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(57) ABSTRACT

The invention relates to a method of diagnosis of colorectal
cancer in a diagnostic sample of a valid body tissue taken
from a human subject, which comprises detecting an
increased concentration of a protein in the diagnostic sample,
compared with a control, normal human sample, the protein
being: transforming growth factor-beta induced protein 1G-
H3 (SwissProt Acc. No. Q15582); suppressor of G2 allele of
SKP1 homolog (isoform 2) (SwissProt Acc. No. Q9Y270-2);
hypothetical protein (part of URG4) (SwissProt Acc. No.
QINWRY7); calponin-2 (SwissProt Acc. No. Q99439); heat
shock protein HSP90-beta (SwissProt Acc. No. P08238);
phosphoglycerate mutase 1 (SwissProt Acc. No. P18669);
serpin Cl protein (SwissProt Acc. No. P01008); or haptoglo-
bin precursor (SwissProt Acc. No. P00738); or a decreased
concentration of a protein in the diagnostic sample, compared
with a control, normal human sample, the protein being
serotransferrin (SwissProt Acc. No. P02787); 26S protea-
some subunit p40.5 (Swiss Prot Acc. No. QQUNM7); aldo-
keto reductase family 1 member B10 (SwissProt Acc. No.
060218); fructosamine-3-kinase (SwissProt Acc. No.
Q9H479); peripherin (SwissProt Acc. No. P41219); alpha-2-
macroglobulin (SwissProt Acc. No. P01023); serpin C1 pro-
tein (SwissProt Acc. No. P01008); or apolipoprotein A TV
(SwissProt Acc. No. P06727). The same proteins can be used
for prognosis by detecting changes in their concentration in
the course of treatment for colorectal cancer.
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FIGURE 9: Normalized volumes from spot 361 identified as Serotransferrin.
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FIGURE 10: Normalized volumes from spot 407 identified as Transforming growth factor-

beta induced protein IG-H3.
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FIGURE 11: Normalized volumes from spot 543 identified as Peripherin.
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FIGURE 12: Normalized volumes from spot 877 identified as a mixture of two proteins
Serum albumin and 26S proteasome subunit p40.5 [Fragment].
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FIGURE 13: Normalized volumes from spot 943 identified as a mixture of two proteins

Aldo-keto reductase family 1 member B10 and Fructosamine-3-kinase.

0,7

06

05

04

Norm. Vol.

03

0.2

0.1

0

Sud
i

Spot 949

+ Control + Test

H-Hﬂ— + +

FIGURE 14: Normalized volumes from spot 949 identified as Suppressor of G2 allele of
SKP1 homolog.
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FIGURE 15: Normalized volumes from spot 975 identified as Hypothetical protein.
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FIGURE 16: Normalized volumes from spot 983 identified as Calponin-2.
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FIGURE 17: Normalized volumes from spot 1191 identified as Heat shock HP-90-beta.
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FIGURE 18: Normalized volumes from spot 1354 identified as Phosphoglycerate mutase 1.
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FIGURE 20: 2-DE map of depleted plasma proteome.



Patent Application Publication  Sep. 10,2009 Sheet 150f18  US 2009/0226905 A1

6
+
5
+
4 $
: -
; F
+ |
2 *
+ »»»»»
+
1
0

FIGURE 21: Scattergram of spot 707 identified as alpha-2-macroglobulin.
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FIGURE 22: Scattergram of spot 710 identified as alpha-2-macroglobulin.
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FIGURE 23: Scattergram of spot 711 identified as alpha-2-macroglobulin.
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FIGURE 24: Scattergram of spot 1040 identified as SERPIN C1 protein
(Antithrombin 3).
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FIGURE 235: Scattergram of spot 1149 identified as Apolipoprotein A-IV.
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FIGURE 26: Scattergram of spot 748 identified as SERPIN C1 protein
(Antithrombin 3).
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FIGURE 27: Scattergram of spot 2094 identified as Haptoglobin precursor.
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DIAGNOSIS AND PROGNOSIS OF
COLORECTAL CANCER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates to the diagnosis and prognosis
of colorectal cancer.

[0003] 2. Description of the Related Art

[0004] Colorectal cancer (CRC) is the third most frequent
cancer in the world. Serum tumour markers such as carcino-
embryonic antigen (CEA) (Gold and Freedman, 1965),
cytokeratins (Moll et al. 1982), CA19-9, CA 242 (Nilsson et
al. 1992), CA 72-4 (Femandez-Fernandez et al. 1995), VEGF
(Broll et al. 2001), p53 (Shiota et al. 2000; Hammel et al.
2000), HNP 1-3 (Albrethsen et al. 2005), RCAS1 (Yama-
gushi et al. 2005), Apolipoprotein A-I, Apolipoprotein C-I
(Engwegen et al. 2006), Complement C3a des-arg, alpha-1-
antitrypsin, transferring (Ward et al. 2006) and PSME3
(Roessler et al. 2006) have been identified. However, there is
a need to find new biomarkers for CRC in tumour tissue
samples and body fluid (e.g. plasma) samples.

SUMMARY OF THE INVENTION

[0005] The present invention provides a method of diagno-
sis of colorectal cancer in a diagnostic sample of a valid body
tissue taken from ahuman subject, which comprises detecting
an increased concentration of a protein in the diagnostic
sample, compared with a control, normal human sample, the
protein being:

transforming growth factor-beta induced protein IG-H3
(SwissProt Acc. No. Q15582);

suppressor of G2 allele of SKP1 homolog (isoform 2) (Swis-
sProt Acc. No. Q9Y270-2);

hypothetical protein (part of URG4) (SwissProt Acc. No.
QINWRT7),

calponin-2 (SwissProt Acc. No. Q99439);

heat shock protein HSP90-beta (SwissProt Acc. No. P08238);
phosphoglycerate mutase 1 (SwissProt Acc. No. P18669);
serpin Cl protein (SwissProt Acc. No. P01008); or
haptoglobin precursor (SwissProt Acc. No. PO0738);

or a decreased concentration of a protein in the diagnostic
sample, compared with a control, normal human sample, the
protein being serotransferrin (SwissProt Acc. No. P02787),
26S proteasome subunit p40.5 (Swiss Prot Acc. No.
QOUNMT7);

aldo-keto reductase family 1 member B10 (SwissProt Acc.
No. 060218);

fructosamine-3-kinase (SwissProt Acc. No. Q9H479);
peripherin (SwissProt Acc. No. P41219);
alpha-2-macroglobulin (SwissProt Acc. No. P01023);

serpin Cl protein (SwissProt Acc. No. P01008); or
apolipoprotein A TV (SwissProt Acc. No. P06727).

[0006] Theabove proteins are referred to herein as “marker
proteins” or “biomarkers”.

[0007] The same proteins can be used for prognosis by
detecting changes in their concentration in the course of treat-
ment for colorectal cancer. Thus, the invention also provides
amethod of monitoring the effect of a treatment for colorectal
cancer in a subject, which comprises detecting a change in
concentration of at least one protein in a sample of a valid
body tissue taken from said subject at a stage in said treat-
ment, compared with the concentration of said protein in a
sample of a valid body tissue taken from said subject prior to

Sep. 10,2009

said treatment or at an earlier stage in said treatment, the
protein being at least one of those specified above.

