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The present invention relates to compositions and methods
for characterizing the physiological state of a living system,
including cells, tissues, organs, and whole organisms. The
methods involve capturing biomarkers from the living sys-
tem, and correlating their presence or absence to a physiologi-
cal state. The biomarkers can be captured from the system,
and then detected using any suitable analytical system to
determine their presence or absence. 1n one embodiment, the
invention relates to a method of detecting a polypeptide biom-
arker in a blood serum or plasma sample obtained from a
single subject with an affinity ligand which is capable of
binding to a plurality of different polypeptide biomarkers
derived from the same parental molecule.
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BIOMARKER ISOLATION AND USE
THEREOF TO CHARACTERIZE
PHYSIOLOGICAL STATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/750,376, filed Dec. 15, 2005 which is
incorporated herein by reference in its entirety.

REFERENCE TO SEQUENCE LISTING

This application contains a Sequence Listing submitted in
electronic and print form. The electronic and print form of the
Sequence Listing are identical to each other pursuant to 37
CFR §1.52(e) (4), contains the following file:
“GMUO0030.txt”, having a size in bytes of 2 KB, recorded on
Jan. 19, 2010. The information contained in the sequence
listing is hereby incorporated by reference in its entirety
pursuant to 37 CFR §1.52(e) (5).

SUMMARY OF THE INVENTION

The present invention relates to compositions and methods
for characterizing the physiological state of a living system,
including cells, tissues. organs, and whole organisms. The
methods involve capturing biomarkers from the living sys-
tem, and correlating their presence or absence to a physiologi-
cal state. The biomarkers can be captured from the system,
and then detected using any suitable analytical system to
determine their presence or absence.

Any physiological state can be characterized in accordance
with the present invention, including disease; disease predis-
position; disease status (e.g., stage; active; symptomatic;
inactive; asymptomatic); and cell, tissue, organ, or system
status (e.g., state of the circulatory system; state of the
immune system; state of the excretory system, such as the
kidney; state of the heart; etc.). Diseases include cancer;
diseases mediated by infectious agents, such as viruses, bac-
teria, fungi, and protista; degenerative diseases; etc.

In one embodiment of the present invention, the methods
relate to detecting the presence or absence of a biomarker in
a blood serum or plasma sample from a subject, comprising
capturing at least one biomarker from the blood serum or
plasma sample. and detecting its presence or absence.

In another aspect, the invention relates to a method of
detecting the presence or absence of a polypeptide biomarker
in a blood serum or plasma sample from a subject, compris-
ing:

a) capturing at least one polypeptide biomarker from a
blood serum or plasma sample with an affinity ligand which is
capable of binding to a plurality of different polypeptide
biomarkers derived from the same parental molecule,
wherein said sample is obtained from a single subject; and

b) detecting the presence or absence of at least one
polypeptide biomarker captured by the affinity ligand.

In another aspect, the invention relates to a method of
detecting the presence or absence of a biomarker in a blood
serum or plasma sample from a subject, comprising:

a) capturing at least one biomarker from a blood serum or
plasma sample with an affinity ligand which is capable of
binding to a plurality of different biomarkers derived from the
same parental molecule, wherein said sample is obtained
from a single subject; and

b) detecting the presence or absence of at least one biom-
arker captured by the affinity ligand.
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In another aspect, the invention relates to a method of
detecting the presence or absence of a biomarker in a blood
serum or plasma sample from a subject, comprising:

a) capturing different biomarkers from a blood serum or
plasma sample with a plurality of different affinity ligands,
wherein each ligand is capable of binding to a different plu-
rality of different biomarkers, and wherein the different biom-
arkers are derived from the same parental molecule; and

b) detecting the presence or absence of the different biom-
arkers captured by the different affinity ligands.

In another aspect, the invention relates to a method of
detecting ovarian cancer in a subject, comprising detecting
the presence or absence of a fragment of a full-length mol-
ecule of a BRCA2 polypeptide, wherein the fragment com-
prises amino acids 965-981 of said BRCA2.

In another aspect, the invention relates to a method of
detecting a subject at high risk for ovarian or breast cancer,
comprising detecting the presence or absence of a fragment of
a full-length molecule of BRCA2 polypeptide, wherein the
fragment comprises amino acids 2390-2401 of said BRCA2.

In another aspect, the invention relates to a method of
detecting the presence or absence of a polypeptide biomarker
in a blood serum or plasma sample from a subject, compris-
ing:

a) capturing albumin from a blood serum or plasma sample
from a single patient;

b) dissociating polypeptide biomarkers from said captured
serum or plasma albumin; and

¢) detecting the presence or absence of at least one
polypeptide biomarker dissociated from said albumin.

There 1s no limitation on the composition of the biomark-
ers. For example, they can be polypeptides, nucleic acids,
carbohydrates, lipids, or combinations thereof. The biomar-
kers can be entirely endogenously produced, or can be
derived from compounds introduced into the system and then
optionally processed (e.g., metabolized, digested) by it. There
is also no limit on the cellular compartment in which the
biomarker is produced and/or resides, as long as it is detect-
able.

The biomarker can be directly detected without any pro-
cessing, or it can be subjected to a processing step. This
processing can include digestion (e.g., proteolysis using
enzymes or chemicals), chemical treatments, and/or the addi-
tion of groups to the molecule. In certain embodiments, as
explained in more detail in the examples, the biomarkers are
subjected to trypsin digestion, and the products are detected
and correlated with a disease state. Any proteolytic treatment
can be utilized, including enzymes (e.g., trypsin, chymot-
rypsin; carboxypeptidase; serine proteases; proteinase K;
papain; pepsin) and chemical treatments, e.g., CNBR, formic
acid etc. A plurality of agents and/or treatments can be uti-
lized. When biomarkers have been captured and sequence
analyzed, proteolytic treatments can further be designed
based on the knowledge of the sequence, e.g., the presence of
proteolytic cleavage sites.

Biomarkers can be captured by any suitable method. In the
examples, biomarkers were captured by first isolating a low
molecular weight fraction comprising serum albumin, and
then the biomarkers that bound to the albumin were detected
using mass spectroscopy. Examples of affinity ligands (which
can be incorporated into a suitable matrix) that bind to serum
albumin, include, e.g., antibodies; and dyes, such as Cibacron
Blue and derivatives thereof. After capture via the protein, the
biomarkers are separated using routine methods, e.g., elution,
precipitation, digestion, etc. In addition to this approach, the
present invention provides methods of detecting the biomar-
kers using affinity ligands which are specific to the biomarker,
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rather than the carrier protein (e.g., albumin, proteoglycans,
and other abundance serum proteins). An affinity ligand is any
material which is capable of specifically binding to a biom-
arker, or a portion thereof. Generally, the affinity ligand has an
affinity for the biomarker which is sufficient for the latter to
remain bound to it in high concentrations at equilibrium.
Examples of affinity ligands include antibodies (single chain,
polyclonal, monoclonal, phage-displayed, Fab, recombinant,
chimeric, humanized, etc.); aptamers; lectins; polypeptides
which associate with the biomarkers; etc.

