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MELANOMA ASSAY AND ANTIGENS

TECHNICAL FIELD

The invention relates to a mass spectrometry melanoma fingerprint for identifying the
presence of a melanoma and/or for identifying the stage of a melanoma. The invention also
relates to use of a fingerprint to identify the presence of a melanoma and/or for identifying
the stage of a melanoma. Furthermore, the invention relates to a computer comprising the

fingerprint.

BACKGROUND TO THE INVENTION

The prognosis of advanced metastatic melanoma (American Joint Committee on Cancer
(AJCC) stage IV) remains dismal with a 5-year survival-rate of 6-18 %. In the study which
led to the present invention, an integrated matrix-assisted laser desorption/ionization
(MALDI) mass spectrometric approach combined with artificial neural networks (ANNSs)
analysis and modeling has been used for the identification of biomarker ions in serum from
stage IV melanoma patients allowing discrimination of metastatic disease from healthy
status with high specificities of 92 % for protein ions and 100 % for peptide biomarkers,
respectively. The inventors’ ANNs model also correctly classified 98 % of a blind validation
set of AJCC stage I melanoma samples as non-stage IV samples, emphasizing the power of
the newly defined biomarkers to identify patients with late stage metastatic melanoma.
Sequence analysis identified peptides derived from metastasis-associated proteins; alpha 1-
acid glycoprotein precursor-1/2 (AAG-1/2) and complement C3 component precursor-1
(CCCP-1). Furthermore, quantitation of serum AAG — Alpha 1-acid glycoprotein (AAG) by
an immunoassay showed a significant (p < 0.001) increase in AAG serum concentration in
stage IV patients in comparison with healthy volunteers moreover; the quantity of AAG
plotted against MALDI-MS peak intensity classified the groups as two distinct clusters.
Ongoing studies of other disease stages will provide evidence whether the inventors’ strategy

is sufficiently robust to give rise to stage-specific protein/peptide signatures in melanoma.
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An artificial neural network (ANN), also . known as a ‘neural network’ (NN), is an
interconnected group of artificial neurons that uses a mathematical model or computational
model for information processing based on :a éonnectionistv approach to computation, In most
cases an ANN is an adap‘Five system that changes its structure based on external or internal
information that flows through the network. ANNs are non-linear statistical data modeling
tools. They can be used to model complex relationships between inputs and outputs or to

find patterns in data. ANNSs are well known to the person skilled in the art.

Melanoma is the least common, but most deadly type of skin cancer accounting for 79 % of
skin cancer deaths (American Cancer Society, 2002), the incidence of which is increasing
worldwide. Melanoma is primarily characterized by its "thickness" or invasion depth, which
is used in staging this cancer in conjunction with where it is located, where it has spread and
if it is affecting other organs of the body. Melanoma is clinically divided into four stages
according the newest AJCC classification [1] with stage /Il containing primary tumours
with increasing tumour thickness, stage III being defined as microscopic or macroscopic
loco-regional spread of disease and stage IV where the melanoma cells have spread to distant
organs including soft tissue, to lymbh nodes, or visceral organs. Surgical resection of
tumours remains the primary treatment modality for primary melanoma and is usually
curative in low-risk patieﬁts (AJCC stage I or IITa) [1,2]. However high-risk patients (stage
IIb or 1) often develop a recurrence which is eventually fatal [1,2], since currently no
treatment is available for advanced metastatic melanoma effectively prolonging survival.
Serum biomarkers with the ability to differentiate between high- and low-stage melanoma
patients are LDH (lactate dehydrogenase), S100B, and MIA (melanoma-inhibitory activity),
but these are not sufficiently sensitive to reliably detect patients who have occult metastatic
disease [3-5]. These reports support the concept that no single marker will accurately reflect
the complex phenotypic changes associated with development of cancer. Therefore there has
been an increasing emphasis on the need to determine multiple protein biomarkers for use in
the diagnosis of melanoma. Improved biomarkers are required as prognostic indicators for
the selection of candidates for adjuvant therapy, and the reliable identification of patients

who are at increased risk of disease relapse.

P

Proteomics is a powerful screening method for protein expression patterns and identifying
signatures that are associated with disease stage. Matrix-assisted laser desorption/ionization

coupled to time-of-flight- mass spectrometry (MALDI-TOF-MS) analysis has yielded novel
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and promising data to aid in the detection and identification of diagnostic and prognostic
biomarkers of disease from tissue, serum and plasma samples [6-8]. The robustness of
MALDI-TOF-MS allows the investigation of complek samples without'prior fractionation or
chromatographic separation of proteins and peptides. Surface—enhanced laser desorption and
ionization (SELDI), introduced by Hutchens and Yip [91, ‘provides a sample platform using
solid phase supports coated with chemical or biochemical agents combined with MALDI
ionization, which generally resu}ts in a low resolution pattern [10] generated by linear TOF-
MS. These technologies have been applied sugcessfully for early cancer detection with
reported high sensitivity and specificity using a variety of statistical pattern-recognition tools
for ovarian [8], colorectal [11], breast [12,13], and prostate cancer [8,14,15],
astrocytoma/glioblastoma [19] and melanoma [9]. A limitation of MALDI or SELDI
analysis is that protein identification cannot be obtained by protein molecular weight (m/z)
measurement alone, but requires erizymatic digestion of serum or plasma proteins, usually
carried out separateiy following 2-dimensional SDS-PAGE analysis of proteins [17-19].
Some concerns have also been voiced regarding biological, technological, and data mining
artifacts that may introduce bias [20]. The most common sources of bias in serum
proteomics-based biomarker discovery ére related fo sample collection, processing and

storage, instrumentation, and data analytical methods.

To achieve high predicti've power, biomarkers need to be multiparametric (measure of
multiple proteins) and mathematically modeled to optimize the composition of biomarker
panels. This requires the use of highly sophisticatéd ‘statistical methods with high
computational power such as Bayesian analyses, fuzzy logic, and artificial neural networks
(ANNS) [21-24]. ANNS, ‘as used in the present s‘tudy, have the ability to “learn” predictive
patterns contained within complex datasets, by iteratively adjusting and updating the
interconnecting weights between the layers of the network using the back propagation (BP)
algorithm applied to the multi-layer perceptron (MLP) [25]. Once trained, ANN models have

been shown to be able to predict the clinical outcome for blinded cases.

In the inventors’ efforts to report thoroughly and transparently, and to minimize criticisms
leveled recently at clinical proteomic studies [26-28]‘, the inventors carried out rigorous
studies prior to biomarker identification to address the issue of chance and bias at every step

— in design, conduct, interpretation and validation. In order to find new serum markers for
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stage IV metastatic melanonia, which may later on be validated and used in earlier disease
stages, the inventors sought to develop a validated, robust and reproducible methodology
based on MALDI-TOF-MS cofnbined with bioinformatics to profile serum protein and
tryptic peptides. Additionally, the inventors have used a combination of mass spectrometric
techniques for the ANNs-directed sequencing of biomarker tryptic péptides, followed by
database searches to identify the predominant, disease-associated peptides and proteins. The
integrated proteomic approach described here has generic application to the identification of

protein and peptide biomarker ions and sequences associated with other disease states.
SUMMARY OF THE INVENTION

Therefore, a first aspect of the invention provides a mass spectrometry melanoma fingerprint
for identifying the presence of a melanoma and/or for identifying the stage of a melanoma,

the fingerprint comprising:

(a) peaks derived from the following ions:
(i) ions derived from a protein, the ions having (m/z) values of: 12000, 14847, 1649,
15477, 13255, 3031 and 4791 (+ 0.4 %) and optionally one or more the following
additional ions, ‘the additional ions hév’ing (m/z) values of: 9913, 4835, 4155,
4565 and/or 4673 (& 0.4 %); o
(ii) ions derived from a protedlytidal'ly digested peptide, the ions having (m/z) values
of: 1753, 1161; 1505 and7854’(-£ 0.02 %) and opfionally- one or more of the
following additional ions, the additional ions having (m/z) values of: 1444 and/or
1093 (£ 0.02 %);
and/or ‘
(b) peaks derived from the following ions:
(i) ions derived from a proteolytically digésted peptide, the ions having (m/z) values
of: 2624, 2715, 1753, 1251,1285, 2999, 3161, 1312, 3326 and 1371(+ 0.02 %);
and/or o
(c) peaks derived from the follo’wing ions:
(i) ions derived from a proteolytically digested peptide, the ions having (m/z) values
of: 1251, 1283, 3443, 3432, 1968, 1299, 2244; 2411, 2468, and 2492 (+ 0.02 %);

and/or
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(d) peaks derived from the following ions:
(i) ions derived from a proteolytically digested peptide, the ions having (mm/z) values
of: 980, 3220, 864, 2966, 2886, 1299, 2309, 3489, 3430 and 933 (+ 0.02 %);
and/or
(e) peaks derived from the following ions: ‘

(1) ions derived from a tryptically digested peptide, the ions having (m/z) values
selected from: 1978 and 1825 (+ 0.02 %) and optionally one or more the
following additional ions, the additional ions having (m/z) values of: 1731, 1251
and/or 2053 (% 0.02 %);

and/or
(f) peaks derived from the following ions: -

(1) ions derived from a proteolytically digested peptide, the ions having (m/z) values

of: 861 and 903 (+ 0.02 %);
and/or '
() peaks derived from one or more of the following ions:

(i) ions derived from a proteolytically digested peptide, the ions having (m/z) values
of: 877, 903 and 1625 (i-'0.02 %) and optionally one or more the following
additional ions, the additional ions having (m/) values of: 2754, and/or 2064 (*
0.02 %);

and/or
(h) peaks derived from one or more df the following ions:

(1) ions derived from a protein, the ions having (m/z) values of 1161 and/or 1753 (x

0.02 %), | |

Preferably the fingerprint comprises two or more, more preferably three, four, five, six,
seven, eight, nine, ten, eleven or more of the peaks listed for one of (a)(i), (a)(i), (b), (c), (d),

(e), (B, (g) or (h).

For the fingerprint of (a)(i), preferably the additional ions comprise:
(1) an ion having an (m/z) value of: 9913 (0.4 %); or
(2) ions ha\’/ing m/z) values of: 9913 and 4835 (*0.4 %); or
(3) ions having (m/z) values of: 9913, 4835 and 4155 (= 0.4 %); or
(4) ions having ‘(m/z) valﬁes of: 9913, 4835, 4155 and 4565 (+ 0.4 %); or
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(5) ions having (m/z) values of: 9913, 4835, 4155, 4565 and 4673 (+ 0.4 %).

For the fingerprint of (a)(ii), preferably the additional ions comprise:
(1) an ion having an (m/z) value of: 1444 (+ 0.02 %); or
(2) ions having (m/z) values of: 1444 and 1093 (+ 0.02 %).

For the fingerprint of (e), preferably the additional ions comprise:
(1) an ion having an (m/z) value of: 1731 (+ 0.02 %); or
(2) ions having (m/z) values of: 1731 and 1251 (+ 0.02 %); or
(3) ions having (m/z) values of: 1731, 1251 and 2053 ( 0.02 %);

For the fingerprint of (g), preferably the additional ions comprise;
(1) an ion having an (m/z) value of: 2754 (x 0.02 %); or
(2) ions having (m/z) values of: 2754 and 2064 (+ 0.02 %);

Most preferably, the mass spectrometry melanoma fingerprint comprises all of the peaks
listed in one of (a), (b), (0), (d), (&), (), (g), or (h).
Preferably peaks cOmprisé one ‘or more peaks from (a)(i) and/or (a)(ii). More preferably, the

fingerprint comprises all of the peaks of (a)(i) and (a)(ii).
Two or more of the fingerprints may be uséd in combination.

The fingerprint allows determination of whether a subject, from which a test sample has
been taken, has melanoma and/or a defined stage of melanoma. For example:
(a) one or more ions/peaks may be'présént’ in a control sample but absent in the test
sample;
(b) one or more ions/peaks may be present in a control sample and present in the test
sample;
(c) one or more ions/peaks may be absent in a control sample but present in the test
sample; '
(d) one or more ions/péaks may be absent in a control sample and absent in the test

sample,
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For example see Tables 3 and 4.

‘Absent’ and ‘present’ may be absolute. Furthermore, these terms also refer to an increase or
decrease in intensity of one or more peaks/ions necessary for the presence/absence of

melanoma and/or melanoma stage to be determined.

Preferably, proteolytic digestion is carried out using trypsin. Other proteases known to the
skilled person would also be suitable. Furthermore, a chemical digestion procedure may be
used. For example, the chemical digestion may result in the same fragments as a tryptic

digestion.
Preferably a tryptic digestion is carried out under the following conditions:

An aliquot (25 pl) of diluted lserufn (e.g. diluted 1 in 20 with 0.1 % TFA), or of AAG
solution, may be initially fractionated using a ZipTip Cis (Milipore, Watford, UK) with 25
cycles of binding. This may be followed by two washes in 0.1 % TFA and elution in 4 ul of
80 % acetonitrile/0.1 % TFA. This volume may be combined with ammonium bicarbonate
(16.6 ul, 100 mM), water (7.6 [1l), and trypsin Gold Mass Spectrometry Grade (1.3 pl, 0.5
ug/ul, Promega, Southamptor, UK) and incubated at 37 °C overnight. The reaction may be
quenched with 1 % TFA (1 pl) and the sample cleaned-up using a Cig ZipTip following the
procedure described above. An aliquof of the eluate (1 ul) may be spotted onto a MALDI
target using the dried droplet method with matrix, o-cyano-4-hydroxycinnamic acid
(LaserBio Labs, Cedex, France), prepared' as a 10 mg/ml solution in 50 % acetonitrile + 0.1
% TFA. Duplicate samples may be applied to the target plate in a randomized order used for
sample preparation and analysed by MALDI-TOF-MS. A range of appropriate blank and
control samples are preferably prepéred alongside the serum digests. For every 50 patient
samples processed, 10 aliquots of 0.1 % TFA (25 ul) may be taken, as reagent blanks,
through the entire ZipTip clean-up prior to digestion. Serum blanks (4 per 100 serum
samples processed‘) may also be diluted 1/10 with 0.1 % TFA (25 ul), combined with the
digestion buffer without the incorporatiofl of trypsin before, and after, ZipTip clean—up and

incubated overnight at 37 °C.
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Preferably the fingerprint comprises peaks showing an (m/7) of 1161 (% 0.02 %), 1753 (%
0.02 %), 4565 (+ 0.4 %), 4673 (+ 0.4 %), and/or 4786 (+ 0.4 %). Preferably the fingerprint
does not comprise a peak showing an (m/z) of 4155 (= 0.4 %).

A second aspect of the invention relates to a method of identifying a subject having a
melanoma, the method comprising identifying whether a test sample obtained from a test
subject suspected of having melanoma, when analysed by mass spectrometry, shows a

fingerprint as described for the first aspect of the invention.

Preferably the method further comprises obtaiﬁing a fingerprint from a control sample, and
comparing the fingerprint from the control sample with the fingerprint obtained from the test
sample. Preferably, the comparison comprises identification of an elevation or depression in
one or more of the ions of the fingerprint to determine whether the test subject has
melanoma. Preferably one or more of the peaks is elevated or depressed as shown in Table
3. The comparison may domprise identification of the presence/absence of one more of the
ions of the fingerprint to determine whether the test subject has melanoma. More preferably
the comparison takes into account, i. e.l comprises identification of an elevation or depression
in one or more peaks and/or comprises identification of the presence/absence of one or more
peaks. More preferably, the comparison takes into account two, three, four, five, six, seven,
eight, nine, ten, eleven or twelve peaks. Most preferably, the comparison takes into account

all of the peaks of the fingerprint concerned.