[0008] Although there is a high degree of confidence in the
identification of the marker proteins specified above, the
invention can be defined alternatively in terms of the proteins
within the differentially expressed spots ona two dimensional
electrophoretic gel, namely those identified in FIGS. 3 to 6
herein, without regard to the names and database identifica-
tions given above.

DEFINITIONS

[0009] The term “protein” (also referred to as “polypep-
tide™) is not restricted to the sequences corresponding to the
accession numbers given above, and includes variants,
mutants and isoforms thereof. A variant is defined as a natu-
rally occurring variation in the sequence of a polypeptide
which has a high degree of homology with the given
sequence, and which has substantially the same functional
and immunological properties. A mutant is defined as an
artificially created variant. A high degree of homology is
defined as at least 90%, preferably at least 95% and most
preferably at least 99% homology. Variants may occur within
a single species or between different species. An isoform of a
polypeptide has the same function as the polypeptide but is
encoded by a different gene and may have small differences in
its sequence. The above proteins are of human origin, but the
invention encompasses use of the corresponding polypep-
tides from other mammalian species.

[0010] The term “differentially expressed” means that the
stained protein-bearing spots are present at a higher or lower
optical density in the gel from the sample taken for diagnosis
(the “diagnostic sample”) than the gel from a control or other
comparative sample. It follows that the proteins are present in
the diagnostic sample at a higher or lower concentration than
in the control or other comparative sample.

[0011] The term “control” refers to a normal human sub-
ject, i.e. one not suffering from CRC, or to healthy tissue of
the same human subject as the diagnostic sample.

[0012] The terminology “increased/decreased concentra-
tion . . . compared with a control sample” does not imply that
a step of comparing is actually undertaken, since in many
cases it will be obvious to the skilled practitioner that the
concentration is abnormally high or low. Further, when the
stages of CRC are being monitored progressively, or when a
course of treatment is being monitored, the comparison made
can be with the concentration previously seen in the same
subject at an earlier stage of progression of the disease, or at
an earlier stage of treatment or before treatment has com-
menced.

[0013] The term “binding partner” includes a substance
that recognises or has affinity for the marker protein. It may or
may not itself be labelled.

[0014] Theterm “antibody” includes polyclonal antiserum,
monoclonal antibodies, fragments of antibodies such as
single chain and Fab fragments, and genetically engineered
antibodies. The antibodies may be chimeric or of a single
species.

[0015] The term “marker protein” or “biomarker” includes
all biologically relevant forms of the protein identified,
including post-translational modification. For example, the
marker protein can be present in the body tissue in a glyco-
sylated, phosphorylated, multimeric or precursor form.
[0016] The term “diagnosis”, as used herein, includes
determining whether CRC is present or absent and also
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includes determining the stage to which it has progressed (or
regressed in the course of treatment). The diagnosis can serve
as the basis of a prognosis as to the future outcome for the
patient.

[0017] The term “valid body tissue” means any tissue in
which it may reasonably be expected that a marker protein
would accumulate in relation to CRC. It may be a colorectal
sample, or it may be a body fluid, e.g. blood or a blood
derivative such as plasma or serum.

[0018] Theterm“antibody array” or “antibody microarray”
means an array of unique addressable elements on a continu-
ous solid surface whereby at each unique addressable element
an antibody with defined specificity for an antigen is immo-
bilised in a manner allowing its subsequent capture of the
target antigen and subsequent detection of the extent of such
binding. Each unique addressable element is spaced from all
other unique addressable elements on the solid surface so that
the binding and detection of specific antigens does not inter-
fere with any adjacent such unique addressable element.
[0019] The term “bead suspension array” means an aque-
ous suspension of one or more identifiably distinct particles
whereby each particle contains coding features relating to its
size and colour or fluorescent signature and to which all of the
beads of a particular combination of such coding features is
coated with an antibody with a defined specificity for an
antigen in a manner allowing its subsequent capture of the
target antigen and subsequent detection of the extent of such
binding.

BRIEF DESCRIPTION OF THE FIGURES

[0020] FIG. 1 is a table of results from Example 1 below,
displaying for each gel the number of spots detected, the sum
of volume of all spots and the scaling factor.

[0021] FIG. 2 is a table of results from Example 1 below,
showing the proteins detected in each spot.

[0022] FIG. 3 is a photograph of a two-dimensional gel of
proteins extracted from tumour tissue by the method
described in Example 1. The pattern shown corresponds to a
2-D PAGE image of a silver-stained gel. Molecular weight
markers in kiloDaltons (kDa) are shown on the ordinate, and
the isoelectric point (pl) is shown on the abscissa, increasing
from left to right. The spot numbers indicate protein spots
which are up-regulated in tumour tissue.

[0023] FIG. 4 is a photograph of a similar gel, in which the
spot numbers indicate proteins spots which predominate in
tumour tissue.

[0024] FIG. 5 is a photograph of a similar gel, in which the
spot numbers indicate protein spots which are down-regu-
lated in tumour tissue.

[0025] FIG. 6 is a photograph of a corresponding gel of
proteins extracted from normal tissue, in which the spot num-
bers indicate protein spots which are predominant in normal
tissue.

[0026] FIG. 7 is a table showing the number of spots ran-
domly selected by the analysis of faked groups, as described
below in Example 1.

[0027] FIG. 8 shows the BLAST alignment of the hypo-
thetical protein (SeqA) with the URG4 protein. The amino
acid sequence of the hypothetical protein (I-312) is strictly
identical to the C-terminal amino acid sequence (611-922) of
the URG4 protein.

[0028] FIG.9 is a scattergram showing the normalised vol-
umes from spot 361 identified as serotransferrin. “Control”
means normalised volume intensities from spots detected in
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control sample gels and “Test” means normalised volume
intensities from spots detected in tumour sample gels.
[0029] FIG. 10 is a corresponding scattergram showing the
normalised volumes from spot 407 identified as transforming
growth factor-beta induced protein IG-H3.

[0030] FIG. 11 is a corresponding scattergram showing the
normalised volumes from spot 543 identified as peripherin.
[0031] FIG. 12 is a corresponding scattergram showing the
normalised volumes from spot 877 identified as a mixture of
two proteins: serum albumin and 26S proteasome subunit
p40.5.

[0032] FIG. 13 is a corresponding scattergram showing the
normalised volumes from spot 943 identified as a mixture of
two proteins: aldo-keto reductase family 1 member B10 and
fructosamine-3-kinase.

[0033] FIG. 14 is a corresponding scattergram showing the
normalised volumes from spot 949 identified as suppressor of
G2 allele of SKP1 homolog (isoform 2).

[0034] FIG. 15 s a corresponding scattergram showing the
normalised volumes from spot 975 identified as hypothetical
protein (part of URG4).

[0035] FIG. 16 is a corresponding scattergram showing the
normalised volumes from spot 983 identified as calponin-2.
[0036] FIG. 17 is a corresponding scattergram showing the
normalised volumes from spot 1191 identified as heat shock
protein HSP90-beta.

[0037] FIG. 18 is a corresponding scattergram showing the
normalised volumes from spot 1354 identified as phospho-
glycerate mutase 1.

[0038] FIG. 19 is a table of results from Example 2 below,
showing the proteins detected in each spot.

[0039] FIG. 20 is a photograph of a two-dimensional gel of
proteins extracted from plasma samples by the method
described in Example 2.