The affinity ligand can be selected such that it binds to a
plurality of different polypeptide biomarkers derived from
the same parental molecule. For example, as shown in the
examples, multiple (“plurality”) and different fragments of
BRCA2 (“same parental molecule”) were detected after
trypsin digestion. When such different fragments contain
common regions (e.g., a fragment 1 contains amino acids
1-10; a fragment 2 contains amino acids 6-15), the common
region (e.g., residues 6-10) can serve as binding site for an
affinity ligand suitable to capture it.

Inanother embodiment, biomarkers can be captured with a
plurality of different affinity ligands, wherein each ligand is
capable of binding to a different biomarker plurality, and
wherein the different biomarkers are derived from the same
parental molecule. For instance, the examples below show
three different fragments, each containing a unique region of
the parental BRCA2 molecule. Rather than using a single
affinity ligand, a ligand to each different sequence can be used
for the capture step. For instance, antibodies can be routinely
generated to the unique epitopes of the individual fragments.

Capture by the affinity ligand can be accomplished rou-
tinely. Methods include, but are not limited to, immunopre-
cipitation; and coupling the ligand to a matrix, such as agar-
ose, and then contacting the matrices with the sample under
conditions effective for the biomarker to stably bind to the
ligand.

Samples can be comprised of any material of interest,
including, e.g., blood serum; blood plasma; whole blood; cell
lysates; cerebrospinal fluid; lymph; fluids in extracellular
compartments; urine; feces; ascites; kidney dialysis effluent;
wound exudate; semen; seminal fluid; mucous; vitreous fluid;
ocular fluid; ete.

The detection of biomarkers can be accomplished using
any suitable system, including systems that separate mol-
ecules based on size, charge, composition, hydrophobicity,
hydrophilicity, degree of glycosylation, or any other physical
characteristic. Specific systems include, e.g., gel electro-
phoresis; mass spectroscopy; size and/or charge exclusion
matrices; NMR; spectrometers; etc. Examples of mass spec-
troscopy systems include, e.g., MALDI-TOF; fast scanning
ion cyclotron resonance spectrometry; fast scanning ion
cyclotron resonance spectrometry; gas chromatography/
mass spectrometry; Fourier-Transform mass spectrometry;
accelerator mass spectrometry; chromatograph-combustion-
isotope ratio mass spectrometry; inductively coupled argon
plasma mass spectrometry; electrospray ionization (ESI) for
MS, including orthogonal ESI; etc.

Analysis of the detected biomarkers can be accomplished
manually or using software that facilitates the recognition of
patterns of biomarkers present in the sample. A single or
plurality of biomarkers can be identified and correlated with
a physiological state. The biomarkers can be utilized as a
unique signature or fingerprint, where the type of
biomarker(s) (as well as abundance) can be correlated with a
state of the living system.

As indicated in more detail in the examples, BRCA2 and
mutations thereof, are known in the art. See, eg.,
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NM__000059 for a sequence of a wild-type or normal allele.
See, also, OMIM, Entry 600185 for BRCA2, for a more
completediscussion of normal and disease-associated alleles.
All references mentioned here are hereby incorporated by
reference in their entirety. As indicated in OMIM, several
human diseases that are linked to loss-of-function of BRCA2
have been analyzed using human molecular genetics. These
include, but are not limited to breast and ovarian cancer
(Lancaster et al., 1996), pancreatic cancer (Schutte et al.,
1995), chronic lymphocytic leukemia (CLL) (Garcia-Marco
etal., 1996), prostate cancer, (Edwards et al., 2003 ), cancer of
the GI tract (Risch et al., 2001), glioblastoma, medulloblas-
toma, Acute Lymphoblastic Leukemia (AML), Fanconi ane-
mia, skin cancer, epithelial tumors, etc.

In general, correlation of a particular biomarker plurality
presence and/or relative abundance of each in one or more
bodily fluids with body states, e.g., a disease state, can be
performed using conventional methods with routine experi-
ments, e.g., involving analyses of samples from subjects hav-
ing known body states of interest

Comparing protein expression profiles of a biological
sample isolated from a patient of interest and a healthy person
1s a practical method for identifying clinically relevant mark-
ers that may be useful in risk stratification, diagnosis, treat-
ment monitoring, and detection of recurrence. The present
invention is based on the discovery and development of a
system for identifying protein markers or a pattern of protein
markers that indicate a pathological condition or a genetic
predisposition to a disease/disorder in a patient. One or more
of the identified markers or the pattern of markers can then be
used in diagnosis, prognosis, and/or treatment regimens
related to the pathological condition or a genetic predisposi-
tion of interest.

The invention involves generating a pattern of proteins in a
sample using a biometric analysis to identify time-dependent
or treatment-dependent differences in the physiological state
of the same patient. Methods of the invention are useful to
detect cancer in patients, for example.

In one embodiment of the invention, there is provided a
method for identifying a marker for cancer comprising: a)
collecting a first sample from a cancerous tissue of a cancer
patient; b) collecting a second sample from a healthy patient,
wherein the first and second samples comprise cancerous and
noncancerous tissue samples; ¢) separating the proteins
within each of the samples; and, d) comparing the profiles of
proteins from the first and second samples, wherein a differ-
ence in the profiles identifies a cancer marker. The profile can
then be used to identify the presence or absence of a particular
protein in a sample, as well as identify whether the amount of
that protein is changed. The present invention concerns iden-
tifying one or more markers of cancer based on differences in
protein profiles of a paired sample.

In some embodiments of the invention, a difference in a
paired sample is detected. Multiple paired samples from dif-
ferent patients are used, in some methods of the invention, to
generate a protein pattern based on multiple protein profiles
from different patients. A protein pattern is generated by
comparing each profile from each patient sample and identi-
fying those spots or proteins that are similarly modulated
between the different patient samples or paired samples,
thereby accumulating a pattern indicative of cancer that may
be used to diagnose development or progression of the dis-
ease in any patient sample. Furthermore, the generation of
such a pattern could be used as a standard in diagnosing
cancer in any patient having cancer.

In still further embodiments, the present invention com-
prise generating a computer-assisted image of the profiles
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generated by two-dimensional gel electrophoresis prior to
comparing the profiles. These digitalized images may be pro-
duced by any method, which are well known to those of skill
in the art. The images may be analyzed by direct visualization
by a person or by inputting the data into a computerized
device that can evaluate it, such as by using a learning algo-
rithm.

In further embodiments a learning algorithm is employed
to compare the computer-assisted images of the profiles. In
still further embodiments, the learning algorithm is a trained
support vector machine. Learning algorithms may be
employed not only to compare individual paired samples, but
also to compare and analyze multiple paired samples in order
to detect a pattern of proteins that identifies a cancer patient.
Thus, in additional methods of the invention, multiple paired
samples from cancer patients are collected, compared (one
sample compared to the other sample in the paired sample),
and then analyzed. The method involves analyzing the pro-
files of the paired samples to identify a pattern of proteins/
peptides in which a cancer marker is identified.

