MS/MS experiment, only a small number of
identified peptides from the label-free LC-MS/MS results were included in this MRM validation
list.

MRM Results

The initial MBRM experiment was designed using Skyline to target the specific peptides of 64
proteins. The process of MRM development was illustrated in Figure 6. The in-house and public
LC-MS/MS data were used for the peptide and transition selection. Among 64 proteins, MS/MS
data is available for 59 proteins. Based on the MS/MS spectral libraries, 269 peptides with 275
precursor ions and 2049 transitions from 59 proteins were included in the initial MBRM method.

Unscheduled MRM experiments were carried out on depleted reference pool samples. MRM
data was imported into Skyline and Savitzky-Golay smoothing was applied to the data. The MRM
transition results were verified using peak coelution, peak intensities, dot product (> 0.90), and
regression coefficient (> 0.90) of RT versus hydrophobicity score in Skyline (28), which results in
33 proteins with 87 peptides, 87 precursor ions and 653 transitions.

The MRM method was then reduced to up to 2 peptides per protein, three transitions per peptide
and it was applied to 6 depleted and crude reference pool samples using scheduled MRM with
10 min RT window to assess the reproducibility. In the scheduled MBRM run, TGF-B1 was not
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detected in both depleted and crude serum samples, therefore it was removed from the MRM
method. The chromatogram results of the 53 peptides (from 32 proteins) measured in the
scheduled MRM runs are shown in Supplementary Figure 2.

CV% of each of the MRM transition from the depleted and crude replicate runs was calculated
and CV% of the peptide was obtained by taking average across all the transitions for the given
peptide. The MRM transitions and their CV%s are listed in Table 2. A histogram of the peptide
CV% distribution is shown in Figure 7. Although the CV%s of 6 peptides are over 30%, most of
the peptides are below 10%. Among 6 peptides with high CV%s, 4 peptides have alternative low
CV% peptides for the protein of interest. The mean CV% of the 6 replicate runs are 6.71% and 7
% on the depleted and crude serum samples, respectively. This results indicated that the system
is robust and sensitive enough to carry out MRM validation on crude serum samples.
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An independent cohort of serum samples (n=63) from PCa patients were selected for validation
using the established MRM method. In order to increase the throughput of the MRM runs, the
elution gradient was reduced from 118 min to 38 min. The shorter elution gradient was tested on
both depleted and crude serum samples and the results are comparable with the long gradient
(data not shown). The 63 serum samples were run using the MBRM method with shorter elution
gradient and blanks were run in-between each sample. 10 replicates of serum sample BH31 that
was run at the beginning of the experiment were test after all the sample runs to assess the
experimental reproducibility. The MRM data was analyzed in Skyline. All the peptides in each
sample were manually inspected to ensure correct peaks were selected. An example of the MRM
data is shown in Figure 8. Three y ions with the highest intensities were selected as transitions
for the peptide DYVSQFEGSALGK (+2) from Apolipoprotein A-1 protein (Figure 8 (a)). The
chromatogram results of these 3 transitions in 38 min gradient can be seen in Figure 8 (b). The
area under the transition peak was quantified in sample BH31 and the 10 replicate samples,
which were plotted as a stack column plot (Figure 8 (c)). The area under the 3 transition peaks is
very consistent from the beginning to the end of the experiment and no significant drop of
sensitivity was observed for all the transitions. The CV% of each peptide was calculated and a
histogram of the CV% distribution is shown in Figure 8 (d). The mean CV% for all the peptides
MRM results in the 10 replicates is 8.07%, which is similar to the previous runs. After including
the BH31 sample, the mean CV% increase slightly to 10.12%.

The differentially expressed peptides in the MRM data were identified using Student's t-test. P-
value and fold change was calculated for each peptide. Peptides with p-value less than 0.05 are
listed in Table 3 and 4. Q-value was also provided as an indication of FDR. Two examples are
shown in Figure 9. Peptide SCESNSPFPVHPGTAECCTK from Vitamin D-binding protein
(VTDB) were found to be significantly down-regulated in Gleason score 7 samples than Gleason
score 6 (g-value = 0.01). Lower level of Vitamin D and VTDB protein has been associated with
higher risk of PCa (29, 30). The measured level of peptide HVEDVPAFQALGSLNDLQFFR from
ZAG was significantly higher in the serum sample from patients with ECE in comparison to non-
ECE patient. We have previously shown that ZAG is up-regulated in both the serum and tissue of
patients with higher Gleason score (31). Similarly, PEDF was found in our previous study to be
down regulated in Gleason score 7 patients comparing with Gleason score 5. Lower expression
of the peptide TVQAVLTVPK from PEDF was more associated with ECE patient serum.

The relative abundance of the top one transition from all 50 peptides in the 63 clinical samples
were fitted into a PLS-DA model and the predict performance was assessed through 200 times
bootstrapping. The predictions in the out-of-bag samples were compared with the true group
information and ROC curves were generated (Figure 10). In the classification between Gleason
score 6 and 7, the AUC value from the ROC curve is 0.789 (Figure 10 (a)). However, the MRM
data does not give sufficient prediction accuracy in classifying Gleason score 3+4 and 4+3 (AUC
= 0.577) (Figure 10 (b)). The AUC value for differentiating between non-ECE and ECE is 0.824
(Figure 10 (c)), which is highly favorable in providing more accurate staging information for
treatment. If we focus only on Gleason score 7 patients, the differentiation between Gleason
score 7 patients without ECE and Gleason score 7 patients with ECE gives a slightly lower AUC
value of 0.784 (Figure 10 (d)). The drop of accuracy may be explained by the smaller biological
differences are expected within Gleason score 7 patents comparing to patients with different
stages and Gleason score.
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The serum biomarker panel for organ confined versus non-organ confined identified in the
previously published 2D-DIGE study is comprised of 4 proteins: Protein AMBP, Haptoglobin,
PEDF and Kininogen-1. MRM has been developed for peptides from these 4 proteins and they
have been measured in the 63 clinical samples. In fact, the MRM data may not necessarily
reflect the expression level changes at the protein level. But it is interesting to know if the
prediction performance still holds when peptide level expression profile is used. Therefore the
prediction performance of the peptides from the 4 proteins was evaluated using Random Forests
method with 10 fold cross validation as adopted in the 2D-DIGE study. 3000 trees were grown
and 8 features were randomly selected at each node. The ROC curve of the 4 peptide panel can
be found in Figure 11 and the AUC value calculated is 0.66. That indicates the 4 peptide panel
can provide moderate level of prediction accuracy but it is less than the 0.742 in the 2D-DIGE
study. However, when considering the independent serum sample cohort and differences
between the types of the two datasets (such as protein versus peptide, 2D-DIGE gel spots
versus MRM), the difference of the AUC values does not exceed our expectation.

