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GLYCOSYLATION MARKERS FOR CANCER
DIAGNOSING AND MONITORING

PRIORITY CLAIMS

The present application claims priority to U.S. provisional
patent applications Nos. 60/674,724 to Dwek et. al. filed Apr.
26, 2005 and 60/674,723 to Dwek et. al. filed Apr. 26, 2003,
which are both incorporated herein by reference in their
entirety. The present application also claims priority to PCT
applications Nos. PCT/IB2005/002995 to Dwek et. al. filed
Jun. 24, 2005 and PCT/IB2005/002531 to Dwek et. al. filed
Jun. 24, 2005, which are both incorporated herein by refer-
ence in their entirety.

FIELD

The present invention relates generally to methods of diag-
nosing and monitoring cancer and, in particular, to methods
of diagnosing and monitoring cancer based on detailed gly-
cosylation analysis.

BACKGROUND

Presymptomatic screening to detect early-stage cancer
reduces cancer-related mortality and treatment-related mor-
bidity. Although many cancers can be treated and cured if they
are diagnosed while tumors are still localized, most cancers
are not detected until after they have invaded the surrounding
tissue or metastasized to distant sites. For example, only 50%
of breast cancers, 56% of prostate cancers and 35% of col-
orectal cancers are localized at the time of diagnosis, see
Watkins, B., Szaro, R., Ball, S., Knubovets, T., Briggman, J.,
Hlavaty, J. ., Kusinitz, F., Stieg, A., and Wu, Y. (2001) Detec-
tion of early-stage cancer by serum protein analysis. Ameri-
can Laboratory. June, 32-36. incorporated herein by reference
in its entirety. The situation is much worse for other, less
treatable types of cancer. For example, about 80% of pancre-
atic cancers are already metastatic at the time of diagnosis
which results in 1-year survival rate after diagnosis of about
19% and 5-year survival rate of about 4%. Similar 5-year
survival rates (<5%) were reported for hepatocellular carci-
noma. As therapeutic options for cancer treatment increase,
early detection of cancer becomes important for improving
prognosis.

In recent years, several serum protein markers have been
developed for certain types of cancer. For example, prostate
specific antigen (PSA), a glycoprotein secreted by prostate
cells that is found in serum in prostate pathologies, is cur-
rently used as a tumor marker for prostate cancer. Other
protein markers for cancer diagnostics and monitoring are
alpha-fetoprotein for hepatocellular carcinoma and testicular
cancer, NMP22 for bladder cancer, catecholamines for neu-
roblastoma, immunoglobulins for multiple myeloma, carci-
noembryonic antigen (CEA) for colorectal cancer, HER-2,
CA 15-3 and CA 27-29 for breast cancer, CA 125 for ovarian
cancer, CA19-9 for pancreatic cancer, see Keesee et. al. Crit.
Rev. Eukaryotic Gene Expr, 1996, 6(2&3): 189-214; Dia-
mandis, Clin. Lab. News 1996, 22: 235-239, Stein et. al. J.
Urol 1998, 160(3, pt 1):645-659. Although the development
of the serum markers facilitated the clinical management of
certain types of cancer, the assays of these biomarkers are
neither sensitive nor specific enough for use as the sole
screening method for cancer diagnostics. Thus, it is highly
desirable to develop new cancer-related biomarkers that will
be more sensitive and more specific to detect recurrence and
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2

metastases at the earliest stages for both diagnosing and
monitoring cancer progression.

Methods of developing new cancer-related biomarkers
were suggested based on the difference in glycosylation in
glycoproteins from cancer patients and healthy controls. For
example, Block et. al. was comparing glycosylation profiles
in immunoglobulin G (IgG) depleted sera from hepatitis B
virus infected subjects (humans and woodchucks) with hepa-
tocellular carcinoma and from respective healthy controls to
identify particular glycoproteins with glycosylation changes
as cancer-related biomarkers, see Block, T. M., Comunale, M.
A., Lowman, M., Steel, L. F., Romano, P. R., Fimmel, C.,
Tennant, B. C., London, W. T., Evans, A. A, Blumberg, B. S.,
Dwek, R. A., Mattu, T. S. and Mehta, A. S. (2005). “Use of
targeted glycoproteomics to identify serum glycoproteins
that correlate with liver cancer in woodchucks and humans.”
Proc Natl Acad Sci USA 102: 779-84, incorporated herein by
reference. Particular differences in glycosylation profiles of
purified glycoproteins between diseased patients and healthy
controls can serve themselves as markers of the disease. For
example, a clear correlation between rheumatoid arthritis and
the percentage of the galactosylation on N-glycans released
from purified immunoglobulin G (IgG) has been established
in Parekh et al., see “Association of Rheumatoid Arthritis and
Primary Osteoarthritis with Changes in the Glycosylation
Pattern of Total Serum IgG,” Nature, 316, pp. 452-457, 1985,
incorporated herein by reference in its entirety. Alterations in
glycosylation profiles of purified glycoproteins were also
reported for certain types of cancer. For example, glycosyla-
tion was found to be different for glycans released from
purified PSA from seminal plasma and from purified PSA
secreted by the tumor prostate cell line LNCaP, see Peracaula
R, Tabarés G, Royle L, Harvey DJ, Dwek R A, Rudd, PM, de
Llorens R. (2003). Altered glycosylation pattern allows the
distinction between Prostate Specific Antigen (PSA) from
normal and tumor origins, Glycobiology, 13, 457-470, incor-
porated herein by reference in its entirety. Completely differ-
ent glycosylation profiles were found for pancreatic ribonu-
clease (RNase 1) isolated from healthy pancreas and from
pancreatic adenocarcinoma tumor cells (Capan-1 and MDA-
Panc-3), see Peracaula R, Royle L, Tabarés G, Mallorqui-
Fernandez G, Barrabés S, Harvey D, Dwek R A, Rudd, P M,
de Llorens R. (2003) “Glycosylation of human pancreatic
ribonuclease: differences between normal and tumour
states”, Glycobiology, 13, 227-244, incorporated herein by
reference in its entirety. Thus, glycosylation analysis can be a
powerful tool for identifying cancer-related biomarkers, how-
ever, currently used methods involve purifying glycoproteins,
a step which can be time consuming and which can require a
large amount of sample material from patients. Accordingly,
it is highly desirable to develop methods for identifying can-
cer-related glycosylation markers and related methods for
diagnosing and monitoring cancer that would not comprise
purifying glycoproteins. Performing glycosylation analysis
on whole, i.e. not depleted and not purified, samples can be
particularly beneficial for cancer diagnostics and monitoring.
Although differences in the glycosylation profile can be asso-
ciated with the presence in samples of cancer patients of
glycoproteins specifically associated with cancer, such as
alpha-fetoprotein (see e.g. Johnson, P. J., T. C. Poon, et al.
(2000). “Structures of disease-specific serum alpha-fetopro-
tein isoforms.” Br J Cancer 83(10): 1330-7; and Chan, M. H.,
M. M. Shing, et al. (2000). “Alpha-fetoprotein variants in a
case of pancreatoblastoma.” Ann Clin Biochem 37 (Pt 5):
681-5), many other tumor glycoproteins, i.e. glycoproteins
that are not specific inflammatory markers of cancer, can be
expected to carry altered glycosylation because glycosylation
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pathways are usually disturbed in tumor cells, see e.g.
“Effects of N-Glycosylation on in vitro Activity of Bowes
Melanoma and Human Colon Fibroblast Derived Tissue Plas-
minogen Activator” Art Wittwer, Susan Howard, Linda S.
Carr, Nikos K. Harakas, Joseph Feder Raj B. Parekh, Pauline
M. Rudd, Raymond A. Dwek and Thomas W. Rademacher
Biochemistry, 1989, 28, 7662-7669; “N-Glycosylation and in
vitro Enzymatic Activity of Human Recombinant Tissue
Plasminogen Activator Expressed in Chinese Hamster Ovary
Cells and a Murine Cell line” Raj B. Parekh, Raymond A.
Dwek, Pauline M. Rudd, Jerry R. Thomas, T. W. Rademacher,
T. Warren, T. C. Wun, B. Herbert, B. Reitz, M. Palmier, T.
Ramabhadran and D. C. Teimeir Biochemistry 1989, 28,
7670-7679, both incorporated herein in their entirety. Based
on the above, performing detailed glycosylation analysis on
samples of whole body fluid or body tissue, without isolating
or purifying specific glycoproteins, can be expected to iden-
tify glycosylation markers of cancer amplified compared with
glycosylation analysis of purified glycoproteins.

SUMMARY

According to one embodiment, one can identify and/or
quantify one or more glycosylation of cancer by a method
comprising (A) obtaining a sample from a subject diagnosed
with the cancer; (B) releasing glycans of unpurified glyco-
proteins from the sample; (C) measuring a glycosylation pro-
file of the glycans by quantitative high performance liquid
chromatography alone or in combination with mass spec-
trometry; and (D) comparing the glycosylation profile with a
control profile to determine the one or more glycosylation
markers of the cancer.

According to another embodiment, one can diagnose and/
or monitor cancer in a subject by a method comprising (A)
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obtaining a sample from the subject; (B) releasing glycans of 35

unpurified glycoproteins from the sample; (C) measuring a
glycoprofile of the glycans by quantitative high performance
liquid chromatography; and (D) comparing the glycoprofile
with a control profile to determine a level of a glycosylation
marker of the cancer.

According to yet another embodiment, one can identify
and/or quantify one or more biomarkers of cancer by a
method comprising (A) obtaining a sample from a subject
diagnosed with cancer; (B) separating proteins of the sample
into a plurality of spots using 2 dimensional electrophoresis,
wherein each spot of the plurality corresponds to one or more
glycoforms of the proteins; (C) releasing unmodified glycans
from one or more spots of said plurality; and (D) measuring a
glycoprofile of the glycans using quantitative high perfor-
mance liquid chromatography, mass spectrometry or a com-
bination thereof for an altered level of one or more glycosy-
lation markers of the cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A)-(C) illustrate determination of a glycosylation
marker for breast cancer.

FIG. 2 demonstrates a longitudinal study of A3G1F marker
in a single breast cancer patient compared to control.

FIG. 3 shows a time course measurement of A3G1F marker
vs. CA15-3 marker.

FIG. 4 illustrates identification on 2D-PAGE of glycopro-
teins carrying the glycan biomarker in breast cancer serum.

FIG. 5(A)-(D) illustrate determination of a glycosylation
marker for pancreatic cancer.

FIG. 6 (A)-(E) illustrate determination of a glycosylation
marker for prostate cancer.
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FIG. 7 (A)-(C) illustrate determination of a glycosylation
marker for hepatocellular carcinoma in hepatitis C virus
(HCV) infected patients.

FIG. 8 (A)-(C) illustrates determination of a glycosylation
marker for ovarian cancer.

FIG. 9 shows 2-dimensional electrophoresis of serum
highlighting the train of spots containing haptoglobin
[-chain.

FIG. 10 illustrates glycosylation analysis of the train of
spots from haptoglobin p-chain (FIG. 9) showing that differ-
ent sub-populations of glycoprotein (glycoforms) are present
in each spot of the train. The anlysis was carried out directly
from the gel spots.

FIG. 11 shows NP-HPLC profiles obtained from the tri-
sialylated fraction only collected by ion exchange chroma-
tography.

DETAILED DESCRIPTION

The present invention relates to methods of diagnosing and
monitoring cancer and, in particular, to methods of diagnos-
ing and monitoring cancer based on detailed glycosylation
analysis.