Preferably the subject(s) is a human or a fragment or cell obtained therefrom. Preferably the
sample(s) comprises one or more of proteins, peptides or fragments thereof and/or a nucleic

acid molecule.

In order to determine whether a sample, e.g. a test sample or a control sample, shows a
fingerprint as described for the first aspect of the invention, the fingerprint of the sample
may be compared with a fingerprint of the first aspect of the invention either manually (e.g.
visually) and/or by using a computer on which data corresponding to one or more of the
fingerprints of the first aspect of the invention are stored. The data may be accessed, for

example, via a removable disk or via the internet.
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A fingerprint according to the first aspect of the invention may be used for one of the

following purposes:

(a) the fingerprint of (a)(i) and/or (a)(ii) may be used to distinguish between Stage IV
melanoma and non-melanoma;

(b) the fingerprint of (b) may be used to distinguish between Stage III melanoma and
non-melanoma;

(c) the fingerprint of (c) may be used to distinguish between Stage II melanoma and non-
melanoma;

(d) the fingerprint of (d) may be used to distinguish between Stage I melanoma and non-
melanoma;

(e) the fingerprint of (¢) may be used to distinguish between Stage I melanoma and Stage
II melanoma;

() the fingerprint of (f) may be used to distinguish between Stage II melanoma and
Stage ITI melanoma; o ‘ ‘

(g) the fingerprint of (g) may be used' to distinguish between Stage II melanoma and
Stage III melanoma;

(h) the fingerprint of (h) may be used to distinguish between Stage IV melanoma and

control.

Preferably the control sample is obtained from a subject not having melanoma. Alternatively,
or in addition, a control sample may be obtained from a subject having melanoma, for
example a subject having one of the following stages of melanoma: Stage 0, Stage 1A, Stage
IB, Stage IIA, Stage IIB, Stage IIC, Stagé III and Stage IV. Stage IV melanoma may consist
of Stage IV M1a, Stage IV M1b or Stage IV Mlc.

A third aspect of the invention relates to a method of identifying a subject having a
melanoma comprising: | ' |
(i) determining the level of Alpha 1-Acid Glycoprotein or a fragment thereof in a
sample obtained from a test ‘subjéét suspected of having a melanoma; and
() comparing the level of Alpha 1-Acid Glycoprotein or fragment thereof in the test
sample with the level of Alpha 1-Acid Glycoprotein or fragment thereof in a sample

from a control subject.
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Preferably the fragment of alpha 1-acid glycoprotein has an ion having an m/z of 1161, 1093,
1753 and/or 1444 (+ 0.02 %). Preferably the fragment has the sequence selected from:

(1) A polypeptide consisting 6f a sequence selected from:
(a) WFYIASAFR [SEQ ID No. 1],
) a derivative sequence of (a) wherein the derivative sequence has an
(m/z) of 1161 (= 0.02 %).

(ii) A polypeptide comprising a sequence selected from:
(a) NTLIIYLDK [SEQ ID No. 2],
(b) a derivative sequence of (a) wherein the derivative sequence has an (m/z)
of 1093 (+ 0.02 %).

(iii) A polypeptide consisting of a sequence selected from:
(a) YVGGQEHFAHLLILR [SEQ ID No. 3],
(b) a derivative sequence of (a) wherein the derivative sequence has an (n/z)
of 1753 (£ 0.02 %).

(iv) A polypeptide consisting of a sequence selected from:
(a) TYMLAFDVNDEK [SEQID No. 4],
(b) a derivative sequénce of (a) wherein the derivative sequence has an (m/z)
of 1444 (£ 0.02 %).

Suitable databases include NCBI, when using the MASCOT search engine and UNIPROT,
when using the SEQUEST search engine.

Preferably the alpha 1-acid glycoprotein ion is derived from AAG-1/2 or a fragment thereof,

e.g. 1, ii, and iii (above).

The sequences of AAG-1 and AAG-2 are publicly available:
AAG-1 (SEQ ID No. 5): NCBI Accession No. P02763 (last modified 1 January
1998), Version P02763.1 GI:112877. Alternative Accession No. Q8TC16.
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AAG-2 (SEQ ID No. 6): NCBI Accession No. P19652 (last modified 1 April 1993),
Version P19652.2 G1:231458. Alternative Accession No. Q16571.

Preferably the melanoma being detected is a Stage IV melanoma.

The control sample may be obtained from a subject not having melanoma. Alternatively, or
in addition, a control sample may be obtained from a subject having Stage IV melanoma.
One or more control samples may be used. That is, one or more negative and/or one or more

positive control samples may be used.

Preferably the fragment of Alpha 1-Acid Glycoprotein, when analysed by mass
spectrometry, generates an ion having an (m/z) of 1161 and/or 1753 (% 0.02 %).

The method of the third aspect of the invention may further comprise comparing the relative
level of Lactate Dehydrogenase (LDH) in the test sample compared to the control sample to
identify whether the melanoma of the test sample is a Stage I, Stage II, Stage III, Stage IV,
Stage IV M1a, Stage IV M1b apd Stage IV Mlc.

The method for assaying LDH may be based on an ELISA colorimetric test on serum/plasma
samples. LD reagent (using lactate as substrate) utilizes an‘ enzymatic rate method to
measure LD activity in biological fluids. In the reaction, the LD catalyzes the reversible
oxidation of L-Lactate to Pyruvate with the concurrent reduction of B-nicotinamide adenine
dinucleotide (NAD) to B-nicotinamide adenine dinucleotide hydroxylase (reduced form; '
NADH). The system monitors the rate of change in absorbance at 340 nm over a fixed time
interval. The rate of cﬁange in absorbance is directly proportional to the activity of LD in the

sample.

Lactate dehydrogenase measurements are used in the diagnosis and treatment of liver

diseases, cardiac diseases, and tumours of the lung or kidney.

Alternatively, and/or in édaition, one or more of nephelometry, ELISA and Western Blotting

may be used.
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Throughout this specification, the terms ‘elevation’ and ‘depression’ are defined based on a

consistent difference occurring between the ion in the types of samples being compared.

It is preferred that the test subject shows an elevation of one or both of the peptides having
an ion with an (m/z) of 1161 and 1753 ( 0.02 %)..

Preferably the peptide ion having an m/z of 1161 (% 0.02 %) has the sequence WFYIASAFR
[SEQ ID No. 1]. Preferably the peptide ion having an m/z of 1753 (£ 0.02 %) has the
sequence YVGGQEHFAHLLIL’R [SEQ ID No. 3]. Preferably the peptide ion having an m/z
of 1093 (£ 0.02 %) has the sequence NTLITYLDK [SEQ ID No. 2].

Preferably the test subject shows an elevated level of one or more of the proteins having an
m/z of 4565, 4673 and 4786 (+ 0.4 %). Preferably test subject shows an elevated level of two
or more of the proteins having an m/z of 4565, 4673 and 4786 (+ 0.4 %).

Preferably the test subject shows an elévate;d level of a protein ion having an m/z of 4565 (+
0.4 %), a protein ion having an m/z of 4673 (+ 0.4 %) and a protein ion having an m/z of
4786 (£ 0.4 %).

Preferably the test subject shows a depression of a protein ion having an m/z of 4155 (+ 0.4
%). | ' '

Preferably the test subjecf shows: '
(a) an elevation of the peptide having an ion with an (m/z) of 1160 (+ 0.02 %),
(b) an elevation of the peptide having an ion with an (m/z) of 1753 (+ 0.02 %),
(c) an elevated level of the protein having an m/z of 4565 (+ 0.4 %),
(d) an elevated level of the protein having an m/z of 4673 (+ 0.4 %),
(e) an elevated level of the protein having an m/z of 4786 (+ 0.4 %), and

(f) a depression of a protein having an ion having an m/z of 4155 (+ 0.4 %).

That is, preferably a positive diagnosis of a melanoma comprises the identification of the

elevations and depressions of the peptides and.proteins as listed above.
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Preferably the proteolytically digested peptide is a tryptic peptide, although other
proteolytically digested peptides may also be used. As an alternative, or in addition,

chemically digested peptides may be used.

Preferably the melanoma is a metastatic melanoma,.moré preferably a Stage IV metastatic

melanoma.

Preferably the method comprises detecting and/or quantifying one or more of the disclosed
peptides and/or proteins. Such detection and/or quantification may be carried out, for
example, using mass spectrometry and/or an immunological assay. Examples of types of
suitable mass spectrometry apparatus and methods are provided above. Immunological
assays are known to the skilled person and include, for example, an enzyme linked

immunosorbent assay (ELISA).

Preferably the immunological assay comprises use of a labelled antibody. Suitable labels are

well known to the skilled person.
The methods described herein may optionally involve one or more of the following steps:

* Isolation of serum from a blood sample by allowing the blood sample to clot at room
temperature for at least 30 minutes but for no longer than 60 minutes. Preferably the -
clotted sample is centrifuged, preferably at 2500 g for 10 minutes. The serum is then
harvested and subsequently frozen, preferably at —20 °C or —80 °C. Preferably the
sample is initially frozen at —20 °C and subsequently thawed once and aliquoted to a
smaller volume and the smaller aliquot frozen at —80 °C. Preferably the sample is not
re-thawed until imrnediafely prior to analysis. |

* Subjecting'the sample to three or fewer, preferably two or fewer, freeze thaw cycles.

e Following recéipt of a sample from a subject, e.g. from a clinical centre, storing the
sample at —80 °C.

e Following storing of the sample at —80 °C, thawing, storing on ice and processing

within 2 hours of thawing.
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* Exclusion of spectra having a signal to noise ratio of <5:1 for the peak at (m/z) 6632
(% 13) prior to analysis of the mass spectra.
e Carrying out mass specirometry using an instrument in raster mode.

e Carrying out mass spectrometry using an instrument in auto-quality mode.

A further aspect of the invention provides the following polypeptides and mixture of 2 or 3
of these polypeptides:
WEYIASAFR [SEQ ID No. 1], and a derivative sequence of WFYIASAFR wherein the
derivative sequence has an (im/z) of 1161 (x 0.02 %).

NTLITYLDK [SEQ ID No. 2], and a derivative sequence of (NTLIIYLDK) wherein the
derivative sequence has an (m/z) of 1093 (% 0.02 %).

YVGGQEHFAHLLILR [SEQ ID No. 3], and a derivative sequence of
YVGGQEHFAHLL]LR wherein the derivative sequence has an (m/z) of 1753 (& 0.02
%). - "

The mixture may further - comprise  other fragments listed herein, such as
TYMLAFDVNDEK [SEQ ID No. 4], and a derivative sequence of TYMLAFDVNDEK
wherein the derivative sequence has an (m/z) of 1444 (£ 0.02 %).

A fourth aspect of the invention provides a kit for use in a method of detecting melanoma,
the kit comprising positive controls. for mass spectrometry analysis in which the kit
comprises:

(a) a control sample rlepre'sentative of a subject not having melanoma;
and/or

(b) a control sample representative of a subject having melanoma.

Preferably the kit comprises a control sample representative of a subject not having
melanoma comprises proteins and/or proteolytically digested peptides which when analysed
by mass spectrometry generate two or more ions as described in (a)(1), (a)(ii), (b), (c), (d),

(e), (P, (g) or (h) of the first aspect of the invention.
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More preferably, the control sample generates three, four, five, six, seven, eight, nine, ten,
eleven or more of the peaks listed for one of (a)(i), (a)(ii), (b), (c), (d), (e), (f), (g) or (h) of

the first aspect of the invention.

It is further preferred that the control sample generates one or more of the additional ions, or

combinations of additional ions, as described for the first aspect of the invention.
It is further preferred that, in the kit:

(a) one or more of the ions having an (m/z) of 2225, 1753, 1754, 1161 and 1444 is
derived from Alﬁha—Acid Glycoprotein 1 Precursor;

(b) the ion having an (mm/z) of 1251 is derived from Kininogen-1 Precursor;

(c) the ion having an (m/z) of 1283 is derived from Apolipoprotein A-I Precursor;

(d) the ion having an (m/z) of 1093 is derived from Complement C3 precursor.

The kit may comprise positive controls for mass spectrometry analysis, the positive controls
being two or more species selected from:
(a) a protein having an (m/z) selected from 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913, 4835, 4155, 4565 and 4673 (+ 0.4 %);
(b) a proteolytically digested peptide having an (m/z) selected from 1753, 1161, 1505,
854, 1444, 1093 (£ 0.02 %);

Preferably the kit comprises positive controls which comprise a peptide having an ion with
an m/z of 1093 (+ 0.02 %j and a peptide having an ion with an m/z of 1161 (% 0.02 %).

More preferably the positive controls comprise:
(a) a peptide having an ion with an (m/) of 1161 (+ 0.02 %),
(b) a peptide having an ion with an (m/z) of 1753 (= 0.02 %),
(c) a protein having an ion with an m/z of 4565 (+ 0.4 %), |
(d) a protein having an jon with an m/z of 4673 (+ 0.4 %),
(e) aprotein having an ion with an m/z of 4786 (0.4 %), and
(f) aprotein having an ion having an rh/z of 4155 (= 0.4 %).
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Other preferred controls include comprise:
(a) proteins having an ion with an (m/z) of 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913 and 4835 (+ 0.4 %) and/or
(b) peptides having an ion with an (m/z) of 1753, 1161, 1505, 854, 1444 and 1093 (+ 0.4
%).

A particularly preferred control comprises a protein having an ion having an m/z of 1444, a
protein having an ion having an m/z of 1753 and a protein having an ion having an m/z of
1161.

Increasing the number of positive controls and/or increasing the number of ions represented

in each positive control increases the accuracy of the method.

A fifth aspect of the invention relates to a method of identifying a drug for treating
melanoma comprising: v
(a) exposing a test sample from a subject having melanoma to a candidate compound;
(b) subjecting the exposed test sample, from (a), to mass spectrometry analysis to
generate a fingerprint comprising one or more peaks;
(c) comparing the fingerprint obtained from the exposed test sample with a fingerprint
obtained from a control sample in which the control sample:
(1) is obtained from a subject having melanoma; and
(ii) has not been exposed to the candidate compound
(d) determining whether the candidate compound decreases or elevates the level of one
or more of the peaks of the fingerprint of the test sample relative to the fingerprint of

the control sample.

A compound which is suitable for treating melanoma would cause the peaks of the
fingerprint to match more closely to a fingerprint from a control representing a non-

melanoma sample than to a fingerprint from a control representing a melanoma sample.

Preferably, the method further comprises comparing the fingerprint of the test sample with a
fingerprint obtaiﬁed from one or more further control samples in which the one or more

further control samples i$ obtained from:
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(a) a subject not having melanoma; and/or

(b) a subject having Stage IV melanoma.
Preferably the fingerprint is as described for the first aspect of the invention.

It is further preferred that the fingerprint comprises one or more peaks derived from an ion

derived from a protein, the ion having an (m/z) of 1161 and/or 1753 (% 0.02).