Table 3. MRM results of differentially expressed peptides between Gleason score 6 and 7

serum samples

Protein Peptide p-value | g-value C::rllze
Kininogen-1 IASFSQNCDIYPGK 0 0.008 0.67
Vitamin D-binding protein SCESNSPEI_DI_\PQHPGTAEC 0.001 0.01 0.73
Antithrombin-II| TSDQIHFFFAK 0.001 0.014 0.78
Complement C4-A GLEEELQFSLGSK 0.002 0.015 0.71
Protein AMBP ETLLQDFR 0.014 0.076 0.8
Kininogen-1 TVGSDTFYSFK 0.022 0.084 0.76
L”;i:;fhh;:rmsm inhibitor ILDDLSPR 0022 | 0084 | 082
Vitronectin FEDGVLDPDYPR 0.024 0.084 0.78
Haptoglobin TEGDGVYTLNNEK 0.038 0.117 1.49
Vitronectin DVWGIEGPIDAAFTR 0.052 0.126 0.76

Table 4. MBRM results of differentially expressed peptides between non-ECE and

serum samples

ECE

: : Fold
Protein Peptide p-value | g-value changs
Zinc alpha-2-
. HVEDVPAFQALGSLNDLQFFR | 0.000 0.011 1.44
glycoprotein
Kininogen-1 IASFSQNCDIYPGK 0.001 0.011 0.69
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Hemopexin SGAQATWTELPWPHEK 0.004 0.044 0.84
Serum albumin FQNALLVR 0.005 0.044 0.78
Serotransferrin YLGEEYVK 0.007 0.051 0.80
Complement C3 SSLSVPYVIVPLK 0.010 0.060 0.80
Inter-alpha-trypsin
inhibitor heavy chain H4 ILDDLSPR 0.015 0.070 0.79
Antithrombin-1l| TSDQIHFFFAK 0.016 0.070 0.83
Kininogen-1 TVGSDTFYSFK 0.018 0.070 0.79
Serum albumin LVNEVTEFAK 0.021 0.072 0.84
Apolipoprotein A-| LLDNWDSVTSTFSK 0.024 0.075 1.18
Complement C4-A GLEEELQFSLGSK 0.033 0.088 0.82
Pigment epithelium- TVQAVLTVPK 0.035 | 0.088 0.79
derived factor
H lobin-rel

aptoglobin-related VGYVSGWGQSDNFK 0.040 | 0.093 0.76
protein
Inter-alpha-trypsin
inhibitor heavy chain H4 NVVFVIDK 0.045 0.100 0.83
Plasminogen LSSPAVITDK 0.049 0.101 0.81

In order to test if the AUC values obtained from the ROC curves are due to randomness, a
permutation method was used to generate a null distribution of AUC value when the predictions
are not associated with the patient grouping. The class labels were permutated 200 times and
the predictions were made based on the permuted labels using PLS-DA method with 200 times
bootstrapping. For predictions of non-ECE and ECE using the 4 peptides, Random Forests
method was used instead. The AUC values shown in Figure 10 and 11 were compared with the
null distribution and p-values were generated: Gleason score 6 and 7 (p-value = 0), Gleason
score 3+4 and 4+3 (p-value = 0.19), non-ECE and ECE (p-value = 0), non-ECE (GS 7) and ECE
(GS7) (p-value = 0), and non-ECE and ECE using 4 peptides (p-value = 0.015). All the small p-
values (except for Gleason score 3+4 and 4+3) indicate that the AUC values from the ROC
curves were not due to random chance.

DISCUSSION

The discovery and development of cancer biomarkers is a multiple-step process involving initial
biomarker discovery, subsequent biomarker verification and validation. The characteristics of the
task require different types of proteomics techniques to be applied in each phase. In a clinical
proteomics study, label-free LC-MS/MS is more suitable for analysing large numbers of clinical
specimens. The high sensitivity, large dynamic range and the ability to measure large numbers of
protein targets have provided MRM with significant advantages in the verification and initial
validation of biomarkers identified from high throughput proteomics studies. The approach of
coupling label-free LC-MS/MS and MRM has been applied in studies for cancer biomarker
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discovery and verification. Using this approach, Whiteaker et al. identified osteopontin and
fibulin-2 as a plasma biomarker for breast cancer in a mouse model (32). The study by Cima et
al. identified glycoprotein biomarker signatures for predicting tissue PTEN status and diagnosis
and grading of PCa (4). In this current study, we explored this approach in the discovery and
verification of serum biomarkers for PCa grading and staging. Biomarker signatures of 32
proteins measured by MRM were shown to provide highly favorable prediction result for PCa
diagnosis and prognosis.

In the label-free LC-MS/MS data analysis, only unique mapping peptides were considered in the
differentially expression analysis. Although certain amount of information is loss from excluding
ambiguous peptides, it can provide more confidence for the protein quantitation and the unique
mapping peptides can serve as primary source for PTPs selection in the MRM development.
Peptides were identified to be differentially expressed between different Gleason score and
stages of the disease. However, the numbers of differentially expressed peptides detected are
relative small. It is mostly likely due to the small sample size and the large variations observed in
the LC-MS/MS data. There has been limited numbers of label-free LG-MS/MS experiment carried
out on clinical serum samples. This is our first attempt to generate potential peptide targets as
PCa biomarkers using label-free LC-MS/MS method. For future label-free LC-MS/MS
experiments, some forms of internal standards like heavy labeled peptide mixtures can be spiked
into each sample to account for between-run variations.