In further embodiments, the present invention comprises
staining of fluid proteins as part of the 2-D gel electrophoresis
process using a variety of protein staining techniques. Meth-
ods of'the invention involve, in some embodiments, exposing
the 2-D electrophoresed gel to silver staining, fluorescent
staining, or a colorimetric or enzymatic dye. In further
embodiments, the dye is ponceau S, streptavidin-alkaline
phosphatase, coomassie blue or ruby red.

A noncancerous sample may be from any tissue, culture,
cell, or specimen that is noncancerous. In some embodiments
of the invention, a noncancerous sample is blood from a
specimen that is not cancerous or that does not have a tumor.
A cancerous sample will be tissue, cells, fluid, or other col-
lection from a breast that is cancerous (may initially be only
suspected of being cancerous). In certain embodiments of the
invention, the sample contains fluid from a particular tissue of
interest.

It is contemplated that multiple cancer markers among the
cancer proteins may be identified. Atleast 1,2,3,4,5,6,7.8,
9, 10 or more cancer markers are identified by methods of the
invention. These markers may then be the direct basis for
diagnosing, prognosing, or treating a patient with cancer. A
sample from a patient suspected of having cancer will be
assayed for one or more of the cancer markers using methods
well known to those of skill in the art, including immu-
nochemical assays or nucleic acid-based assays. In certain
embodiments of the invention, kits for identifying cancer
markers identified by methods of the invention are specifi-
cally contemplated as part of the invention.

In some embodiments of the invention, there is a method of
detecting development or progression of cancer in a patient
comprising: a) collecting a sample comprising serum from at
least one patient; b) separating serum proteins using routine
biochemical techniques; and, ¢) analyzing the profile of
serum proteins from the sample to detect a cancer marker
identified by screening methods described above.

Specific fragments of the BRCA-2 protein have been iden-
tified in the serum. At least some of these fragments exist
bound to serum resident carrier proteins such as albumin. The
relative abundance of four distinct fragments of BRCA-2 was
found to be distinctly different between sera from patients
who were at risk for ovarian and breast cancer versus patients
who had stage I non metastatic ovarian cancet, and distinct
from patients known to have metastatic ovarian cancer. Mea-
surement of specific combinations of BRCA-2 fragments
constitute diagnostic disease markers, and may provide
pathophysiologic information relative to choice of therapy or
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disease outcome. A high throughput means of measuring
panels of specific protein fragments is accomplished using
antibody capture which binds more than one class of frag-
ments of the same parent molecule such as BRCA-2. All
captured species are eluted into an assay device which can
detect the fragment and simultaneously measure its size. In
one embodiment the assay device is a mass spectrometer.

In one aspect, the invention is drawn to, but not limited to,
the detection of the following peptides:

MTLGQDLKSDISLNIDK (SEQ ID NO: 1) (amino acids
965-981 of BRCA2)

VSKISPCDVSLETSDICK (SEQ ID NO: 2) (amino acids
1942-1959 of BRCA2)

NEKMRHLITTGR (SEQ ID NO: 3) (amino acids 2390-
2401 of BRCA2)

NKIN DNETHQFNK (SEQ ID NO: 4) (amino acids 2447-
2459 of BRCA2)

BRCA2 is a well-studied tumor suppressor protein related
to the p53 pathway that is directly implicated in familial
breast cancer and ovarian cancer. Although the role of
BRCAZ2 in breast and ovarian cancer predisposition is poorly
understood, itis known that mutations of the BRCA2 gene are
responsible for one-third of hereditary breast cancer cases.
This invention in part is based on the discovery that a variety
of BRCA-2 protein fragments exist in the blood and that
distinct subsets of fragments correlate with the patient’s dis-
ease state. This discovery is completely unexpected at least
for the following reasons. (A) BRCA-2 is a large (490 kda)
low abundance nuclear cellular protein that is not expected to
be shed into the extracellular space, would not be expected to
enter the circulation, and would not be expected to be easily
detectable because of its low abundance. The relative frag-
ment sizes of BRCA-2 represented in the blood may reflect
the tissue enzyme cleavage history and may be directly
related to the amino acid sequence mutations that exist in the
BRCA-2 proteins being cleaved. Thus genetic BRCA-2
mutations may be represented as specific shed protein frag-
ments. The relative presence or abundance of a particular set
of fragments may reflect the pathogenetics of disease. Mea-
surement of specific combinations of BRCA-2 fragments
constitute diagnostic disease markers, and may provide
pathophysiologic information relative to choice of therapy or
disease outcome.

This discovery exemplifies the concept of this invention,
namely that subsets of specific protein fragments contain
diagnostic information independent from the parent protein
molecule from which they are derived. A high throughput
means of measuring panels of specific protein fragments is
accomplished using antibody capture which binds more than
one class of fragments of the same parent molecule such as
BRCA-2. All captured species are eluted into an assay device
which can detect the fragment and simultaneously measure
its size.

Preferably, the BRCA2 fragment-specific antibody reagent
1s prepared by immunization of a host animal with a suitable
immunogen such as an BRCA?2 peptide-containing immuno-
gen mixture, e.g., a purified extract of spleen or tumor cells;
BRCA2 fragment-expressing transfectant cell lines (see
European Patent Publication 346,702); an immunogen con-
Jugate comprising a synthetically prepared peptide coupled to
a conventional immunogenic carrier molecule, where the
peptide has an amino acid sequence encompassing an epitope
of BRCA2 peptide; and the like as will be understood in the
art.

Antibody reagents comprising monoclonal antibodies will
be generally preferred. Particularly preferred BRCA2 frag-
ment-specific monoclonal antibodies are those which bind to
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substantially the same BRCA2 motif as defined in the instant
invention. It will be understood that a number of standard
methods can be used in order to determine whether a particu-
lar monoclonal antibody binds to substantially the same
epitope or motif. A particularly useful method is competitive
binding, wherein the ability ofthe antibody of interest to bind
to BRCA2 fragment in the presence of the reference antibody
is measured. Substantial inability of both antibodies to bind
simultaneously indicates that substantially the same epitope
is involved.

The present invention also provides an improved method
for the immunoassay determination of the amount of BRCA2
fragment in a blood sample, e.g. wherein the blood sample is
contacted with an antibody reagent that is specific for BRCA2
fragment and binding between the antibody reagent and the
levels of said BRCA?2 fragment is determined, preferably by
sandwich immunoassay. The improvement comprises cali-
brating the immunoassay by determining binding of the anti-
body reagent with a calibrator medium comprising recombi-
nantly expressed BRCA2 fragment.

It will be understood that, the present method may be
applied in combination with other routine methods for detect-
ing cancer of interest. For example, a physician may use
BRCA2 fragment biomarker blood values in combination
with other diagnostic values and clinical observations to diag-
nose the onset of said cancer, and further to develop a course
of treatment and therapy for each individual patient. It is also
contemplated that monitoring blood levels of BRCA2 frag-
ment biomarker will provide a means for monitoring the
progress of a course of therapy for an individual patient.