Other methods may be used in place of mass spectrometry, e.g. chromatography.

The peaks may be selected from one or more of:
(a) a protein having an (m/z) selected from 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913, 4835, 4155, 4565 and 4673 (= 0.4 %);
(b) a proteolyticallyl digested peptide having an (m/z) selected from 1753, 1161, 1505,
854, 1444, 1093 (= 0.02 %). '

The peaks are listed in ranked order. Therefore the peaks are particularly useful if two or
more of the peaks are combmed in the order listed in a cumulatlve manner. The cumulative

effect of the ions is detalled in Tables 3 and 4,

A sixth aspect of the invention relates to a computer system having a processor, a memory
and an input for receiving data from a mass spectrometer wherein the memory comprises
data corresponding to a fmgerprlnt according to the first aspect of the invention and the
computer configured to compare data from the input against the fingerprint data and to
identify whether the inputted data is indicative of a melanoma based on the results of the

comparison.
The invention also provides a disk, for example CD or diskette, on which one or more of the
fingerprints of the first aspect of the invention is stored. Furthermore, the invention provides

one or more fingerprints accessible via the internet.

Preferably, the fingerprint is for Stage IV melanoma.
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A seventh aspect of the invention relates to a melanoma identification apparatus comprising
the computer system of the sixth aspect of the invention and a mass spectrometer connected

to the input.

Further aspects of the invention are detailed below. These aspects may be combined with
one or more of the first, second, third, fourth, fifth, sixth and seventh aspects of the

invention.

(1) A method of identifying one or more biomarkers of a specified biological phenotype the
method comprising:

(a) obtaining:

(i) a sample obtained from each of a plurality of subjects having the specified
biological phenotype,

(ii) a sample obtained from each of'a plurality of control subject not having the
specified biological phenotype of (i),

to generate intact samples,

(b) proteolytically digesting a portion of each of the samples from (a) to generate
digested samples, A

(c) analyzing an aliquot of each of the intact and digested samples by a method which
separates components of the mixture relative to their molecular weight to generate a
profile of peaks representing the relative abundance of the components in the
mixture,

(d) analyzing the profile obtained from (c) using an artificial neural network to identify
peaks of the profile which distinguish between a subject having the specified
biological phenotype and a subject not having the specified biological phenotype
where ions are added to a model based on their predictive performance for a data set

excluded from the modelling process (blind to the model).

An ‘intact’ sample is one which has not been subjected to a digestion step. The analysis step
(d) may be replaced by an alternative analysis step to identify peaks of the profile which
distinguish between a subject having the specified biologicél phenotype and a subject not

having the specified biological phenotype.
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Throughout this specification, the term ‘one or more’ includes preferably 1, 2, 3,4, 5, 6, 7, 8,

9, 10, 11, 12, 13, 14 or 15 or more. Likewise, the term ‘two or more’ includes preferably 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14 or 15 or more.

The preferred ANN method of the present invention uses a stepwise approach to determine
of a panel of predictive ions coupled with random sample cross validation. This has
particular use for the modelling and analysis of highly dimensional complex data e.g. mass

spectrometry data.

Preferably, a set of models using different randomly extracted data set splits for training,
stopping training, and testing (normally 50 different sets) are trained for each ion in the data
set — this is known as random sample cross validation. Thus it is possible to able to
determine a mean performance across 50 models for each ion in the mass spectrometry
profile for predicting the blind test data sets. The mean performance may be then ranked for
the ion set and the best ion determined. The relative performance of the single ions may be
determined at this stage and their distribution can be determined. The ion may then be
selected for a second round of training with random sample cross validation using the best
ion combined with all the ions in the profile as a pair. Thus it is possible to determine the
best pair of ions. This process is repeated no ‘significant improvement is observed by the

addition of further ions.

(2) A method according to statement (1) wherein step (c) comprises mass spectrometry

and/or 2-dimensional gel electrophoresis.

Both mass spectrometry and 2D GE separate components of a mixture relative to their

molecular weight.

(3) A method according to statement ( 1) or (2) wherein step (a) further comprises

(i)  obtaining experimental ¢ontrol samples.

(4) A method according to statement (3) wherein the experimental control samples consist of

one or more of: trifluoroaceti¢ acid, and bovine serum albumin.
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An experimental control may also include using one or more of the samples from a test
subject and/or a control subject, not adding a protease and then subjecting the sample(s) to
conditions which are the same as those used for digesting the samples from the test and/or

control subject(s). This allows the activity of the protease to be assessed.

(5) A method according to any preceding statement wherein digestion is carried out using

trypsin.
Other proteases known to the skilled person would also be suitable.

(6) A method according to any preceding statement further comprising determining the

amino acid sequence of one or more of the peaks identified.

(7) A method according to statement (6) wherein determination of amino acid sequence

comprises mass spectrometry and database mining.

Sequencing may be carriéd out by any suitable method. Sequencing methods are known to
the skilled person, e.g. a tandem mass spectrometry method or Edman degradation method.
Sequencing allows identification of the parent protein that belongs to the ion having the
predicted m/z value by ANNSs. It also allows verification of the results using another method
e.g. an immunoassay. Furthermore, it provides the identity of the protein to which antibodies
could be developed. Additionally, identification of the sequence allows the DNA and RNA
sequence encoding the protein and/or peptide to be determined thus enabling molecular

biology analyses to be carried out.

Examples of databases include ~the NCBInr database (available at e.g.
http://www.ncbi.nlm.nih.gov) and the Mascot database (available at eg.

http://www.matrixscience.com).

(8) A method according to statement (7) wherein the mass spectrometry is selected from one
or more of:

" (a) tandem mass spectrometry
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(b) matrix assisted laser/desorption ionization time of flight mass spectrometry with post
source decay (MALDI-TOF-PSD)

(c) atmospheric pressure MALDY/ion trap mass spectrometry (AP-MALDI-QIT)

(d) liquid chromatography combined with electrospray ion trap tandem mass
spectrometry (LC-ESI-QIT MS/MS).

(9) A method according to any preceding statement further comprising randomizing the
samples prior to analysis.
An advantage of this randomizing step is that it reduces, and preferably eliminates, bias

which may be otherwise generated.

(10) A method according to any preceding statement wherein mass spectrometry is carried
out by one or more of:
(a) matrix assisted laser/desorption ionization time of flight mass spectrometry with post
source decay (MALDI-TOF-PSD) -
(b) atmospheric pressure MALDI/ion trap mass spectrometry (AP-MALDI-QIT)
(c) liquid chromatography combined with electréspray ion trap tandem mass
spectrometry (LC-ESI-QIT MS/MS).

(11) A method according to any preceding statement wherein the sample in one or both of

steps (a)(i) and (a)(ii) is from a human or animal.

(12) A method according to any preceding statement wherein the sample in one or both steps

(a)(d) and (a)(ii) is a serum sample.

(13) A method according to any preceding wherein the samples are diluted in trifluroacetic

acid prior to analysis by mass spectrometry.

(14) A method according to statement (13) wherein the samples are diluted 1 in 10 in 0.1 %

trifluoroacetic acid.

(15) A method according to any preceding statement wherein the samples are fractionated

prior to digestion.
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(16) A method according to any preceding statement wherein the samples are fractionated

prior to analysis by mass spectrometry.

(17) A method according to any of statements (15) to (16) wherein the fractionation

comprises chromatography.

(18) A method according to statement (17) wherein the chromatography comprises reverse

phase liquid chromatography.

(19) A method according to statement (18) wherein the fractionation comprises use of a

ZipTip C, or a ZipTip Cis,

Alternatively or in addition, the fractionation may comprise use of SPE and/or a HPLC

column.

(20) A method according to any preceding statement wherein prior to MALDI-MS, the
samples are subjected to three or fewer freeze-thaw cycles and the thawed samples are stored
on ice for a period of time of two or less hours between thawing and mass spectrometry

analysis.

This reduces, and preferably eliminates, variation which can result from multiple freeze-

thaw cycles and/or a time delay prior to storage.

(21) A method according to any preceding statement wherein the artificial neural network

sorts only peaks having a predetermined range of masses.

(22) A method according to staternent (21) wherein the predetermined range of masses for

proteins is from 1 to 30 kDa and/or the predetermined range of masses for peptides is from
800 to 3500 Da. |

It is preferred that the artificial neural network sorts 'only peaks having a predetermined

range of masses. It is particularly preferred that the prédetermined range of masses for
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proteins is from 1 to 30 kDa and/or the predetermined range of masses for peptides is from
800 to 3500 Da. These ranges apply particularly to samples from a 'subject having a

melanoma.

(23) A method according to any preceding statement wherein the biological phenotype is a

disease state,
(24) A method according to statement (23) wherein the disease state is a neoplasia.

(25) A method according to statement (24) wherein the neoplasia is selected from a

melanoma, a breast cancer and a prostate cancer.
Most preferably the cancer is a melanoma.

(26) A method of identifying a subject having a predisposition to develop melanoma or
having a melanoma, the method comprising comparing:
(a) the level of one or more biomarkers in a sample obtained from a test subject
suspected of having a predisposition to develop melanoma or suspected of having
a melanoma,
with
(b) the level of the one or more biomarkers in a control or a sample obtained from a
control subject, Y '
(c) wherein the biomarker is sele;cted from the following peptides and/or proteins:
(i) a protein having an (m/z) selected from 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913, 4835, 4155, 4565 and 4673 (+ 0.4 %);
(ii) a proteolytically digested peptide having an (m/z) selected from 1753, 1161,
1505, 854, 1444, 1093 (= 0.02 %);
wherein identification of an elevation or depression in the level of one or more of the
biomarkers in the test subject compared with the control indicates the presence or
absence of a predisposition to developing melanoma or to the presence or absence of

melanoma.
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(27) A method of identifying a subject susceptible to melanoma or having a melanoma, the
method comprising comparing:

(a) the level of one or more biomarkers in a sample obtained from a test subject
suspected of being predisposed to developing melanoma or suspected of having a
melanoma,

with

(b) the level of the one or more biomarkers in a control or a sample obtained from a
control subject,

wherein the biomarker is selected from the following peptideé and/or proteins:

() a protein having an (m/z) selected from 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913, 4835, 4155, 4565 and 4673 (+ 0.4 %);
(ii) a proteolytically digested peptide having an (m/z) which is elevated or depressed
in a proteolytically digested sample from a test subject compared with a
proteolytically digested control sample wherein the samples from the test subject
and the control are digested with the same protease;
wherein identification of an elevation or depression in the level of one or more of the
biomarkers in the test subject compared with the control indicates the presence or absence of

susceptibility to melanoma or to the presence or absence of melanoma.

(28) A method according to statement (25) or (26) comprising a control sample is obtained

from a subject not having melanoma.

(29) A method according to any of statements (26) to (28) comprising a control sample

obtained from a subject having melanoma.

One or more control samples may be used. That is a negative and/or a positive control

sample may be used.

(30) A method according to any of statements (26) to (29) wherein the control sample is
obtained from a subject having one of the following stages of melanoma: Stage 0, Stage IA,
Stage IB, Stage IIA, Stage IIB, Stage IIC, Stage III and Stage IV.
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(31) A method according to any of statements (26) to (30) wherein the method comprises

identification of the elevation and/or depression of two or more of the biomarkers.

Preferably the method comprises identification of the elevation or depression and/or

presence or absence of two or more of the biomarkers listed herein.

Preferably the method comprises identification of the elevation or depression and/or
presence or absence of 2, 3, 4, 5 or 6 biomarkers. Preferably the method comprises the

identification of an elevation or depression of 1, 2, 3, 4, 5 or 6 of the biomarkers.

Elevation and depression are defined based on a consistent difference occurring between the

ion in the types of samples being compared.

(32) A method according to any of statements (26) to (31) wherein the subject shows an
elevation of one or both of the peptides having an ion with an (m/z) of 1161 and 1753 (= 0.02
%). S

(33) A method according to any of statements (26) to (32) wherein the peptide ion having an
m/z of 1161 (+ 0.02 %) has the sequence WFYIASAFR [SEQ ID No. 1].

(34) A method according to any of statements (26) to (33) wherein the peptide ion having an
m/z of 1753 (% 0.02 %) has the sequence YVGGQEHFAHLLILR [SEQ ID No. 3].

(35) A method according to any of statements (26) to (34) wherein the peptide ion having an
m/z of 1093 (% 0.02 %) has the sequence NTLITYLDK [SEQ ID No. 2].

(36) A method according to any of statements (26) to (35) wherein the test subject shows an
elevated level of one or more of the proteins having an m/z of 4565, 4673 and 4786 (+ 0.4
%). B

(37) A method according to any of statements (26) to (36) wherein the test subject shows an
elevated level of two or more of the proteins having an m/z of 4565, 4673 and 4786 (+ 0.4
%). ' ‘
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(38) A method according to any of statements (26) to (37) wherein the test subject shows an
elevated level of a protein ion having an m/z of 4565 (+ 0.4 %), a protein ion having an m/z
of 4673 (+ 0.4 %) and a protein ion having an m/z of 4786 (+ 0.4 %).

(39) A method according to any of statements (26) to (38) wherein the test subject shows a

depression of a protein ion having an m/z of 4155 (+ 0.4 %).

(40) A method according to any of statements (26) to (39) wherein the test subject shows:
(a) an elevation of the peptide having an ion with an (in/z) of 1161 (z 0.02 %),
(b) an elevation of the peptide having an ion with an (m/z) of 1753 (£ 0.02 %),
(c) an elevated level of the protein having an m/z of 4565 (% 0.4 %),
(d) an elevated level of the protein having an m/z of 4673 (= 0.4 %),
(e) an elevated level 6f the protein having an m/z of 4786 (£ 0.4 %), and

(f) a depression of a protein having an ion having an m/z of 4155 (+ 0.4 %).

That is, preferably a positive diagnosis of a melanoma comprises the identification of the

elevations and depressions of the peptides and proteins as listed above.

(41) A method according to ‘any of statements (26) to (40) wherein the proteolytically
digested peptide is a tryptic peptide.

(42) A method according to any of statéfnénts (26) to (41) wherein the melanoma is a

metastatic melanoma.

(43) A method according to statement (42) wherein the melanoma is a stage IV metastatic

melanoma.

(44) A method according to any of statements (26) to (43) wherein the method comprises
detecting and/or quantifying one or more of the peptides and/or proteins using mass

spectrometry and/or an immunological assay.
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Examples of types of suitable mass spectrometry apparatus and methods are provided above.
Immunological assays are known to the skilled person and include, for example, an enzyme

linked immunosorbent assay (ELISA).

(45) A method according to any of statements (26) to (44) wherein the immunological assay

comprises use of a labelled antibody.
The methods described herein may optionally involve one or more of the following steps:

* Isolation of serum from a blood sample by allowing the blood sample to clot at room
temperature for at least 30 minutes but for no longer than 60 minutes. Preferably the
clotted sample is centrifuged, preferably at 2500 g for 10 minutes. The serum is then
harvested and subsequently frozen, preferably at ~20 °C or —80 °C. Preferably the
sample is initially frozen at —20 °C and subsequently thawed once and aliquoted to a
smaller voluthe and the smaller aliqudt frozen at —80 °C. Preferébly the sample is not
re-thawed until immediately prior to analysis.