So far MBRM assays have been developed for 32 proteins from the initial list. For the rest of the
proteins on the list, highly confident MRM assays have not been developed. This is due to a
number of reasons. First, we are limited by the availability of MS/MS data: not all of the proteins
on the list have MS/MS data. Secondly, there may be sensitivity issues in detecting some of the
low abundant proteins in crude serum samples, which may only be measured using fractionation
method or by proteins/peptides enrichment methods such as SISCAPA. Thirdly, the use of dot
product, RT regression has significantly reduced the false positives in the MRM peak selection
but it also excluded some genuine MRM peaks and resulted in some false negatives. The most
direct approach for MRM development is to use synthetic peptides combined with in-house
MS/MS data collected from samples to which MRM assay will be applied. Isotopic labelled or
non-labelled synthetic peptides can be used to collect MS/MS spectra for the 5 proteins which do
not have MS/MS data and helps to identify the correct peak in the MRM results by coeluting with
serum samples. A recently published MRM validation method — mProphet can also be applied to
further validate the identified MRM transitions and provide FDR estimation (33).

Most of the proteins identified in this study likely represent body responses to tumour progression
rather than directly originating from the tumour itself. In our initial verification results, the
identified protein biomarkers were shown to be differentially expressed between different grades
and stages of PCa. In particular, high predictive performance was observed by combining the 32
protein biomarkers into a signature, which indicates that those serum proteins can be used to
improve cancer diagnosis and prognosis as successfully demonstrated by the OVAT1 test for
ovarian cancer (34).

In summary, MRM assays have been developed for the 32 potential serum biomarkers identified
from the label-free LC-MS/MS experiment and published literatures. The developed MRM assay
has been shown to be highly reproducible for both affinity depleted and crude serum samples
(mean CV% < 7 %). The initial verification of the 32 proteins on 63 independent PCa serum
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samples has demonstrated the robustness of MRM as a quantitative method for measuring
peptides/proteins in large number of crude serum samples. The 32 protein signature measured
by MRM has shown highly favorable predictive performance for grading and staging of PCa. With
careful validation on large patient cohort, this signature has the potential to improve PCa
diagnosis and prognosis, which will help clinician and patients to select better treatment options.
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Supplementary Table 1. Patient clinical information details for label-free LC-MS/MS
experiment

Hospital Age PSA PR Gleason
Hg Group (yefrs) (agml) Soors | ECE.| SV.I | LN
MMH 92 GI5 66 8.5 3+2 N N N
MMH 129 GI5 65 8.7 3+2 N N N
MMH 163 GI5 56 9.8 243 N N N
MMH 178 GI5 62 52 243 N N N
MMH 195 GI5 64 7.7 243 N N N
MMH 198 GI5 68 104 243 N N N
MMH 246 GI5 58 7.7 3+2 N N N
MMH 251 GI5 58 14 243 N N N
MMH 279 GI5 53 21 3+2 N N N
MMH 341 GI5 60 1.2 3+2 N N N
MMH 100 Gl7 70 5.9 3+4 N N N
MMH 116 Gl7 63 7 3+4 N N N
MMH 148 Gl7 57 4.6 3+4 N N N
MMH 158 Gl7 68 8.2 3+4 N N N
MMH 169 Gl7 66 15 3+4 N N N
MMH 320 Gl7 56 6.7 443 N N N
MMH 324 Gl7 56 7.5 443 N N N
MMH 326 Gl7 58 5.3 3+4 N N N
MMH 353 Gl7 68 9.3 3+4 N N N
MMH 354 Gl7 65 9.5 3+4 N N N
MMH 104 | GI7ECE 55 6.5 443 P N P
MMH 107 | GI7TECE 63 6.8 3+4 P N N
MMH 126 | GI7TECE 65 6 3+4 P N N
MMH 205 | GI7TECE 61 9.5 443 P N N
MMH 208 | GI7TECE 64 5.9 3+4 P N N
MMH 250 | GI7ECE 63 34 443 P N N
MMH 263 | GI7TECE 57 7.5 443 P N N
MMH 268 | GI7TECE 72 10 3+4 P N N
MMH 287 | GI7TECE 61 13 3+4 P N N
MMH 304 | GI7TECE 46 10 443 P N N
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Supplementary Table 2 Patient clinical information details for MRM experiment

Hospital ID | Group | ytffs) (HZ/SSL) PR S(:J:L"’raeson ECE. | SV.I |LNLL
MMH 101 GI6 68 5.9 3+3 N N N
MMH 110 GI6 67 597 3+3 N N N
MMH 113 GI6 56 6.8 3+3 N N N
MMH 124 | Gl6 55 8.3 3+3 N N N
MMH 135 GI6 57 5 3+3 N N N
MMH 136 Gl6 66 11.6 3+3 N N N
BH 14 GI6 60 1.3 3+3 N N N
BH 16 GI6 64 5.7 3+3 N N N
BH 17 GI6 64 6.8 3+3 N N N
BH 24 GI6 66 8 3+3 N N N
BH 25 GI6 58 12,5 3+3 N N N
BH 28 Gl6 53 5.8 3+3 N N N
BH 31 GI6 56 12.7 3+3 N N N
BH 33 Gl6 55 72 3+3 N N N
BH 39 Gl6 58 8.3 3+3 N N N
BH 42 GI6 62 9.8 3+3 N N N
BH 61 Gl6 55 10.6 3+3 N N N
IMM 9 Gl6 60 10 3+3 N N N
IMM 10 Gl6 64 8.3 3+3 N N N
IMM 26 GI6 46 5 3+3 N N N
MM 92 Gl6 58 592 3+3 N N N
MMH 148 Gl7 53 53 3+4 N N N
MMH 152 | GI7 58 6.7 3+4 N N N
MMH 198 Gl7 61 7.8 3+4 N N N
MMH 381 Gl7 57 5 3+4 N N N
MMH 392 | GI7 68 19.1 3+4 N N N
MMH 393 Gl7 47 2.7 3+4 N N N
MMH 423 Gl7 52 5.6 3+4 N N N
BH 75 Gl7 50 3.5 3+4 N N N
BH 76 Gl7 71 779 3+4 N N N
BH 77 Gl7 54 12,5 3+4 N N N
BH 82 Gl7 66 49 3+4 N N N
MMH 69 Gl7 66 6.5 443 N N N
MMH 84 Gl7 62 2.1 443 N N N
MMH 138 Gl7 64 75 443 N N N
MMH 166 Gl7 67 8.6 443 N N N
MMH 200 Gl7 61 14.6 443 N N N
MMH 325 Gl7 65 5.17 443 N N N
MMH 332 | GI7 65 6.6 443 N N N
MMH 341 Gl7 63 12,5 443 N N N
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MMH 401 Gl7 67 18.1 4+3 N N N
MMH 438 Gl7 51 5.5 4+3 N N N
BH 79 Gl7 65 6.5 4+3 N N N
MMH 82 GI7ECE 67 5.5 3+4 p N N
MMH 391 | GI7ECE 71 14.1 3+4 p N N
MMH 398 | GI7ECE 66 2.1 3+4 P N N
MMH 411 | GI7ECE 54 15 3+4 p N N
MMH 428 | GI7ECE 66 5.7 3+4 P N N
BH 13 GI7ECE 64 5.9 3+4 p N N
BH 27 GI7ECE 65 7 3+4 P N N
BH 37 GI7ECE 64 4.1 3+4 P N N
BH 59 GI7ECE 66 14.2 3+4 P N N
MMH 119 | GI7ECE 69 6.2 4+3 P N N
MMH 149 | GI7ECE 47 8.9 4+3 p N N
MMH 188 | GI7ECE 70 19.6 4+3 P N N
MMH 206 | GI7ECE 65 10.2 4+3 p N N
MMH 233 | GI7ECE 64 4.7 443 p N N
MMH 237 | GI7ECE 62 10.6 4+3 P N N
MMH 239 | GI7ECE 63 9.6 4+3 p N N
MMH 305 | GI7ECE 66 5.1 4+3 P N N
MMH 414 | GI7ECE 51 8.7 443 p N N
MMH 415 | GI7ECE 67 17.8 443 P N N
IMM 20 GI7ECE 66 4 443 p N N
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Additional blinded validation of the panel