This application incorporates by reference in their entirety
U.S. provisional patent application No. 60/674,724 “An auto-
mated glycofingerprinting strategy” to Dwek et. al. filed Apr.
26,2005 and U.S. provisional patent application No. 60/674,
722 “High Throughput Glycan Analysis for Diagnosing and
Monitoring Rheumatoid Arthritis and Other Autoimmune
Diseases” to Dwek et. al. filed Apr. 26, 2005.

Unless otherwise specified, “a” or “an” means “one or
more”.

“Glycoprotein” designates an amino acid sequence and
one or more oligosaccharide (glycan) structures associated
with the amino acid sequence.

Glycoprotein can have one or more glycoforms. Each of
the glycoforms of the particular glycoprotein has the same
amino acid sequence, however, glycan structures associated
with distinct glycoforms differ by at least one glycan.

“Glycoprofile” or “glycosylation profile” means a presen-
tation of glycan structures (oligosaccharides) present in a
pool of glycans. A glycoprofile can be presented, for example,
as a plurality of peaks each corresponding to one or more
glycan structures present in a pool of glycans.

“Glycosylation marker” means a particular difference in
glycosylation between a sample of a subject diagnosed with
cancer or cancer condition and a sample from healthy control.

“Control profile” means a glycosylation profile from a
sample not affected by cancer. The control sample can origi-
nate from a single individual or be a sample pooled from more
than one individuals.

The term “subject” means an animal, more preferably a
mammal, and most preferably a human.

The high throughput format can mean a standard multiwell
format such as 48 well plate or 96 well plate.

The present application incorporates in their entirety U.S.
applications “Automated Strategy for Identifying Physiologi-
cal Glycosylation Marker(s)” to Dwek et. al. filed on Apr. 26,
2006, and U.S. application “High Throughput Glycan Analy-
sis for Diagnosing and Monitoring Rheumatoid Arthritis and
Other Autoimmune Diseases” to Dwek et. al. filed Apr. 26,
2006.

The inventors recognized that, in cancer tumor cells, gly-
cosylation can be altered not for one or a few, but for many
glycoproteins and, therefore, performing detailed glycosyla-
tion analysis on samples of whole body fluid or body tissue,
without isolating or purifying specific glycoproteins, will
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identify glycosylation markers of cancer amplified compared
with glycosylation analysis of isolated glycoproteins. The
inventors also realized that treating glycans of total glycopro-
teins with one or more exoglycosidase enzymes could allow
the glycosylation markers of cancer to be segregated by shift-
ing glycan structures that do not carry the glycosylation
markers from the measured region of the glycoprofile. Fur-
thermore, the inventors recognized that the glycosylation
markers could be present on more than one glycan structure in
the total glycan pool. Therefore, treating glycans with one or
more exoglycosidase enzymes can also amplify the glycosy-
lation markers by digesting away one or more monosaccha-
rides that are attached to some of the marker oligosaccharides
but are not an essential feature of the marker. Accordingly,
methods for determining one or more glycosylation markers
of cancer and related methods for diagnosing and monitoring
cancer are provided.

According to one embodiment, one can identify and/or
quantify one or more glycosylation markers of cancer in a
sample of a subject diagnosed with cancer by measuring a
glycoprofile of glycans that have been released from unpuri-
fied glycoproteins of the sample and comparing the glyco-
profile with a control profile. The sample of the subject can be
any sample that contains glycoproteins. The sample can be a
sample of a body tissue or a sample of a body fluid such as
whole serum, blood plasma, urine, seminal fluid, seminal
plasma, pleural fluid, ascites, nipple aspirate, feces or saliva.
Particular type of a body fluid or a tissue can depend on the
type of cancer. In some embodiments, a sample can be
obtained from tumor cells. In some embodiments, the unpu-
rified glycoproteins can be total glycoproteins in the sample,
i.e. all the glycoproteins in the sample without any loss. Yet in
some embodiments, the unpurified glycoproteins can be a
selection of total glycoproteins. The selection of total glyco-
proteins is not limited to a single type of glycoprotein but still
represents a pool or plurality of different types of glycopro-
teins.

Preferably, glycans are released in such a way so that they
are not modified, i.e. the released glycans are the native gly-
cans of the glycoproteins of the sample. In some embodi-
ments, glycans can be released from unpurified glycoproteins
in solution. Yet in some embodiments, glycans can be
released from immobilized unpurified glycoproteins. Insome
embodiments, unpurified glycoproteins can be immobilized
in a high throughput format such as a multiwell plate.

In some embodiments, the unpurified glycoproteins can be
total glycoproteins from the sample that are immobilized in a
non-selective format such as gel block. Yet in some embodi-
ments, the unpurified glycoproteins can be a selection of total
glycoproteins immobilized on a protein binding membrane
such as a PVDF membrane or in a gel piece such as a gel band
or a gel spot.

The measurement of the glycoprofile of the released gly-
cans can be carried out by quantitative HPLC alone or in
combination with mass spectrometry. The measured glyco-
profile can then be compared with a control glycoprofile to
determine one or more glycosylation markers of cancer.
Comparing the glycoprofiles can involve comparing peak
ratios in the profiles. When more than one glycosylation
marker is identified, one can select one or more of the markers
that have the highest correlation with one or more parameters
of the subject diagnosed with cancer. Such parameters can be
diagnosis, age, sex, cancer stage, response to therapy, medical
history or any combination thereof.

In some embodiments, comparing the glycoprofile of the
subject diagnosed with cancer and the control profile can be
carried out following digestion of the glycans with one or
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more exoglycosidases. The exoglycosidase digestion can be a
sequential digestion or a digestion with an array comprising
one or more exoglycosidase enzymes. The exoglycosidase
digestion can be used to amplify and/or segregate the glyco-
sylation marker of cancer. In some embodiments, the deter-
mined glycosylation marker can comprise a native glycan of
glycoproteins in the sample. Yet in some embodiments, the
glycosylation marker can comprise one or more digested
glycans. The identified glycosylation marker of cancer can be
used for diagnosing, monitoring and/or prognosticating can-
cer in a subject by measuring a glycoprofile of glycans that
have been released from unpurified glycoproteins from a
sample of the subject to determine a level of the glycosylation
marker in the subject. Measuring of the glycoprofile and
determining the level of the glycosylation marker can be
carried out by any suitable, i.e. not necessarily by the tech-
nique used to determine the glycosylation marker. Example
of such alternative techniques can be capillary electrophore-
sis and lectin chromatography. The determined level of the
glycosylation marker can be used to determined a clinical
status. The clinical status can be, for example, cancer, pre-
cancerous condition, a benign condition or no condition. The
clinical status can be also a particular stage of cancer such as
tumor, lymph node or metastasis or a particular substage of
tumor, lymph node or metastasis stage.

The identified glycosylation marker can be also used for an
effect of therapy against cancer by comparing levels of the
glycosylation marker before and after treatment of a subject
with the therapy. One can also use the identified glycosylation
marker foradjusting and/or optimizing a dose of a therapeutic
agent or for testing a new therapy or a new therapeutic agent
for treating cancer.

The identified glycosylation marker can be also used for
isolating in a body fluid or a body tissue one or more glyco-
proteins that are specific biomarkers of cancer. The deter-
mined glycosylation markers can be also used for diagnosing,
monitoring and/or prognosticating cancer using analytical
techniques other than the techniques used to determine the
glycosylation marker of cancer. Such other analytical tech-
niques can be, for example, capillary electrophoresis or lectin
chromatography.

The identified glycosylation marker(s) can be also used for
identification and/or isolation of one or more glycoprotein
biomarkers of cancer in a sample of a subject diagnosed
with the cancer, i.e. for identification and/isolation of glyco-
protein(s) that carry the glycosylation marker(s). In some
embodiments, identification of such biomarkers utilizes 2
dimensional electrophoresis to separate proteins, including
glycoproteins, in the biological sample into a plurality of
spots. The spots of the plurality can be organized into indi-
vidual spots or trains of spots. Each of the spots comprises
one or more glycoforms of the proteins in the biological
sample. Upon the separation, one can release glycans from
one or more spots, i.e. unmodified glycans of the protein
glycoforms of the one or more spots. Then, one can measure
a glycosylation profile of the released glycoproteins search-
ing for an altered level of the glycosylation marker(s). One
then can select one or more glycoforms that correspond to the
one or more spots, for which an altered level of the glycosy-
lation marker(s) is found, as a biomarker of the physiological
condition. The measuring of the glycosylation profile can be
carried out by quantitative HPLC alone or in combination
with mass spectrometry. In some embodiments, the one or
more tested spots can correspond to glycoforms of highly
abundant glycoprotein(s) such as IgG. Yet in some embodi-
ments, the tested spots can correspond to glycoforms of gly-
coprotein(s) other than IgG. The glycoprofiles can be mea-
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sured from the low abundant spot(s) such that each spot
contains glycoprotein(s) in a quantity of less than about 100
ng, less than about 50 ng, less than about 10 ng, less than
about 5 ng, less than about 2 ng or less than about 1 ng. The
details of measuring glycosylation profiles from individual
spots or trains of spots in 2D-gel are provided in PCT appli-
cation No. PCT/IB2005/002531 to Dwek et. al. filed Jun. 24,
2005, and U.S. application “Automated Strategy for Identi-
fying Physiological Glycosylation Marker(s)” to Dwek et. al.
filed Apr. 26, 2006, which are both incorporated herein by
reference in their entirety.

The identified biomarker(s) can be used for the same pur-
poses as the glycosylation marker(s) such as diagnosing and
monitoring cancer in a subject, monitoring an effect of a
therapy on a subject by comparing alevel of the marker before
and after a treatment of the subject with a therapy.

Releasing Glycans

Glycans can be released from a sample of a subject such as
a sample of a body fluid or a body tissue. The sample of the
body fluid can be, for example, a sample of whole serum,
blood plasma, urine, seminal fluid, seminal plasma, feces or
saliva. The released glycans can be N-glycans or O-glycans.

In some embodiments, releasing a glycan pool of glyco-
proteins from a sample of a sample can be carried out without
purifying the glycoproteins. In other words, the released gly-
cans are glycans of all or substantially all of the glycoproteins
present in the sample rather than of one or more purified and
isolated glycoproteins.

In some embodiments, substantially all of the glycopro-
teins can mean all the glycoproteins that are recovered, yet in
some embodiments substantially all of the glycoproteins can
mean all the glycoproteins except those that are specifically
removed. Releasing glycans can be carried out without
exposing the sample to hydrazinolysis. In some embodi-
ments, releasing glycans can be carried out from a very small
sample of a body fluid. In some embodiments, samples of a
body fluid can be less than 100 microliters, yet preferably less
than 50 microliters, yet more preferably less than 20 micro-
liters, yet more preferably less than 10 microliters, yet most
preferably less than 5 microliters. The present methods of
releasing can be optimized to work with body fluid samples of
less than 1 microliters.