* Subjecting the sample to three or fewer, preferably two or tewer, freeze thaw cycles.

* Following receipt of a sample from a subject, e.g. from a clinical centre, storing the
sample at —80 °C.,

¢ Following stoﬁng of fﬁe sample at —80 °C, thawing, storing on ice and processing
within 2 hours of thawing.

e Exclusion of si)ectra having a signal to noise ratio of <5:1 for the peak at m/z 6632
%13 prior to analysis of the mass spectra.

® Carrying out mass spectrometry using an instrument in raster mode.

* Carrying out mass spectrometry using an instrument in auto-quality mode.

(46) A polypeptide consisting of a seduenée selected from:
(2) WFYIASAFR [SEQ ID No. 1],
(b) a derivative sequence of (é) wherein the derivative séquehce has an (m/z) of 1161 (+
0.02 %).

(47) A polypeptide comprising a sequenée selected from:
(a) NTLIIYLDK [SEQ ID No. 2],
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(b) a derivative sequence of (a) wherein the derivative sequence has an (m/%) of 1093 (&
0.02 %). ‘

(48) A polypeptide consisting of a sequence selected from:
(a) YVGGQEHFAHLLILR [SEQ ID No. 3],
(b) a derivative sequence of (a) wherein the derivative sequence has an (m/z) of 1753 (+
0.02 %).

(49) A mixture of polypeptides comprising 2 or 3 of the polypeptides according any of
statements (46) to (48)A.

(50) A kit for use in a method of detecting a melanoma, the kit comprising positive controls
for mass spectrometry analysis, wherein the kit comprises two or more species selected
from:
(a) a protein having an (m/z) selected from 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913, 4835, 4155, 4565 and 4673 (£ 0.4 %);
(b) a proteolytically digested peptide having an (m/z) selected from 1753, 1161, 1505,
854, 1444, 1093 (£ 0.02 %)

(51) A kit according to statement (50) wherein the positive controls comprise a peptide
having an ion with an m/z of 1093 (+ 0.02 %) and a peptide having an ion with an m/z of
1161 (= 0.02 %).

(52) A kit according to statement (51) wherein the positive controls comprise:
(a) a peptide having an ion with an (m/z) of 1161 (+ 0.02 %),
(b) a peptide having an ion with an (m/z) of 1753 (x 0.02 %),
(c) aprotein having an m/z of 4565 (+ 0.4 %),
(d) a protein having an m/z of 4673 (= 0.4 %),
(e) aprotein having an m/z of 4786 (+ 0.4 %), and
(f) a protein having an ion having an m/z of 4155 (* 0.4 %).

(53) A kit according to any of statements (50) to (52) wherein the positive controls comprise:
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(a) proteins having an (m/z) of 12000, 14847, 1649, 15477, 13255, 3031, 4791, 9913 and
4835 (+ 0.4 %) and/or
(b) peptides having an (m/z) of 1753, 1161, 1505, 854, 1444 and 1093 (% 0.4 %).

Increasing the number of positive controls increases the accuracy of the method.

(54) A method of identifying a nucleic acid biomarker comprising
(a) using the method according to any of statements (1) to (25) to identify a peptide or
protein biomarker,

(b) identifying the nucleotide sequence encoding the peptide or protein biomarker.
(55) A nucleic acid molecule identified by a method according to statement (54).
That is, the identification of the nucleotide sequence may be determined by using PCR to
identify the mRNA species expressed in the sample in which the peptide or protein
biomarker was identified.
(56) A vector comprising a nucleic acid molecule according to statement (55).
Such vectors include bacteriophages, phagemids, cosmids and plasmids. Preferably the
vectors comprise suitable regulatory sequences, such as promoters and termination
sequences which enable the nucleic acid to be expressed upon insertion into a suitable host.
(57) A host cell comprising a vector according to statement (56).
Preferably the host is E. coli. Furthermore, a host cell comprising that vector is provided.
The invention also provides a monoclonal antibody capable of specifically binding to a

polypeptide according to those described above.

(58) A monoclonal antibody capable of specifically binding to a polypeptide according to
any of statements (46) to (48).
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The polypeptides of the invention may be used to raise antibodies. .In order to produce
antibodies to tumour-associated antigens procedures may be used to produce polyclonal
antiserum (by injecting prbtein or peptide material into a suitable host) or monoclonal
antibodies (raised using hybridoma technology). In addition PHAGE display antibodies may
be produced, this offers an alternative procedure to conventional hybridoma methodology.
Having raised antibodies which may be of value in detecting tumour antigen in tissues or
cells isolated from tissue or blood, their usefulness as therapeutic reagents could be assessed.
Antibodies identified for their specific reactivity with tumour antigen may be conjugated
either to drugs or to radioisotopes. Upon injection it is anticipated that these antibodies
localise at the site of tumour and promote the death of tumour cells through the release of
drugs or the conversion of pro-drug to an active metabolite. Alternatively a lethal effect may
be delivered by the use of antibodies conjugated to radioisotopes. In the detection of
secondary/residual disease, antibody tagged with radioisotope could be used, allowing

tumour to be localised and monitored during the course of therapy.

The term “antibody” includes intact molecules as well as fragments such as Fa, F(ab’)2 and
Fv. ‘

(59) The use of an isolated nucleic acid molecule comprising a sequence according to
statement (55) or a nucleic acid molecule capable of specifically hybridising to a sequence
according to statement (55) to detect or monitor cancer or to detect the susceptibility of a

subject to cancer.

Such molecules may be used as probes, e.g. using PCR. Such probes may be labeled by

techniques known in the art, e.g. with radioactive or fluorescent labels.

The term “specifically hybridising” is intended to mean that the nucleic acid molecule can
hybridise to nucleic acid molecules according to the invention under conditions of high
stringency. Typical conditions for high stringency include 0.1 x SET, 0.1 % SDS at 68 °C

for 20 minutes.
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The expression of genes, and detection of their polypeptide products may be used to monitor
disease progression during therapy or as a prognostic indicator of the initial disease status of

the patient.

(60) A method of detecting or monitoring cancer or detecting the susceptibility of a subject
predisposed to developing cancer comprising the step of detecting or monitoring an elevated
or depressed level of a nucleic acid molecule comprising a sequence according to statement

(55) in a sample from a patient.
The sample may be a blood, serum or tissue sample.

(61) A method of detecting or monitoring cancer or detecting the susceptibility of a subject
to cancer comprising the use of a nucleic acid molecule according to statement (55) or a
nucleic acid probe capable of specifically binding to a nucleic acid sequence according to

(55) in combination with a reverse transcription polymerase chain reaction (RT-PCR).
(62) A method of detecting or monitoriﬁg melanoma or detecting the susceptibility of a
subject to melanoma comprising detecting or monitoring elevated levels of a polypeptide

according to any of statements (46) to (48).

(63) A method according to statement (62) comprising the use of an antibody selective for a

polypeptide as defined in any of statements (46) to (48).

(64) Use or method according to any one of statements (61) to (63), wherein the cancer is a

melanoma.
(65) Use or method according to statement (64) wherein the cancer is a stage IV melanoma.

Alternatively, or in addition, the uses or methods may be applied in relation to other

neoplasias, such as other cancers.

(66) A method of prophylaxis or treatment of cancer comprising administering to a patient a

pharmaceutically effective amount of nucleic acid molecule comprising a nucleic acid
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sequence according to statement (55) or a nucleic acid molecule capable of specifically
hybridising to nucleic acid molecule comprising a nucleic acid sequence according to

statement (56) or a pharmaceutically effective fragment thereof.

By pharmaceutically effective fragment, the inventors mean a fragment of the molecule
which still retains the ability to be a prophylactant or to treat cancer. The molecules are
preferably administered in a pharmaceutically amount. Preferably the dose is between 1

ng/kg to 10 mg/kg.
(67) A method of prophylaxis or treatment of a melanoma comprising administering to a
patient a pharmaceutically effective amount of a polypeptide as defined in any of statements

(46) to (48) or a pharmaceutically effective fragment thereof.

(68) A method of prophylaxis or treatment of cancer comprising the step of administering to

a patient a pharmaceutically effective amount of an antibody according to statement (58).

(69) A method according to any one of statements to (59) to (68), wherein the sample is a

serum sample.

(70) A method according Fo any of statements (59) to (69) wherein the cancer is a melanoma.
Preferably the method is applied to a stage IV melanoma.

(71) A vaccine comprising a nucleic acid molecule having a nucleic acid sequence as defined
in statement (55) or a pharmaceutically effective fragment thereof and a pharmaceutically

acceptable carrier.

(72) A polypeptide comprising a carrier covalently attached to a polypeptide according to

any of statements (46) to (48) or a pharmaceutically effective fragment thereof.

The carrier may be a further protein or a fragment of a further protein, such as tetanus

toxoid, to make it immunogenic (using well-known techniques). That is, the further protein
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or protein fragment is not from the polypeptide or protein. Such constructs and nucleic acid

molecules encoding such constructs are also part of the invention.

Another aspect of the invention provides a polypeptide comprising a carrier covalently
attached to a polypeptide according to any of those described above or a pharmaceutically

effective fragment thereof,

(73) A nucleic acid molecule encoding a polypeptide accérding to statement (72) or any of

the polypeptides described herein.

(74) A vaccine comprising a polypeptide according to any of statements (46) to (48) or any
of the polypeptides described herein or a pharmaceutically effective fragment thereof which
may be optionally attached to a further immunogen, and a pharmaceutically acceptable

carrier.

(75) Use of a biomarker obtainable by a method according to any of statements (1) to (25)
or (54) to detect or monitor neoplasia or to identify a subject predisposed to developing a

neoplasia.

(76) Use according to statement (75) wherein the neoplasia is selected from a melanoma, a

prostate cancer and a breast cancer.

(77) A method of identifying a subject having a melanoma comprising determining the level
of alpha 1-acid glycoprotein or a fragment thereof in a sample obtained from a subject and
comparing that with the level of alpha 1-acid glycoprotein from a control sample.

(78) A method according to statement (77) wherein the melanoma is a Stage IV melanoma.

(79) A method according to statement (77) or (78) wherein the fragment of alpha 1-acid
glycoprotein has an ion having an m/z of 1161 or 1753 (£0.02 %).

(80) A method according to statement (77) to (79) wherein the fragment has the sequence
selected from the polypeptide of statement (46) or of statement (48).
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(81) A method according to statement (80) wherein the alpha 1-acid glycoprotein ion is
derived from AAG-1/2.

(82) A method of identifying a drug for treating melanoma comprising:
(a) treating a sample from a subject having melanoma with a candidate compound,
(b) subjecting the treated sample from (a) to mass spectrometry to generate one or more
peaks,
(c) comparing the peaks obtained from the treated sample with a control sample from a
subject having melanoma wherein the control sample was not treated with the
candidate drug, .

to identify candidate compounds which decrease the level of melanoma biomarkers.

Other methods may be used in place of mass spectrometry, e.g. chromatography.

(83) A method according to statement (82) further comprising comparing the peaks obtained
from the treated sample with peaks obtained from one or more further control samples
treated with mass spectrometry to generate one or more peaks wherein the further control
sample is obtained from one or more of:

(a) a subject not having mélanoma, or

(b) a subject having Stage IV melanoma.
As an alternative, any other suitable method may be used in place of mass spectrometry.

(84) A method according "co‘statement (83) wherein the peaks are selected from one or more
of: | |
(a) a protein having an (m/z) selectéd frorﬁ 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913, 4835, 4155, 4565 and 4673 (0.4 %);
(b) a proteolytically digested peptide having an (m/z) selected from 1753, 1161, 1505,
854, 1444, 1093 (+ 0.02 %). ‘

(85) A mass spectrometry melanoma fingerprint for identifying the presence of a melanoma

comprising two or more of the following peaks:
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(a) a protein having an (m/z) selected from 12000, 14847, 1649, 15477, 13255, 3031,
4791, 9913, 4835, 4155, 4565 and 4673 (+ 0.4 %);

(b) a proteolytically digested peptide having an (m/z) selected from 1753, 1161, 1505,
854, 1444, 1093 (x 0.02 %).

(86) A fingerprint according to statement (85) wherein the fingerprint comprises peaks
showing an (m/z) of 1161 (+ 0.02 %), 1753 (& 0.02 %), 4565 (+ 0.4 %), 4673 (* 0.4 %),
4786 (£ 0.4 %).

(87) A fingerprint according to statement (86) wherein the fingerprint does not comprise a
peak showing an (m/z) of 4155 (+ 0.4 %).

(88) A computer system having a processor, a memory and an input for receiving data from
a mass spectrometer wherein the system with memory comprises data corresponding to a
fingerprint according to statement (85), (86) or (87) and the computer configured to compare
data from the inpﬁt against the fingerprint data and to identify whether the inputted data is
indicative of a melanoma based on the results of the comparison.

(89) Melanoma identification apparatus comprising the computer system of statement (89)

and a mass spectrometer connected to the input.

(90) A method of identifying one or more biomarkers of a specified biological phenotype
and/or of exposure to a specified environmental condition, the method comprising:
(a) obtaining:

(i) a sample obtained from each of a plurality of subjects having the specified
biological phenotype and/or having been exposed to the specified environmental
condition, '

(ii) a sample obtained from each of a plurality of control subject not having the
specified biological phenotypé of (i) and/or having been exposed to the specified
environmental condition (i),'

to generate intact samples,
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(b) analyzing an aliquot of each of the samples by a method which separates components
of the mixture relative to their molecular weight to generate a profile of peaks
representing the relative abundance of the components in the mixture,

(c) analyzing the profile obtained from (b) using an artificial neural network to identify
peaks of the profile which distinguish between a subject having the specified
biological phenotype and/or having been exposed to the specified environmental
condition and/or a subject not having the specified biological phenotype or having

been exposed to the specified environmental condition.

The analysis step, using an ANN in any of the above methods, may be replaced by an
alternative analysis step to identify peaks of the profile which distinguish between a subject
having the specified biological phenotype and a subject not having the specified biological
phenotype.

(91) A method according to stafement (90) wherein the subject’is a human, an animal, a

plant, a virus, a bacteria or a fragment or cell obtained therefrom.

(92) A method according to statement (90) or (91) wherein the sample comprises proteins,

peptides or fragments thereof.

(93) A method according to any of statéments (90) to (93) wherein the sample comprises a

nucleic acid molecule.

(94) A method of diagnosis of the susceptibility of a subject to a neoplasia comprising
determining the level of a biomarker identified according to the method of any of statements
(1) to (25) or (54).

Examples of biological phenotypes include neoplasias such as cancers including melanoma,
prostate and breast cancers. Examples of environmental conditions include heat shock, cold
shock, exposure to one or more forms of radiation, exposure to one or more pharmaceutical

compounds or combinations of the above.
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Another aspect of the invention provides a method of diagnosis of the susceptibility of a
subject to a neoplasia comprising determining the level of a biomarker identified according
to the method of any of the above methods. Preferably the method comprises a comparison

with a negative or positive control.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained by way of example only with reference to the following

drawings:
Figure 1. Experimental flowchart for profiling serum proteins and tryptic peptides.