In one embodiment the assay device is a mass spectrometer
(e.g., U.S. Pat. No. 6,521,887, U.S. Pat. No. 6,541,768, U.S.
Pat. No. 6,614,020). Mass spectrometric analysis of the low-
molecular weight (LMW) range of the serum/plasma pro-
teome has recently been used in the detection unknown pep-
tides and protein fragments predicted to be derived from
low-abundance proteins. Detailed investigation has led to an
explanation on how such low abundance molecules are
retained at detectable levels in the circulation, instead of
being rapidly cleared and excreted. Theoretical models of
biomarker production and association with serum carrier pro-
teins have been developed to elucidate the mechanisms gov-
erning biomarker half-life in the bloodstream. These models
predict that the vast majority of LMW biomarkers exist in
association with circulating high molecular mass carrier pro-
teins. Moreover, the total serum/plasma concentration of the
biomarker is largely determined by the clearance rate of the
carrier protein, not the free-phase biomarker clearance itself.
These predictions have been verified experimentally using
molecular mass fractionation of human serum before mass
spectrometry sequence analysis.

Mass spectrometry therefore represents a well-accepted
and reliable method for characterization of proteins. The
method has great advantages in terms of high throughput,
high accuracy, and high sensitivity in measurements, which is
well suited for the identification of a wide variety of proteins
and peptides, such those separated by 2D-PAGE and LC, and
for the analysis of post-translational modifications, which
play important roles in various biological events. Taking
advantages of accumulating protein/DNA sequence data-
bases, proteomic or peptidomic analysis of tissues and body
fluid such as urine and blood has become one of the most
important tasks that might lead to discovery of biomarkers.

The spectrometric methods used for the majority of bio-
chemical analyses are Electrospray Ionisation (ESI) and
Matrix Assisted Laser Desorption Ionisation (MALDI).
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ESI technique, as generally known in the art, is well-suited
to the analysis of polar molecules ranging from less than 100
Da to more than 1,000,000 Da in molecular mass. During
standard electrospray ionisation the sample is dissolved in a
polar, volatile solvent and pumped through a narrow, stainless
steel capillary and a high voltage is applied to the tip of the
capillary. Eventually charged sample ions, free from solvent,
are released from the droplets, which pass through a small
aperture into the analyzer of the mass spectrometer, which is
held under high vacuum. The lens voltages are optimized
individually for each sample. Electrospray ionisation is
known as a “soft” ionisation method as the sample is ionised
by the addition or removal of a proton, with very little extra
energy remaining to cause fragmentation of the sample ions.
Samples (M) with molecular weights greater than 1200 Da
give rise to multiply charged molecular-related ions. Proteins
have many suitable sites for protonation as all of the backbone
amide nitrogen atoms could be protonated theoretically, as
well as certain amino acid side chains such as lysine and
arginine which contain primary amine functionalities.

On the other hand, Matrix Assisted Laser Desorption loni-
sation (MALDI) deals well with thermolabile, non-volatile
organic compounds especially those of high molecular mass
and is used successfully in biochemical areas for the analysis
of proteins, peptides, glycoproteins, oligosaccharides, and
oligonucleotides. Most modern instruments are capable of
measuring masses to within 0.01% of the molecular mass of
the sample, at least up to 40,000 Da. MALDI is based on the
bombardment of sample molecules with a laser light to bring
about sample ionisation. The sample is pre-mixed with a
highly absorbing matrix compound for the most consistent
and reliable results, and a low concentration of sample to
matrix works best. The matrix transforms the laser energy
into excitation energy for the sample, which leads to sputter-
ing of analyte and matrix ions from the surface of the mixture.
In this way energy transfer is efficient and also the analyte
molecules are spared excessive direct energy that may other-
wise cause decomposition. MALDI is also a “soft” ionisation
method and so results predominantly in the generation of
singly charged molecular-related ions regardless of the
molecular mass, hence the spectra are relatively easy to inter-
pret. Fragmentation of the sample ions does not usually occur.

Tandem mass spectrometry (MS-MS) is used to produce
structural information about a compound by fragmenting spe-
cific sample ions inside the mass spectrometer and identify-
ing the resulting fragment ions. This information can then be
pieced together to generate structural information regarding
the intact molecule. Tandem mass spectrometry also enables
specific compounds to be detected in complex mixtures on
account of their specific and characteristic fragmentation pat-
terns. The most common usage of MS-MS in biochemical
areas 1is the ion scanning experiment which is particularly
successful for peptide and nucleotide sequencing.

For use in Mass spectrometric analysis, peptides could be
promptly isolated from blood by several batch-wise separa-
tion steps followed by LC, subjected to MALDI-MS/MS, and
identified by database searching. The peptide profiles of
blood can be analyzed using routine methods. In addition, a
database search engine targeted to the analysis of peptides
could be developed, which allows the setting of modes of
fragmentations according to the propensities of fragment ions
to be observed in MS/MS. Especially, high-energy CID spec-
tra of peptides obtained by MALDI-MS/MS could be effi-
ciently analyzed with a combination of the developed search
engine and sequence database.

Although the description provided herein is of MALDI-
TOF, it is conceivable 1o use any of the above-mentioned
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techniques for the analysis of biomarkers. Depending upon
the nature of biological specimen and the sample itself, other
routine proteomic techniques may also be employed.

Other routine methods for detecting peptidic biomarkers
may comprise immunoassays. Any immunological method
may be employed in the measurement of biomarker levels
blood (e.g., serum or plasma). Typically, such measurement
will be performed by sandwich immunoassays using two
antibody reagents, one of which recognizes BRCA?2 frag-
ments to the exclusion of other related members of the BRCA
family (e.g., BRCAL), while the other is capable of binding
specifically or nonspecifically with the BRCA2 fragment.
Assay format and methods for the preparation of the required
antibody reagents can be selected by the skilled worker in the
field. Suitable antibody reagents can be labeled, e.g., enzyme-
labeled, or immobilized, e.g., coated onto a microtiter plate,
bound to plastic or magnetic beads or particles, and can be
comprised of whole immunoglobulins, e.g., IgG or IgM, or
fragments, e.g., Fab, Fab', and F(ab').sub.2 fragments, or
aggregates thereof.

One aspect of the instant invention relates to the diagnosis
of breast cancer.

Breast cancer is the most common fatal malignancy in
women. About 15% of all women will be diagnosed with
breast cancer during their lifetime. Inthe United States, breast
cancer is the third leading cause of death in women. Despite
recent progress in early detection, as well as improved treat-
ment, the mortality rate remains unchanged. Early diagnosis
is the key to surviving breast cancer. Typically, the detection
of breast cancer involves an exam by a physician, a mammo-
gram, and either a needle aspiration or biopsy. When the
breast tissue forming the lump is removed, the tissue is exam-
ined for possible cancer cells.

Analysis of the biochemical and cellular contents of breast
ductal fluid has recently gained attention as a potential non-
invasive method for studying the local microenvironment
associated with the development and progression of breast
cancer. Breast cancer arise from the ductal or lobular units of
the breast. These units secrete into an average of six to nine
ducts, and the secretions are easily accessible as they exiteach
breast through separate orifices at the nipple. In the instant
invention, there is therefore provided a method for analyzing
breast cancer biomarkers e.g., in breast ductal fluid of a
patient. Using nipple aspiration, a simple and non-invasive
procedure may be employed to obtain a concentrated fluid
fraction of breast secretions. A skilled worker may then
employ routine procedures, such as ones described previ-
ously, to analyze the presence and/or levels of BRCA2 biom-
arkers in the ductal fluid of said patients.