In some embodiments, releasing glycans can comprise
releasing glycans from total glycoproteins the sample in solu-
tion. Yet in some embodiments, releasing glycans can com-
prise immobilizing total glycoproteins of the sample, for
example, on protein binding membrane or in a gel. The pro-
tein binding membrane can be any protein binding mem-
brane, for example, polyvinyldene fluoride (PVDF) mem-
brane, nylon membrane or Polytetrafluoroethylene (PTFE)
membrane. In some embodiments, releasing glycans can fur-
ther comprise releasing glycans from the total glycoproteins
immobilized on the protein binding membrane or in the gel.
When released glycans are N-linked glycans, releasing gly-
cans from the immobilized glycoproteins can be carried out
using enzymatic release with, for example, peptide N glycosi-
dase F. When the glycoproteins are immobilized in the gel,
releasing glycans can comprise separating the gel into a plu-
rality of bands and selecting one or more bands from the
plurality of bands from which the glycans are subsequently
released (in gel band method). In some embodiments, releas-
ing glycans from the gel can be carried out from the total gel,
1.e. without separating gel into the bands. In some embodi-
ments, releasing glycans is carried out by chemical release
methods, such as f-elimination or ammonia-based p-elimi-
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nation, which can be used for releasing N-linked or O-linked
glycans from glycoproteins in solution or from glycoproteins
immobilized on protein binding membrane. For using the
methods of this invention in a high throughput format, it may
be preferred to release a glycan pool from total glycoproteins
immobilized in a gel or on a protein binding membrane as it
can allow to use smaller samples of body fluid or body tissue.

The details of some of the release methods and their appli-
cability to both N-glycans and O-glycans are discussed
below, however, it should be understood that the present
invention is not limited to the discussed below release meth-
ods.

In-gel-band: This method can be used for N-glycan release
from single glycopeptides in sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS PAGE) gel bands and is
based on the method described in Kuster, B., Wheeler, S. F.,
Hunter, A. P., Dwek, R. A.and Harvey, D. I. (1997) “Sequenc-
ing of N-linked oligosaccharides directly from protein gels:
in-gel deglycosylation followed by matrix-assisted laser des-
orption/ionization mass spectrometry and normal-phase
high-performance liquid chromatography.” Anal-Biochem
250: 82-101, incorporated herein by reference in its entirety.
Samples can be reduced and alkylated by adding 4 ul of 5x
sample buffer (5x sample buffer: 0.04 g Bromophenol blue,
0.625 m1 0.5M Tris (6 g for 100 m1) adjusted to pH 6.6 with
HCI, 1 m1 10% SDS, 0.5 ml glycerol, in 2.875 ml water), 2
of 0.5M dithiothreitol (DTT) and water to make up to 20 pl in
total, incubated at 70° C. for 10 min, then alkylated by addi-
tion of 2 ul of 100 mM iodoacetamide and incubated for 30
min in the dark at room temperature. Samples can be then
separated on SDS-PAGE gels after which the proteins are
stained with Coomassie brilliant blue, the band of interest is
excised and destained. Subsequently, the gel band can be cut
into 1 mm?® pieces and frozen for 2 hours or more (this can
help break down the gel matrix). This gel band can be then
washed alternatively with 1 ml of acetonitrile then 1 ml of
digestion buffer (20 mM NaHCO, pH 7), which can be
repeated twice before the gel plug can be then dried. PNGase
F buffer solution (30 wl of 100 U/ml) is added (this is enough
for 10-15 mm? gel), more enzyme solution is added if larger
gel bands can be used. The PNGaseF and gel pieces can be
incubated overnight at 37° C. The supernatant can be recov-
ered along with 3x200 ul water washes (with sonication with
gel pieces for 30 mins each) followed by an acetonitrile wash
(to squeeze out the gel), another water wash and a final aceto-
nitrile wash. Samples can be filtered through a 0.45 ym LH
Millipore filter and dried down for fluorescent labeling.

In-gel-block: To avoid the problems with clean up of
samples following solution phase enzymatic glycan release
an in-gel-block release from protein mixtures can be used.
Briefly, the whole protein mixture (e.g. serum or plasma) can
be reduced and alkylated as in the In-gel band oligosaccharide
release described above, then set into 15% SDS-gel mixture
but without bromophenol blue. A total volume of gel of 185
uL, can be used (initially setinto a 48 well plate, then removed
for cutting up) with 300 pl of 100 U/ml of PNGaseF. The
washing procedures can be similar to those used for in-gel-
band release. Washing of gel can allow separation of the
glycan pool from the parent proteins and thus provides gly-
cans suitable for fluorescent labeling and further HPLC
analysis. The in-gel-block procedure can be more suitable for
automated glycan release than in-solution PNGaseF release,
and can be the preferred method for high throughput glycan
analysis.

This in-gel-block method has been further modified to
work with smaller amounts of gel set into a 96 well plate. One
can reduce and alkylate 5 ul of serum, in a polypropylene 96
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well flat bottomed microplate, then set the sample into a
gel-block by adding 30% (w/w) acrylamide: 0.8% (w/v) bis-
acrylamide stock solution (37.5:1) (Protogel ultrapure pro-
tein and sequencing electrophoresis grade, gas stabilised;
National Diagnostics, Hessle, Hull, UK), 1.5M Tris pH 8.8,
10% SDS, 10% APS (ammonium peroxodisulphate) and
finally TEMED (N,N,N,N'-Tetramethyl-ethylenediamine)
mixing then leave it to set. The gel blocks can be then trans-
ferred to a filter plate (Whatman protein precipitation plate)
then washed with acetonitrile followed by 20 mM NaHCO,.
The gel pieces can be then dried in a vacuum centrifuge,
incubated with 1% formic acid at for 40 min and then re-dried.
The N-glycans can be released incubating with PNGaseF
solution (Roche Diagnostics GmbH, Mannheim, Germany.
The released glycans can be collected into a 2 ml square
tapered polypropylene 96 well plate by washing the gel pieces
with water followed by acetonitrile. The released glycans can
be dried then labeled by incubating with 2-AB labelling solu-
tion (LudgerTag 2-AB labelling kit), for 2 hours at 65° C.
Excess 2AB can be removed using a HILIC solid phase
extraction (SPE) micro-elution plate (Waters) in a vacuum
manifold. The labeled glycans can then eluted into a 2 ml 96
well then dried and redissolved them in 50 mM ammonium
formate and acetonitrile ready for HPLC.

Enzymatic release of N-glycans from PVDF membranes.
The glycoproteins in reduced and denatured serum samples
can be attached to a hydrophobic PVDF membrane in a 96
well plate by simple filtration. The samples can be then
washed to remove contaminates, incubated with PNGaseF to
release the glycans based on the methods described in Papac,
D.L,et.al. Glycobiology 8: 445-54, 1998, and in Callewaert,
N., et. al. Electrophoresis 25: 3128-31, 2004, both incorpo-
rated herein by reference in their entirety. The N-glycans can
be then washed from the bound protein, collected and dried
down ready for fluorescent labeling. N-glycans can be
released in situ from the glycoproteins by incubation with
PNGaseF and by chemical means. The 2AB labeled N-gly-
cans can be cleaned by SPE as in the in-gel-block method.

Chemical release of N- and O-glycans. In contrast to the
advantages that enzymatic release of N-glycans can afford to
N-glycan analysis, no enzymatic methodology currently
exists for the release of structurally intact O-glycans. Chemi-
cal release by reductive p-elimination can require the con-
comitant reduction of the released oligosaccharides to their
alditol derivatives (Amano, I. et. al. Methods Enzymol 179:
261-70, 1989) to prevent degradation (peeling). This reduc-
tion precludes the use of any post-release labeling so that
detection is limited to mass spectrometry, pulsed amperomet-
ric detection and/or radioactivity.

Ammonia-based ff-elimination can be used to release both
N- and O-glycans by a modification of the classical f-elimi-
nation (Huang, Y. et. al. Analytical Chemistry 73: 6063-6069,
2001) which can be applied to glycoproteins in solution or on
PVDF membranes. Ammonia-based p-elimination can be
done from PVDF membranes. This strategy, canbe optimized
for high throughput, and can provide a powerful approach for
releasing both N- and O-glycans in their correct molar pro-
portions and in an open ring form suitable for post-release
labeling.

Release of N- and O-glycans from protein binding PVDF
membranes by ammonia based beta-elimination. Samples of
glycoprotein, mixtures of glycoproteins, whole serum or
other body fluids can be reduced and alkylated as in the
in-gel-band method. Protein binding PVDF membranes (Du-
rapore 13 mmx0.45 um HVHP, Millipore) in Swinnex filter
holders (Millipore) can be pre-washed with 2x2.5 ml water
using an all-polypropylene 2.5 ml syringe (Sigma), followed
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by a syringe full of air to remove most of the liquid from the
membrane. The reduced and alkylated sample can be then
applied directly to the membrane and left to bind for 5 min
before washing by pushing through 2x2.5 ml water slowly
with a syringe, followed by a syringe full of air to remove
most of the liquid from the membrane. The filter with the
bound glycoprotein samples can be then carefully removed
from the filter holder and placed in a 1.5 ml screw capped
polypropylene tube with a molded PTFE cap. 1 ml of ammo-
nium carbonate saturated 29.2% aqueous ammonium
hydroxide, plus 100 mg ammonium carbonate can be added
to the tube. This can be incubated for 40 hours at 60° C., then
cooled in the fridge. The liquid can be then transferred to a
clean tube and evaporated to dryness. The released glycans
can be re-dissolved in water and re-dried until most of the
salts are removed. 100 pl of 0.5M boric acid can be added to
the glycans and incubated at 37° C. for 30 min. The glycans
can be then dried under vacuum, 1 ml methanol added, re-
dried, a further 1 ml methanol can be added and re-dried to
remove the boric acid.

Quantitatively Analyzing the Glycans

Labeling of glycans. In some embodiments, upon releas-
ing, the glycans can be labeled with, for example, a fluores-
cent label or a radioactive label. The fiuorescent label can be,
for example, 2-aminopyridine (2-AP), 2-aminobenzamide
(2-AB), 2-aminoanthranilic acid (2-AA), 2-aminoacridone
(AMAC) or 8-aminonaphthalene-1,3,6-trisulfonic acid
(ANTS). Labeling of glycans with fluorescent labels is
described, for example, by Bigge, I. C., et. al. “Nonselective
and efficient fluorescent labeling of glycans using 2-amino
benzamide and anthranilic acid.” Arnal Biochem 230: 229-38,
1995, incorporated herein reference in its entirety, and Anu-
mula, K. R. (2000). High-sensitivity and high-resolution
methods for glycoprotein analysis. Analytical Biochemistry
283: 17-26, incorporated by reference in its entirety. Fluores-
cent labels can label all glycans efficiently and non-selec-
tively and can enable detection and quantification of glycans
in the sub picomole range. The choice of fluorescent label
depends on the separation technique used. For example, a
charged label is specifically required for capillary electro-
phoresis. In particular, 2-AB label can be preferred for chro-
matographic, enzymatic and mass spectroscopic processes
and analyses, while 2-AA label can be preferred for electro-
phoretic analyses. Unlabelled glycans can be also detected
by, for example, mass spectrometry, however, fluorescent
labelling may aid glycan ionisation, see e.g. Harvey, D. I.
(1999). “Matrix-assisted laser desorption/ionization mass
spectrometry of carbohydrates.” Mass Spectrom Rev 18: 349-
450.; Harvey, D. J. (2000). Electrospray mass spectrometry
and fragmentation of N-linked carbohydrates derivatized at
the reducing terminus. ] Am Soc Mass Spectrom 11: 900-915.