116 serum samples were received from the PCRC biobank with samples from “significant” (OC),
“aggressive” (NOC) and “indolent” (OC) disease patients that included patients with organ
confined (OC) and non-organ confined disease NOC). An in-house laboratory number was given
to the samples and the preparation of all 116 samples for mass spectrometry analysis was
undertaken. Briefly, samples were aliquoted, protein concentration measured by Nanodrop and
then serum equivalent to 100ug protein was digested with trypsin according to a standard
operating procedure (SOP_SP_4; see below).

Digested samples were run in a randomised order in batches of 24 samples. A reference pool
sample was run at the start (twice), middle (twice) and end (once) of each batch to measure
instrument signal response within a batch and also from batch to batch.

Samples were run once with the original MRM method for the proteins from List A not including
Caveolin-1 (Method A/Yue Fan Method) for all 5 batches. The mass spectrometry analysis took
place from the 18" November 2013 and ran uninterrupted until the 13" December 2013.
Analysis of raw MS data was undertaken using Skyline software (64bit, Version 2.1.0.4936).

So, the dataset analysed came from the measurement of 53 peptides over 116 patients. Of the
116, 34 were subsequently unblinded and had “indolent” disease, 34 had “significant” disease
and the remaining 48 had “aggressive” disease. Throughout the experiment a number of
“refpool” samples were run which measured the same 53 peptides as those measured in the
biological samples. These ‘refpool’ samples are not biological samples and were included as a
means of measuring the reproducibility of the experiment and calculating the technical variability
of the experiment due to machine, sample preparation and batch to batch variation. The samples
were randomised before being subjected to the mass spectrometer and the experiment was
carried out over 5 batches. Within each batch, 5 refpool samples were run (2 at the beginning, 2
in the middle and 1 at the end) in order to measure the technical variability both within and
between batches. Sample and run order information can be seen in Appendix 1.

The data presented for analysis were the transition areas as measured by Skyline for the top
three transitions over each of the peptides. In order to analyse the data two approaches were
undertaken. The first was to analyse the data based on the highest ranked transition for each
peptide, the second was to take the sum of the top three transition areas for each peptide.

Highest Ranked Transition

In order to ensure that the same peptide transition was being measured across samples the
transition with the highest rank (according to Skyline’s “Library Rank”) was chosen for each
peptide. This ensured that the transitions being measured were consistent for each of the
samples compared. The reason for this is because it is feasible that the transition with the
highest area abundance might not correspond to the same transition across samples.

Missing Information

After taking the highest ranked transition for each peptide, it was noted that there were some
missing values across 17 of the peptides. Figure 14 shows a graph of the missingness patterns
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evidenced in the data, here black indicates an observed value in the dataset and white a missing
value. As can be seen the vast majority of the data are observed.

In order to account for the missingness in the data and not bias the results it was decided to
impute missing values were imputed to using predictive mean matching. Here each missing
variable is modelled (using multiple linear models) and for each predicted value the value that is
imputed is the nearest observed value in the dataset to the predicted value. This ensures that the
imputed values are plausible and observable. Here imputation was only performed once, in
future analyses it would be interesting to perform multiple imputation and see the variability of the
overall results due to the uncertainty of the imputed values through the use of generalised linear
models. This equates to performing multiple Bayesian linear models with each missing variable
in turn as the response and the remaining variables as the predictors.

To ensure that the imputed values are reasonable the distribution of each variable’s observed
values was compared to the distribution of the observed plus the imputed values. Figure 15
shows a histogram of the data with missing values compared to the data with imputed value for
four peptides with missing data. As can be seen the distribution of the imputed data in all cases
follows the same pattern as the data with missing values, this confirms that the imputed values
are reasonable given the data that have been observed and don’'t appear to be skewing the
distribution of the variables (See Figure 22 for images across all 19 missing variables).

Prediction Accuracy

Once the data missing data were appropriately handled a random forest was run using package
randomForest in R 3.0.1. The random forest algorithm builds each decision tree based on
a different subset of the data by taking multiple bootstrap samples (sample with
replacement) of observations and variables. For each decision tree in the random forest
algorithm, the observations that were not used to build the tree are used to validate it.
This means that the random forest algorithm is unique in that it gives automatic access to
a cross validated misclassification rate and cross validated AUC values can easily be
computed. These AUC values can then be used to assess how accurately the given
biomarker panel would be expected to perform on a separate cohort of patients. The
random forest is also especially suited to the purpose of biomarker selection as it also
gives a variable importance score for each peptide used in the model. This can be used
to see how important each peptide was in giving the overall AUC score. Here three
models were of interest for the panel of 53 peptides to predict between:

1. “Indolent” and “Significant” patients

2. “Indolent” and “Aggressive” patients

3. “Significant” and “Aggressive” patients

Indolent versus Significant

The first model fit was to predict between patients that had indolent versus significant disease.
To ensure that the results were consistent across multiple runs of the random forest, the
algorithm was run 100 times. The average AUC over the 100 iterations of the random forest was
0.73 (see Figure 16).
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Figure 17 shows the importance of the top 30 variables according to the random forest models
where the importance should be read from top to bottom i.e. variables that appear at the top of
the plot are more important than those that appear at the bottom.