BRIEF DESCRIPTION OF THE DRAWINGS

Various features and attendant advantages of the present
invention will be more fully appreciated as the same becomes
better understood when considered in conjunction with the
accompanying drawings, in which like reference characters
designate the same or similar parts throughout the several
views, and wherein:

FIG. 1. Schematic representation of the experimental tech-
nique. Raw serum is introduced into Millipore’s Albumin
depletion column. Albumin complexed with other proteins
and peptides is retained. Following gentle washing under
native conditions, the protein and peptide cargo is dissociated
with organic solvent. Eluted proteins are fractionated by one-
dimensional gel electrophoresis followed by in-gel trypsin
digestion, and subjected to pL.C-MS/MS analysis.
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FIG. 2. Validation of BRCA2 peptide in serum. Panel A)
The tablelists the location of the four peptide sequences (SEQ
ID NOS 1-4, respectively, in order of appearance) of BRCA2
found by mass spectrometry and the serum pool population
origin. Panel B) A synthetic peptide corresponding to the
amino acid sequence overlapping with the sequence found by
mass spectrometry was used as an immuno-competition
western blocking agent. All sequenced peptides (SEQ ID
NOS 2-4 and 6, respectively, in order of appearance) are
shown in a spatial orientation within native BRCA2. Identi-
fication of candidate proteins, which fall into putative func-
tional categories previously known to be related to cancer, via
single or multiple peptide hits.

Without further elaboration, it is believed that one skilled
in the art, using the preceding description, can utilize the
present invention to its fullest extent. The following preferred
specific embodiments are, therefore, to be construed as
merely illustrative, and not limitative of the remainder of the
disclosure in any way whatsoever. The entire disclosure of all
applications, patents and publications, cited above and in the
figures are hereby incorporated by reference in their entirety.

In the forgoing and in the following examples, all tempera-
tures are set forth uncorrected in degrees Celsius and, all parts
and percentages are by weight, unless otherwise indicated.

EXAMPLES

The invention will be explained below with reference to the
following non-limiting examples.

Example 1
Clinical Serum Samples

Serum samples were collected under full patient consent
and IRB approval. Serum was collected prior to physical
evaluation, diagnosis and treatment and stored at —-80° C. The
ovarian study set consisted of 40 unaffected “high risk”
patient samples and 30 stage I, and 40 stage 11l ovarian cancer
patients. The gynecologic oncology clinic where the cases
were collected was in a separate but contiguously linked
building from where the National Ovarian Cancer Early
Detection Program (NOCEDP) at Northwestern University is
located and where the high-risk controls were collected. A
special attribute of this sample set is that the same personnel
were involved with the blood collection, handling and storage
of all biospecimens. In addition, all blood specimens were
processed in an identical manner under the same methodol-
ogy. Healthy control sera specimens from unaffected women
determined to be at increased risk for ovarian cancer were
enrolled in the NOCEDP and had no evidence of any cancer
for 5 years as determined by bi-yearly 3D color Doppler
ultrasound and extensive clinical evaluation by a board certi-
fied gynecologic oncologist. Increased risk was determined
by classic genetic pedigree analysis and by the presence or
absence of factors such as BRCA mutation status. Increased
risk is based on computer generated risk algorithms such as
BRCA Pro that are commercially available. All patients in the
high risk clinic were seen by board certified genetic counse-
lors and geneticists who define the risk. Similarly, only pre-
operative case sera specimens procured in a gynecologic
oncology clinic, were obtained from symptomatic women
who were later surgically staged and found to have epithelial
ovarian carcinoma. Each sample was accompanied by a veri-
fied pathologic diagnosis. Briefly, specimens were collected
in red top vacutainer tubes and allowed to clot for one hour on
ice, followed by spinning at 4° C. for 10 minutes at 3000 rpm.
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The serum supernatant was divided in aliquots and stored at
-80° C. until needed. Samples were selected for our analysis
by random process categorized under cancer or benign patho-
logic diagnosis.

Native, diluted serum is introduced into an affinity column
so that the carrier protein (albumin) is captured along with
any bound molecules. The bound sub-proteome consisting of
the carrier proteins and their peptide “cargo” is eluted, disso-
ciated, and separated by one-dimensional gel electrophoresis.
The entire gel lanes are cut out, finely subdivided into
molecular mass regions, subjected to in-gel trypsin digestion,
and prepared for electrospray mass spectrometric analysis.

Albumin and Bound Peptide Purification

Typically, 25 L. of human stage-specific (pooled) cancer
sera (~3.1 mg protein) was diluted to 200 pl, with Equilibra-
tion Buffer (Millipore) and run through a (Montage) albumin
specific affinity column twice. The bound protein was washed
thoroughly using two-200 pL volumes of proprietary wash
buffer (provided by the manufacturer). These fractions were
combined and labeled as a “flow-through” fraction. The
bound proteins were eluted from the column by equilibrating
with 70% Acetonitrile/30% H,0/0.2% TFA for 30 minutes,
followed by a slow spin-through of the elution mixture,
repeated once. The eluate (retentate fraction) was lyophilized
to <10 uL. in a HetoVac roto (CT 110) and reconstituted in a
95% H,0/5% Acetonitrile/0.1% formic acid buffer. Samples
were desalted with a ZipTip cleanup and reconstituted ina 1:1
mixture of water and SDS sample buffer (20 uL total volume).

1D Protein Gel Separation and Digestion

The flow-through and retentate fractions were kept on ice
in 20 pl sample buffer from 25 ul. of original serum, then
heated for 5 minutes at 95° C. and loaded onto 1D pre-cast
gels to separate albumin from the proteins/peptides/frag-
ments of interest. The proteins and fragments were visualized
with a Gel Code Blue Stain Reagent (Pierce) following the
manufacturer’s protocols. The entire lane was excised from
the gel and finely sliced into very small molecular weight
regions (~35 slices/lane). Gel bands were reduced, alkylated,
and digested with porcine modified trypsin following a stan-
dard protocol (26), and peptides were concentrated and
prepped for mass spectrometry analysis.

Mass Spectrometry (WLC/MS/MS)

Samples were lyophilized to near dryness and reconsti-
tuted in 6.3 ulL of Buffer A (95% H,0, 5% Acetonitrile, 0.1%
FA) for mass spectrometry analysis. Microcapillary reverse
phase tandem mass spectrometry (LLC/MS/MS) analysis was
performed using Dionex’s LC Packings liquid chromatogra-
phy system coupled on-line to a ThermoFinnigan LCQ Clas-
sic ion trap mass spectrometer (San Jose, Calif.) with a modi-
fied nanospray source. Reverse phase separations were
performed with an in-house, slurry packed capillary column.
The C, 4 silica-bonded column was 75 um 1.d., 10 cm long
fused silica packed with 5 um beads with 300 angstrom pores
(Vydac, Hesperia, Calif.). A u-precolumn PepMap, 5 mm,
C, g cartridge (Dionex) acted as a desalting column. Sample
was injected in pl pick-up mode and washed with Buffer A
for five minutes prior to a linear gradient elution with Buffer
B (95% Acetonitrile/5% H,0/0.1% FA) up to 85% over 95
minutes at a flow rate of 200 nl./minute. Full MS scans were
followed by four MS/MS scans of the most abundant peptide
ions (in a data dependant mode) and collision induced disso-
ciation (CID) was performed at a collision energy of 38%
with the ion spray voltage set to 1.80kV, capillary voltage and
temperature to 22.80 V and 180° C., respectively.