[0040] FIG. 21 is a scattergram of spot 707 identified as
alpha-2-macroglobulin, as described in Example 2.

[0041] FIG. 22 is a corresponding scattergram of spot 710
identified as alpha-2-macroglobulin.

[0042] FIG. 23 is a corresponding scattergram of spot 711
identified as alpha-2-macroglobulin.

[0043] FIG. 24 is a corresponding scattergram of spot 1040
identified as SERPIN C1 protein (Antithrombin 3).

[0044] FIG. 25 is a corresponding scattergram of spot 1149
identified as Apolipoprotein A-IV.

[0045] FIG. 26 is a corresponding scattergram of spot 748
identified as SERPIN C1 protein (Antithrombin 3).

[0046] FIG. 27 is a corresponding scattergram of spot 2094
identified as Haptoglobin precursor.

[0047] In FIGS. 9 to 18 and 21 to 27 the results for the
‘Control’ are shown to the left of the results for the ‘Test’.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0048] A preferred method of diagnosis comprises per-
forming a binding assay for the marker protein. Any reason-
ably specific binding partner can be used. Preferably the
binding partner is labelled. Preferably the assay is an immu-
noassay, especially between the marker and an antibody that
recognises the protein, especially a labelled antibody. It can
be an antibody raised against part or all of it, most preferably
amonoclonal antibody or a polyclonal anti-human antiserum
of high specificity for the marker protein.

[0049] Thus, the marker proteins described above are use-
ful for the purpose of raising antibodies thereto which can be
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used to detect the increased or decreased concentration of the
marker proteins present in a diagnostic sample. Such antibod-
ies can be raised by any of the methods well known in the
immunodiagnostics field.

[0050] The antibodies may be anti- to any biologically rel-
evant state of the protein. Thus, for example, they can be
raised against the unglycosylated form of a protein which
exists in the body in a glycosylated form, against a more
mature form of a precursor protein, e.g. minus its signal
sequence, or against a peptide carrying a relevant epitope of
the marker protein.

[0051] Thesample can be taken from any valid body tissue,
especially body fluid, of a (human) subject, but preferably
blood, plasma or serum. Other usable body fluids include
cerebrospinal fluid (CSF), urine and tears.

[0052] The preferred immunoassay is carried out by mea-
suring the extent of the protein/antibody interaction. Any
known method of immunoassay may be used. A sandwich
assay is preferred. In this method, a first antibody to the
marker protein is bound to the solid phase such as a well of a
plastics microtitre plate, and incubated with the sample and
with a labelled second antibody specific to the protein to be
assayed. Alternatively, an antibody capture assay can be used.
Here, the test sample is allowed to bind to a solid phase, and
the anti-marker protein antibody is then added and allowed to
bind. After washing away unbound material, the amount of
antibody bound to the solid phase is determined using a
labelled second antibody, anti- to the first.

[0053] In another embodiment, a competition assay is pet-
formed between the sample and a labelled marker protein or
a peptide derived therefrom, these two antigens being in
competition for a limited amount of anti-marker protein anti-
body bound to a solid support. The labelled marker protein or
peptide thereof can be pre-incubated with the antibody on the
solid phase, whereby the marker protein in the sample dis-
places part of the marker protein or peptide thereof bound to
the antibody.

[0054] In yet another embodiment, the two antigens are
allowed to compete in a single co-incubation with the anti-
body. After removal of unbound antigen from the support by
washing, the amount of label attached to the support is deter-
mined and the amount of protein in the sample is measured by
reference to standard titration curves established previously.
[0055] Thelabel is preferably an enzyme. The substrate for
the enzyme may be, for example, colour-forming, fluorescent
or chemiluminescent.

[0056] The binding partner in the binding assay is prefer-
ably alabelled specific binding partner, but not necessarily an
antibody. The binding partner will usually be labelled itself,
but alternatively it may be detected by a secondary reaction in
which a signal is generated, e.g. from another labelled sub-
stance.

[0057] Tt is highly preferable to use an amplified form of
assay, whereby an enhanced “signal” is produced from a
relatively low level of protein to be detected. One particular
form of amplified immunoassay is enhanced chemilumines-
cent assay. Conveniently, the antibody is labelled with horse-
radish peroxidase, which participates in a chemiluminescent
reaction with luminol, a peroxide substrate and a compound
which enhances the intensity and duration of the emitted
light, typically 4-iodophenol or 4-hydroxycinnamic acid.
[0058] Another preferred form of amplified immunoassay
is immuno-PCR. In this technique, the antibody is covalently
linked to a molecule of arbitrary DNA comprising PCR prim-
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ers, whereby the DNA with the antibody attached to it is
amplified by the polymerase chain reaction. See E. R. Hen-
drickson et al., Nucleic Acids Research 23: 522-529 (1995).
The signal is read out as before.

[0059] Alternatively, the diagnostic sample can be sub-
jected to two dimensional gel electrophoresis to yield a
stained gel and the increased or decreased concentration of
the protein detected by an increased or decreased intensity of
a protein-containing spot on the stained gel, compared with a
corresponding control or comparative gel. The relevant spots
and differential expression are those listed in FIG. 2 as
described below. The invention includes such a method, inde-
pendently of the marker protein identification given above
and in FIG. 2.

[0060] In another embodiment, the diagnostic sample is a
tissue section which is fixed, e.g. by freezing or embedding in
paraffin, and then subjected to immunohistochemistry.
[0061] In a further embodiment, the diagnostic sample is
subjected to in situ hybridisation using a DNA probe for a
messenger RNA of at least one of the proteins specified
above.

[0062] In a still further embodiment an increased concen-
tration of one or more of the following marker proteins which
are over-expressed in CRC:

transforming growth factor-beta induced protein IG-H3
(SwissProt Acc. No. Q15582);

suppressor of G2 allele of SKP1 homolog (isoform 2) (Swis-
sProt Acc. No. Q9Y270-2);

hypothetical protein (part of URG4) (SwissProt Acc. No.
QONWRT);

calponin-2 (SwissProt Acc. No. Q99439);

heat shock protein HSP90-beta (SwissProt Acc. No. P08238);
phosphoglycerate mutase 1 (SwissProt Acc. No. P18669);
serpin Cl protein (SwissProt Acc. No. PO1008); or
haptoglobin precursor (SwissProt Acc. No. PO0738);

is detected by detecting an elevated level of autoantibody
thereto, compared with the level of autoantibody in the con-
trol sample. The level of autoantibody can be detected by
western blot (from 1D or 2D electrophoresis) against own
tumour, autologous tumour or CRC cell lines, by enzyme-
linked immunosorbent assay (ELISA), protein microarray or
bead suspension array using purified proteins.

[0063] By way of example, detection of autoantibodies to
proteins differentially increased in colorectal cancer patients
can be carried out as follows. Recombinant proteins are
expressed in baculovirus infected insect cells and used to coat
the surface of microtitre plates. Serum/plasma drawn from
patients suspected of having colorectal cancer is added to
duplicate wells of each microtitre plate and incubated at 37°
C. for 1 hour. Plates are aspirated and washed prior to the
addition of a horse-radish peroxidase (HRP) labelled anti-
human IgG antiserum and incubated for 1 hour at 37° C.
Finally, binding of the antihuman antiserum is revealed by
aspirating the plates, washing, and then adding tetra-methyl-
benzidine (TMB) which in the presence of HRP produces a
coloured product the intensity of which is measured by read-
ing the plates at 450 nm. An identical set of plates is tested
with the exception that the second antibody is a HRP labelled
anti-human IgM antiserum. The levels of IgG and/or IgM
autoantibodies to each of the CRC marker proteins is elevated
when compared to the levels found in the serum of healthy
individuals without colorectal cancer.