Indolent Versus Aggressive

The same analysis was repeated for indolent versus aggressive disease and it was found that
over an average of 100 iterations the random forest model performed roughly the same as for
indolent versus significant disease with an average AUGC of 0.72 (See figure 18). This model has
much higher sensitivity than it does specificity. The sensitivity of this model was 0.89 meaning
that of the patients that actually had aggressive disease on average they were correctly identified
89% of the time are being aggressive.

Again in order to identify which peptides were most important in obtaining the AUC the average
variable importance measure for each peptide was taken over the 100 iterations of the random
forest model (see in figure 19).

Significant Versus Aggressive

When this analysis was performed on the “significant” versus “aggressive” patients it was found
to give an average AUC of 0.71.. The ROC curve for significant versus aggressive disease can
be seen in figure 20.

The most important variables identified by the random forest model can be seen in figure 21.

Summary/Conclusions

It appears that this biomarker panel performs reasonably well at predicting indolent and
significant (OC) from aggressive (NOC) patients with an AUC of in the region of 0.72-0.73.

Future work includes scaling the variables and using the information in the refpool samples to
calibrate the data and correct for technical variability inherent in the experiment. Also of interest
would be to perform the above analysis on multiply imputed datasets in order to establish how
much the variability due to the uncertainty surrounding the missing values affects the overall
results.

Appendix 1
Sample
FileName Type Number Batch
131118 Batch1l Sample REFPOOL1.d 1 1
131118_Batch1_Sample_REFPOOL2.d 2 1
131118 Batchl Sample 1.d | 3 1
131118_Batch1_Sample_35.d S 4 1
131118 Batch1l Sample 70.d A 5 1
131118_Batch1_Sample_2.d | 6 1
131118 Batchl Sample 36.d S 7 1
131118_Batch1_Sample_71b.d A 8 1
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131118 Batchl Sample 3.d
131118_Batch1_Sample_37.d
131118 Batchl Sample 72.d
131118_Batch1_Sample_4.d
131118 Batch1l Sample 38.d

131118_Batch1_Sample_REFPOOL3.d

131118 Batch1 Sample 73.d
131118_Batch1_Sample_5.d
131118 Batch1 Sample 39.d
131118_Batch1_Sample_74.d
131118 Batchl Sample 6.d
131118_Batch1_Sample_40.d
131118 Batch1 Sample 75.d
131118_Batch1_Sample_7.d
131118 Batchl Sample 41.d
131118_Batch1_Sample_76.d
131118 Batchl Sample 8.d
131118_Batch1_Sample_42.d
131118 Batchl Sample 77.d

131120_Batch2_Sample_REFPOOL1.d
131120 BatchZ Sample REFPOOL2.d

131120_Batch2_Sample_9.d

131120 Batch2 Sample 43.d
131120_Batch2_Sample_78.d
131120 Batch2 Sample 10.d
131120_Batch2_Sample_44.d
131120 Batch2 Sample 79.d
131120_Batch2_Sample_11.d
131120 Batch2 Sample 80.d
131120_Batch2_Sample_12.d
131120 Batch2 Sample 45.d
131120_Batch2_Sample_46.d

131120 Batch2 Sample REFPOOL3.d

131120_Batch2_Sample_81.d
131120 Batch2 Sample 13.d
131120_Batch2_Sample_47.d
131120 Batch2 Sample 82.d
131120_Batch2_Sample_14.d
131120 Batch2 Sample 48.d

131120_Batch2_Sample_REFPOOL4.d

131120 Batch2 Sample 83.d
131120_Batch2_Sample_15.d
131120 Batch2 Sample 49.d
131120_Batch2_Sample_84.d
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131120 Batch2 Sample 85.d
131120_Batch2_Sample_86.d

131120 BatchZ Sample 16.d
131120_Batch2_Sample_REFPOOL5.d
131120 _Batch2 Sample 80X control.d
131122 _Batch3_Sample_REFPOOL1.d
131122 Batch3 Sample REFPOOL2.d
131122 _Batch3_Sample_50.d

131122 Batch3 Sample 87.d

131122 _Batch3_Sample_88.d

131122 Batch3 Sample 89.d

131122 _Batch3_Sample_17.d
131122 Batch3 Sample 51.d

131122 _Batch3_Sample_90.d

131122 Batch3 Sample 91.d

131122 _Batch3_Sample_92.d

131122 Batch3 Sample 18.d

131122 _Batch3_Sample_52.d

131122 Batch3 Sample REFPOOL3.d
131122 _Batch3_Sample_93.d

131122 Batch3 Sample 94.d

131122 _Batch3_Sample_95.d

131122 Batch3 Sample 19.d

131122 _Batch3_Sample_53.d

131122 Batch3 Sample 96.d

131122 _Batch3_Sample_REFPOOL4.d
131122 Batch3 Sample 20.d

131122 _Batch3_Sample_54.d

131122 Batch3 Sample 97.d

131122 _Batch3_Sample_21.d

131125 Batch4 Sample REFPOOL1.d
131125_Batch4_Sample_REFPOOL2.d
131125 Batch4 Sample 100.d
131125_Batch4_Sample_22.d

131125 Batch4 Sample 56.d
131125_Batch4_Sample_101.d
131125 Batch4 Sample 102.d
131125_Batch4_Sample_23.d
131125 Batch4 Sample 57.d
131125_Batch4_Sample_103.d

131125 _Batch4 Sample 104.d
131125_Batch4_Sample_24.d

131125 Batch4 Sample 25.d
131125_Batch4_Sample_REFPOOL3.d
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131125 Batch4 Sample 26.d
131125_Batch4_Sample_58.d