Measuring glycoprofile of the released glycans. Glycopro-
file of the glycans means a presentation of particular glycan
structures in the glycans. Measuring glycoprofile of the gly-
cans can be carried out by quantitative analytical technique,
such as chromatography, mass spectrometry, electrophoresis
or a combination thereof. In particular, the chromatographic
technique can be high performance anion exchange chroma-
tography (HPAEC), weak ion exchange chromatography
(WAX), gel permeation chromatography (GPC), high perfor-
mance liquid chromatography (HPLC), normal phase high
performance liquid chromatography (NP-HPLC), reverse
phase HPLC (RP-HPLC), or porous graphite carbon HPLC
(PGC-HPLC). The mass spectrometry technique can be, for
example, matrix assisted laser desorption/ionization time of
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flight mass spectrometry (MALDI-TOF-MS), electrospray
ionization time of flight mass spectrometry (ESI-TOF-MS),
positive or negative ion mass spectrometry or liquid chroma-
tography mass spectrometry (LC-MS). The electrophoretic
technique can be, for example, gel electrophoresis or capil-
lary electrophoresis. The use of these quantitative analytical
techniques for analyzing glycans is described, for example, in
the following publications:

1) Guile, G. R., Wong, S.Y. and Dwek, R. A. (1994). “Ana-
lytical and preparative separation of anionic oligosaccha-
rides by weak anion-exchange high-performance liquid
chromatography on an inert polymer column.” Aralytical
Biochemistry 222: 231-5 for HPLC, incorporated herein by
reference in its entirety;

2) Butler, M., Quelhas, D., Critchley, A. I., Carchon, H.,
Hebestreit, H. F., Hibbert, R. G., Vilarinho, L., Teles, E.,
Matthijs, G., Schollen, E., Argibay, P., Harvey, D. J., Dwek,
R. A., Jaeken, J. and Rudd, P. M. (2003). “Detailed glycan
analysis of serum glycoproteins of patients with congenital
disorders of glycosylation indicates the specific defective
glycan processing step and provides an insight into patho-
genesis.” Glycobiology 13: 601-22, for MALDI-MS, NP-
HPLC and ESI-liquid chromatography/MS, incorporated
herein by reference in its entirety;

3) Jackson, P, Pluskal, M. G. and Skea, W. (1994). “The use
of polyacrylamide gel electrophoresis for the analysis of
acidic glycans labeled with the fluorophore 2-aminoacri-
done.” Electrophoresis 15: 896-902, for polyacrylamide
gel electrophoresis (PAGE), incorporated herein by refer-
ence in its entirety;

4) Hardy, M. R. and Townsend, R. R. (1994). “High-pH
anion-exchange chromatography of glycoprotein-derived
carbohydrates.” Methods Enzymol 230:. 208-25., for
HPAEC using pulsed amperometric detection (PAD),
incorporated herein by reference in its entirety;

5) Callewaert, N., Contreras, R., Mitnik-Gankin, L., Carey,
L., Matsudaira, P. and Ehrlich, D. (2004). “Total serum
protein N-glycome profiling on a capillary electrophoresis-
microfluidics platform.” Flectrophoresis 25: 3128-31 for
capillary electrophoresis, incorporated herein by reference
in its entirety;

6) Guile, G. R., Rudd, P. M., Wing, D. R., Prime, S. B. and
Dwek, R. A. (1996). “A rapid high-resolution high-perfor-
mance liquid chromatographic method for separating gly-
can mixtures and analyzing oligosaccharide profiles.” Anal
Biochem 240: 210-26, for HPLC, incorporated herein by
reference in its entirety;

7) Caesar, J. P, Ir., Sheeley, D. M. and Reinhold, V.N. (1990).
“Femtomole oligosaccharide detection using a reducing-
end derivative and chemical ionization mass spectrom-
etry.” Anal Biochem 191: 247-52, for LC-MS, incorporated
herein by reference in its entirety;

8) Mattu, T. S., Royle, L., Langridge, J., Wormald, M. R., Van
den Steen, P. E., Van Damme, J., Opdenakker, G., Harvey,
D. J., Dwek, R. A. and Rudd, P. M. (2000). “O-glycan
analysis of natural human neutrophil gelatinase B using a
combination of normal phase-HPLC and online tandem
mass spectrometry: implications for the domain orgamza-
tion of the enzyme.” Biochemistry 39: 15695-704, for NP-
HPLC and MS, incorporated herein by reference in its
entirety;

9)Royle, L., Mattu, T. S., Hart, E., Langridge, I. 1., Merry, A.
H., Murphy, N., Harvey, D. J., Dwek, R. A. and Rudd, P. M.
(2002). “An analytical and structural database provides a
strategy for sequencing O-glycans from microgram quan-
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tities of glycoproteins.” Aral Biochem 304: 70-90, for NP-
HPLC and MS, incorporated herein by reference in its
entirety;

10) Anumula, K. R. and Du, P. (1999). “Characterization of
carbohydrates using highly fluorescent 2-aminobenzoic
acid tag following gel electrophoresis of glycoproteins.”
Anal Biochem 275: 236-42, for gel electrophoresis, incor-
porated herein by reference in its entirety;

11) Huang, Y. and Mechref, Y. (2001). “Microscale nonreduc-
tive release of O-linked glycans for subsequent analysis
through MALDI mass spectrometry and capillary electro-
phoresis.” Analytical Chemistry 73: 6063-6069, for a com-
bination of MALDI-MS and capillary electrophoresis,
incorporated herein by reference in its entirety;

12) Burlingame, A. L. (1996). “Characterization of protein
glycosylation by mass spectrometry.” Curr Opin Biotech-
nol 7: 4-10, for mass spectrometry, incorporated herein by
reference in its entirety;

13) Costello, C. E. (1999). “Bioanalytic applications of mass
spectrometry”” Curr Opin Biotechnol 10: 22-8, for mass
spectrometry, incorporated herein by reference in its
entirety;

14) Davies, M. J. and Hounsell, E. F. (1996). “Comparison of
separation modes of high-performance liquid chromatog-
raphy for the analysis of glycoprotein- and proteoglycan-
derived oligosaccharides” J Chromatogr A 720: 227-33,
for HPLC, incorporated herein by reference in its entirety;

15) El Rassi, Z. (1999). “Recent developments in capillary
electrophoresis and capillary electrochromatography of
carbohydrate species.” Electrophoresis 20: 3134-44, for
capillary electrophoresis and capillary electrochromatog-
raphy. incorporated herein by reference in its entirety;

16) Kuster, B., Wheeler, S. F., Hunter, A. P, Dwek, R. A. and
Harvey, D. J. (1997). “Sequencing of N-linked oligosac-
charides directly from protein gels: in-gel deglycosylation
followed by matrix-assisted laser desorption/ionization
mass spectrometry and normal-phase high-performance
liquid chromatography.” Anal-Biochem 250: 82-101, for
NP-HPLC and MALDI-MS, incorporated herein by refer-
ence in its entirety;

17) Reinhold, V. N., Reinhold, B. B. and Chan, S. (1996).
“Carbohydrate sequence analysis by electrospray ioniza-
tion-mass spectrometry.” Methods Enzymol 271: 377-402,
for ESI-MS, incorporated herein by reference in its
entirety;

18) Mattu, T. S., Pleass, R. J., Willis, A. C., Kilian, M,
Wormald, M. R., Lellouch, A. C., Rudd, P. M., Woof, J. M.
and Dwek, R. A. (1998). “The glycosylation and structure
of human serum IgA1, Fab, and Fc regions and the role of
N-glycosylation on Fc alpha receptor interactions.” Jour-
nal of Biological Chemistry 273: 2260-72, for WAX and
NP-HPLC, incorporated herein by reference in its entirety.

19) Callewaert, N., Schollen, E., Vanhecke, A., Jacken, J.,
Matthijs, G., and Contreras, R. (2003). Increased fucosy-
lation and reduced branching of serum glycoprotein N-gly-
cans in all known subtypes of congenital disorder of gly-
cosylation I. Glycobiology 13: 367-375, incorporated
herein by reference in its entirety;

20) Block, T. M. Comunale, M. A., Lowman, M., Steel, L. F.,
Romano, P. R., Fimmel, C., Tennant, B. C. London, A. A.
Evans, B. S. Blumberg, R. A. Dwek, T. S. Mattu and A. S.
Mehta, “Use of targeted glycoproteomics to identify serum
glycoproteins that correlate with liver cancer in wood-
chucks and humans”. PNAS USA (2005) 102, 779-784,
incorporated herein by reference in its entirety;

21) D. J. Harvey, Fragmentation of negative ions from carbo-
hydrates: Part 1; Use of nitrate and other anionic adducts
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for the production of negative ion electrospray spectra

from N-linked carbohydrates, J. Am. Soc. Mass Spectrom.,

2003, 16, 622-630, incorporated herein by reference in its

entirety;

22)D. 1. Harvey, Fragmentation of negative ions from carbo-
hydrates: Part 2, Fragmentation of high-mannose N-linked
glycans, J. Am. Soc. Mass Spectrom., 2003, 16, 631-646,
incorporated herein by reference in its entirety;

23)D. I. Harvey, Fragmentation of negative ions from carbo-
hydrates: Part 3, Fragmentation of hybrid and complex
N-linked glycans, J. Am. Soc. Mass Spectrom., 2005, 16,
647-659, incorporated, herein by reference in its entirety.
Although many techniques can be used for measuring gly-

coprofiles, in the method of determining one or more glyco-
sylation markers of a physiological condition such as a dis-
ease or a stage of disease, it can be preferred to measure
glycoprofiles by high performance liquid chromatography
(HPLC) alone or in combination with mass spectrometry. For
example, measuring glycoprofiles can be performed by gel
electrophoresis (see Jackson, P., Pluskal, M. G. and Skea, W.
(1994). “The use of polyacrylamide gel electrophoresis for
the analysis of acidic glycans labeled with the fluorophore
2-aminoacridone.” Electrophoresis 15: 896-902); HPAEC
using pulsed amperometric detection (PAD) (Townsend, R.
R.,Hardy, M. R, Hindsgaul, O. and Lee, Y. C. (1988). “High-
performance anion-exchange chromatography of oligosac-
charides using pellicular resins and pulsed amperometric
detection.” Anal Biochem 174: 459-70; and Hardy, M. R. and
Townsend, R. R. (1994). “High-pH anion-exchange chroma-
tography of glycoprotein-derived carbohydrates.” Methods
Enzymol 230: 208-25); or capillary electrophoresis (see El
Rassi, Z. (1999). “Recent developments in capillary electro-
phoresis and capillary electrochromatography of carbohy-
drate species.” Electrophoresis 20: 3134-44), however, these
techniques are not ideally suited to large-scale automation,
nor do they provide full quantitative structural analysis. In
general they have poor detection limits, low reproducibility
and are restricted by the inherent difficulty of obtaining full
structural characterization of the oligosaccharides and the
lack of predictability that is required to enable the preliminary
assignments to be made to novel structures.

Measuring a glycoprofile by quantitative HPLC, i.e. mea-
suring a glycoprofile of fluorescently labeled glycans such as
2AB labeled glycans by HPLC can allow accurate quantifi-
cation and structural assignment of the glycan structures in
the glycan pool by integration of the peaks in the chromato-
gram. The fluorescent labeling is non-selective and adds one
fluorescent label per glycan, thus, allowing a direct correla-
tion between fluorescence measured as peak area or height
and the amount of each glycan. For an HPLC measured gly-
coprofile, glycan structures present in the analyzed glycan
pool are separated based on their elution time. For NP-HPLC,
the elution times can be converted to glucose units by com-
parison with a standard dextran hydrolysate ladder. An HPLC
measured glycoprofile can trace all glycan structures present
in a glycan pool in correct molar proportions. Polar functional
groups of stationary phase of HPLC can interact with the
hydroxyl groups of the glycans in a manner that is reproduc-
ible for a particular monosaccharide linked in a specific man-
ner. For example, the contribution of the outer arm fucose
addition is much greater than the addition of a core fucose
residue; a core fucose residue always contributes 0.5 glucose
units (gu) to the overall elution position. The characteristic
incremental values associated with different monosaccharide
additions can allow the preliminary assignment of a predicted
structure for a particular peak present in the glycoprofile. This
structure can be then confirmed by digestion with exoglycosi-
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dase arrays and/or mass spectrometry. Other techniques, such
as capillary electrophoresis are not as predictable as NP-
HPLC. Although, CE migration times can be calibrated with
standards, the migration times of unknown structures can not
be easily predicted.