[0064] The diagnosis does not necessarily require a step of
comparison of the concentration of the protein (or autoanti-
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body) with a control, but it can be carried out with reference
either to a control or a comparative sample. The invention can
be used to determine the stage of progression of CRC, if
desired with reference to results obtained earlier from the
same patient or by reference to standard values that are con-
sidered typical of the stage of the disease. In this way, the
invention can be used to determine whether, for example after
treatment of the patient with a drug or candidate drug, the
disease has progressed or not. The result can lead to a prog-
nosis of the outcome of the disease.

[0065] The invention further includes the use for a diagnos-
tic (and thus possibly prognostic) or therapeutic purpose of a
partner material which recognises, binds to or has affinity for
a marker protein specified above and/or represented by a
differentially expressed two dimensional gel electrophoretic
spot shown in any of FIGS. 3 to 6. Thus, for example, anti-
bodies to the marker proteins, appropriately humanised
where necessary, may be used in treatment. The partner mate-
rial will usually be an antibody and used in any assay-com-
patible format, conveniently an immobilised format, e.g. as
beads or a chip. Either the partner material will be labelled or
it will be capable of interacting with a label.

[0066] The invention further includes a kit for use in a
method of diagnosis, which comprises a partner material, as
described above, in an assay-compatible format, as described
above, for interaction with a protein present in the diagnostic
sample.

[0067] The invention further includes a kit for use in a
method of diagnosis, which comprises a differentially
expressed protein as described above, in an assay-compatible
format, as described above, for interaction with an autoanti-
body present in the diagnostic sample. The diagnosis can be
based on the differential expression of one, two, three or more
of the marker proteins, or of one, two, three or more autoan-
tibodies raised against such proteins, or a combination of
both. Further, it can be part of a wider diagnosis in which two
or more different diseases are diagnosed. CRC can be diag-
nosed together with at least one other disease, which may or
may not be a cancer, in the same sample of body tissue, by a
method which includes detecting a change in concentration of
another protein in the diagnostic sample, compared with a
sample of a control, normal human subject. These other dis-
ease(s) can be any which are diagnosable in a body tissue.
[0068] Thus, in particular, it is contemplated within the
invention to use an antibody chip or array of chips, capable of
detecting one or more proteins that interact with that anti-
body; a protein chip or array of chips, capable of detecting one
or more autoantibodies that interact with the proteins differ-
entially expressed in colorectal cancer; a combination of both
antibody arrays and protein arrays.

[0069] The following Examples illustrate the invention.
Example 1
[0070] 15 patients were selected. From these patients, 15

colorectal samples corresponding to tumour tissues and 15
samples corresponding to neighbouring normal tissues were
taken. Tumour and normal tissue samples were placed in a
container on liquid nitrogen and homogenized to a powder-
like consistency.

2D Gel Electrophoresis (2DE) and Mass Spectrometry (MS)

[0071] Prior to the experimental work, a 2DE separation
optimization step was performed to cover a maximum num-
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ber of proteins displayed with a minimum number of 2D gels.
Several IPG (immobilized pH gradient) strip ranges were
tested: 4-7,3-7NL (NL=non-linear), 3-10 and 3-10NL. In our
hands, the best range was 3-10Non-Linear. For each sample,
asingle analytical gel was run (pH 3-10NL, 10% Acrylamide,
100 pg protein load). The gels were silver-stained, scanned
and the gel images were analysed with ProGenesis software
(v2005).

[0072] Due to the fact that 2 tumour tissue samples were
degraded, the tumour tissue group was based on 13 analytical
gels. The normal tissue group was based on 14 analytical gels,
because one gel was removed from the image analysis (spots
were smearing/diffuse). The two groups of gels were com-
pared to each other. To select regulated spots, we used the
following criteria: spots present within at least 60% of gels, 2
fold down/up regulation and p value<0.005.

[0073] For the preparative gels, 4 normal samples were
mixed together (Normal Tissue Mix) and 4 tumour samples
were mixed together (Tumour Tissue Mix) and 500 pg protein
of each mix sample were loaded onto the first IPG (pH
3-10NL, 10% Acrylamide). The gels were Commassie-
stained and scanned.

[0074] The protein spots of interest were picked from the
preparative gels, and treated with Spot Handling Workstation
(GE Healthcare). The peptide profiles were generated with
MALDI-ToF (matrix-assisted laser desorption ionization
mass spectrometry, analysis by time of flight), analysed with
Ms-Fit software (Protein Prospector) and searched against
IPI (International Protein Index) database.

Results

Image Analysis Strategy and Number of Regulated Protein
Spots of Interest

[0075] Gel images were analysed with ProGenesis
(v2005). Spot detection, matching, background subtraction
and normalisation were automatically performed by ProGen-
esis. The background subtraction method used was the pro-
prietary background subtraction algorithm developed by
Nonlinear Dynamics. The algorithm calculated a background
level based on a surface model of the entire gel. The normali-
sation mode used was the “Total Spot Volume” method. In
this method, the volume of each spot is divided by the total
volume of all of the spots in the gel. Since this method tends
to produce extremely small values, the result was multiplied
by a factor. For example, if 1001s used as a factor, which is the
default value, a Spot Percentage volume will be produced. We
decided that multiplication by a factor of 1000 enables larger
integers to be used in the data analyses than the default value
indicated by ProGenesis. Then the spot data were exported to
Excel and a macro was used to calculate Coefficient of Varia-
tion (CV in %), Student T-Test, Mann-Whitney test and Regu-
lation factor between tumour versus normal spot volume ratio
within the 99.5th confidence level (p<0.005).

[0076] FIG. 1 displays for each gel the number of spots
detected, the sum of volume of all spots (IOD) and the scaling
factor—S.F.—(the sum of the volume of all spots in the
Reference Gel divided by the sum of volume of all spots in the
gel). In FIG. 1, for each gel, the number of detected spots, the
sum of volume (IOD) of all spots and the scaling factor (S.F.)
are indicated. Gel n_03-0562__2217 corresponds to the Ref-
erence gel. In this table, we can observe that all gels have a
scaling factor above the empiric values (0.6<S.F.<1.5). These
27 gels were incorporated into the image analysis.
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[0077] Based on our experience, we applied these selection
criteria—spots have to be found within at least 60% of gels,
2-fold up/down change within the 99.5th confidence level
(Student’s t-test and/or Mann-Whitney test; p<0.005). With
the prerequisite of spot presence within 60% of gels, around
900 spots went into the statistical analysis. 31 spots were
found to be differentially expressed between tumour and nor-
mal tissues. These spots are listed in FIG. 2. 18 spots are
up-regulated or pre-dominant in tumour tissue group and 13
spots are down-regulated or predominant in normal tissue
group. The spot locations in the gels are indicated in FIGS.
3-6. Scattergrams of normalized volumes from selected spots
are shown in FIGS. 9-18.