131125 Batch4 Sample 59.d
131125_Batch4_Sample_60.d

131125 Batch4 Sample 105.d
131125_Batch4_Sample_106.d

131125 Batch4 Sample REFPOOLA4.d
131125_Batch4_Sample_27.d

131125 Batch4 Sample 28.d
131125_Batch4_Sample_61.d

131125 Batch4 Sample 62.d
131125_Batch4_Sample_107.d
131125 Batch4 Sample 108.d
131125_Batch4_Sample_29.d

131125 Batch4 Sample REFPOOL5.d
131127 _Batch5_Sample_REFPOOL1.d
131127 Batch5 Sample REFPOOL2.d
131127 _Batch5_Sample_30.d

131127 Batch5 Sample 63.d

131127 _Batch5_Sample_64.d

131127 Batch5 Sample 109.d

131127 _Batch5_Sample_110.d

131127 Batchb5 Sample 31.d

131127 _Batch5_Sample_65.d

131127 Batch5 Sample 111.d

131127 _Batch5_Sample_112.d

131127 Batch5 Sample 32.d

131127 _Batch5_Sample_66.d

131127 Batch5_Sample REFPOOL3.d
131127 _Batch5_Sample_113.d
131127 Batch5 Sample 33.d

131127 _Batch5_Sample_67.d

131127 Batch5 Sample 68.d

131127 _Batch5_Sample_114.d

131127 Batch5 Sample 115.d

131127 _Batch5_Sample_REFPOOL4.d
131127 Batch5 Sample 34.d

131127 _Batch5_Sample_69.d

131127 Batchb5 Sample 116.d

131127 _Batch5_Sample_rerun55.d
131127 Batchb Sample rerun98.d
131127 _Batch5_Sample_99.d

131127 Batch5 Sample 100.d

131127 _Batch5_Sample_REFPOOL5.d
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SOP number: 4.0 Written by: Brian Morrissey
Date: 23/09/2010

Tryptic digestion for proteins in solution, suitable for MARS depletions.

Materials | Pipettes, pipette tips.
Agilent 5KDa MW spin concentrators. Order No: 5185-5991.

Reagents | Ammonium bicarbonate, DTT, loadeacetamide, Trifloroethanol, Formic acid,
Acetonitrile.

Trypsin - sequencing grade modified porcine (Promega) The substrate is
dissolved in 50mM Tris-HCl,1mM CaCl2 (pH 7.6). Order No: V5111
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Date: 23/09/2010

All solutions should be made in HPLC grade water or solvents

Wear gloves at all times and try to avoid getting particulate/dust into the

samples limiting the time tubes are uncapped.

Trypsin should be sequencing grade modified porcine (Promega) The substrate

is dissolved in 50mM Tris-HCl,1mM CaCl2 (pH 7.6).

Solution preparation.

(A)

(B)

(€)

(D)

(E)

()

1M NH4CO3 stock solution MW = 79.06
79.06 gin 1000ml = 1 mol.
0.7906g in 10ml ddH20 =1 mol.

50mM NH4CO3 working solution
1/20 dilution of stock (A).

200mM DTT working solution MW = 154.2
154.2g in 1000ml = 1 mol.
0.03084g in 1ml (B) = 200mM

200mM IAA working solution MW = 185
185gin 1000ml = 1 mol.
0.037gin 1ml (B) = 200mM

50mM NH4Co3 - 5% TFE

50ul (A)

50ul TFE

900ul H20

(increase volumes as appropriate)

0.1% (v/v) formic acid, 3% (v/v) acetonitrile.

1ul formic acid.
30ul acteonitrile.
969ul ddH:0.

1. Adjust the sample to the desired protein concentration in final buffer conditions of 50mM NH4HCO3,
10 mM DTT (disulphide reduction), and 50% trifluoroethanol (TFE -denaturating agent). Vortex and

incubate @room temp for 30min. - In 4ml 5KDa MW. Agilent spin filters.

2. Add IAA (iodoacetamide) to give a final concentration of 20mM (alkyate thiols).
Vortex briefly (incubate, 30 min, RT, dark). Add DTT to a final concentration of 10mM
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to quench excess IAA. If IAA is not destroyed it will slowly alkylate lysine residues.

. Add 3ml 5 % (v/v) TFE, 50mM NH4HCO3 and spin for 1 hr at 3100g, repeat removing
excess filtrate from the collector tube.

. Recover the sample from the spin filter. The volume should be as small as possible,
take out the remaining solution in the filter and wash the filter 2-3 times (50ul) with
5% TFE in 50mM NH4HCO3. Note the final concentration of TFE should be less than
5% as it can destroy or decrease the activity of trypsin.

. Re-suspend an appropriate amount of trypsin in 5 % (v/v) TFE, 50 mM NH4HCO3 at
a concentration of 0.2 pg trypsin/ul - 20pg trypsin in 100 pl (F) (N.B. trypsin should
be re-suspended immediately prior to addition to the sample to prevent degradation
of trypsin by autolysis - allow 5 minutes for complete re-suspension of trypsin).
[check for pH ~8]

. Add trypsin to the samples at the ration of 1 : 100 / trypsin : sample protein (for 100
ug of sample protein add 1 pg of trypsin) Add CaCl; to a final concentration of 1 mM.
and incubate @ 37°C for 18-24 hrs at 500rpm in a thermomixer.

. SpeedVac the sample to dryness and re-suspend in (OFFGEL buffer for fractionation)
0.1 % (v/v) formic acid, 3 % (v/v) acetonitrile. Mix the sample on a thermomixer for
10 minutes to ensure complete re-suspension of tryptic peptides (10 minutes, 1000

RPM). 0.5-1.0pgl/ul is an appropriate concentration for analysis.

. Centrifuge the sample (10 min, 20,000 x g, 4 °C) and pipette into a HPLC injection vial
for analysis.
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The present invention is not to be limited in scope by the specific embodiments described herein.
Indeed, various modifications of the invention in addition to those described herein will become
apparent to those skilled in the art from the foregoing description and accompanying figures.
Such modifications are intended to fall within the scope of the appended claims. Moreover, all
embodiments described herein are considered to be broadly applicable and combinable with any
and all other consistent embodiments, as appropriate.