Data Analysis and Repetitive Sequencing:

Data analysis was performed by searching MS/MS spectra
against the European Bioinformatics lnstitute of the non-
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redundant proteome set of Swiss-Prot, TrEMBL and Ensembl
entries through the Sequest Bioworks Browser (Ther-
moFinnigan) using a static modification of +57 Da on cys-
teine residues and a dynamic modification for oxidation of
methionine of +15.9994 Da. Peptides were considered legiti-
mate hits after filtering the correlation scores (refer below)
and manual inspection of the MS/MS data. The criteria used
to filter data in this embodiment are at least as stringent as
most literature citations (17, 18, 27-30).

Charge Xeomr ACn Rsp
+1 >1.9 >0.1= 1
+2 >2.2 >0.1= 1
+3 >3.5 >0.1= 1

Accepted peptide hits were required to have an X _,, rank-
ing=1 relative to all other peptides in the database. The albu-
min extraction, gel electrophoresis, protein digestion/extrac-
tion, and pLC/MS/MS analysis was repeated in five
subsequent trials—each time yielding diminishing returns of
new identifications for low abundance peptide hits. Repetitive
sequencing of peptides in multiple trials was a further means
to validate the reproducibility of our experimental proce-
dure—both within and between cancer stages.

Validation by Serum Western Blotting

The primary antibody that recognized BRCA2 was synthe-
sized in-house. Rabbits were immunized with a peptide cor-
responding to an exact antigenic region of BRCA2 and the
resulting polyclonal anti-BRCA2 antibody was affinity puri-
fied (see below). The specificity of the antibody was verified
against the full-length (390 kDa) BRCA2 protein extracted
from HeLa cell nuclear extract. Subsequent preincubation of
the primary antibody with an immunizing synthetic peptide,
overlapping the antigenic region of interest, successfully
competed away the representative band of native BRCA?2 at
390 kDa. After verification of the specificity of the antibody
and competition peptide, this experimental procedure was
applied to pooled ovarian cancer and control serum samples.

Prepared serum samples were heated for 5 minutes at 95°
C. insample buffer, 2% p-mercaptoethanol, followed by cen-
trifugation at 10,000xg for 1 minute to remove insoluble
material. Samples were then subjected to 1D electrophoresis
and electroblotting at 30V for 2 hours, on ice. Membranes
were incubated in 5% non-fat dry milk (NFDM), 7.5% gly-
cine, and 0.1% Tween-20 in water overnight at 4° C. to block
unoccupied protein binding sites.

The blocked membranes were rinsed two times with wash
buffer (10 mmol/L, Tris pH 7.5, 150 mmol/L, NaCl, 0.1%
BSA, and 0.1% Tween-20), then incubated in 1 pg/mL pri-
mary antibody (wash buffer with 5% NFDM) with rocking
for 2 hours at room temperature. For peptide blocking/com-
petition assays, 10 ug primary antibody was incubated with
100 pg corresponding immunization peptide in 400 pl wash
buffer for 1 hour at room temperature with end-over-end
mixing. The peptide-treated antibody solution was diluted to
10 mL (1 pg/mL final antibody concentration) in wash buffer
with 5% NFDM before incubation with PVDF membrane.

The membranes were washed 5 times (3 minutes each) in
50 mL wash buffer and subsequently incubated in 10 mL of
HRP-conjugated goat-anti-rabbit 1gG (1:50,000 in wash
buffer) for 1 hour at room temperature. After the PYDF mem-
branes were washed thoroughly, signals were developed
using enhanced chemiluminescence.
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Peptide Specific Antibodies

A peptide representing amino acid residues 980-993 (DK1-
PEKNNDYMNKW) (SEQ 1D NO: 5) of the BRCA-2
sequence was synthesized (Anaspec, San Jose, Calif.) and
conjugated to Keyhole Limpet Hemocyanin for immuniza-
tion as previously described (31). The resulting antisera were
affinity purified over columns of peptides conjugated to Affi-
gel 15 (Bio-Rad, Richmond, Calif.) and concentrated in
stirred cells with YM-30 membranes (Millipore, Billerica,
Mass.). The concentrates were subjected to gel filtration chro-
matography using 2.6x60 cm Superdex 200 columns (GE
Healthcare, Piscataway, N.J.) in PBS, and the monomeric 1gG
fractions pooled and concentrated. The protein concentra-
tions were determined by the Bradford assay (Bio-Rad, Rich-
mond, Calif.).

The ovarian cancer study set was divided according to
disease category; serum samples within each disease cat-
egory were pooled into sets. A total of 110 samples were
pathologically classified into high risk (n=40), stage 1 (n=30),
and stage 111 (n=40) ovarian cancer pools, and five separate
aliquots per disease stage were iteratively sequenced by the
experimental procedure in F1G. 1. A total of 1208 unique
proteins were predicted in all three pools, 446 of these from
multiple peptide sequences. An iterative sequencing
approach examines the repetitive vield and variability
between run and between stage classifications. The aggregate
yield of low abundant protein identifications is expected to
increase with repeated iterations of the experimental method.
Table 1 describes the correlation between the number of
sequencing iterations performed and the total number of pep-
tide sequences, and corresponding protein identifications,
obtained. Overall, the number of unique proteins identified by
multiple peptide sequences increases at a diminishing rate
relative to the number of iterations performed. F1G. 2 plots
the rate of single and multiple peptide hits accumulated ver-
sus the number of experimental iterations. The ability to
identify new peptides with multiple hits begins to diminish by
the 3rd iteration (Table 1 and F1G. 2), however the total
number of new peptide identifications and single hit identifi-
cations continues to rise even after 5 iterations. Previous work
by Liu et al (32) revealed that saturation of new peptide
identification occurs at around the 10th iteration. The results
presented here show that greater coverage of lower abundant
proteins can be achieved by increasing the number of experi-
ments performed on a given sample.

Over 700 different tryptic peptides, derived from proteins
not previously reported to exist in the blood in published data
bases have been identified from various stages of ovarian
cancer sera, many of which are of low abundance (Supple-
mental Table 1a-1c)). Over 100 proteins, which fall into puta-
tive functional categories previously known to be related to
cancer, were identified by single or multiple peptide hits. In
this study, unique single peptide hits were often discovered
more than once from the same disease category. That is, the
same single peptide hit was generated more than once from
different aliquots of the same disease category.