Figure 2. Replicate MALDI-TOF spectra of serum proteins and tryptic peptides. Replicate
MALDI-TOF analysis of aliquots of the same sample (a) diluted 1 in 10 with 0.1 % TFA and
analyzed by MALDI-MS in linear mode and (b) prepared by ZipTip clean-up prior to and
following tryptic digestion and analyzed in reflectron mode. The m/z and normalized
intensities of selected peaks’ within the fanges 1000-16000 Da for serum proteins (a) and

800-3500 Da for tryptic peptides (b) are presented in Table 1a. and 1b.

Figure 3. (a) Representative mass spectra of proteins m/z 1000-15000 and (b) magnified
view of protein ions m/z 4000-5000 using unfractionated human serum from melanoma stage
IV patients and controls analyzed by MALDI-linear TOF MS. Serum was diluted 1 in 10 in
0.1 % TFA and deposited with an equal volume of sinapinic acid using the dried droplet
method on a MALDI sample plate. Protein peaks in the region m/z 4500-5000 (Figure 3b)
show both up- and down-regulation of ions in cancer serum samples (a — ¢), compared with

serum from healthy controls (d — f).

Figure 4. Representative mass spectra of serum tryptic peptides from melanoma stage IV
patients and controls. This spectrum illustrates the observed intensity differences of ions at
m/z 1161 and 1753, present in melanoma stage IV sera (a — c), but detected only at very low

intensities in the control samples (d —£). '
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Figure 5. (a) Predictive capability of ANNs trained to recognize protein profiles based on a 9
ion ANNs model and (b) predictive capability of ANNs to recognize tryptic peptide profiles
based on a 6 ion model. The grey bars indicate control samples and the black bars indicate
stage IV Melanoma cancer. A predicted value below 1.5 indicates a control sample, whilst a
prediction greater than 1.5 indicates a treated sémple. (c) Validation of the ANNs model was
confirmed using 50 stage I samples as a blind data set in the developed ANN model for
control versus stage IV tryptic peptides. The samples were correctly assigned as non-stage
IV samples to a median accuracy over the 50 optimized sub-models of 97 % (inter-quartile
range 92 % - 99 %). The white bars indicate controls, the grey bars represent stage I and the

black bars are stage IV samples.

Figure 6. Sequence analysis of serum tryptic peptide precursor ion m/z 1753.2
(YVGGQEHFAHLLILR, derived from a-1-acid glycoprotein) by (a) MALDI-TOF PSD
(parent ion not shown), (b) AP-MALDI-QIT MS/MS and (c) LC-ESI-QIT MS/MS. Inset
shows an extracted ion chromatogram (m/z 1753.2) displaying a single peak, which shows

that this ion was derived from a single peptide.

Figure 7. (a) representative spectra of commercially available AAG was made up to Img/ml
and digested and spotted ‘on the MALDI-TOF and analysed in reflectron mode. The two
most prominent peaks identified are at m)z 1160.1 and 1753.1 verifying the inventors’ results
from stage IV patients as belonging to AAG parent protein. (b) Sequence analysis of the ion
at m/z 1753.1 after an aliquot of commercial AAG was digested and analysed on the LC-
ESI-QIT MS/MS. These data confirm the inventors’ results with similar b and y ions

identified and $imilar qualitative spectral pattern.

Figure 8. (a) Box and whisker plot depicts the mean + SE (Standard Error of the Mean) (g/L)
for serum AAG levels in stage IV versus control patients, Turbidimetric analysis of serum
AAG levels reveal that it is significantly increased in stage IV patients in comparison with
healthy controls. (b) Plot of AAG concentration versus predictive ions at m/z 1753 and 1160
MALDI mass spectral intensity for 15 control and 12 stage IV patients. It is clear that the

two groups can be distinguished as two separate clusters.
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Figure 9. Ion intensity of m/z 1753 versus sub-stages of Stage 4 metastatic Melanoma. Sub-
stage M1c shows a higher level of AAG in comparison with the other sub-stages which may

indicate that AAG can be used to assess the progression to metastatic Stage IV disease.

Figure 10. Ion intensity of m/z 1160 versus sub-stages of Stage 4 metastatic Melanoma. Sub-
stage M1c shows a higher level of AAG in comparison with the other sub-stages which may

indicate that AAG can be used to assess the progression to metastatic Stage IV disease.
EXPERIMENTAL PROCEDURES

Patient Selection and Serum Sample Collection

Serum samples were selected from a frozen collection of sera from patients with
histologically confirmed melanoma. Tumour staging was performed by CT/MRI and the
patients were classified according to the staging system of the AJCC [1]. All patients gave
informed consent and the study was approved by the local Institutional Review Board (IRB).
The serum samples were processed following a standardized protocol: blood was drawn
from the patients’ cubital vein into gel coated serum tubes (Sarstedt, Nuembrecht, Germany)
and allowed to clot at room temperature for at least 30 min, but no longer than 60 min.
Thereafter, the tubes were centrifuged at 2500 g for 10 min. The serum phase was harvested
and subsequently frozen without any additives in 1 ml aliquots at -20 °C thawed once to
aliquot the sample into smaller volumes and transferred to -80 °C, and thereafter it was not
thawed until immediately prior to analysis. Serum samples from stage IV melanoma patients
(30 male and 20 female) had a mean age + SD (standard deviation) of 54.4+15.6 years.
Distribution of patients in Stage’ IV (n = 50) was as follows:'Mla - metastases in skin,
subcutaneous and/or lymph nodes and normal LDH - (n = 14), M1b - lung metastases only
and normal LDH - (n = 10), M1c - metastases in visceral organs (e.g. liver, brain, etc) and/or
elevated serum LDH (n = 26). In this study the inventors have not sought to perform analysis
on the sub-stages due to the relatively low numbers and have therefore, combined these
patients as having advanced disease. Stage I melanoma patients (24 male and 26 female) had
a mean age of 58.8+13.7 years. The healthy volunteers (32 male and 18 female) had a mean

age of 45.3+16 years.
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Sample Preparation

Protein analysis

Prior to sample handling and breparation, the samples were randomized, for position on a
96-well dilution plate and a 384 MALDI target plate, using a computer randomization
program (Microsoft Excelj. Serum samples were prepared in duplicate according to Figure 1.
Briefly, serum was diluted 1 in 10 in 0.1 % trifluoroacetic acid (TFA) and an aliquot was
spotted together with SA matrix (10 mg/ml) using the dried droplet method, in which equal
volumes (1uL) of sample and matrix were mixed on the target plate allowed to air dry, and
analyzed by MALDI-TOF-MS.

Peptide analysis

Tryptic serum and comrriercially available AAG (1mg/ml) peptides were prepared according
to Figure 1. An aliquot (25 uL) of the diluted serum (1 in 10 with 0.1 % TFA), or alpha 1-
acid glycoprotein (AAG) solution was initially fractionated using a ZipTip Cis (Milipore,
Watford, UK) with 25 cycles of binding. This was followed by two washes in 0.1 % TFA
and elution in 4 pl of 80 % acetonitrile/0.1 % TFA. This volume was combined with
ammonium bicarbonate (16.6 pl of 100 mM), water (7.6 uL), and trypsin Gold Mass
Spectrometry Grade (1.3 pl of 0.5 pg/ul, Promega, Southampton, UK) and incubated at 37
°C overnight. The reaction was quenched with 1 % TFA (1 pl) and the sample cleaned-up
using a Cyg ZipTip following the prdcedure described above and an aliquot of the eluate (1
ul) was spotted onto the MALDI target using the dried droplet method with matrix, CHCA
(LaserBio Labs, Cedex, Fraﬁce), preﬁared as a 10 mg/ml solution in 50 % ACN + 0.1 %
TFA. Duplicate samples were applied to the target plate in the randomized order used for
sample preparation and analysed by MALDI-TOF-MS. A range of appropriate blank and
control samples were prepared alongside the serum digests. For every 50 patient samples
processed 10 aliquots of 0.1 % TFA 3('25 rp'L) were taken as reagent blanks through the entire
ZipTip clean-up prior to di’gestion. Serum blanks (4 per 100 serum samples processed) were
also diluted 1/10 with 0.1 % TFA (25 uL), combined with the digestion buffer without the
incorporation of trypsin before, and after ZipTip clean-up and incubated overnight at 37 °C.
Bovine serum albumin (BSA) controls’ (1 per 25 serum samples processed) were used to

ensure the efficiency of the digestion procedure. A BSA solution was made up to 1 nmol/ul,
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diluted 1/10 with 0.1 % TFA and digested as above, followed by ZipTip clean-up. Samples
were applied to the MALDI-TOF target plate using the dried droplet method.

Mass Spectrometric Analysis

MALDI-TOF experiments were performed on Axima CFR* mass spectrometer (Shimadzu,
Manchester, UK). Close external calibration was performed using protein calibration mix 2
and peptide calibration mix 4 (proteomix)( supplied by Laser Bio Labs (Cedex, France). The
protein calibrants were: Cytochrome C, hoise heart, m/z 12361.12; Myoglobin, horse, m/z
16181.06 and Trypsinogen, m/z 23981.9'8. Insulin beta chain, m/z 3494.65 (3 ul of 5mM)
was also added to the calibration protein mix. Mass spectral acquisition in the range 1000-
25,000 Da was carried out in ‘raster mode’ using linear TOF-MS. The resultant mass spectra
were all examined visually and spectra were excluded from the data set before being
processed for bioinformatic analysis if the signal-to-noise ratio was <5:1 for the peak at m/z
6632+13. The peptide calibration was based on the monoisotopic masses of [M+H]"of
bradykinin fragment 1-5, angiotensin II, neurotensin, ACTH clip (18-39) and Insulin B-chain
oxidised at m/z 573.31, 1046.54, 1672.91, 2465.19, 3494.65, respectively. The samples were
analyzed by MALDI-TOF mass spectrometry in reflectron mode using pre-scanning in ‘auto

quality’ mode,

Identification of peptides of known m/z values predicted as being discriminatory between
stage IV melanoma and control p'opullatiovns by ANNs was carried out using MALDI-TOF
with post source decay (MALDI-TOF-PSD), atmospheric pressure MALDVion trap mass
spectrometry (AP-MALDI-QIT) and liquid chromatography combined with electrospray ion
trap tandem mass spectrometry (LC-ESI-QIT MS/MS) analysis. Sample preparation for
MALDI-TOF-PSD and AP-MALDI was identical to that described above and according to
Figure 1. MALDI-PSD was carried out as an accumulation of 500 laser shots using the
Axima CFR* mass spectrometer. Laser power for PSD measurements was increased to 50 %
above the threshold for observation of the fragment ions. PSD calibration was used, as
prescribed by the manufacturer. AP-MALDI experiments were perforrhed using a MassTech
(Columbia, MD, USA) AP-MALDI source equiinped with a 10 Hz, 300 mJ, 337nm N laser

interfaced with an LCQ ion trap mass spectrometer (ThermoElectron, San Jose, CA, USA),

* For all experiments, the ion trap automatic gain control was deactivated, the gate time set to

500 ms, and the heated capillary inlet temperature was set to 350°C, The AP-MALDI target
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plate was held at 2.7 kV and no auxiliary or sheath gases were used. Typical collision energy
used for MS/MS was between 35-38 %. The experimental masses of the precursor ion and

fragment ions, were used as inputs for MASCOT sequence query (www.matrixscience.com),

using the following parameter settings: 1 maximum missed cleavage, 0.8 Da (for PSD-
MALDI and AP-MALDI) tolerance for the singly charged precursor ion, and 0.7 Da (PSD-
MALDI) and 0.6 Da (AP-MALDI) for the fragment ion mass. NCIBnr was used as the

reference database (human taxonomy). Trypsin was selected as the proteolytic enzyme.

LC-ESI-QIT MS/MS analyses were carried out using on-line reverse-phase nano-scale liquid
chromatography in conjunction ‘'with ion trap tandem mass spectrometry. Human serum
samples from Stage IV melanoma and control patients, and commercially available AAG,
were digested as described above, followed by dilution with 100 pul 0.1 % TFA. Samples
were injected (100 pl volume) onto a precolumn (LC Packings, Cis-PepMap, 100 A, 3um
particle size, 300 um ID x 5 mm, Dionex Ltd, UK) via a six-port automated switching valve,
using a loading mobile-phase (0.1 % TFA, 30 uL/min), supplied by a loading pump (LC
Packings, Dionex Ltd,l UK), to effect sample preconcentration and desalting (total of 14.0
min.), The six-port valve was switched to introduce a counter-current solvent flow (180
nl/min, split flow) to the pre~coiumn from an UltiMate gradient pump (LC Packings,
Dionex Ltd, UK) to direct the sample onto an révérse-phase capillary LC column (LC
Packings, Cis-PepMap, 100 A, 3pm pérticle size, 75um ID x 150 mm, Dionex Ltd, UK)
connected to the mass spectrometer interface by a fused silica transfer line (20 pm ID, 300
mm). On-line sample separation prior to mass spectrometric detection was carried out using
a linear gradient (Solvent A: 0.1 % formic acid in'water; Solvent B: 80 % acetonitrile in 0.1
% formic acid in water) from 5 % B (at time of six-port valve switch) to 75 % B (over 60
min., hold for 2 min.) then to 5 % B (over 2 min.) and re-equilibrate for the next analytical
run. Tandem mass spectrometric analysis was carried out using a Finnigan LCQ Classic ion
trap mass spectrometer (ThermoElectron, San Jose, CA, USA) equipped with a dyhamic
nano-electrospray ion source, operated in positive ion mode. Analytical performance of the
hyphenated LC-QIT MS/MS system was assessed by analysis of a BSA tryptic digest as
standard, bracketing replicate serum samples, to provide validation for human serum
analysis. Data was acquired for human serum tryptic peptides following LC introduction
using either full scan mode (m/é 300-2000‘, 3 microscans) or targeted tandem mass

spectrometric (MS/MS) mode (200 ms activation time, isolation m/z of 3.0). Automatic gain
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control (AGC) was applied in all data acquisition modes. Automated database search of
fragment ion spectra was carried out using the SEQUEST algorithm (Bioworks software,
ThermoFinnigan, San Jose, CA, USA), the parameters were: trypsin was selected as the
proteolytic enzyme and m/z tolerances were set to 0.9 Da for the parent ion and 0.2 Da for
fragment ions. A total m/z range of 200-3500 was specified, with a minimum total ion
chromatogram count of 5 x 10* counts. Peptide assignment from SEQUEST output satisfied
a confidence level value > 2.0 and probability score (Sp) > 200, matching a minimum of 4
product ions above m/z 400 upon manual inspection. Sequence identities were confirmed
using the Mascot database and the search parameter settings for the MASCOT sequence
query routine were as follows: 1 maximum missed cleavage, 0.8 Da tolerance was used for
the singly and doubly charged precursor ion and 0.5 Da for the fragment ion mass. NCIBnr
was used as the reference database (human taxonomy). Trypsin was set as the proteolytic

enzyme.