Various publications are cited herein, the disclosures of which are incorporated by reference in
their entireties.
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CLAIMS

1. A method for characterising and/or prognosing prostate cancer in a subject comprising:
measuring the level of at least one protein from list A or at least one peptide thereof in a sample
from the subject wherein the level of the protein or peptide is used to provide a characterisation
of and/or a prognosis for the prostate cancer.

2. A method for characterising and/or prognosing prostate cancer in a subject comprising:
measuring the level of at least one protein from list A or at least one peptide thereof in a sample
from the subject in order to identify the presence or absence of cells characteristic of a particular
characterisation of and/or a prognosis for the prostate cancer wherein the determined presence
or absence of the cells is used to provide a characterisation of and/or a prognosis for the prostate
cancer.

3. A computing device for characterising and/or prognosing prostate cancer in a subject
comprising:

a computer program arranged to characterise and/or provide a prognosis for prostate cancer
based on the measured level of at least one protein from list A or at least one peptide thereof in a
sample from the subject and

a display for providing an output of the characterisation and/or prognosis for the prostate cancer.

4. The method or computing device of any of claims 1 to 3 wherein the at least one peptide is
from 8 to 25 amino acids in length.

5. The method or computing device of any preceding claim wherein the at least one peptide
comprises, consists essentially of or consists of the amino acid sequence of any of SEQ ID Nos
1to 2.

6. The method or computing device of any preceding claim wherein the characterisation of
and/or prognosis for the prostate cancer comprises, consists essentially of or consists of
determining the grade and/or stage of the prostate cancer.

7. The method or computing device of any preceding claim wherein the characterisation of
and/or prognosis for the prostate cancer comprises, consists essentially of or consists of
determining the presence or absence of extra-capsular extension.

8. The method or computing device of any of claims 1 to 6 wherein the characterisation of and/or
prognosis for the prostate cancer comprises, consists essentially of or consists of determining
whether the prostate cancer is Gleason score 6 or 7.

9. The method or computing device of any of claims 1 to 6 wherein the characterisation of and/or
prognosis for the prostate cancer comprises, consists essentially of or consists of determining
whether the prostate cancer is Gleason score 3+4 or 4+3.
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10. The method or computing device of any of claims 1 to 6 wherein the characterisation of
and/or prognosis for the prostate cancer comprises, consists essentially of or consists of
predicting biochemical recurrence.

11. The method or computing device of any preceding claim wherein the characterisation of
and/or prognosis for the prostate cancer comprises, consists essentially of or consists of
determining whether the prostate cancer is aggressive and/or metastatic.

12. The method or computing device of any preceding claim wherein the characterisation of
and/or prognosis for the prostate cancer comprises, consists essentially of or consists of
determining whether the prostate cancer has spread to the lymph nodes.

13. The method of any preceding claim comprising measuring the level of 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 or 33
proteins from list Aor 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 peptides of SEQ ID Nos 1 to 52.

14. The method of any of claims 1-7 comprising measuring the level of at least 1, 2, 3, 4, 5, 6, 7,
8,9,10, 11,12 or 13 proteins from list Bor at least 1, 2,3,4,5,6,7,8,9, 10, 11, 12,13, 14,15
or 16 peptides from list B.

15. The method of any of claims 1-6 or 8 comprising measuring the level of at least 1, 2, 3, 4, 5,
6, 7, or 8 proteins from list C or atleast 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 peptides from list C.

16. The method of any preceding claim comprising measuring the level of each protein from list A
or at least one peptide from each protein.

17. The method of any preceding claim comprising measuring the level of each peptide of SEQ
ID Nos 1 to 52.

18. The method of any preceding claim comprising comparing the level of the at least one
protein or peptide to a reference value or to one or more control samples.

19. The method of any preceding claim wherein the level of the at least one protein or peptide is
compared to the level of the same protein or peptide from one or more control samples.

20. The method of claim 18 or 19 wherein the one or more control samples are from one or
more subjects with and/or without extra-capsular extension of prostate cancer

21. The method of any of claims 18 to 20 wherein the one or more control samples are from one
or more subjects with Gleason score 6 and/or Gleason score 7 prostate cancer.

22. The method of any of claims 18 to 21 wherein the one or more control samples are from one
or more subjects with Gleason score 3+4 and/or Gleason score 4+3 prostate cancer.
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23. The method any of claims 18 to 22 wherein the level of the at least one protein or peptide in
the sample from the subject and the level of the same protein or peptide from the one or more
characterized control samples are analysed using a statistical model, optionally wherein the
statistical model is partial least square discriminant analysis.

24. The method of any preceding claim wherein if the protein is Zinc alpha-2-glycoprotein or
Apolipoprotein A-I or the peptide is SEQ ID No. 52 or 10 the level of the protein or peptide is
increased if extra-capsular extension of prostate cancer is present relative to if extra-capsular
extension of prostate cancer is absent or if the protein is Kininogen-1, Hemopexin, Serum
albumin, Serotransferrin, Complement C3, Inter-alpha-trypsin inhibitor heavy chain H4,
Antithrombin-Ill, Complement C4-A/B, Pigment epithelium-derived factor, Haptoglobin-related
protein or Plasminogen or the peptide is SEQ ID No. 38, 37, 33, 46, 45, 44, 21, 36, 35, 8, 24, 41,
31 or 1 the level of the protein or peptide is decreased if extra-capsular extension of prostate
cancer is present relative to if extra-capsular extension of prostate cancer is absent.

25. The method of any preceding claim wherein if the protein is Haptoglobin or the peptide is
SEQ ID No. 51 the level of the protein or peptide is increased if the prostate cancer is Gleason
score 7 relative to Gleason score 6 or if the protein is Kininogen-1, Vitamin D-binding protein,
Antithrombin-Ill, Complement C4-A/B, Protein AMBP, Inter-alpha-trypsin inhibitor heavy chain H4
or Vitronectin or the peptide is SEQ ID No. 38, 37, 49, 8, 24, 43, 36, 51 or 50 the level of the
protein or peptide is decreased if the prostate cancer is Gleason score 7 relative to Gleason
score 6.

26. The method of any preceding claim which is performed in vitro.

27. The method of any preceding claim wherein the sample comprises, consists essentially of or
consists of a biological fluid or a fluid or lysate generated from a biological material.

28. The method of claim 27 wherein the biological fluid comprises, consists essentially of or
consists of a blood sample, optionally wherein the blood sample is a serum sample.