Measuring glycoprofiles by NP-HPLC can be also pre-
ferred for the following reason. Digestion of a glycan pool
with one or more exoglycosidases removes monosaccharide
residues and, thus, decreases the retention times or associated
gu values in the glycoprofile measured by NP-HPLC. In some
embodiments, this can enable the segregation of the peaks
that are associated with one or glycosylation markers by
shifting away peaks that are not related to the glycosylation
changes away from the measured region of the glycoprofile.

In some embodiments, measuring glycoprofiles can be car-
ried out using reverse phase high performance liquid chro-
matography. For RP-HPLC measured glycoprofiles, the elu-
tion times can be converted into arabinose units using a
standard arabinose ladder. The use of RP-HPLC for measur-
ing glycosylation profiles is described, for example, in Guile,
G.R.,Harvey, D. J., O’Donnell, N., Powell, A. K., Hunter, A.
P.,, Zamze, S., Fernandes, D. L., Dwek, R. A.,and Wing, D. R.
(1998). “Identification of highly fucosylated N-linked oli-
gosaccharides from the human parotid gland. European Jour-
nal of Biochemistry” 258: 623-656; Royle, L., Mattu, T. S.,
Hart, E., Langridge, J. I., Merry, A. H., Murphy, N., Harvey,
D. I, Dwek, R. A, and Rudd, P. M. (2002). An analytical and
structural database provides a strategy for sequencing O-gly-
cans from microgram quantities of glycoproteins. Analytical
Biochemistry 304: 70-90., incorporated herein by reference.
RP-HPLC measured glycoprofiles can be used to comple-
ment glycoprofiles measured by NP-HPLC. For example,
RP-HPLC can separate bisected glycan structures from gly-
canstructures that do not contain bisecting N-acetylglucoam-
ine residue. In NP-HPLC measured glycoprofiles these struc-
tures can be too close to be resolved. In some embodiments,
measuring glycoprofiles by RP-HPLC can comprise using
one or more buffers. The mobile phase can be used, for
example, to improve the reproducibility of the measurement.
The buffer can be, for example, solvent A: 50 mM of ammo-
nium formate adjusted to pH5 with triethylamine and solvent
B: solvent A and acetonitrile mixed 50/50. In some embodi-
ments, HPLC can be used as a preparative method for col-
lecting glycans, i.e. HPLC can be used to isolate unusual
glycans for further analysis, by e.g. mass spectrometry, as
well as for obtaining parameters for a glycan database.

In some embodiments, each of the glycoprofiles can be
presented as a plurality of peaks corresponding to glycan
structures in the glycans. In the method of determining one or
more glycosylation markers, a peak ratio means a ratio
between any one or more peaks and any other one or more
peaks within the same glycosylation profile. In the method of
determining a glycosylation marker, comparing peak ratios
can mean comparing peaks intensities or comparing inte-
grated areas under the peaks. In some embodiments of the
method of determining glycosylation marker, comparing
peak ratios can be carried for glycans of the tested and control
samples which were not digested with one or more exogly-
cosidases. In some embodiments, comparing peak ratios can
be carried out on the glycans which were digested with one or
more exoglycosidases. In some embodiments, comparing
peak ratios can be carried out for the glycans which were not
digested with exoglycosidase and for the glycans digested
with one or more exoglycosidases.

In some embodiments, measuring glycoprofiles with
HPLC can be complemented with a mass spectrometry mea-
surement. Complementary mass spectrometry data, such as
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MALDI, ESI or LC/MS) can serve, for example, for valida-
tion HPLC measured glycoprofiles as a separate orthogonal
technique able to resolve the structures of more complex
glycans when a sufficient amount of sample of a body fluid or
abody tissue is available. Mass spectrometry used in combi-
nation with HPLC can be a powerful tool for structural analy-
sis of glycoproteins. Mass spectrometry alone can be used for
structural analysis of glycans providing monosaccharide
composition of glycans. However, mass spectrometry used by
itself does not distinguish isobaric monosaccharide (and
hence oligosaccharides or glycans) and does not provide the
information on monosaccharide linkage in glycans. The LC-
MS/(MS) techniques can provide the most informative data
out of the mass spectrometry technique, see Caesar, J. P., Jr.,
Sheeley, D. M. and Reinhold, V. N. (1990). “Femtomole
oligosaccharide detection using a reducing-end derivative
and chemical ionization mass spectrometry.” Anal Biochem
191: 247-52; Mattu, T. S., Pleass, R. J., Willis, A. C., Kilian,
M., Wormald, M. R., Lellouch, A. C., Rudd, P. M., Woof, ]. M.
and Dwek, R. A. (1998). “The glycosylation and structure of
human serum IgAl, Fab, and Fc regions and the role of
N-glycosylation on Fc alpha receptor interactions.” Journal
of Biological Chemistry 273: 2260-72; and Royle, L., Mattu,
T. S., Hart, E., Langridge, J. 1., Merry, A. H., Murphy, N.,
Harvey, D. J., Dwek, R. A. and Rudd, P. M. (2002). “An
analytical and structural database provides a strategy for
sequencing O-glycans from microgram quantities of glyco-
proteins.” Aral Biochem 304: 70-90. In some embodiments,
measuring glycoprofiles by LC/MS can comprise using the
LC stage of LC/MS not only for cleanup and preliminary
separation of glycans before they enter the MS stage of
LC/MS but for obtaining preliminary assignment of glycan
structures in the glycans. This can be accomplished, for
example, by using NP-HPLC matrix, for example NP-HPLC
with TSK gel amide 80 matrix, in the LC column of LC/MS.
InNP-HPLC with TSK gel amide 80 matrix, hydroxyl groups
of glycans interact with the amide functionality, therefore, the
elution order is determined by the number of hydroxyl groups
in a particular glycan, its molecular confirmation and its
relative solubility in the mobile phase.

In some embodiments, when the glycan pool comprises
charged glycans, the glycan pool can be fractioned into sev-
eral aliquots based upon charge. Fractioning of the glycan
pool can be carried out, for example, by weak ion exchange
(WAX) chromatography. Each WAX aliquot can be then ana-
lyzed independently by NP-HPLC combined with exogly-
cosidase digestions. Measuring glycoprofiles by WAX HPL.C
is described, for example, in Guile, G. R., Wong, S. Y. and
Dwek, R. A. (1994). “Analytical and preparative separation of
anionic oligosaccharides by weak anion-exchange high-per-
formance liquid chromatography on an inert polymer col-
umn.” Analytical Biochemistry 222: 231-5.

Measuring glycoprofile of the glycans with the above
described methods can allow detecting a particular glycan
structure present in the glycans in subpicomole levels.
Accordingly, in some of the embodiments, measuring glyco-
profiles of the glycans is carried out using a technique able to
detect a glycan structure present in the glycans in amount of
1 picomole, preferably 0.1 picomole, yet more preferably
0.01 picomole. Measuring glycoprofile of the glycans can
comprise constructing a database of glycan structures of the
glycans. The parameters of this database can be, for example,
glycan structure along with: elution times (from HPLC data);
mass and composition (from MS data); experimentally deter-
mined and/or predicted glycan structures, elution times, mass
and comiposition, following treatment with exoglycosidase
enzymes; experimentally determined and/or predicted glycan
structures, mass and composition following MS fragmenta-
tion. The database can, for example, make preliminary and
final assignments of the glycan structures as well as recom-
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mend the appropriate exoglycosidase arrays to confirm pre-

liminary assignments. The use of databases in measuring

glycoprofiles is described, for example, in the following ref-
erences:

1) Mattu, T. S., Royle, L., Langridge, J., Wormald, M. R., Van
den Steen, P. E., Van Damme, J., Opdenakker, G., Harvey,
D. H., Dwek, R. A. and Rudd, P. M. (2000). “The O-glycan
analysis of natural human neutrophil gelatinase B using a
novel strategy combining normal phase-HPLC and on-line
tandem mass spectrometry: implications for the domain
organization of the enzyme” Biockemistry 39:
15695-704., incorporated herein by reference in its
entirety;

2) Royle, L., Mattu, T. S., Hart, E., Langridge, I. 1., Merry, A.
H.,Murphy, N., Harvey, D. I., Dwek, R. A. and Rudd, P. M.
(2002). “An analytical and structural database provides a
strategy for sequencing O-glycans from microgram quan-
tities of glycoproteins.” Anal Biochem 304: 70-90, incor-
porated herein by reference in its entirety;

3) Butler, M., Quelhas, D., Critchley, A. I., Carchon, H.,
Hebestreit, H. F., Hibbert, R. G., Vilarinho, L., Teles, E.,
Matthijs, G., Schollen, E., Argibay, P., Harvey, D. I., Dwek,
R. A., Jaeken, I. and Rudd, P. M. (2003). “Detailed glycan
analysis of serum glycoproteins of patients with congenital
disorders of glycosylation indicates the specific defective
glycan processing step and provides an insight into patho-
genesis.” Glycobiology 13: 601-22, incorporated herein by
reference in its entirety;

4) Peracaula, R., Royle, L., Tabares, G., Mallorqui-Fernan-
dez, G., Barrabes, S., Harvey, D. J., Dwek, R. A., Rudd, P.
M. and de Llorens, R. (2003). “Glycosylation of human
pancreatic ribonuclease: differences between normal and
tumor states.” Glycobiology 13: 227-44, incorporated
herein by reference in its entirety;

5) Peracaula, R, Tabares, G., Royle, L., Harvey, D. J., Dwek,
R. A., Rudd, P. M. and de Llorens, R. (2003). “Altered
glycosylation pattern allows the distinction between pros-
tate-specific antigen (PSA) from normal and tumor ori-
gins.” Glycobiology 13: 457-70.