Low abundance proteins or peptides derived from tissues
entering the serum compartment can become complexed with
high abundance proteins (3, 9-17, 32). At least half of all the
proteins identified which are bound to albumin, and thereby
sequenced using the present method, must exist as peptide
fragments of whole proteins. This is supported by at least two
points of evidence. First, the peptides are sequenced from a
molecular weight region of a gel that does not correspond to
the predicted mass of the intact protein. Second, passive dif-
fusion of protein species through the vascular walls is hin-
dered above apparent molecular weights of 60 kDa (25).
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Thus, large tissue proteins can only be represented in the
blood circulation if they are actively secreted or if they are
in-vivo cleavage products of the parent protein. BRCA-2,
which has been sequenced with LC/MS/MS and represented
by four distinct peptides (example BRCA-2 spectra from two
iteratively found peptides is presented and subsequently vali-
dated by competition western blots, is not predicted to be in
the blood circulation as an intact protein. In fact, the parent
protein with a known molecular mass of 390 kDa was not
found via serum western blotting. The figure shows immuno-
competition of two cleavage products of BRCA2 at ~12 and
25 kDa that were identified in western blot analysis of pooled
ovarian cancer sera. A synthetic peptide representing amino
acid residues 980-993 (DKIPEKNNDYMNKW) (SEQ 1D
NO: 5) of the protein BRCA2 was immunized in a rabbit to
produce a polyclonal antibody that ultimately detected the
BRCA2 fragments in serum. Competition with the cognate
peptide completely extinguished the 12 k and 25 kDa bands.
The estimated mass of the immuno-fragments (12 and 25
kDa) represents less than 9% by mass of the total parent
protein. Further, three other additional and distinct peptides
were sequenced (residues 1942-1959, 2390-2401, and 2447-
2459) in a separate region of the parent protein. The close
proximity of the a.a. 2390-2401 and the a.a. 2447-2459 pep-
tides suggest that they likely originate from a single serum
fragment of BRCA-2.

The results suggests that at least two fragments of the
BRCA2 parent protein exist in blood. A single predicted
trypsin-cleaved peptide at amino acids 965-981 was identi-
fied in both stage 1 and stage 111 ovarian cancer serum pools.
This peptide 1s represented in competition western blots by
two distinct molecular weight bands. 1t is likely that a frag-
ment containing the peptide at amino acids 965-981 would be
cleaved at various residues in vivo, and could therefore be
represented at multiple molecular weights. This peptide was
not predicted in pooled high risk ovarian cancer serum by
mass spectrometry analysis. Based on evidence from the
western blots using a BRCA2 polyclonal antibody and the
fact that BRCAZ2 is too large (390 kDa) to enter the blood
circulation in its native form, we conclude that BRCA2 can be
represented in the serum as one or more fragments, and that at
least two amino terminal peptide fragments of BRCA2 less
than 25 kDa can be validated by peptide competition for
antibodies that recognize an amino acid sequence adjacent to,
and overlapping with, the predicted peptide sequence. Addi-
tionally, two separate BRCA2 fragments encompassing no
less than the amino acid region from 2390-2459 and 1942-
1959 are predicted to exist in the serum from mass spectral
evidence of multiple peptide sequences identified in this
region of BRCA2.

BRCAZ2 is a well-studied tumor suppressor protein related
to the p53 pathway that is directly implicated in familial
breast cancer and ovarian cancer (45-48). Although the role of
BRCA2? in breast and ovarian cancer predisposition is poorly
understood, itis known that mutations of the BRCA2 gene are
responsible for one-third of hereditary breast cancer cases
(47). The figure suggests that at least two fragments of the
BRCA2 parent protein exist in blood. A single predicted
trypsin-cleaved peptide at amino acids 965-981 was identi-
fied in both stage 1 and stage 111 ovarian cancer serum pools.
This peptide is represented in competition western blots by
two distinct molecular weight bands. 1t is likely that a frag-
ment containing the peptide at amino acids 965-981 would be
cleaved at various residues in vivo, and could therefore be
represented at multiple molecular weights. This peptide was
not predicted in pooled high risk ovarian cancer serum by
mass spectrometry analysis. Based on evidence from the
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western blots using a BRCA2 polyclonal antibody and the
fact that BRCAZ2 is too large (390 kDa) to enter the blood
circulation in its native form, we conclude that BRCA2 can be
represented in the serum as one or more fragments, and that at
least two amino terminal peptide fragments of BRCA?2 less
than 25 kDa can be validated by peptide competition for
antibodies that recognize an amino acid sequence adjacent to,
and overlapping with, the predicted peptide sequence. Addi-
tionally, two separate BRCA2 fragments encompassing no
less than the amino acid region from 2390-2459 and 1942-
1959 are predicted to exist in the serum from mass spectral
evidence of multiple peptide sequences identified in this
region of BRCA2.

Representative tandem mass spectra of BRCA2 peptides.
Results show the result for the BRCA2 peptide identified as
MTLGQDLKSDISLNIDK (SEQIDNO: 1) and the result for
the BRCA2 peptide identified as VSKISPCDVSLETSDICK
(SEQ IDNO: 2).

The table lists the location of the four peptide sequences of
BRCA2 found by mass spectrometry and the serum pool
population origin. A synthetic peptide corresponding to the
amino acid sequence overlapping with the sequence found by
mass spectrometry was used as an immuno-competition
western blocking agent. All sequenced peptides are shown in
a spatial orientation within native BRCA2. The peptide iden-
tification by mass spectrometry was confirmed by competi-
tive western blot analysis using the peptide shown. Western
blots of pooled ovarian cancer are displayed in a dilution
curve. A standard western blot using a polyclonal anti-rabbit
primary antibody synthesized in-house corresponding to the
antigenic region of BRCA2 found by mass spectrometry is
represented. The primary antibody is first incubated with a
competition peptide specific for the identical amino acid
region of BRCA2 prior to western blot. Another antibody is a
negative control/background of the goat-anti rabbit second-
ary. The BRCAZ2 peptides highlighted are evident at ~12 and
25kDa. The indication of peptide fragments in western blots
from serum is expected due to the fact that the molecular
weight of the parent BRCA2 protein is 390 kDa, an apparent
mass much larger than what is known to be able to passively
enter the blood stream. Western blot using polyclonal anti-
BRCA 2 antibodies of two example ovarian cancer sera,
compared to total nuclear lysate of Hela cells (HNL).
Absence of the full length BRCA2 protein in the sera is
shown.

A large number of candidate ovarian cancer specific pep-
tides have been found. Sequencing these peptides indicates
that they are fragments of low abundance molecules such as
BRCA2, tyrosine kinases and signaling molecules, and intra-
cellular scaffolding proteins. Thus, the endogenous circula-
tion “fragmentome” may be potentially redefined as a subset
of the “interactome”. Identification of the components of the
LMW circulatory proteome creates information that tran-
scends whether or not a particular type of measurement tech-
nology, such as MALDI-TOF, is employed. Regardless of the
ultimate composition of the LMW archive, whether or not
information comes from the in vivo tissue/microenvironment
sources or from ex vivo generation, this invention is highly
useful in the diagnostics field or described.