[0078] The 99.5th confidence level is a very narrow interval
that implies high precision and consequently represents a
very stringent criterion. Indeed, a p value of 0.005 means that
this result would have arisen by chance on less than one
occasion in 200 or in other words, from 200 selected spots,
one may be expected to be randomly selected. In our case,
with the 99.5th confidence level, around 5 spots from 900
could be randomly selected.

[0079] All statistical analysis of normalised data should be
accompanied by its negatively controlled analysis of the data.
One of these negative controls is the analysis of faked groups,
i.e. by mixing data columns. For example, if an experiment
consists of 6 control gels and experimental gels then the two
groups compared should contain 3 control+3 experimental
gels each (faked group). This “faked group” comparison will
(1) indicate how many spots could be randomly selected and
(ii) ensure that robust regulated spots from the real compari-
sons are selected with a true statistical significance, by ignor-
ing underlying noise of the data set under the analysis. From
carrying out this type of test, it will become evident what type
of selection criteria will permit real changes to be identified
within experimental groups. If, after carrying out the “faked
group” comparison, one finds the similar number of changes
as the real comparison then the data set is “empty” in terms of
group specific changes.

[0080] Consequently we made 2 faked groups by mixing
half of normal tissue gels with half of tumour tissue gels and
compared faked group 1 with faked group 2. The faked groups
analysis contains all the gels that were included in the real
comparison. For this faked group analysis, we used the same
spot selection strategy (within 60% of gels, p<0.005 and 2
fold change). As indicated in the table of FIG. 7, 5 spots have
been selected, which corresponds to the theoretical value
calculated above.

[0081] Mass Spectrometry Identification of Protein Spots
of Interest
[0082] Preparative normal and tumour tissue gels were run

with a mix of 4 normal tissue samples and a mix of 4 tumour
tissue samples respectively. These gels were stained with
Commassie blue, spots of interest were picked and treated
with Spot Handling workstation (GE Healthcare) and pep-
tides loaded onto the MALDI-ToF target. The MS spectra
were analysed with Ms-Fit software and IPI database. As
indicated in Table 2, all protein spots submitted were success-
fully identified with an average of 13 peptides per protein,
around 34% protein coverage and an error of measurement of
4.7 ppm. The 31 protein spots correspond to 22 different
protein species.
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Discussion
Validation of the Technology Used

[0083] The present study revealed that differentially
expressed proteins between tumour and normal tissues have
been identified by 2D gel electrophoresis approach. Several
proteomics investigations have been already carried out to
find biomarkers for CRC (Albrethsen et al. 2005; Mori et al.
2005; Ahmed, 2005; Alessandro et al., 2005; Drew et al.,
2005, Alfonso et al., 2005; Friedman et al. 2004; Lawrie L C
et al. 2001). Some of the proteins we found to be regulated
have been already identified: Glycyl-tRNA synthetase (spot
241), 60 kDa heat shock protein (spot 543 and 543 left),
Adenosylhomocysteinase (spot 768), Inorganic pyrophos-
phatase (spot 1015), Annexin A4 (spot 1049), F-actin capping
protein beta subunit (spot 1052), Tropomyosin alpha 4 (spot
1081 and 1458), Rho GDP-dissociation inhibitor 1 (spot
1171), 14-3-3 protein alpha/beta (spot 1171), Translationally
controlled tumor protein (spot 1229), and serum albumin
(spot 733, 346, 364, 404, 435, 460, 462, 519, 877, 1060 and
1256). Except for the serum albumin spot 733, the regulation
we observed for all these proteins is in agreement with that
found previously. The fact that we identified these proteins in
our study demonstrates the high value of the samples analy-
sed and the accuracy and the sensitivity of the approach we
used. On the other hand, these observations confirm the high
resolution of our 2-DE protocol. Indeed, all publications deal-
ing with the 2D electrophoresis approach (Mori et al. 2005;
Alfonso etal., 2005; Friedman et al. 2004) used DIGE (Fluo-
rescence 2-D Difference Gel Electrophoresis) Technology
(GE Healthcare).

New Biomarkers for CRC

[0084] Our study identified proteins in colon cancer tissue:
Transforming growth factor-beta induced protein IG-H3
(spot 407), Suppressor of G2 allele of SKP1 homolog (spot
949), Hypothetical protein (spot 975), Calponin-2 (spot 983),
Heat shock protein HSP90-beta (spot 1191), Serotransferrin
(spot 361), 268 proteasome subunit p40.5 (spot 877), Aldo-
keto reductase family 1 member B10 (spot 943), Fruc-
tosamine-3-kinase (spot 943), Peripherin (spot 543) and
Phosphoglycerate mutase 1 (spot 1354).

[0085] Because (i) this study was carried out to find new
biomarkers for CRC and (ii) it is easier and more accurate to
detect a higher protein expression in cancer stage than a lower
one, we present now information about functions of the up-
regulated proteins in cancer tissue.

[0086] Transforming growth factor-beta induced protein
1G-H3 (spot 407) is a polypeptide of unknown function,
expressed in the keratinocytes of the cornea (Escribano et al.
1994). The encoding gene TGFB1 was shown to be signifi-
cantly elevated in colorectal cancer and adenoma (Zhang et
al. 1997; Buckhaults et al. 2001).

[0087] Suppressor of G2 allele of SKP1 homolog (spot
949) may play a role in ubiquitination and proteasome deg-
radation of target proteins. The two isoforms have been con-
firmed by immunoblotting (Niikura and Kitagawa, 2003).
[0088] Thehypothetical protein (spot 975) has no function
but the amino-acid sequence is strictly identical to the C-ter-
minal sequence (611-922) of the URG4 protein as illustrated
in FIG. 8. Overexpression of URG4 in HepG2 cells acceler-
ated tumour development in nude mice (Tufan et al. 2002).
[0089] Calponin-2 (spot 983) is a thin filament-associated
protein that is implicated in the regulation and modulation of
smooth muscle contraction. It is capable of binding to actin,
calmodulin, troponin C and tropomyosin. The interaction of
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calponin with actin inhibits the actomyosin Mg-ATPase
activity (Kitching et al. 2002).

[0090] Theheat shock protein HSP90-beta (spot 1191)is a
molecular chaperone, constitutively expressed and guides the
normal folding, intracellular disposition and proteolytic turn-
over of many of the key regulators of cell growth and survival.
The essential guard duty of the heat shock protein HSP90
seems to offer a unique anticancer strategy of considerable
promise (Whitesell et al. 2005).

[0091] Phosphoglycerate mutase 1 (spot 1354) is a glyco-
Iytic enzyme. Recently, a small molecule, MJE3, that inthibits
breast cancer cell proliferation has been identified (Evans et
al. 2005). MJE3 binds phosphoglycerate mutase 1 resulting in
enzyme inhibition. The authors suggested that cancer cells
depend on glycolysis for viability and promote phosphoglyc-
erate mutase 1 as a potential therapeutic target.

Concluding Remarks

[0092] The aim of this study was to screen tissue and blood
samples from CRC diseased patients to find new biomarkers.
We used 2-DE gel electrophoresis to display proteins, silver-
staining to detect protein spots and mass spectrometry to
identify proteins of interest.