29. The method of claim 27 wherein the biological fluid comprises, consists essentially of or
consists of seminal fluid

30. The method of claim 27 wherein the biological fluid comprises, consists essentially of or
consists of urine, optionally wherein the urine is obtained before or after a prostatic massage.

31. The method of claim 27 wherein the biological material comprises, consists essentially of or
consists of prostate tissue.

32. The method of any preceding claim wherein the level of the at least one protein or peptide is
measured by mass spectrometry, immunoassay and/or radioassay, optionally wherein
measurement by mass spectrometry comprises, consists essentially of or consists of multiple
reaction monitoring (MRM) and/or wherein measurement by immunoassay comprises, consists
essentially of or consists of immunobilotting or ELISA.
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33. A method for determining the presence or absence of extra-capsular extension of prostate
cancer in a subject comprising:

measuring the level of at least one protein from list A or a peptide thereof in a sample from the
subject wherein the level of the protein or peptide is used to determine the presence or absence
of extra-capsular extension of prostate cancer.

34. The method of claim 33 wherein the at least one peptide comprises, consists essentially of or
consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.

35. A method for determining whether a prostate cancer of a subject is Gleason score 6 or
Gleason score 7 comprising:

measuring the level of at least one protein from list A or a peptide thereof in a sample from the
subject wherein the level of the protein or peptide is used to determine whether the prostate
cancer is Gleason score 6 or 7.

36. The method of claim 35 wherein the at least one peptide comprises, consists essentially of
or consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.

37. A method for selecting a treatment for prostate cancer in a subject comprising:

(a) measuring the level of at least one protein from list A or at least one peptide thereof in a
sample from the subject wherein the level of the protein or peptide is used to provide a
characterisation of and/or a prognosis for the prostate cancer and

(b) selecting a treatment appropriate to the characterisation of and/or prognosis for the prostate
cancer.

38. The method of claim 37 wherein the at least one peptide comprises, consists essentially of
or consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.

39. The method of claim 37 or 38 wherein the characterisation of and/or prognosis for the
prostate cancer comprises, consists essentially of or consists of:

(a) determining the presence or absence of extra-capsular extension and/or

(b) determining whether the prostate cancer is Gleason score 6 or 7 and/or

(c) determining whether the prostate cancer is Gleason score 3+4 or 4+3.

40. The method of claim 39(a), wherein if extra-capsular extension is absent the patient is
treated with radical prostatectomy and radiation and/or if extra-capsular extension is present the
patient is treated with hormone therapy.

41. A method of treating prostate cancer comprising treatment of a subject with radical
prostatectomy and radiation or hormone therapy wherein the subject is selected for treatment on
the basis of a method as claimed in any of claims 37 to 40.

42. A hormone therapeutic agent for use in treating prostate cancer in a subject wherein the
subject is selected for treatment on the basis of a method as claimed in any of claims 37 to 40.
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43. A method of treating prostate cancer comprising treatment of a subject with hormone
therapy wherein the subject has an increased level of Zinc alpha-2-glycoprotein or Apolipoprotein
A-l or the peptides SEQ ID No. 52 or 10 or a decreased level of Kininogen-1, Hemopexin, Serum
albumin, Serotransferrin, Complement C3, Inter-alpha-trypsin inhibitor heavy chain H4,
Antithrombin-Ill, Complement C4-A/B, Pigment epithelium-derived factor, Haptoglobin-related
protein or Plasminogen or the peptides SEQ ID No. 38, 37, 33, 46, 45, 44, 21, 36, 35, 8, 24, 41,
31or1.

44. A hormone therapeutic agent for use in treating prostate cancer in a subject wherein the
subject has an increased level of Zinc alpha-2-glycoprotein or Apolipoprotein A-l or the peptides
SEQ ID No. 52 or 10 or a decreased level of Kininogen-1, Hemopexin, Serum albumin,
Serotransferrin, Complement C3, Inter-alpha-trypsin inhibitor heavy chain H4, Antithrombin-IIl,
Complement C4-A/B, Pigment epithelium-derived factor, Haptoglobin-related protein or
Plasminogen or the peptides SEQ ID No. 38, 37, 33, 46, 45, 44, 21, 36, 35, 8, 24, 41,31 or 1.

45. An antibody that binds specifically to a peptide that comprises, consists essentially of or
consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.

46. A kit for characterising and/or prognosing prostate cancer in a subject comprising one or
more antibodies of claim 45.

47. A peptide of 25 amino acids or less for use as a biomarker, wherein the peptide comprises,
consists essentially of or consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.

48. The peptide of claim 47 wherein the peptide is more than 5 amino acids in length

49. The peptide of claim 47 or 48 wherein the level of the peptide is used to provide a
characterisation of and/or a prognosis for prostate cancer.

50. The peptide of claim 49 wherein the level of the peptide is used to determine the presence or
absence of extra-capsular extension of prostate cancer and/or to determine whether a prostate
cancer is Gleason score 6 or 7 and/or to determine whether a prostate cancer is Gleason score
3+4 or 4+3.

51. A panel of at least two prostate cancer biomarkers comprising at least one protein from list A
or a peptide thereof.

52. The panel of claim 51 wherein the at least one peptide comprises, consists essentially of or
consists of the amino acid sequence of any of SEQ ID Nos 1 to 52.

53. Use of at least one protein from list A or a peptide thereof for characterising and/or
prognosing a prostate cancer in a subject, wherein the level of the protein or peptide in a sample
from the subject is used to characterise and/or provide a prognosis for the prostate cancer.

54. Use of at least one protein from list A or list B or a peptide thereof for determining the
presence or absence of extra-capsular extension of prostate cancer in a subject, wherein the
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level of the protein or peptide is used to determine the presence or absence of extra-capsular
extension of prostate cancer.

55. Use of at least one protein from list A or list C or a peptide thereof for determining whether a
prostate cancer of a subject is Gleason score 6 or Gleason score 7, wherein the level of the
protein or peptide is used to determine whether the prostate cancer is Gleason score 6 or 7.

56. The method or use of any preceding claim wherein the at least one protein or peptide is
chemically modified, optionally wherein the chemical modification is phosphorylation and/or

glycosylation.

57. A system or device for performing the method of any of claims 1, 2, 4-41, 43 or 56.
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