Bxoglycosidase Digestion to Amplify/Segregate
Glycosylation Markers

In some embodiments, the released glycans can be sub-
jected to further enzymatic digestion with one or more
enzymes. The enzymatic digestion can be done using any
suitable enzymes, such as glycosidases. Examples of suitable
glycosidases include, but are not limited to, sialidase, -ga-
lactosidase, fucosidase al-6,2>>3,4, a.1-3,4, al-2 fucosi-
dase, alpha-amylase, beta-amylase, glucan 1,4-alpha-glu-
cosidase, cellulase, endo-1,3(4)-beta-glucanase, inulinase,
endo-1,4-beta-xylanase, oligosaccharide alpha-1,6-glucosi-
dase, dextranase, chitinase, polygalacturonase, lysozyme,
exo-alpha-sialidase, alpha-glucosidase, beta-glucosidase,
alpha-galactosidase, beta-galactosidase, alpha-mannosidase,
beta-mannosidase, beta-fructofuranosidase, alpha,alpha-tre-
halase, beta-glucuronidase, xylan endo-1,3-beta-xylosidase,
amylo-alpha-1,6-glucosidase, hyaluronoglucosaminidase,
hyaluronoglucuronidase, xylan 1,4-beta-xylosidase, beta-D-
fucosidase, glucan endo-1,3-beta-D-glucosidase, alpha-L-
rhamnosidase, pullulanase, GDP-glucosidase, beta-L-rham-
nosidase, fucoidanase, glucosylceramidase,
galactosylceramidase, galactosylgalactosylglucosyl-
ceramidase, sucrose alpha-glucosidase, alpha-N-acetylgalac-
tosaminidase, alpha-N-acetylglucosaminidase, alpha-L-fu-

cosidase, beta-N-acetylhexosaminidase, beta-N-
acetylgalactosaminidase, cyclomaltodextrinase, alpha-L-
arabinofuranosidase, glucuronosyl-disulfoglucosamine
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glucuronidase, isopullulanase, glucan 1,3-beta-glucosidase,
glucan endo-1,3-alpha-glucosidase, glucan 1,4-alpha-mal-
totetrahydrolase, mycodextranase, glycosylceramidase, 1,2-
alpha-L-fucosidase, 2,6-beta-fructan 6-levanbiohydrolase,
levanase, quercitrinase, galacturan 1,4-alpha-galactur-
onidase, isoamylase, glucan 1,6-alpha-glucosidase, glucan
endo-1,2-beta-glucosidase, xylan  1,3-beta-xylosidase,
licheninase, glucan 1,4-beta-glucosidase, glucan endo-1,6-
beta-glucosidase, [-iduronidase, mannan 1,2-(1,3)-alpha-
mannosidase, mannan endo-1,4-beta-mannosidase, fructan
beta-fructosidase, agarase, exo-poly-alpha-galacturonosi-
dase, kappa-carrageenase, glucan 1,3-alpha-glucosidase,
6-phospho-beta-galactosidase, 6-phospho-beta-glucosidase,
capsular-polysaccharide endo-1,3-alpha-galactosidase, beta-
L-arabinosidase, arabinogalactan endo-1,4-beta-galactosi-
dase, cellulose 1,4-beta-cellobiosidase, peptidoglycan beta-
N-acetylmuramidase, alpha,alpha-phosphotrehalase, glucan
1,6-alpha-isomaltosidase, dextran 1,6-alpha-isomaltotriosi-
dase, mannosyl-glycoprotein endo-beta-N-acetylglucosami-
dase, glycopeptide alpha-N-acetylgalactosaminidase, glucan
1,4-alpha-maltohexaosidase, arabinan endo-1,5-alpha-I.-
arabinosidase, mannan 1,4-beta-mannobiosidase, mannan
endo-1,6-beta-mannosidase, blood-group-substance endo-1,
4-beta-galactosidase, keratan-sulfate endo-1,4-beta-galac-
tosidase, steryl-beta-glucosidase, strictosidine beta-glucosi-
dase, mannosyl-oligosaccharide glucosidase, protein-
glucosylgalactosylhydroxylysine  glucosidase,  lactase,
endogalactosaminidase, mucinaminylserine mucinamini-
dase, 1,3-alpha-L-fucosidase, 2-deoxyglucosidase, manno-
syl-oligosaccharide 1,2-alpha-mannosidase, mannosyl-oli-
gosaccharide 1,3-1,6-alpha-mannosidase, branched-dextran
exo-1.2-alpha-glucosidase, glucan 1,4-alpha-maltotriohy-
drolase, amygdalin beta-glucosidase, prunasin beta-glucosi-
dase, vicianin beta-glucosidase, oligoxyloglucan beta-gly-
cosidase, polymannuronate hydrolase, maltose-6'-phosphate
glucosidase, endoglycosylceramidase, 3-deoxy-2-octu-
losonidase, raucaffricine beta-glucosidase, coniferin beta-
glucosidase, 1,6-alpha-L-fucosidase, glycyrrhizinate beta-
glucuronidase, endo-alpha-sialidase, glycoprotein endo-
alpha-1,2-mannosidase, xylan alpha-1,2-glucuronosidase,
chitosanase, glucan 1,4-alpha-maltohydrolase, difructose-
anhydride synthase, neopullulanase, glucuronoarabinoxylan
endo-1,4-beta-xylanase, mannan exo-1,2-1,6-alpha-man-
nosidase, anhydrosialidase, alpha-glucosiduronase, lacto-N-
biosidase,  4-alpha-D-{(1->4)-alpha-D-glucano}trehalose
trehalohydrolase, limit dextrinase, poly(ADP-ribose) glyco-
hydrolase, 3-deoxyoctulosonase, galactan 1,3-beta-galac-
tosidase, beta-galactofuranosidase, thioglucosidase, ribosyl-
homocysteinase, beta-primeverosidase. Most preferably,
enzymatic digestion is carried out with one or more exogly-
cosidases listed in table 1.

TABLE 1

Exoglycosidase Specificities -

Sialidase a-
(2:368)
Sialidase a-(2-3)

Cleaves all non-reducing terminal branched
and unbranched sialic acids

Cleaves the non-reducing terminal alpha-

(2-3) unbranched sialic acid residues

from complex carbehydrates and glycoproteins.

a-(1-3,4,6)- Cleaves a-(1-3)-, a-(1-4)-and

galactosidase a-(1-6)-linked, non-reducing terminal
galactose from complex carbohydrates and
glycoproteins. Fucose linked to the
penultimate N-acetylglucosamine will block
cleavage of the galactose.

B-(1-4)- Cleaves Non-reducing terminal 3-(1-4)-

galactosidase galactose. Fucose linked to the penultimate

N-acetylglucosamine will block cleavage of
the galactose.
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TABLE 1-continued

Exoglycosidase Specificities -

B-(1-3,4,6)- Cleaves all p1-3 and p1-4 linked

galactosidase non-reducing, terminal galactose. Fucose
linked to the penultimate N-acetylglucosamine
will block cleavage of the galactose.

B-(1-3,6)- Cleaves B-(1-3)- and p-(1-6)-

galactosidase linked, non-reducing terminal galactose
from complex carbohydrates and glycoproteins.
Fucose, but not sialic acid, linked to the
penultimate N-acetylglucosamine will block
cleavage.

B-N- Cleaves all non-reducing terminal p-linked

acetylglucosaminidase N-acetylglucosamine. Bisecting GleNAc slows
the reaction.

Cleaves all non-reducing terminal p-linked
N-acetylglucosamine and N-acetylgalacosamine.

Bisecting GleNAc slows the reaction

pN-
acetylhexosaminidase

a-(1-2,3,6)- Cleaves all a-(1-2,3,6)-linked mannose.
mannosidase
a-(1-6)-core Cleaves unbranched, terminal non-reducing
mannosidase mannose linked alpha-(1-6) to the mannosyl
chitobiose core. The presence of a branched
mannose alpha-(1-3) will inhibit the
removal of the 1-6 mannose.
a-(1-3,4)- Cleaves non-reducing terminal branched fucose
fucosidase when linked alpha-(1-3) or alpha-(1-4)

to GleNAc.

a-(1-6>2>>3 4)- Cleaves non-reducing terminal branched fucose

fucosidase when linked alpha-(1-6) to GleNAc or Gal.
Will also cleave alpha-(1-2) and alpha-
(1-3,4) with reduced efficiency
a-(1-2)- Cleaves non-reducing terminal branched filcose
fucosidase when linked alpha-(1-2) to a Gal.

In some embodiments, the enzymatic digestion can be
sequential, so not all monosaccharides are removed at once.
The digested glycans can be analyzed after each digestion
step to obtain a glycosylation profile. In some embodiments,
the enzymatic digestion can be digestion with an array com-
prising one or more exoglycosidases. Digestion with an array
means using a panel of exoglycosidases together in a single
digestion on a pool of glycans. Each exoglycosidase enzyme
removes specific terminal monosaccharides attached in
defined linkages. Digestion ofa glycan pool with one or more
exoglycosidases which can be used in any combination is
important for two reasons. First, digestion with one or more
exoglycosidase can segregate the glycosylation marker by
shifting glycans that do not contain the marker from the
measured region of the glycoprofile. Second, digestion with
one or more exoglycosidase can be used to amplify the mark-
ers by digesting away monosaccharides that are attached to
some of the markers oligosaccharides but are not essential
feature of the markers. For example, a glycosylation marker
of which the essential part consists of a LeX epitope may be
present on more than one glycan structure, e.g., it can be
present on both oligosaccharide A that has a core fucose and
on oligosaccharide B that does not have a core fucose. By
digesting away the core fucose, structures A and B merge,
thus, amplifying the signal associated with the glycosylation
marker.

Using the Glycosylation Markers of Cancer to Identify and
Isolate Glycoproteins

In some embodiments, the determined glycosylation
marker of cancer can be used for identifying and isolating one
or more glycoprotein biomarkers, i.e. glycoproteins that are
specific for particular type of cancer. The glycoprotein biom-
arker of the disease carries the glycosylation marker of can-
cer. The isolation of the glycoprotein biomarkers of the can-
cer can be carried out using lectins or monoclonal antibodies.
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For example, lectins were used to isolate gp73, a glycoprotein
marker of hepatitis B associated with liver cancer in “Use of
targeted glycoproteomics to identify serum glycoproteins
that correlate with liver cancer in woodchucks and humans™.
T. M. Block, M. A. Comunale, M. Lowman, L. F. Steel, P. R.
Romano, C. Fimmel, B. C. Tennant, W. T. London, A. A.
Evans, B. S. Blumberg, R. A. Dwek, T. S. Mattu and A. S.
Mehta (2005) Proc. Natl. Acad. Sci. USA, 102, 779-784.

The methodology for diagnosing and monitoring cancer
can be illustrated in more details by the following examples,
however, it should be understood that the present invention is
not limited thereto.

Example 1
Breast Cancer

Breast cancer is the leading cause of cancer deaths in
females with a million new cases diagnosed annually, world-
wide, see e.g. Mazor, Y., Keydar, I, and Benhar, I. Mol Immu-
nol. 2005 January; 42(1):55-69, incorporated herein by ref-
erence in its entirety. Humanization and epitope mapping of
the H23 anti-MUC1 monoclonal antibody reveals a dual
epitope specificity. The panel of serum markers which is
currently in practice mainly comprises of CA15-3 and/or
CA27.29 in combination with CEA (Carcinoembryogenic
Antigen), see e.g. Duffy, M. I. (1999) CA15.3 and related
mucins as circulating markers in breast cancer. Ann. Clin.
Biochem., 36, 579-586; Perkins, G. L., Slater, E. D., Sanders,
G. K., and Prichard, J. G. (2003) Serum tumor markers.
American Family Physician, 68, 1075-1082, both incorpo-
rated herein by reference. Both CA15-3 and CA27.29 are
directed against MUCI, see Klee, G. G. and Schreiber, W. E.
(2004) MUC1 gene-derived glycoprotein assays for monitor-
ing breast cancer (CA 15-3), CA 27.29, BR): Are They Mea-
suring the Same Antigen? Arch. Pathol. Lab. Med., 128,
1131-1135, amucin which is overly expressed and aberrantly
glycosylated in breast cancer, see Taylor-Papadimitriou, J.,
Burchell, J., Miles, D. W., and Dalziel, M. (1999) MUC1 and
cancer. Biochem. Biophys. Acta., 1455, 301-313.

Analysis of Glycosylation Profiles of Glycans Released
from whole sera of a breast cancer patient and healthy con-
trols. Glycosylation profiles of glycans released from whole
serum of controls and breast cancer patients were compared
to detect a potential glycosylation marker differentiating the
two groups. In addition to that, total serum glycans from a
single breast cancer patient, but at two different stages of
malignancy, were analyzed to correlate the detected marker
with breast cancer progression.