[0093] In this study, we presented results from the tissue
analysis. The sample preparation was carried out by an expe-
rienced technician using a unique and identical protocol for
all samples. They were treated at the same time. We observed
that samples had different colours (more or less red/pink/
brown). 2D gels from 2 tumour samples displayed an abnor-
mal profile characteristic of samples where protein degrada-
tion occurred (absence of protein spot in the high molecular
weight gel region, increased number of protein spots in the
low molecular weight gel region and a thicker running front at
bottom of the gel). These two samples have lowest protein
concentrations as well and it was difficult to get them to a
powder-like consistency.

[0094] Moreover, it is obvious that colon cells are perfused
with blood where albumin represents ~50% of the protein
content. Because the sample colour varies (pink/red/brown),
we can imagine that they contained different amounts of
albumin. This may explain why we identified albumin as
regulated protein. The sample preparation is well known to be
the critical step, precautions should be taken before freezing
samples. For example, we can suggest to put tissue onto paper
and leave them for few minutes to make sure that blood is
sucked out of the tissue. This kind of precaution may prevent
misinterpretation of observations.

[0095] With our 2D method, 31 protein spots were found to
be differentially expressed between normal and tumour tis-
sues. All these spots were identified by peptide mass finger-
printing (PMF) and they correspond to 22 different protein
species.

[0096] Interestingly, 11 proteins (50%) we identified cor-
responded to new markers for CRC. 6 proteins are of particu-
lar interest because they are over-expressed in tumour tissue.
The other 11 proteins (50%) we 1dentified have been already
published from biomarker discovery studies using fluores-
cence dyes (DIGE Technology). These 11 proteins may be
considered as validation of the power of our methodology and
demonstrate the high sensitivity of our silver-staining proto-

Sep. 10,2009

col. The fact that these proteins have been re-found in our
investigation with another sample set confirms the value of
these markers.

Example 2

[0097] Two-dimensional gel electrophoresis and mass
spectrometry were used to analyse protein expression in
tumour- and control plasma samples. Each sample was indi-
vidually depleted and separated with 2-DE gel. We have
found differences in abundance for 7 spots with statistically
significant changes between tumour and control samples
(spots present within at least 60% of gels, 1.5 fold down/up
regulation and p value<0.005). All protein spots were identi-
fied by MALDI-ToF MS and they corresponded to 4 different
protein species.

[0098] 15 patients with colorectal cancer and 20 healthy
controls were selected. All samples were depleted with
MARS column from Agilent at the same time and proteins
were TCA-precipitated.

2D Gel Electrophoresis, Image Analysis and Mass Spectrom-
etry:

[0099] For each plasma sample, a single analytical gel was
run (pH 3-10NL, 10% Acrylamide, 100 pg protein load). The
gels were silver-stained, scanned and the gel images were
analysed with ProGenesis software (v2006).

[0100] All45 analytical gel images (20 healthy plasma gels
for the control group and 15 tumour plasma gels for the
tumour group) were introduced into the image analysis. The
two groups were compared to each other. To select regulated
spots, we used the following criteria: spots present within at
least 60% of gels, 1.5 fold change and p value<0.005 (Mann-
Whitney Test).

[0101] For the preparative gels, 5 normal samples were
mixed together and 5 tumour samples were mixed together
and 350 ug protein of each mix sample were loaded onto the
first IPG (pH 3-10NL, 10% Acrylamide). The gels were Com-
massie-stained and scanned.

[0102] The protein spots of interest were picked from the
preparative gels, treated with Spot Handling Workstation (GE
Healthcare). The peptide profiles were generated with
MALDI-ToF, analysed with Ms-Fit software (Protein Pros-
pector) and searched against IPI database. When the cross-
reference with SwissProt is available in IPI database, the
reference in SwissProt is indicated (FIG. 19).

Results

1—Image Analysis Strategy and Number of Regulated Pro-
tein Spots Detected

[0103] Gel images were analysed with ProGenesis
(v2006). Spot detection, matching, background subtraction
and normalisation were automatically performed by ProGen-
esis. The background subtraction method used is the propri-
etary background subtraction algorithm developed by Non-
linear Dynamics. The algorithm calculated a background
level based on a surface model of the entire gel. The normali-
sation mode used is the “Total Spot Volume” method. In this
method, the volume of each spot is divided by the total vol-
ume of all of the spots in the gel. Since this method tends to
produce extremely small values, the result is multiplied by a
factor. For example, if you use 100 as factor, which is default
value, you will produce Spot Percentage volume.
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[0104] We decided that the multiplication by a factor of
1000 enables larger integers to be used in the data analyses
than the default value indicated by ProGenesis. Then the spot
data were exported to Excel and amacro was used to calculate
Coefficient of Variation (CV in %), Student T-Test, Mann-
Whitney test and Regulation factor between tumour versus
normal spot volume ratio within the 99.5% confidence level
(p<0.005).

[0105] Based on our experience, we applied these selection
criteria—spots have to be found within at least 60% of gels,
1.5-fold up/down change within the 99.5” confidence level
(Mann-Whitney test; p<0.005). With the prerequisite of spot
presence within 60% of gels, around 650 spots went into the
statistical analysis. 7 spots were found to be differentially
expressed between tumour and normal plasma samples.
These spots are listed in FIG. 19. 2 spots are up regulated in
tumour sample group and 5 spots are down-regulated in nor-
mal sample group. The spot location in gels is indicated in
FIG. 20.

2—Mass Spectrometry Identification of Protein Spots of
Interest

[0106] Preparative normal- and tumour plasma gels have
been run with a mix of 5 normal samples and a mix of 5
tumour samples respectively. These gels were stained with
Commassie blue, spots of interest were picked and treated
with Spot Handling Workstation (GE Healthcare) and pep-
tides loaded onto the MALDI-ToF target. The MS spectra
were analysed with Ms-Fit software and IPI database. As
indicated in FIG. 19, all protein spots submitted were suc-
cessfully identified with an average of 13 peptides per protein,
around 20% protein coverage. The seven protein spots corre-
spond to four different protein species (FIG. 19).

Discussion

1—No Protein Previously Found to be Regulated in Tissue
was Found to be Regulated in Plasma

[0107] InExample 1 based on the analysis of differentially
expression of proteins between tumour- and normal tissues,
we identified 22 different regulated proteins. Despite the fact
that some of these 22 proteins have been already seen in
plasma, none of them was found to be regulated in plasma.

[0108] The fact that we identified two different sets of regu-
lated proteins, one marker set for CRC tissue samples and one
marker set for plasma samples might indicate that the picture
corresponding to the metabolism characteristic of cancer
cells in tissue is not directly transferred into the blood stream.
It could be due to the role of filter of the plasma membrane of
the tissue cell and/or the high dilution rate into the blood that
the 2D gel approach could not compensate. At least, in our
study 1in tissue, we identified serum albumin as a regulated
protein. This protein has been removed from the plasma (see
experimental procedure above) and consequently could not
be seen in plasma samples we investigated.

2—Regulated Proteins Detected in CRC Plasma

[0109] In our plasma study, we found two up regulated
spots in tumour samples (spot 748; 2049) identified as SER-
PIN C1 protein and Haptoglobin precursor respectively and
five down regulated spots in tumour plasma corresponding to
3 different proteins species alpha-2 macroglobulin (spots
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707, 710; 711), Serpin CI protein (spot 1040) and Apolipo-
protein A IV (spot 1149) (FIG. 19).