To validate the developed MALDI/bioinformatic protocols, the experiments were repeated
for serum proteins/peptides by a different 6perator four months for proteins and one week for
peptides after the first analysis of all samples to assess intra-laboratory reproducibility. Fresh
serum samples were prepared and spotted onto the iarget plate as above and analysed by
MALDI-TOF-MS. The resulting data was used to validate the ANNs model developed for

the first set of samples.
Artificial Neural Networks (ANNs)

Protein Data

Data pre-processing and model developmeiit "

Prior to ANN training the raw data from the mass spectrometer were imported as ASCII text
files. Linear TOG mass spectral data were binned across the 2-25 kDa mass range with the
median intensity value across a 1 Da range determined to represent the intensity of a given
mass value. A three layer MLP ANN was used with a feed forward Bl}’ algorithm utilising a
sigmoidal transfer function a momentum of 0.5 and a learning rate of 0.1, Data were scaled
between 0 and 1 using minimims and maximums, where raw values were scaled linearly so
that the smallest value in the dataset was the minimum, and the largest the maximum. This

scaling method ensures that all potential relationshins amonest variables are kent identical.
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therefore not introducing bias into the data. Inputs to the network represented binned rm/z
values between 2-25 kDa togethér with their corresponding intensity values. Two hidden
nodes were used in the hidden layer. The output later consisted of a single node, where

control samples were coded as “1”, and Stage IV melanoma samples were coded as “2”,

For ANN analysis, the data consisted of 100 samples each with 23001 corresponding
variables specifying the intensity a't a given binned m/z value. Models were trained using
random sample cross validation. Here, the samples were randomly split into three groups;
training, test, and independent validation. From a total of 100 samples (50 per class) 60
samples were randomly assigned to the training set, 20 were randomly assigned to the test
set, and the remaining 20 were completely removed and used for an independent validation.
This process has been termed random sample cross validation. The ANNs were trained
using the training set and network error with regards to predictive performance was
monitored with the test set, which was unseen during training. Once this error failed to
improve for a pre-determined number of training events, training was terminated, and the
model validated on the independent validation set, which was truly blind to the model. The
random sample cross validation process was repeated 50 times so that each sample was part
of the independent validation data subset a number of times. This enabled confidence
intervals to be calculated for the network bredictions on blind data, and to provide a large set

of models for comparing predictive performances and identified biomarker ions.

Modelling process

The modelling process involved a novel stepwise approach. Initially, each variable from the
dataset was used as an individual input in a network, thus creating » (23001) individual
models. These n models were then trained, using the random sample cross validation process
described above, creating 50 sub-models for each of the n models. These models were
ranked in ascending order based upon their mean squared error values for test data. The
model with the lowest predictive error identified the most important single ion which was

selected for inclusion in the subsequent additive step.

The remaining inputs were then sequentially added to the previous best input, creating n-1
models each containing two inputs. Training was repeated and performance evaluated for

these as described above. The model which showed the best performance was then selected
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and the process repeated, creating n-2 three input models. This process was repeated until
no statistically significant improvement in model performance was gained from the addition
of further inputs for three complete steps, thus resulting in a final model containing the
proteomic pattern which most accufately predicted between the two outcomes. This process
defines a best subset of ions (that are ordinal to each other) that explain the variation within

the melanoma versus control classes.

Digested Peptide Data
For the tryptic digested peptides, the modelling. protocol was identical to that for the protein

data outlined above, except that data used were between the range m/z 800-3500,

Validation of the ANN models

To address the reproducibility of the ANNS procedure over multiple experiments, both the
proteins and tryptic peptides Weré re-analyzed on a separate occasion by a different operator.
The spectra from this second experiment were then used for validation of samples as a
second cohort of blind data to assess the reproducibility of the proteomic and bioinformatics
methodologies.  Further, 50 stage I samples were analysed by MALDI-TOF mass
spectrometry and validated in the developed model to assess the ability of the model to
discriminate between early (stage I) and late (stage IV) stage metastatic melanoma samples
and to show that the biomarker ions were specific to late stage melanoma compared to

controls.

Quantitation of AAG

Randomly selected n = 15 stage IV and n = 15 controls were used for quantitation of AAG
(g/L) using an automated turbidimetric assay with a Randox kit (Randox Laboratories Ltd,
Co Antrim, UK) based on a specific antibody to AAG. The formation of the antibody
complex during the reaction results in an increase in turbidity, which is measured as the

amount of light absorbed at 340 nm. The method was run on ‘a Kone analyser (Labmedics,
UK).
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RESULTS ,

Optimization of Serum Protein and Peptide protocols

Mass spectral quality and reproducibility has been shown to be central to the performance of
proteomic approaches based on mass spectrometry. A comprehensive strategy to optimize all
aspects of sample preparation, deposition, calibration and instrumentation parameters to
produce standardized protocols for the analysis of protein and tryptically digested peptides of
serum samples is reported. The inventors’ results indicated that 1 in 10 dilution of serum
with 0.1 % TFA gavé the highest number of peaks and signal-to-noise ratios in the range
across the m/z 1000-25000 using linear TOF-MS (data not shown). ZipTip clean-up methods
caused protein loss corresponding to 84 % and 75 % respectively for the C4 and Cyg tips at a
1 in 10 serum dilution. For the analysis of tryptic peptides, the use of ultrafiltration devices
to remove high molecular weight proteins prior to enzymatic digestion led to inconsistent
results, as did acetonitrile precipitation. In reflectron TOF-MS mode, peptide signal
intensities were comparable for samples prepared by acetonitrile precipitation and by Cig
ZipTip clean-up before digestion. However, a greater number of peptide ions and improved
reproducibility were observed in the spectra obtained using ZipTip clean-up. Prior to ANNs
analysis MALDI linear TOF and reflectron TOF mass spedtra were visually examined and

spectra were excluded if the signal-to-noise criteria were not met.

Reproducibility studies were carried out through replicate analylse‘s of aliquots of the same
serum sample, which were taken through the full analytical procedure before being spotted
randomly on the MALDI target plate. Representative spectra are shown in Figures.-2a. and -
2b. The mean and coefficient of variation (CV) for the m/z values and normalized intensity
ratios (NIR) were calculated as shown in Table-1a. for serum proteins (n = 10) and Table-1b.

for digested serum peptides (n = 6).
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Tables 1(a) and (b). Reproducibility data for (a) serum proteins and (b) tryptic

peptides. Masses (m/z) and intensities (after normalization) acquired by MALDI-

TOF-MS in linear mode for serum proteins and in reflectron mode for the digested

peptides are shown as mean values and their respective coefficient of variation (CV).

The CV for 5 selected protein peaks with normalized intensities in each of the

regions between the range m/z 2000-16000 was less than 25 %. The tryptic peptides

lead to CV of normalized intensities between 10.9 — 36.5 %. The mean CV for m/z

using linear mode analysis of serum proteins was 0.1 % whereas the digested

peptides lead to a CV of 0.01 % for all peaks. NIR = Normalized Intensity Ratio.

@
PROTEINS

m/z

NIR

m/z NIR

m/z

NIR m/z

NIR

m/z

NIR

2751.0
2752.1
2758.4
2757.5
2751.8
2754.6
2748.5
2749.8
2754.8
2756.3

0.26
0.23
0.24
0.16

023

0.23
0.29
0.33

0.21

0.24

45704 1.30
4568.6 1.16
4571.6 1.46
4572.4 0.94

45778 1.03
4578.6 1.12

45675 1.54

4569.6 1.60

45674 1.63
45703 1.19

10400.0
10398.0
10396.9
10397.8
10397.5
10392.1
10405.2
10407.2
10393.1
10395.7

0.2
0.2
0.3
0.3
0.2
0.3
0.3
0.3
0.2
0.2

11321.3
11320.1
11320.1
11319.1
11318.0
11319.0
11327.5
11328.0
11329.6
11394.3

0.74
0.67
0.60
0.66
0.69
0.61
0.68
0.75
0.81
0.56

15872.2
15863.2
15867.3
15867.6
15874.5
15869.9
15872.4
15874.9
15876.1
15863.9

0.10
0.13
0.17
0.12
0.13
0.12
0.12
0.11
0.20
0.10

MEAN 2753.48
CV % 0.12

0.24

18.73 0.09

4571.42 1.30

10398.35 0.24 11329.70
19.04 0.05

12.90 0.20

0.68

15870.20

11.19 0.03

0.13
24.28

Mean CV = 17.23 % (NIR) and 0.098 % (n/z)
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(b)

DIGESTED

PEPTIDES
m/z NIR m/z NIR m/z  NIR m/z NIR
842.4 0.32 1716.8 0.50 2451.6 0.16 2806.8 0.23
842.4 0.34 1716.8* 0.32 2451.3 0.16 2806.6 0.20
842.4 0.45 1716.8 0.23 2451.7 0.18 2806.5 0.21
842.3 0.29. 1716.7 0.20 2451.9:0.14 2806.5 0.24
842.4 0.46 1716.7 0.25 2451.5 0.24 2806.5 0.18
842.3 0.22 1716.7 0.27 2451.3 0.12 2807.3 0.19

MEAN 842.4 - 035 1716.8 0.29 2451.6 0.17 2806.7 0.21

CV % 0.01 2716 0.01  36.48 0.01 24.88 0.01 10.89

Mean CV =24.85 % (NIR) and 0.01 % (m/z)
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Table 2: Ions predicted by ANN analysis discriminating between melanoma stage v
cancer and control patients. As the number of ions added to the ANN model was
increased the accuracy of prediction increased and the error decreased. The ANNs
predictive capability plateaned once an accuracy of 92 % for proteins and 100 % for
peptides respectively for blind samples was achieved. * p < 0.05, #*p < 0.01, #*x p <
0.001 and N.S.p > 0.05.

Control
Control
Vs Test Test
p-value Vs p-
Stage Performance Performance
m/z Stage IV mfz value
% %o
tryptic
proteins
peptides
1 12000 64 - 1 1753 78 -
2 14847 73 oy 2 1161 92 Rk
3 1649 80 sk 3 1505 95 *
4 15477 - 80 N.S. 4 854 97 *%
5 13255 82 NS 5 1444 99 x
6 3031 84 N.S. 6 1093 100 -
7 4791 87 sk
(visually
detected)
8 9913 87 N.S.
(visual)
9 4835 ‘92 Hokk
(visual)

To simulate realistic factors that potentially determine the “biomarker profile” of
retrospective clinical serum samples, the effects of storage temperature on serum
proteins/peptides were studied using MALDI-TOF-MS. No significant changes in intensity
were observed for protein or peptide peaks for samples subjected to three freeze thaw cycles,
(data not shown). Howevef, slpw degradation of proteins was apparent for samples incubated

at 4 °C for 24 hours, resulting in peptide fragment peaks of greater intensity in comparison
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with fresh samples; room temperature-aging of serum also showed significant changes in
protein and peptide profiles after a period of 96 hours (data not shown). In order to avoid
such ‘aging’ problems, serum samples were stored at -80°C after receipt from the clinical

centre, kept on ice following thawing and processed within 2 hours.

MALDI-TOF analysis of serum biomarker ions

Metastatic lesions occur in up to 20 % of patients with melanoma. Currently there is no
reliable way to detect/predict which patients at time of tumour freedom are at risk of
metastatic melanoma. Thus it would prove of great clinical value if predictive biomarkers
could be identified which distinguish patients with early stage disease from those who
progress to metastatic disease after a defined time-interval. Analysis of 50 serum samples
from stage IV melanoma and 50 serum samples from healthy controls using the integrated
MALDI-MS analysis reported here showed reproducible and visible variations between
control and stage IV sera for both proteins and tryptic peptides, as shown in Figure 3a,,
Figure 3b. and Figure 4,. respectively. The most prominent spectral discriminatory pattern in
stage IV melanoma compared with unaffected individuals was defined by ions in the range
m/z 4000-5000 for proteins and between m/z 1100 and 1800 for tryptic peptides. The spectral
analysis of both proteins and tryptic pepfides resulted in clear and distinct patterns that
differentiate disease from controls. Up-regulation of protein ions at m/z ~ 4565, 4673 and
4786 (Figure 3b) and tryptic peptides at m/z 1160 and 1753 (Figure 4) and down-regulation
of protein ions m/z ~4155 (Figuré 3b) wds observed in metastatic melanoma patients
compared with healthy controls. Due to the difficulty in visually analyzing the complex and
highly dimensional spectral data (Figures 3a, 3b and 4) and in order to remove operator
subjectivity in data analysis a comprehensive analysis using the full dataset for both the

protein and tryptic peptides was undertaken using bioinformatic ANNs analysis.

ANNs Model development and biomarker identification

Using a stepwise approach, ANNs identified biomarker patterns containing nine ions from
the protein mass spectral profiles and six ions from the tryptically digested peptide profiles,
which correctly discriminated between control and stage IV samples to a median accuracy of
92 % (inter-quartile range 89.4 — 94.8 %, sépsitivity of 91 % and specifi‘city of 93 %; (Figure
5a) and 100 % (inter-quartile range 96.7 — 100 %, semnsitivity of 100 % and specificity of 100
%; (Figure 5b) respectively for blind data sets. Table 2. shows the performance of the model
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at each step of the analysis for both protein and tryptic peptide data. With the continual
addition of key ions, an overall improvement in both the predictive error and the median
accuracies for samples correctly classified was observed. No further steps were conducted
after the inclusion of nine and six iéns for the proteins and peptides respectively, because no
statistically significant improvement in model performance was achieved with the addition
of further ions. Therefore the biomarker ions within these models were considered to be
those which most accurately distinguished between stage .IV melanoma patient and healthy

control sera for this dataset.

ANNs Model Validation

To address the reproducibility of the analytical procedure over multiple experiments [30],
both the proteins and peptides were re-analyzed on a separate occasion by a different
operator. The spectra from this second experiment were used to validate the proteomics and
bioinformatics methodology by evaluating the ability of the models to assign these new
samples accurately to the correct class. For the protein data, the optimised model set
correctly classified 85 % (inter-quartile range 83 % - 89 %) of these blind samples correctly,
with sensitivity and specificity values of 82 and 88 % respectively, with an area under the
curve (AUC) value of 0.9 when evaluated with a Receiver Operating Characteristic (ROC)
curve. For peptides, thé model correctly classified 94 % (inter-quartile range 93 % - 97 %),
with sensitivity and specificity values of 100 and 92 % respectively; the AUC value f‘or this
dataset was 0.98. This suggests that due to the mass accuracy being higher for peptides, the
peptide data was more reproducible than the protein data on mass spectrometry analysis.
However, the acquisition of both pr;)tein and peptide data allows the two sets of biomarker
ions to be combined to provide a highly specific, sensitive, and a rapid diagnostic tool for
discriminating stage IV melanoma from healthy controls with 100 % accuracy for the sample
cohort used in this study. In addition, 50 samples from stage I melanoma were analysed by
MALDI mass spectrometer and treated as blind in the developed ANN model. The samples
were correctly assigned into group 1 as hon—stage IV samples to a median accuracy over the
50 optimized sﬁb-models of 97 % (inter-quartile range 92 % - 99 %) with specificity being
95 %. (Figure 5¢). This demonstrates that the biomarker ions ‘identified are extremely

powerful predictors, and therefore are potential indicators of late stage metastatic melanoma.
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Sequences of Predictive Biomarkers associating with late stage melanoma.