Samples of serum from breast cancer patient were obtained
from a single donor (LD) with her consent before and after
mastectomy. The healthy control serum was obtained from
pooled blood bank serum.

Glycoproteins in reduced and denatured serum samples
were set into gel-blocks, washed and incubated overnight
with PNGasF. The released N-glycans were then washed
from the bound protein, collected and dried down ready for
fluorescent labeling. Released glycans were labeled with
2-aminobenzamide (2-AB) fluorescent label with or without
a commercial kit (e.g. Ludger Ltd, Oxford, UK) as described
in Bigge, J. C., Patel, T. P, Bruce, J. A., Goulding, P. N.,
Charles, S. M., and Parekh, R. B. (1995). Nonselective and
efficient fluorescent labeling of glycans using 2-amino ben-
zamide and anthranilic acid. Analytical Biochemistry 230:
229-238, incorporated herein by reference in its entirety, and
run by normal phase high performance liquid chromatogra-
phy (NP-HPLC) on a 4.6x250 mm TSK Amide-80 column
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(Anachem, Luton, UK) using a Waters 2695 separations mod-
ule equipped with a Waters 2475 fluorescence detector (Wa-
ters, Milford, Mass., USA) as described in Guile, G. R., Rudd,
P. M., Wing, D. R., Prime, S. B., and Dwek, R. A. (1996). A
rapid high-resolution high-performance liquid chromato-
graphic method for separating glycan mixtures and analyzing
oligosaccharide profiles. Analytical Biochemistry 240: 210-
226, incorporated herein by reference in its entirety. Prior to
further NP-HPLC analysis, glycans were digested with a
series of exoglycosidases.

FIG. 1A shows glycosylation profiles of undigested gly-
cans released from serum of a healthy control and a breast
cancer patient. Sample 1 of the breast cancer patient is taken
before surgery and Sample 2 is taken after surgery with liver
metastases. Both glycosylation profiles from breast cancer
samples demonstrate an increase in the amount of the peak at
10.5 glucose units (GU) compared to the glycosylation profile
from the control sample (FIG. 1A). The 10.5 GU peak shifts
down to 7.5 GU following digestion with sialidase, $1-3,4,6
galactosidase and a1-2 link specific fucosidase, and has a
higher percentage in the patient sample compared to the con-
trol (FIG. 1B). The peak at GU 7.5 is then completely digested
by the combination of sialidase, §1-4 galactosidase (in place
of f1-3,4,6 galactosidase) and c.1-3/4 link specific fucosidase
in the control and patient samples indicating the presence of
outer arm «l-3/4 fucosylation. This demonstrates an
increased amount of Lewis X epitope in the cancer (FIG. 1C).
After surgery the marker decreased from 3.9% to 3.3% sug-
gesting that the prognosis may be poor.

Conclusion: a glycosylation marker of breast cancer was
identified by comparing glycosylation profiles of glycans
released from whole serum of breast cancer patient and of
glycans released from whole serum of a healthy control.
Digestion with exoglycosidases amplifies/segregates the gly-
cosylation marker of breast cancer. The glycosylation marker
is elevated in disease.

A Longitudinal study of the identified glycosylation
marker in one patient. The identified glycosylation marker
A3GT1F is the outer arm a1 -3 linked fucosylated tri-antennary
N-linked glycan which is derived from Lewis x or Sialyl
Lewis X by treating the N-glycans released from total serum
glycoproteins with a combination of sialidase and f$-galac-
tosidase which segregates this structure from others. This
glycosylation marker is not the native sugar—it is the diges-
tion product—and exoglycosidase digestions enable the
amplification and segregation the marker for quantitative
HPLC analysis.

FIG. 2 presents a longitudinal study of the levels of the
glycosylation marker (A3G1F) in the same breast cancer
patient as in FIG. 1 at four different stages of breast cancer.
The % areas of sLex on the tri-antennary structure in the
N-glycan pool released from whole serum was measured
after a sialidase, B-galactosidase and c.1,2 fucosidase (Abs+
Btg+Xmf). All four patient samples have at least a 2-fold
increase in the % and the fluctuation shown. Thus, A3G1F
glycosylation marker can be used for prognostic applications
in breast cancer patients.

FIG. 3 defines the four stages and compares the levels of
glycosylation marker A3G1F with those of carbohydrate anti-
gen 15-3 (CA 15-3) protein biomarker. The disease stage at
which each sample was collected is shown in a timeline: stage
1: mastectonty, stage 2: mastectomy under hormonal treat-
ment, stage 3: mastectomy under hormonal treatment; stage
4: metastasis detected. At stage 4, when metastasis was
detected, the level of A3G1F increases whereas the level of
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CA15-3 marker was still decreasing. Thus, quantification of
the A3GIF glycosylation biomarker may provide an eatlier
indicator of metastasis.

Identification of Protein Biomarkers. The established
A3G1F marker can be used to identify a protein biomarker of
breast cancer. The A3GIF is derived mainly from SLex
attached to a tri-sialylated tri-antennary N-glycan therefore,
one can use an anti-SLex antibody to identify the glycopro-
tein(s) in Breast Cancer serum which carry such a structure.

Whole serum (80 ug) of control and breast cancer patient
were subjected to 2D gel electrophoresis according to the
procedure described in details the example 3 of the applica-
tion “AUTOMATED STRATEGY FOR IDENTIFYING
PHYSIOLOGICAL MARKER(S)” to Dwek et. al. filed Apr.
26,2006, and incorporated herein by reference in its entirety.
The gels on control and breast cancer patients were mini-gels
(Ist dimension—7 cm IPG strip pl 3-10, 2nd dimension—
8.5%6.5 cm 4-12%) prepared in duplicates. The proteins from
one gel of each sample were transferred to a PVDF membrane
and blotted using the anti-sialyl Lewis X antibody (KM93,
CalBiochem). These western blots with KM93 highlighted
the glycoproteins carrying the SLex epitope. FIG. 4(i) shows
selected highlighted spots on the blot for control and breast
cancer samples. The breast cancer sample presented in FIG.
4(i) is the sample from the same patient at stage 4 as in FIGS.
2&3. Three highlighted protein spots on the gel for breast
cancer sample in FIG. 4(i) have been identified by mass
spectrometry as 1-a.1 anti chymotrypsin, 2-au1 acid glycopro-
tein, 3-haptoglobin B chain and/or Complement C3.

N-glycans were released from each of the three spots by
PNGaseF digestion and subjected to detailed glycosylation
analysis by HPLC. The glycosylation profiles from each of
the three glycoproteins were found to have the sialyl Lewis x
structure, see FIG. 4(ii).

Thus, measuring glycoprofile from 2D-gel spot(s) can
enable the identification of aberrantly glycosylated protein
glycoforms in breast cancer serum as biomarkers for progno-
sis and diagnosis of patients.

Example 2
Pancreatic Cancer

Pancreatic cancer is the fifth leading cause of cancer death
in the United States killing about 30,000 people each year.
About an equal number of new cases of pancreatic cancer are
diagnosed each year, which corresponds to about 9 new cases
per 100,000 people. While treatment options have advanced,
pancreatic cancer remains very difficult to treat as evidenced
by the high mortality rate. Specifically, the 1-year survival
rate of pancreatic cancer patients is 19% and the S-year sur-
vival rate is 4%. This high mortality rate is due, in part, to the
fact that about 80% of pancreatic cancers are already meta-
static at the time of diagnosis. See Yeo et al., CURRENT ProB-
LEMS IN CaNCER 26(4): (2002), 176-275.

A variety of serum tumor markers, especially CA119-9, a
Lewis blood group-related mucin, have been proposed for
diagnosing and monitoring of this type of neoplasia, but their
application remains experimental, see Lillemoe, K. D., Yeo,
C. J., and Cameron, J. L. (2000) Pancreatic cancer: state-of-
the art care. Cancer J. Clin., 50, 241-268, incorporated herein
by reference in its entirety.

In pancreatic cancer, both cell surface glycoproteins and
secreted pancreatic ribonuclease (RNase 1) are aberrantly
glycosylated, see e.g. Peracaula R, Royle L, Tabarés G, Mal-
lorqui-Fernandez G, Barrabés S, Harvey D, Dwek R A, Rudd,
P M, de Llorens R. (2003) “Glycosylation of human pancre-
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atic ribonuclease: differences between normal and tumour
states”, Glycobiology, 13, 227-244, incorporated herein by
reference in its entirety. In particular, one of the most distinc-
tive features was that RNase 1 glycans from established
adenocarcinoma pancreatic cell lines, Capan-1 and MDA-
Panc-3, contained sialylated structures, which were com-
pletely absent in the RNase 1 from healthy pancreas. These
differences provide distinct epitopes that were clearly
detected using monoclonal antibodies against carbohydrate
antigens. Monoclonal antibodies to Lewis” reacted only with
normal pancreatic RNase 1, whereas, in contrast, monoclonal
antibodies to sialyl-Lewis™ and sialyl-Lewis® reacted only
with RNase 1 secreted from the tumor cells.

Analysis of Glycans Released from whole sera of Pancre-
atic cancer patients and corresponding healthy controls. In
this study, glycosylation profiles of glycans released from
whole serum of controls and pancreatic cancer patients were
compared to detect a potential glycosylation marker differ-
entiating the two groups.

A sample of serum from pancreatic cancer patient was
obtained from a patient with neoplastic cancet, high creati-
nine levels and vascular affectations. A sample of healthy
control serum was obtained as discarded clinical material
from individuals undergoing routine employee health screen-
ing.

Preparation of glycans for analysis and experimental
details of the analysis are the same as in the Example 1.

Resulting glycosylation profiles are presented on FIG. 5. In
particular, FIG. 5(A) demonstrates glycosylation profiles of
glycans digested with sialidase, f-galactosidase and fucosi-
dase with the arm specificity a1-6,2>>3.4. The glycosylation
profile from the pancreatic cancer sample has additional
peaks not present in the control sample. The glycans were
further subjected to a digestion with c1-3,4 fucosidase. The
results of this digestion are presented on FIG. 5(B). The
digestion with c1-3,4 fucosidase removes the additional
peaks previously present in the pancreatic cancer sample but
not in the control sample, thus, demonstrating that there is an
increase in the outer arm ct1-3,4 fucosylation for the glycans
released from the whole serum of the pancreatic cancer
patient.

Conclusion: a glycosylation marker of pancreatic cancer
was identified by comparing glycosylation profiles of glycans
released from whole serum of pancreatic cancer patients and
of glycans released from whole serum of a healthy control.
The glycosylation marker of pancreatic cancer can be ampli-
fied/segregated by digesting with an array of exoglycosi-
dases.

The data presented on FIGS. 5(C)-(D) are for two patients
with localized pancreatic cancer. Preparation of glycans for
analysis and experimental details of the analysis are the same
as in the Example 1.

FIG. 5(C) shows NP-HPLC glycosylation profiles of gly-
cans released from a pooled control and two pancreatic
patients’ sera. The glycoprofiles from the patients’ samples
show the increase in the amount of the outer arm fucosylated
trisialylated triantennary glycan.

FIG. 5(D) demonstrates amplification, segregation and
identification of the marker A3G1F by NP-HPLC after diges-
tion of the entire glycan pool with (i) sialidase, i galactosi-
dase and fucosidase with thearm specificity a1-6, 2>>3,4 and
(i1) following further digestion with «1-3,4 fucosidase. The
data in FIG. 5(D) show that, after digestion, A3G1F glycosy-
lation marker is present in higher amounts in the patients’
samples. The structure of A3G1F was confirmed by digestion
with al1-3,4 fucosidase.
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Example 3

Prostate Cancer

Prostate cancer is the most common cancer in men in
Western countries and is the second leading cause of cancer
death. In fact, prostate cancer is the sixth most common cause
of death overall for men in the U.S. It is estimated that 232,
090 new cases of prostate cancer will be diagnosed in 2005
with 30,350 deaths attributed to prostate cancer. One in six
men will be diagnosed with prostate cancer, and 1 in 33 men
will die of the disease.