[0110] SERPIN C1 protein (or Antithrombin 3) is a very
important protease inhibitor in plasma that regulates the
blood coagulation cascade. Recently, Sierko and coll. (2006)
have observed that in most cases of colon cancer Antithrom-
bin 3 expression has very low intensity in a few cancer foci. In
approximately 15% of cases there was no AT 3 expression,
while in other 15% of examined fragments of colon cancer AT
3 was readily detected. In our gels, two spots were identified
as Antithrombin 3 and one spot is down regulated (1040) and
one is up regulated (748). The different regulations of iso-
forms of the same protein in colorectal cancer serum samples
have been already observed. Indeed, Rodriguez-Pineiro and
coll. (2006) have identified a N-glycosylated isoform of clus-
terin which is up regulated in CRC samples and 15 N-glyco-
sylated isoforms of clusterin which are down regulated or
absent in CRC samples. As 4 sites known for N-glycosylation
of Antithrombin are indicated in Swiss-Prot (P01008), we can
imagine that similar events might happen to Antithrombin 3
explaining our observations.

[0111] Haptoglobin protein has two chains alpha and beta.
A major function of haptoglobin is to bind hemoglobin (Hb)
to form a stable Hp-Hb complex and thereby prevent Hb-
induced oxidative tissue damage. This protein has been also
found to be regulated in Alzheimer’s disease samples. The
spot we identified has been already identified as haptoglobin
as well by another group (see note, spots are indicated in red)
that confirms our identification.

[0112] Bresalier and coll. (2004) identified haptoglobin
protein as being a ligand for galectin-3. Galectin-3 is a beta-
galactoside-binding protein implicated in tumour progres-
sion and metastasis of colorectal cancers. They concluded
that the major circulating ligand for galectin-3, which is
elevated in the sera of patients with colon cancer, is a cancer-
associated glycoform of haptoglobin. Immunohistochemical
staining confirmed the absence of haptoglobin protein in nor-
mal colon and the ectopic expression of haptoglobin in colon
cancers and adenomatous polyps.

[0113] Alpha-2-macroglobulin protein is able to inhibit all
four classes of proteinases by a unique “trapping” mecha-
nism. Alpha-2-macroglobulin together with myeloperoxi-
dase are involved in molecular pathways leading to beta-
amyloid deposition (Du et al. 1998). Alpha-2-macroglobulin
can bind prostate-specific protein (PSA) and then the PSA-
A2M complex is not detected by conventional PSA immu-
noassays (Lilja et al. 1991). Alpha-2 macroglobulin has been
identified as a marker for hepatocellular carninogenesis
(Kawakami et al. 2005) but not for colorectal cancer. This
protein has been also found to be down regulated in Alzhe-
imer’s disease samples. The mature protein has a molecular
weight of 160796 Da, which does not fit to the observed
molecular weigh of the spots in gel (~100 kDa, F1G. 20, spots
707; 710; 711). We can imagine that the protein identified
may correspond to a fragment of the full-length sequence of
alpha-2-macroglobulin The spots we identified as alpha-2-
macroglobulin belong to the same chain of spots (FIG. 20),
we can also imagine that the difference between these spots
may be due to a post-translational modification of the protein.
[0114] Apolipoprotein A4 is a major component of HDL
(High Density Lipoprotein) and chylomicrons and required
for activation of lipoprotein lipase by Apolipoprotein C2.
This protein is produced in intestine and then secreted in the
plasma. In our study, the apolipoprotein A4 expression is
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repressed in CRC patients, which correspond to the opposite
expression observed in hepatocellular carcinoma (Kawakami
et al. 2005) and in pancreatic cancer (Zervos et al. 2006).

Concluding Remarks

[0115] The aim ofthis study was to screen depleted plasma
samples from CRC diseased patients to find new biomarkers.
We used 2-DE gel electrophoresis to display proteins, silver-
staining to detect protein spots and mass spectrometry to
identify proteins of interest.

[0116] Experienced technicians have performed the plasma
depletion, sample preparation and 2D gel electrophoresis. All
samples were treated at the same time. Because the samples
were perfectly packed and received in an excellent status, no
difficulties happened during these critical steps and no deg-
radation was observed in the 2D gels.

[0117] Seven protein spots were found to be differentially
expressed between normal- and tumour plasma patients. All
these spots were identified by PMF and they correspond to
four different protein species.

[0118] Interestingly, one protein we identified (Haptoglo-
bin) is already known to be associated with CRC. This may be
considered as validation of our approach. The identification
of the same colorectal cancer markers in different studies and
groups reinforce their validity.

[0119] Moreover, the proteins preferentially expressed in
healthy patients (alpha-2-macroglobulin and Apolipoprotein
A TV)could be considered as surrogate markers. These mark-
ers could be measured after treatment or surgical interven-
tion. If the proteins are newly expressed in patients, they may
reflect a success of the treatment or intervention. Further
investigations with a larger set of samples should be carried
out to confirm our preliminary results.
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1. A method of diagnosis of colorectal cancer in a diagnos-
tic sample of a valid body tissue taken from a human subject,
which comprises detecting an increased concentration of a
protein in the diagnostic sample, compared with a control,
normal human sample, the protein being selected from the
group consisting of:
transforming growth factor-beta induced protein 1G-H3
(SwissProt Acc. No. Qi5582);

suppressor of G2 allele of SKP1 homolog (isoform 2)
(SwissProt Acc. No. Q9Y270-2),

hypothetical protein (part of URG4) (SwissProt Acc. No.
QINWR7);

calponin-2 (SwissProt Acc. No. Q99439);

heat shock protein HSP90-beta (SwissProt Acc. No.
P08238);

phosphoglycerate mutase 1 (SwissProt Acc. No. P18669);

serpin C1 protein (SwissProt Acc. No. PO1008); and

haptoglobin precursor (SwissProt Acc. No. P0O0738);
or a decreased concentration of a protein in the diagnostic
sample, compared with a control, normal human sample, the
protein being selected from the group consisting of:
serotransferrin (SwissProt Acc. No. P02787);
268 proteasome subunit p40.5 (Swiss Prot Acc. No.
QOUNM7);
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aldo-keto reductase family 1 member B10 (SwissProt Acc.
No. 060218);

fructosamine-3-kinase (SwissProt Acc. No. Q9H479);

peripherin (SwissProt Ace. No. P41219);