The predictive peptide ions were sequenced and identified using PSD and tandem mass
spectrometry. The MALDI-TOF-PSD spectrum for the m/z 1753.2 ion is shown in Figure 6a.
A Mascot search (NCIBnr database) identified the sequence as derived from AAG-1/2 with a
score of 48 (p < 0.0021, 12 matched peptides for the 1753.2 ion). This identification was
verified by AP-MALDI ion trap tandem mass spectrometry (Figure 6b). The capillary LC-
ESI-QIT MS/MS analysis of the singly charged ion at m/z 1753.2 (Figure 6¢) confirmed the
assignment with higher selectivity and showed that this ion was derived from a single
chromatographically-resolved peptide (inset Figure 6¢), which was also assigned to AAG-
1/2 using a SEQUEST data search. Confidence in this assignment was further strengthened
by targeting the doubly charged ion for this candidate peptide (m/z 877.1, with a score of 62,
p < 0.00018, 13 matched peptides) by LC-ESI-QIT MS/MS, which confirmed the peptide
sequence as AAG-1/2 precursor. The same methodologies were applied to the identification
of the peptide ion at m/z 1160.8 which yielded the sequence WFYIASAFR with a score of
41 (p <0.031, 10 matched peptides), also derived from AAG-1/2. Conclusive confirmation
that ions at m/z 1160.8 and 1753.2 from serum studies belonged to AAG parent protein were
obtained from lstudies' of commercially available AAG, which was digested and analysed in
reflectron mode MALDI-TOF-MS (Figure 7a). This showed that the two most prominent
peaks were at m/z 1160.1 and 1753.1. These ions were further targeted for sequence analysis
using the LC-ESI-QIT MS/MS and an example of sequence data at m/z 1753.1 is shown in
Figure 7b, which shows that the spectrum gives a good qualitative match to the product ion
spectrum from the serum studies (Figure 6c). The peptide ion at m/z 1093 was identified as
the tryptic peptide NTLIT'YLDK with a score of 41 (p < 0.033, 10 matched peptides) derived
from complement C3 component precursor-1 (CCCPP-1). Tandem LC-ESI-QIT MS/MS
analysis of the biomarker ions at'm/z 1505, 854 and 1444 did not yield significant sequence
matches (p < 0.05) using Sequest or Mascot search engines. PSD identification was not

undertaken due to the low intensities of these biomarker ions.

Immunoassay Quantitatién of serum AAG

AAG was quantified by irhmunoassay for a selected subset stage IV and control patients’
serum. The AAG concentrations (mean + SE) measured in cancer patients and in the control
group are shown in Figure 8a. The serum AAG concentrations were significantly increased

(p < 0.001) in the stage IV cancer patients (1.28 + 0.13 g/L) compared with the control
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group (0.74 + 0.06 g/L). A plot of ion intensity for the m/z 1161 and 1753 ions versus AAG

levels (Figure 8b) shows that serum samples fell into two distinct clusters except for one

sample which was misclassified on the basis of the immunoassay and the mass spectral data.

This supports the inventors’ observation that both biomarker ion intensities and AAG

concentrations can distinguish stage IV melanoma patients from controls with high

predictability.

Specificity of Fingerprints

Table 3: Ions derived from the ANN analysis of Mass Spectrometry data that can

classify between Melanoma Stages. Ion rﬁass, classifier performance and the class of

melanoma in which the ion is present are shown.

Stepwise ANNs
Study | modelling
Step 1 2 3 4 5
Stage 1
VS,
Stage 2 | Ion (m/7) 11978 1825 1731 1251 2053
Classifier '
performance (%
cases correct for
unseen data) 94.70 % 97.10 % 96.50% | 97.60% | 98.40 %
Class in which
the ion is presentin | absentin | presentin | absentin | presentin
present Stage 2 |. Stage 2 Stage 2 Stage 2 Stage 2
Stage 2
VS,
Stage 3 | Tons 861 '+ 903
Classifier
performance (%
cases correct for
unseen data) 73.80 % 99.90 %
Class where the | absentin | presentin
ion is present Stage 3 Stage 3
Stage3
VS,
Stage 4 | Ton (m/z) 877 903 1625 2754 2064
Classifier '
performance (%
cases correct for
unseen data) 73.30 % 95.60 % 9730% | 99.20 % 99,90 %
Class where the | presentin | absentin | presentin | absentin | presentin
ion is present Stage 4 Stage 4 ‘| Stage4 Stage 4 Stage 4
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Table 4 Tons derived from the ANN analysis of Mass Spectrometry data that can

classify between healthy control and Melanoma for each stage of Melanoma. Ion mass,

classifier performance and the class in which the

t are shown.
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DISCUSSION

Multiparametric diagnostic assay development holds tremendous promise for fulfilling

5

accurate clinical molecular analyses in modern medicine. A diagnostic platform for
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expression differences of serum proteins may prove to be an important variable in the
understanding of difficult diagnostic objgzctives. The identification of the individual
differentially expressed proteins that comprise the diagnostic expression profile is essential
to facilitating real progress in the development of a robust accurate diagnostic platform,
because reliable diagnosis of pétients who are at increased risk of metastasizing melandma
disease remains challenging. The inventors have developed a reproducible and standardized
integrated sample preparation and mass spectrometry-based proteomic protocol, combined
with ANNs modéling, for protein and tryptic peptide biomarker discovery and identification
in human serurﬁ samples. In order to find new serum markers of stage IV melanoma, which
may later be Validatéd and used in earlier disease stages, an integrated MALDI mass
spectrometric approach combined with ANNs analysis and modeling was used for the
identification of biomarker ions in serum from stage IV melanoma patients allowing
discrimination of metastatic disease from healthy status with high specificities of 92 % for
protein ions and 100 % for peptide biomarkers, respectively. An independent set of AJCC
stage I melanoma serum samples weré used to further validate the model. 98 % of these
samples were correctly classified as non-stage IV samples, emphasizing the power of the
newly defined biomarkers to identify patients with late stage metastatic disease. This
contrasts with a reported 20 % false negative rate for S100B using an immunoluminometric
assay (LIA-mat) in patients. with detectable metastases identified by routine clinical and
radiographic studies [4].. Sequence analysis of predictive peptides identified two peptide

sequences belonging to AAG-1/2 aﬁd a third sequence associated with CCCPP-1.

Recently, there has been considerable controversy concerning the mass spectrometry-based
proteomic profiling approach [20, 26, and 28]; including commentaries by several
investigators and the analysis of publicly available data posted by Petricoin and co-workers
[8]. Diamandis [28, 29] has raised concerns whether the SELDI/MALDI-based approaches
are reproducible, whereas Sorace and Zahn [30] and Baggeﬂy et al. [27] have raised study
design bias concerns. Critics have also' argued that reported discriminatory protein profiles
have been based largely on experirnehtél artifacts rather than biological differences [28, 30].
The inventors have designed thié study carefully to incorporate criteria set out for clinical
biomarker identification by proteomic based technologies outlined by Pepe et al. [31] and

elaborated on in arecent review by Ransohoff [26].
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The inventors contend that completion of rigorously designed, inclusive of platform
reproducibility pre- and analytical variables standardized is the best approach to addressing
these concerns, and indeed, none of the concerns being raised are unique to MALDI-TOF-
MS profiling and should be important elements of all pre-validation and validation efforts.
Before the biomarker discovery phase of the study, the inventors implemented standardized
and well-documented sample collection procedures and analytical (including specimen
processing, storage, analysis and finally sample randomization throughout the processing
and analytical procedures), instrumental and bioinformatic bias have been systematically

studied and are discussed in the following sections.

Retrospective serum samples accumulated over many years are a valuable resource.
However, with the labile nature of many proteins/peptides it is crucial to ensure rigorous
care be taken with sample handling. Processing time, clotting times, centrifugation speeds,
pre-aliquoting, storage temperature, and the number of freeze-thaw cycles are all critically
important as well variation in' ZipTips fraétionation, MALDI sample crystallization, laser
irradiation, and serum sample preparation, as reported hére, all influence protein/peptide
pattern outcomes. The impact of preanalytical variables on the quality of routine clinical
laboratory results is well documented [32-34]. In order to minimize these effects the
inventors used standard protocols for sample collection from' the same clinical centre into
uncoated gel phase tubes, samples were gently mixed and left to clot at room temperature for
a defined time. The samples were then centrifuged at a set speed and time and the serum
phase aliquoted into clear plastic tubes. The samples were stored at -20°C and, on arrival at
the inventors’ laboratory, they were thawed and aliquoted further into smaller volumes (50
pl) frozen and stored at -80°C until use. From the inventors’ blood aging studies the
inventors observed a correlation between the increasing number of hour’s incubation and the
variation between the observed serum protein and peptide profiles. However, three freeze
thaw cycles had a less pronounced effect as previously reported by other groups [8, 35].
Extensive MALDI-TOF MS and data analysis suggested negligible contributions from three
freeze thaw cycles, however; in this work freeze thaw was limited to two cycles to
accomplish initial freézing and then subsequént aliquoiting. the inventors’ study and that
reported by other groups [6, 34, 36) highlights the importance of precautions that need to be
taken to avoid bias from samﬁle processing which was reported recently to be the main peril

to biomarker research [26]. The sample bias issue, which caused major controversy in a
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previous study [8], was tackled by randomization of samples prior to the initial or analytical
handling and this randomization was carried through the sample processing to the deposition

on the target plate with appropriate blanks as outlined in Methods and Materials.

Systematic sample preparation and optimization using several clean-up methods for removal
of high abundant protein were assessed including the use of ultrafiltration devices,
precipitation using acetonitrile and C4 and C;g ZipTip fractionation prior to protein profiling
and tryptic peptide investigation. The results indicated that the greatest number of ions and
improved reproducibility was observed after a 1 in 10 dilution for protein profiling and after
Cig ZipTip clean-up prior to and following, tryptic peptide analysié, which were adopted for
all studies. Different sample depositing methods were also tested with the inventors’ system
and in all cases the dry droplet method gave the most uniform and reproducible peaks for
both the protein and peptide profiles. Appropriate blanks were included in a randomized
fashion and analysed alongside the serum samples. TFA blanks were included to ensure that
there was no contamination of the target plate from a previous acquisition, and serum blanks
without the addition of trypsin was included to énsure tryptic enzyme activity. Finally BSA
controls were also taken through the tryptic digestion procedure to check efficiency of the
digestion and peptide acquisition. These quality assurance (QA) samples were included in all

protocols ensuring a robust and réproducible methodology.

Instrument acquisition parameters were also tested and optimized separately for protein and
tryptic peptide profiling. Surprisingly With the inventors’ instrumentation a raster mode for
protein profiling resulted in the highest signal-to-noise ratios whereas in reflectron mode the
auto-quality mode resulted in the highest intensities. Other instrumental settings such as laser
irradiation and automated acquisition modes were optimized to give a robust reproducible

method.

Ultimately, classification by MALDI—TOF—MS relies on spectral differences in position and
amplitude of mass spectral peaks. Since the reproducibility of quantitation, resolution and
mass accuracy of the MALDI-TOF-MS, or any high throughput mass spectrometric
technique, has received little attention and the clinical usefulness of the approach has been
questioned. The inventors provide evidence in this application of the reproducibility of MS

measurements Mean coéfficient of variation (CV’s) for normalized intensity ratio (NIR)
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were 17.2 % for proteins and 24.9 % for tryptic peptides in linear and reflectron MALDI-MS
modes respectively. de Noo et al., [35] found similar CVs as reported by the inventors with
6/8 samples giving between 20 % and 29 % using MALDI-TOF-MS for proteins/peptides.
The ion intensity variations for the principle biomarker ion identification in this work are
larger compared to mass spectrometry reproducibility. These data establish that melanoma
stage assignment is not an artifact of the normal intensity variation obtained in MALDI mass

spectrometry.

Poor or infrequent calibration can lead to a significant shift in the m/z values for mass
spectral peaks. the inventors’ protocol uses close external calibration in both linear and
reflectron modes, in which data are acquired from a calibration mixture spotted adjacent to
each group of four sample spots. Mass measurement reproducibility was therefore
maintained well within the instrumental specifications with mean CVs of 0.1 % and 0.01 %
for protein and peptides respectively. Prior to bioinformatic analysis acceptance criteria
based on visual inspection of mass spectrometric, serum and calibration profiles were
assessed and those deemed to have a poor signal were removed from bioinformatic data

assessment.

Recent reports [27, 30] have documented the inherent problems of biological data mining of
MALDI-TOF signatures and highlighted the need for a systematically reproducible and
validated bioinformatic tool for using biomarker expression patterns as predictive indicators.
The standard protocol for biomarker identification is to analyze a training set of data and
then to assess the predictive power of the models on an independent validation set of cases.
In this study the inventois expand upon traditional “leave-one-out” methods [37] by using
repeated and extensive randem sample cross validation to assess model performance and the
validity of the biomarker ions identified from these models. This repeated resampling
therefore determines the best subset of . predictive biomarker ions that are consistently
presented as being discriminatory over a large number of models. Furthermore the
application of blinded validation and test data 'in the modeliﬁg approach produces models
with good performance on blind data and prevents overfitting. Analysis of these models has
identified biomarker ions appropriate for classification .of the wider (out of sample)
population which are therefore strong representative markers of the presence of late stage

melanoma. These have been confirmed by subsequent validation exercises. The probability
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of this being a random event is 1.3x107, based on the probability of determining two ions
from the same fragment within a diagnostic profile containing 2700 variables in two separate
analysis steps. Given the relevance of the identified ions to late stage melanoma the
probability of identifying this purely by chance is much lower than this but is not easily
calculated. One would have to determine the likelihood of a melanoma related protein being
identified from all of the protein components of the serum, Data mining by ANNs employed
a step-wise analytical approach in the present work which also allowed for the identification
of biomarker ion masses with’highel" predictive performance than in the inventors’ previous
SELDI analysis [9] which used larger mass ranges to identify regions of the profile which

were important in discriminating between groups.

Several reports on detection of potential melanoma serum biomarkers have used SELDI or
MALDI-MS, mostly without bioinformatic analysis [6, 38-40]. Two studies reported the
importance of protein ions in rénges m/z 10000 — 30000 and m/z 2500-3000. The latter
showed significant variations, with some ions increasing in intensity from stage I to stage I
melanoma, but absent in controls [38, 39]. Due to the small sample numbers (n = 17) used
by Ferrari et al., [38] no statistical analysis was performed. Regazzi et al., [39] reported that
analysis of the relative abundances of protein ions, according to three clustering criteria, did
not allow them to separate areas of interest which distinguished patients from controls.
Recently the same group [40] reported the presence of a small number of native peptide ions
in stage III melanoma sambles versus controls; however, the study did not include data
mining/identification. A recent study [6] by the inventors’ group using SELDI-MS analysis
using a different co-hort of patient samples reported that a region around 11,700 Da was
significant in differentiating between stage I and stage IV metastatic melanoma. In this work,
the inventors report a rapid and higher resolution MALDI-TOF-MS analysis that has
allowed serum protein and peptide signatures from control and stage IV melanoma patients
to be identified. Protein profiling data showed an ion at m/z 12000 + 24 to be the closest in
mass to the spectral region identified in the previously reported study [6]. There is no
overlap with the m/z values reported in the above studies on proteins, native peptides and the
data for tryptic peptides presented Here; differences in sample preparation, MS and
bioinformatic analysis play a critical role in data evaluation, and therefore it is not surprising
that the studies detailed failed to identify common biomarkers. The protein(s) associated

with these ions were not identified in any of these studies including the inventors’ study, due
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to the inherent technical limitations in protein biomarker ion identification derived from
SELDI and MALDI, but the tryptic peptide protocol reported here overcomes this limitation

by allowing peptide sequences to be identified and hence the parent protein.