Currently, existing immunoassay platforms cannot mea-
sure panels of fragment analytes. This is because immunoas-
says, by their very definition, rely on antibody based capture
and detection. An antibody-based assay cannot distinguish
the “parent” molecule from its clipped fragments (that con-
tains the diagnostic information) since the antibody recog-
nizes its cognate epitope in both the parent and fragment
molecule. Thus, the future of fragment-based diagnostics
requires methods of this invention that read out both the
identity and the exact size of the molecule (its fragment
characteristic). Immuno-MS is one example of how this could
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occur. With this approach, a micro affinity antibody column,
e.g., in multiplexed microwell format, can first be used to
capture all species of molecules that contain the antibody
recognition site. Next, the captured fragments are eluted off
the antibody column directly into a MS (such as a MALDI-
TOF). MS analysis of the eluted peptides provides an
extremely accurate mass determination of the entire popula-
tion of captured peptides. Thus, in only two steps, a panel of
peptide fragments derived from aknown parent molecule can
be rapidly tabulated per this invention by immuno-MS.

BRIEF DESCRIPTION OF THE TABLES

Table 1: Representation of the total number of peptide hits
and protein identifications acquired after subsequent itera-
tions of the experimental method for ovarian cancer stage-
specific and normal sera.

Without further elaboration, it is believed that one skilled
in the art can, using the preceding description, utilize the
presentinvention to its fullest extent. The preceding preferred
specific embodiments are, therefore, to be construed as
merely illustrative, and not limitative of the remainder of the
disclosure in any way whatsoever.

In the foregoing and in the examples, all temperatures are
set forth uncorrected in degrees Celsius and, all parts and
percentages are by weight, unless otherwise indicated.

The preceding examples can be repeated with similar suc-
cess by substituting the generically or specifically described
reactants and/or operating conditions of this invention for
those used in the preceding examples.

From the foregoing description, one skilled in the art can
easily ascertain the essential characteristics of this invention
and, without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to
adapt it to various usages and conditions.

Itis believed that one skilled in the art, using the preceding
information and information available in the art, can utilize
the present invention to its fullest extent. It should be apparent
to one of ordinary skill in the art that changes and modifica-
tions can be made to this invention without departing from the
spirit or scope of the invention as it is set forth herein. The
topic headings set forth above and below are meant as guid-
ance where certain information can be found in the applica-
tion, but are not intended to be the only source in the appli-
cation where information on such topic can be found. All
publications and patents cited above are incorporated herein
by reference.

TABLE 1

Representation of the total number of peptide hits and protein
identifications acquired after subsequent iterations of the experimental
method for ovarian cancer stage-specific and normal sera. The number

of patient samples pooled for each group is indicated. Five iterations
for each category were performed and report the total number of peptides
sequenced correlating to the total number of unique proteins identified.
Protein IDs are classified as single or multiple peptide hits.

1 value #of #of
(#of #of multi-  single
patient  #of  unique # peptide  peptide
samples itera- protein  peptides  protein protein
inpool)  tions ID’S sequenced D’S 1Ds
Ovarian Cancer Pool
5 359 935 147 212
4 334 908 144 190
High 40 3 282 838 140 142
Risk 2 235 720 133 102
1 164 565 106 58
5 453 1027 149 304
4 425 998 148 277



US 7,794,952 B2

17

TABLE 1-continued

Representation of the total number of peptide hits and protein
identifications acquired after subsequent iterations of the experimental
method for ovarian cancer stage-specific and normal sera. The number

of patient samples pooled for each group is indicated. Five iterations
for each category were performed and report the total number of peptides
sequenced correlating to the total number of unique proteins identified.
Protein IDs are classified as single or multiple peptide hits.

n value #of # of
(#of #of multi-  single
patient ~ #of  unique # peptide peptide
samples itera-  protein peptides protein  protein
inpool) tions D’S sequenced ID’S Ds
Ovarian Cancer Pool
Stage I 30 3 386 921 142 244
2 298 732 132 166
1 168 594 111 7
5 396 896 150 246
4 358 848 148 210
Stage 40 3 301 761 144 157
-1V 2 253 694 140 113
1 185 560 123 62
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 17

TYPE: PRT

ORGANISM: Homo sapiens

<400> SEQUENCE: 1
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-continued

Met Thr Leu Gly Gln Asp Leu Lys Ser Asp Ile Ser Leu 2sn Ile Asp

1 5 10

Lys

<210> SEQ ID NO 2
<211> LENGTH: 18
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

15

Val Ser Lys Ile Ser Pro Cys Asp Val Ser Leu Glu Thr Ser Asp Ile

1 5 10

Cys Lys

<210> SEQ ID NO 3

<211l> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Asn Glu Lys Met Arg His Leu Ile Thr Thr Gly Arg
1 5 10

<210>
<211>
<212>
<213>

SEQ ID NO 4

LENGTH: 13

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 4

Asn Lys Ile Asn Asp Asn Glu Ile His Gln Phe Asn Lys
1 5 10

<210>
<211>
<212>
<213>

SEQ ID NO 5

LENGTH: 14

TYPE: PRT

ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Asp Lys Ile Pro Glu Lys Asn Asn Asp Tyr Met Asn Lys Trp

1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 29

«212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

15

Met Thr Leu Gly Gln Asp Leu Lys Ser Asp Ile Ser Leu 2Asn Ile Asp

1 5 10

Lys Ile Pro Glu Lys Asn Asn Asp Tyr Met Asn Lys Trp
20 25

15

We claim:

1. A method of detecting ovarian cancer in a subject, com-
prising detecting the presence or absence of a fragment of a
full-length molecule of a BRCA2 polypeptide, wherein the
fragment comprises amino acids 965-981 of said BRCA2 and
is correlated with the presence of ovarian cancer in said sub-
ject.

2. A method of claim 1, wherein the fragment is a pro-
teolytic fragment comprising amino acids 965-981 of said
BRCAZ2.

60

65

3. A method of claim 1, wherein the fragment comprises a
tryptic fragment comprising amino acids 965-981 of said
BRCAZ2.

4. A method of claim 1, wherein said fragment is a product
of trypsin digestion.

5. A method of claim 1, further comprising capturing said
fragment using an affinity ligand which is specific to said
fragment, and then detecting said fragment using mass spec-
troscopy.



US 7,794,952 B2

23

6. A method of claim 1, wherein said fragment is detected
as an about 12 kDa and 25 kDa fragment.

7. A method of claim 1, further comprising detecting the
presence or absence of a fragment of a full-length molecule of
BRCAZ2, wherein the fragment is a proteolytic fragment com-
prising amino acids 1942-1959 of said BRCA2.

8. A method of claim 1, further comprising detecting the
presence or absence of a fragment ofa full-length molecule of
BRCA2, wherein the fragment is a proteolytic fragment com-
prising amino acids 2447-2459 of said BRCA2.

9. A method of claim 7, wherein the presence of 965-981
and 1942-1959 containing BRCA2 fragments indicate that
said subject has Stage 1 ovarian cancer.

10

24

10. A method of claim 8, wherein the presence of 965-981
and 2447-2459 containing BRCA2 fragments indicates that
said subject has Stage 111 ovarian cancer.

11. A method of claim 1, wherein said fragment is bound to
serum albumin.

12. A method of claim 1, wherein said fragment is detected
using mass spectroscopy.

13. A method of claim 1, wherein the presence of the
fragment is correlated with a particular stage of ovarian can-
cer.
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