alpha-2-macroglobulin (SwissProt Acc. No. P01023);
serpin C1 protein (SwissProt Acc. No. P0O1008); and
apolipoprotein A TV (SwissProt Acc. No. P06727).
2. A method according to claim 1, wherein the concentra-
tion of protein in the diagnostic sample is increased or
decreased by a factor of at least 2, as compared to the control
sample.
3. A method according to claim 1, wherein the detection is
performed on the diagnostic sample by abinding assay for the
protein.
4. A method according to claim 3, wherein the binding
assay comprises causing the protein of the diagnostic sample
to interact with a specific binding partner and detecting the
interaction.
5. A method according to claim 4, wherein the specific
binding partner is labelled.
6. A method according to claim 4, wherein the specific
binding partner is an antibody or antibody fragment that
recognizes the protein.
7. A method according to claim 1, wherein the control
sample is taken from healthy tissue of the same human subject
as the diagnostic sample.
8. A method according to claim 1, wherein the control
sample is taken from healthy tissue of a different human
subject than the one providing the diagnostic sample.
9. A method according to claim 8, wherein the body tissue
is a body fluid and the body fluid is subjected to an immu-
noassay.
10. A method according to claim 9, wherein the immunoas-
say 1s a western blot, enzyme-linked immunosorbent assay
(ELISA), antibody microarray or bead suspension array.
11. A method according to claim 1, wherein the diagnostic
sample is a tissue section that has been frozen or embedded in
paraffin and which tissue section is subjected to immunohis-
tochemistry.
12. A method according to claim 1, wherein the diagnostic
sample is subjected to two dimensional gel electrophoresis to
vield a stained gel and the increased or decreased concentra-
tion of the protein is detected by an increased or decreased
intensity of a protein-containing spot on the stained gel, com-
pared with a corresponding control gel.
13. A method according to claim 12, wherein the increased
intensity of spot 407, 949, 975, 983, 1191 or 1354 or the
decreased intensity of spot 361, 877, 943 or 543 in FIGS. 3 to
6 is detected.
14. A method according to claim 1, which comprises in situ
hybridization using a DNA probe for a messenger RNA of at
least one of the proteins specified in claim 1.
15. A method according to claim 1, wherein an increased
concentration of one or more of the marker proteins selected
from the group consisting of:
transforming growth factor-beta induced protein 1G-H3
(SwissProt Acc. No. Q15582);

suppressor of G2 allele of SKP1 homolog (isoform 2)
(SwissProt Acc. No. Q9Y270-2);

hypothetical protein (part of URG4) (SwissProt Acc. No.
QONWRT);

calponin-2 (SwissProt Acc. No. Q99439);,

heat shock protein HSP90-beta (SwissProt Acc. No.
P08238);

Sep. 10,2009

phosphoglycerate mutase 1 (SwissProt Acc. No. P18669);
serpin Cl1 protein (SwissProt Acc. No. P01008); of and
haptoglobin precursor (SwissProt Acc. No. PO0738)
is detected by detecting an elevated level of autoantibody
thereto, compared with the level of autoantibody in the con-
trol sample.
16. A method according to claim 15, wherein the level of
autoantibody is detected by western blot, ELISA, protein
microarray or bead suspension array.
17. A method according to claim 1, in which an increase or
decrease in the concentration of more than one marker protein
as specified in claim 1 is detected.
18. A method according to claim 1, wherein the valid body
tissue is a colorectal sample.
19. A method of monitoring the effect of a treatment for
colorectal cancer in a subject, which comprises detecting a
change in concentration of at least one protein in a sample of
a valid body tissue taken from said subject at a stage in said
treatment, compared with the concentration of said protein in
a sample of a valid body tissue taken from said subject prior
to said treatment or at an earlier stage in said treatment, the
protein being selected from the group consisting of:
transforming growth factor-beta induced protein 1G-H3
(SwissProt Ace. No. Q15582);

suppressor of G2 allele of SKP1 homolog (isoform 2)
(SwissProt Acc. No. Q9Y270-2),

hypothetical protein (part of URG4) (SwissProt Acc. No.
QONWR7);

calponin-2 (SwissProt Acc. No. Q99439);

heat shock protein HSP90-beta (SwissProt Acc. No.
P08238), phosphoglycerate mutase 1 (SwissProt Acc.
No. P18669);

serpin C1 protein (SwissProt Acc. No. PO1008);

haptoglobin precursor (SwissProt Acc. No. PO0738);

serotransferrin (SwissProt Acc. No. P02787);

268 proteasome subunit p40.5 (Swiss Prot Acc. No.

QOUNM7);
aldo-keto reductase family 1 member B10 (SwissProt Acc.
No. 060218);

fructosamine-3-kinase (SwissProt Acc. No. Q9H479);

peripherin (SwissProt Acc. No. P41219);

alpha-2-macroglobulin (SwissProt Acc. No. P01023); or
and
apolipoprotein A IV (SwissProt Acc. No. P06727).
20. A method according to claim 19, wherein the change in
protein concentration is a decrease and the protein is selected
from the group consisting of:
transforming growth factor-beta induced protein 1G-H3
(SwissProt Acc. No. Q15582);

suppressor of G2 allele of SKP1 homolog (isoform 2)
(SwissProt Acc. No. Q9Y270-2),

hypothetical protein (part of URG4) (SwissProt Acc. No.
QINWR7);

calponin-2 (SwissProt Acc. No. Q99439);

heat shock protein HSP90-beta (SwissProt Acc. No.
P08238);

phosphoglycerate mutase 1 (SwissProt Acc. No. P18669);

serpin C1 protein (SwissProt Acc. No. P01008); of and

haptoglobin precursor (SwissProt Acc. No. PO0738).

21. A method according to claim 19, wherein the change in
protein concentration is an increase and the protein is selected
from the group consisting of:
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serotransferrin (SwissProt Acc. No. P02787);

26S proteasome subunit p40.5 (Swiss Prot Acc. No.
QIUNM7);

aldo-keto reductase family 1 member B10 (SwissProt Acc.
No. 060218);

fructosamine-3-kinase (SwissProt Acc. No. Q9H479);

peripherin (SwissProt Acc. No. P41219);

alpha-2-macroglobulin (SwissProt Acc. No. P01023);
serpin C1 protein (SwissProt Acc. No. PO1008); and
apolipoprotein A IV (SwissProt Acc. No. P06727).

22. A method according to claim 21, wherein the change in
protein concentration is detected by detecting a change in the
level of autoantibody thereto, compared with the level of
autoantibody in the comparison sample.

23. A method according to claim 19, wherein the valid
body tissue is colorectal tissue.

24. A method according to claim 19, wherein the valid
body tissue is blood or a blood product such as serum or
plasma.

25. A method according to claim 19, wherein the treatment
is surgery.

26. A method according to claim 19, wherein the treatment
is chemotherapy.

27. A method according to claim 19, wherein the treatment
is immunotherapy.

28. A method of diagnosing or treating colorectal cancer in
a subject, the method comprising the steps of:

providing a partner material which recognizes, binds to or

has affinity for a protein specified in claim 1 that is
present in a sample taken from the subject; and
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detecting a change in concentration of the protein in the
sample compared with a control, normal sample.

29. The method according to claim 28, wherein the partner
material is an antibody.

30. The method according to claim 29, wherein the anti-
body 1s immobilized on a solid phase.

31. The method according to claim 30, wherein the anti-
body is immobilized on beads or as a chip.

32. The method according to claim 28, wherein the partner
material is an autoantibody.

33. A kit for carrying out a method of diagnosis claimed in
claim 1, which comprises a partner material in an assay-
compatible format for interaction with a protein present in the
diagnostic sample.

34. A kit according to claim 33, wherein the assay-com-
patible format is a labelled format.

35. A kit according to claim 33, wherein the partner mate-
rial is an immobilized antibody.

36. A kit for carrying out a method of monitoring the effect
of treatment claimed in claim 19, which comprises a partner
material in an assay-compatible format for interaction with a
protein present in the diagnostic sample.

37. A kit according to claim 36, wherein the assay-com-
patible format is a labelled format.

38. A kit according to claim 36, wherein the partner mate-
rial is an immobilized antibody.
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