Protein identification from proteolytic digests has been reported for human serum proteome
in pancreatic and ovarian cancers [17-19]. - Mass spectral quality was improved, in terms of
the S/N ratio, for data acquired for tryptic serum peptides in comparison with native serum
peptides/proteins [19], consistent with the inventors’ observations. Here, ANN analysis
identified six tryptic peptide ions capable of distinguishing melanoma stage IV sera from
control sera with a median accuracy of 100 %, and these peptide biomarker ions may be used
for screening on their own, or in Vcombination with protein biomarker ions for improved

confidence.

Sequence analysis of stage IV melanoma tryptic peptide biomarker ions was achieved using
tandem mass spectrometric techniques and the sequences of the tryptic ions at m/z 1753 and
1161 were identified as YVGGQEHFAHLLILR and WFYIASAFR respectively, derived
from AAG-1/2. Interestingly, the same m/z 1753 AAG-1/2 tryptic peptide was identified by
Koomen et al., [19] in plasma from pancreatic cancer patients. In the inventors’ study the
inventors have further demonstrated that the mean serum AAG concentrations in stage IV
melanoma cancer were significantly increased compafed with the healthy population. Serum
AAG levels are shown to be increased in .inflammatory and lymphoproliferative disorders
and cancer [41-43]. Duche et al., [42] and Bleasby et al., [43] demonstrated that AAG is
also up-regulated in plasma samples from breast, ovarian and lung cancer patients analyzed
by an immunonephelometric method leading to the assumption that AAG might be produced
by cancer cells themselves. MALDI-TOF mass spectrometry has shown the up-regulation of
AAG in breast cancer patients by analysis of proteins from nipple aspirate fluid [44]. AAG, a
highly heterogeneous glycoprotein, is an acute-phase protein produced mainly in the liver
[45], but extrahepatic synthesis has also been reported [46, 47], however, its physiological
significance is not fully understood. Confirmation of extrahepatic production of AAG has
been reported [47] recently in endothelial cells of blood vessels within or adjacent to bladder
tumour tissue. Moreover; AAG was also shown to be present in the urine of patients and
particularly in those with invasive bladder cancer. These authors concluded that the

endogenous production of AAG may be related to angiogenic activity and marked the switch
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from a non-vascularized to a vascularized progression of the bladder tumour. In this regard,
it is widely accepted that, during cancer progreésion, tumours not only require a blood
supply for growth, but also use this vehicle for metastatic dissemination [48, 49]. It is
therefore conceivable.that production of AAG by endothelial cells may be an important
factor in promoting néoangiogenesis in human metastatic melanoma progression as well, but
the significance of AAG-1/2 production in other stages of melanoma will require
investigation. It is also possible that clinical stage of the cancer may affect AAG levels and
its variants as demonstrated by Duche et al [42] in breast, ovarian and lung cancers. the
inventors’ sequence analysis led to identification of two peptides derived from AAG-1/2 and
the inventors have shown that the intensities of these ions correlate with total AAG increases
and disease state. However, it is possible that the identified disease-specific peptides
represent degradation fragments derived from these proteins as a result of enzymatic or other
activity. Support for this suggestion comes from studies by Villanueva et al., [S0] who
postulated that fragments of endogenous blood proteins generated ex vivo serve as a substrate
pool for disease-specific proteinases that arise from the tumour itself or within the tumour
microenvironment [51]. The resultant peptide signatures are therefore composed of what
could be considered surrogate markers for the detection and classification of certain types of

cancer.

The sequence of the tryptic peptide ion at m/z 1093 was identified as NTLITYLDK derived
from CCCPP-1, an abundant serum protein pfoduced within the kidney [52] that may be an
important mediator of local inflammatory and immunological injury [53]. The complement
system is also important in immuno-surveillance against tumours. The complement system
is a complex pathway which through a variety of proteolytic cleavages of C3 and C4 creates
fragments which bind to the cell surface. Subsequently the proteolytic cleavage leads to
further fragments which remain attached to cell surface and thereafter serve as ligands for
receptors on phagocytic and natural killer (NK) cells. Opsonization of target cells with these
C3 fragments promotes and enhances antibody-dependent and complement-dependent
cytotoxicity, two systems paramount in the elimination of neoplastic cells [54, 55]. Chang et
al., [55] identified a marker complement 3 f-fragment (C3f) in nasopharangeal cancer which
is generated by iC3b and released into 'plasma during C3 inactivation. They therefore,

concluded that this may represent an important immune evasion mechanism of tumour cells
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through the cleavage of C3b protein from the cell surface causing an inhibition of the

complement cascade.

Acute phase proteins have been previously reported in proteomics-based experiments using
serum or plasma because they represent proteins present in high abundance. Most of these
proteins, including albumin, tranéthyretin, lipoproteins, c-reactive proteins, among others,
are synthesized in the liver and are regarded as non-cancer biomarkers or epiphenomena of
tumours resulting from a cascade of inflammatory signals [28, 30, 56]. However, Fung et al,
[57] recently re-evaluated the role of traﬁsthyretin and inter-alpha trypsin inhibitor heavy
chain 4 (ITIH4) and found a high degree of post-translational modifications, including
proteolytic truncation, cysteinylation, and glutathionylation, in sera of patients with ovarian,
breast, prostate, and colon cancer. These modified proteins allowed the differentiation of
cancer sera from non-cancer sera and the differential diagnosis of tumour type, suggesting
that modified ‘acute phase’ cancer markers, could be considered as diagnostic biomarkers
for cancers. Furthermore, the predictive biomarker ions identified in this work are derived
from at least two proteins, so disease state prediction using the full set of biomarker ions
relies on complex, interrélated chénges in the proteome. These complex changes may be
tumour/disease specific, unlike changes in a single acute phase protéin. Further studies are
needed to establish whether there are distinct similarities and/or differences in biomarker

ions for different cancers.

In conélusion, the inventors’ data shows that an integrated eipproach to protein and tryptic
peptide profiling, with robust, standardized and reproducible pre- and post—analytical
protocols using MALDI—MS combined with ANNS, leads to high diagnostic specificity (0 %
false negatives for the combined approach) and sensitivity in patients with stage IV
melanoma compared Wwith conventional immunoassays. The advantage of this novel
methodology is the ability to highlight variations in the peptide mass fingerprint between
cancerous and control patients using ANNs and to target m/z values selectively for sequence
identification. Quantitative analysis confirms that an increase in AAG correlates with stage
IV melanoma compared with control patients. Further studies are in progress to investigate
the significance of AAG-i/Z, CCCPP-1 precursor ions and serum levels of AAG in stages I
to III melanoma. These studies will be crucial to verify whefher the detection of these

proteins can be used as biomarkers for disease progression and overall survival. The
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inventors envision that this methodology has the potential to be transferred to the clinical

setting for high throughput detection of targeted protein and peptide biomarker ions and
sequences using MALDI-TOF-MS informed by ANNs analysis.
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1. A mass spectrometry melanoma fingerprint for identifying the presence of a melanoma
and/or for identifying the stage of a melanoma, the fingerprint comprising:
(a) peaks derived from the following ions:

(i) ions derived from a protein, the ions having (m/z) values of: 12000, 14847, 1649,
15477, 13255, 3031 and 4791 (+ 0.4 %) and optionally one or more the following
additional ions, the additional iohs having (m/z) values of: 9913, 4835, 4155, 4565
and/or 4673 (£ 0.4 %);

(ii) ions derived ffom a proteolytically digested peptide, the ions having (m/z) values
of 1753, 1161, 1505 and 854 (x 0.02 %) and optionally one or more of the
following additional ions, the additional ions having (m/z) values of: 1444 and/or
1093 (£ 0.02 %);

and/or
(b) peaks derived from the following ions:

(i) ions derived from a proteolytically digested peptide, the ions having (m/z) values

of: 2624, 2715, 1753, 1251, 1285,2999, 3161, 1312, 3326 and 1371 (+ 0.02 %);
and/or
(c) peaks derived from the following ions:

(i) ions derived from a proteolytically digested peptide, the ions having (m/z) values
of: 1251, 1283, 3443, 3432, 1968, 1299, 2244, 2411, 2468 and 2492 (+ 0.02 %);
and/or \ .

(d) peaks derived from the following ions:

(i) ions derived from a proteolytically digested peptide, the ions having (m/z) values
of: 980, 3220, 864, 2966, 2886, 1299, 2309, 3489, 3430 and 933 (+ 0.02 %);

and/or

(e) peaks derived from the following ions:

(i) ions derived from a tryptically digested peptide, the ions having (m/z) values
selected from: 1978 and 1825 (x 0.02 %) and optionally one or more the following
additional ions, the additional ions having (m/z) values of: 1731, 1251 and/or 2053
(+0.02 %);

and/or

(f) peaks derived from the following ions:
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(i) ions derived from a proteolytically digested peptide, the ions having (m/z) values
of: 861 and 903 (+ 0.02 %);

and/or '
(g) peaks derived from one or more of the following ions:

1) ioné derived from a proteolytically digested peptide, the ions having (m/z) values
of: 877, 903 and 1625 (+ 0.02 %) and optionally one or more the following
additional ions, the additional ions having (m/z) values of: 2754, and/or 2064 (+
0.02 %);

and/or
(h) peaks derived from one or more of the following ions:

(i) ions derived from a protein, the ions having (m/z) values of 1161 and/or 1753 (&

0.02 %). |

2. A mass spectrometry melanoma fingerprint according to claim 1 comprising all of the
peaks of (a)(i) and (a)(ii).

3. A mass spectrometry melanoma fingerprint according to claim 1 or 2 in which the

fingerprint comprises all of the peaks listed in (a), (b), (c), (d), (&), (), (g), or (h).

4. A method of identifying a subject having a melanoma, the method comprising identifying
whether a test sample obtained from a test subject suspected of having melanoma, when

analysed by mass spectrometry, shows a fingerprint as described in claim 1, 2 or 3.

5. A method according to claim 4 further comprising obtaining a fingerprint from a control
sample, and comparing the fingerprint from the control sample with the fingerprint from
the test sample, wherein identification of an elevation or depression in one or more of the

ions of the fingerprint to determine whether the test subject has melanoma.
6. A method according to any preceding claim in which:

(a) the fingerprint of (a) is used to distinguish between Stage IV melanoma and non-

melanoma,.
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(b) the fingerprint of (b) is used to distinguish between Stage III melanoma and non-
melanoma;

(c) the fingerprint of (c) is used to distinguish between Stage II melanoma and non-
melanoma;

(d) the fingerprint of (d) is used to distinguish between Stage I melanoma and non-
melanoma;

(e) the fingerprint of (e) is used to distinguish between Stage I melanoma and Stage II
melanoma;

(f) the fingerprint of (f) is used to distinguish between Stage II melanoma and Stage III
melanoma;

(g) the fingerprint of (g) is used to distinguish between Stage II melanoma and Stage III
melanoma, ‘

(h) the fingerprint of (h) is used to distinguish between control and Stage TV melanoma.

7. A method according to any of claims 4 to 6 in which the control sample is obtained from a

subject not having melanoma.

8. A method according to any of claims 4 to 7 in which the control sample is obtained from a

subject having melanoma.

9. A method according to any of claims 4 to 8 in which the control sample is obtained from a
subject having one of the following stages of melanoma: Stage 0, Stage IA, Stage IB,
Stage IIA, Stage IIB, Stage IIC, Stage III and Stage IV.

10. A method of identifying a subject having a melanoma comprising:
(a) determining the level of Alpha 1-Acid Glycoprotein or a fragment thereof in a sample
obtained from a test subject suspected of having a melanoma; and
(b) comparing the level of Alpha 1-Acid Glycoprotein or fragment thereof in the test
sample with the level of Alpha 1-Acid Glycoprotein or fragment thereof in a sample

from a control subject.

11. A method according to claim 10 in which the control sample is obtained from a subject

not having melanoma.
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12. A method according to claim 10 or 11 in which the control sample is obtained from a

subject having Stage IV melanoma.

13. A method according to any of claims 10 to 12 in which the fragment of Alpha 1-Acid
Glycoprotein has an ion having an (m/z) of 1161 or 1753 (£0.02 %).

14. A method ‘according to any one of claims 10 to 13 further comprising comparing the
relative level of Lactate Dehydrogenase in the test sample and the control sample to
identify whether the melanoma of the test sample is a Stage I, Stage II, Stage III, Stage IV,
Stage IV M1a, Stage IV M1b and Stage IV Mlc.

15. A kit for use in a method of detecting melanoma, the kit comprising positive controls for
mass spectrometry analysis in which the kit comprises:
(a) acontrol sample representative of a subject not having melanoma;

and/or ' ;

(b) a control sample representative of a subject having melanoma.

16. A kit according to claim 15 in which the control sample representative of a subject not
having melanoma compfises proteins and/or proteolytically digested peptides which when
analysed by mass spectrometry generate two or more ions as described in (a), (b), (c), (d),

(e), (), (g) or (h) of claim 1 or one or more ions described in claim 13.

17. A kit according to claim 16 in which:
(a) one or more of the ions Having an (m/z) of 2225, 1753, 1754, 1161 and 1444 is derived
from Alpha-Acid Glycoprotein 1 Precursor;
(b) the ion having an (m/z) of 1251 is derived from Kininogrn-1 Precursor;
(c) the ion having an (m/z) of 1283 is derived from Apolipoprotein A-I Precursor;
d;
and/or

(e) the ion having an (m/z) of 1093 is derived from Complement C3 precursor.

18. A method of identifying a drug for treating melanoma comprising:
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(a) exposing a test sample from a subject having melanoma to a candidate compound;

(b) subjecting the exposed test sample from (a) to mass spectrometry analysis to generate
a fingerprint comprising one or more peaks;

(c) comparing the fingerprint obtained from the exposed test sample with a fingerprint
obtained from a control sample in which the control sample:
(i) is obtained from a subject having melanoma; and
(ii) has not been exposed to the candidate compound

(d) determining whether the candidate compound decreases or elevates the level of one or
more of the peaks of the fingerprint of the test sample relative to the fingerprint of the

control sample.

A method according to claim 18 further comprising comparing the fingerprint of the test
sample with a fingerprint obtained from one or more further control samples in which the
one or more further control samples is obtained from:

(a) a subject not having 'mélanoma; and/or

(b) a subject having Stage IV melanoma

A method according to claim 18 or 19 in which the fingerprint comprises one or more
peaks derived from, in order, one or more of the following ions: an ion derived from a

protein, the ion having an (m/z) of 1161 and 1753 (£ 0.4)

A computer system haiving’ a processor, a memory and an input for receiving data from a
mass spectrofneter wherein the memory comprises data corresponding to a fingerprint
according to claim 1, 2 or 3 and the computer configured to compare data from the input
against data corresponding to a fingerprint and to identify whether the inputted data is

indicative of a melanoma based on the results of the comparison.

A computer system according to clai'm 21 in which the fingerprint is for Stage IV

melanoma.

A computer program product comprising instructions which when run on a computer with

a processor, memory and input configure it to the computer of claim 21 or 22.
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24. Melanoma identification apparatus comprising the computer system of claim 21 or 22
and/or a computer program product according to claim 23 and a mass spectrometer

connected to the input.
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