As other types of cancer, prostate cancer is classified based
on how far the cancer has progressed. A number of scales
exist, but the TNM (tumor, lymph node, and metastases) scale
is a standard scale commonly referred to in the medical lit-
erature. In the T1 stage, the tumor cannot be seen on scans or
felt during examination. These tumors are typically detected
using a needle biopsy after an abnormal PSA test, which is
discussed in more detail below. At the T2 stage, the tumor can
be seen or felt but remains inside the prostate gland. T3 stage
tumors have broken through the capsule of the prostate gland,
and T4 stage tumors have spread into other body organs, such
as the rectum or bladder. The N stages follow similar classi-
fications of tumor spread as follows: (a) NO—no cancer cells
found in any lymph nodes; (b) N1—one positive lymph node
smaller than 2 cm across; (¢) N2—more than one positive
lymph node or a tumor that is between 2 and 5 cm across; and
(d) N3—any positive lymph node that is bigger than 5 cm
across. Finally, a cancer is MO if no cancer has spread outside
the pelvis and M1 if cancer has spread outside the pelvis.

Prostate-specific antigen (PSA), a glycoprotein secreted by
prostate cells that is found in serum in prostate pathologies, is
the currently used tumour marker for prostate cancer diag-
nostics, see e.g. Diamandis E. (1998) Prostate-Specific anti-
gen: Its Uselfulness in Clinical Medicine. TEM, 9, 310-316,
incorporated herein by reference. However, PSA is still not
specific enough for diagnosing prostate cancer, as other pro-
static pathologies, like benign prostate hyperplasia (BPH),
can show serum PSA elevations. Different approaches have
been tried to improve this situation but so far only with limited
success, see e.g. Brawer M K. (1999) Prostate-specific anti-
gen: current status. CA Cancer I Clin, 49, 264-281, incorpo-
rated herein by reference in its entirety.

Glycosylation has been found to be different between puri-
fied PSA from seminal plasma and when secreted by the
tumour prostate cell line LNCaP, see e.g. Peracaula R,
Tabarés G, Royle L, Harvey D J, Dwek R A, Rudd, P M, de
Llorens R. (2003) Altered glycosylation pattern allows the
distinction between Prostate Specific Antigen (PSA) from
normal and tumor origins, Glycobiology, 13, 457-470.

Analysis of Glycans Released from Whole sera of Prostate
cancer patients and corresponding healthy controls. In this
study, glycosylation profiles of glycans released from whole
serum of healthy control and prostate cancer patient were
compared to detect a potential glycosylation marker differ-
entiating the two groups. Samples of tumor serum were
obtained from a patient with prostate cancer with elevated
levels of serum PSA (1.8 micrograms/ml). The healthy con-
trol serum was obtained from pooled blood bank serum.

Preparation of glycans for analysis and experimental
details of the analysis are the same as in the Example 1.

Resulting glycosylation profiles are presented on FIG. 6. In
particular, FIG. 6(A) demonstrates the glycosylation profiles
of undigested glycans, FIG. 6 (B) demonstrates the glycosy-
lation profiles of glycans digested with array of sialidase,
[-galactosidase, and fucosidase with the arm specificity
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a1-6,2>>3 4, while FIG. 6(C) demonstrates the glycosyla-
tion profiles of glycans further digested with c1-3,4 fucosi-
dase. For undigested glycans, a difference between glycosy-
lation profiles from prostate cancer samples and from healthy
control sample was observed in the region of ~9.5 to ~11 GU
(FIG. 6(A)). Following the digestion with sialidase, $-galac-
tosidase, and fucosidase a1-6,2>>3 4, the glycosylation pro-
file from prostate cancer sample demonstrates a stronger peak
(in intensity and peak area) at ~6.5 GU compared to the
control glycosylation profile. The stronger peak at ~6.5 GU
indicates a higher content of tetra antennary glycans in the
prostate cancer sample. Further digestion with a1-3,4 fucosi-
dase removes/reduces the peaks at 7-7.5 GU in the glycosy-
lation profiles of prostate cancer samples, while the peaks of
the control sample are almost not affected. This indicates that
there is an increase in the outer arm a1-3,4 fucosylation in the
glycans released from a whole serum of prostate cancer
patient.

Conclusion: a glycosylation marker of prostate cancer was
identified by comparing glycosylation profiles of glycans
released from whole serum of prostate cancer patient and of
glycans released from whole serum of a healthy control.
Digestion of glycans with exoglycosidases amplifies/segre-
gates the glycosylation marker of prostate cancer.

The data presented in FIGS. 6(D)-(E) correspond to one
patient having a localized prostate cancer and two patients
having prostate cancer in metastasis stage. Preparation of
glycans for analysis and experimental details of the analysis
are the same as in the Example 1.

FIG. 6(D) presents NP HPLC glycosylation profiles of
glycans released from a pooled control and two prostate
patients’ sera. The glycoprofiles of the patients’ samples
show the increase in the amount of the outer arm fucosylated
trisialylated triantennary glycan.

FIG. 6(E) demonstrates amplification, segregation and
identification of the glycosylation marker tri-antennary gly-
can with one outer arm fucose and galactose (A3G1F) by NP
HPLC after digestion of the entire glycan pool with i) siali-
dase, b galactosidase and fucosidase with the outer arm c.1-6,
2>>3 4 and ii) further digestion with a1-3,4 fucosidase. The
data on FIG. 6(E) show that, after digestion, the glycosylation
marker A3G1F is present in higher amounts in the patient
samples. The structure of A3G1F was confirmed by digestion
with al1-3,4 fucosidase.

Example 4

Hepatocellular Carcinoma in Hepatitis C virus
Infected Patients

Hepatitis C is a serious worldwide health problem. Glo-
bally, an estimated 170 million people have been infected
with the hepatitis C virus (HCV). Chronic HCV infection can
result in fibrosis, cirrhosis, hepatocellular carcinoma (HCC)
and hepatic decompensation. HCV related end-stage liver
disease is the leading indication for liver transplants in the
United States. There is no vaccine available against HCV.
Liver biopsy is considered the gold standard for assessment of
liver damage and determining the need of treatment, although
it is expensive, invasive, and subject to interpretive variation.
Treatment for HCV, a 6 to 12 month course of pegylated
interferon and ribavirin, can lead to potentially severe side
effects and only eradicates HCV in about half of patients.
Current surveillance techniques are suboptimal for early
diagnosis of HCC, which occurs in 1-4% of cirrhosis annu-
ally. There is an urgent need for non-invasive testing methods,
as well as the identification of prognostic markers and more
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effective screening methods for early diagnosis of HCC. Gly-
cosylation profiles of glycans released from whole serum of
controls and hepatitis C virus (HCV) infected patients with
hepatocellular carcinoma were compared to detect a potential
glycosylation marker differentiating the two groups. Two
samples from healthy controls, including both pooled and
individual sera, were analyzed. A specific database contain-
ing NP-HPLC serum glycan profiles for both sialylated and
neutral glycans contains more than 38 glycans. The same
procedure was applied to patient sera and the glycosylation
marker of hepatocellular carcinoma in HCV patients was
identified by comparison the database of glycans released
from whole serum of HCV infected patients with the database
of glycans released from whole serum of healthy controls

Samples of serum from HCV infected patients with hepa-
tocellular carcinoma were obtained from HCV infected
patients with moderate or severe fibrosis/cirrhosis. Samples
of healthy control serum were obtained as discarded clinical
material from individuals undergoing routine health screen-
ing

Preparation of glycans for analysis and experimental
details of the analysis are the same as in the Example 1.

FIG. 7 presents NP-HPLC profiles of glycans released
from control sample Con_9 and from sample of HCV
infected patient with hepatocellular carcinoma HCV_42. On
FIG. 7, panel (A) corresponds to glycoprofiles of whole
serum glycans not exposed to any exoglycosidase digestion,
panel (B) to glycoprofiles following digestion with an array of
a2-3,6,8-sialidase, p1-4 galactosidase and p-N-acetylglu-
cosaminidase. Panel (C) of FIG. 7 demonstrates that the
marker correlated with the diagnosis of hepatocellular carci-
noma in HCV patients is the percentage of core fucosylated
glycans measured after digestion with a2-3,6,8-sialidase,
a.1-4 galactosidase and §-N-acetylglucosaminidase. Healthy
control sera contains between 15 and 17% of these glycans,
while sera of HCV infected patients with hepatocellular car-
cinoma contained more than 19% of these glycans. The cor-
relation was also observed between the stage of the disease
and the percentage of core fucosylated glycans measured
after digestion with 0.2-3,6,8-sialidase, 1'-4 galactosidase and
[-N-acetylglucosaminidase. HCV infected patients in mod-
erate stage of hepatocellular carcinoma had the percentage of
core fucosylated glycans measured after digestion with a2-3,
6,8-sialidase, p1-4 galactosidase and f-N-acetylglu-
cosaminidase of 20-22%, while patients in severe stages of
disease, such as severe fibrosis/cirrhosis, had this glycan
marker above 25% on average.

Conclusion: a glycosylation marker of hepatocellular car-
cinoma in HCV patients was identified by comparing glyco-
sylation profiles of glycans released from whole serum of
HCV patients with hepatocellular carcinoma and of glycans
released from whole serum of healthy controls. The glycosy-
lation marker of hepatocellular carcinoma in HCV patients is
the percentage of core fucosylated glycans measured after
digestion with a2-3,6,8-sialidase, p1-4 galactosidase and
[-N-acetylglucosaminidase. The marker correlates with the
disease diagnosis and the disease severity. Digestion of gly-
cans with exoglycosidases amplifies/segregates the glycosy-
lation marker of hepatocellular carcinoma in HCV patients.

Example 5
Ovarian Cancer
Ovarian cancer is the fourth leading cause of cancer related

deaths in women in USA and the leading cause of gyneco-
logic cancer death. Ovarian cancer is characterized by few
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early symptoms, presentation at an advanced stage, and poor
survival. Despite being one tenth as common as breast cancer,
ovarian cancer is three times more lethal. It is estimated that
in 2005 22,220 women will be newly diagnosed with ovarian
cancer, and 16,210 will die from the disease, see Jemal, A.,
Murray, T., Ward, E., Samuels, A., Tiwari, R., Ghafoor, A.,
Feuer E. L. & Thun, M. J. (2005) CA Cancer J. Clin. 55,
10-30, incorporated hereby by reference in its entirety. The
high mortality rate is due to the difficulties with the early
detection of ovarian cancer. Indeed, ~80% of patients are
diagnosed currently with advanced staged disease.

As other types of cancer, ovarian cancer is classified based
on how far the cancer has progressed. A number of scales
exist, but the TNM (tumor, lymph node, and metastases) scale
is a standard scale commonly referred to in the medical lit-
erature. At T1 stage, cancer is confined to the ovaries—one or
both. At T2 stage, cancer is in one or both ovaries and is
extending into pelvic tissues and/or has also spread to the
surface of the pelvic lining. At T3 stage, cancer is in one or
both ovaries and has spread to the abdominal lining outside
the pelvis. N categories indicate whether or not the cancer has
spread to regional (nearby) lymph nodes and, if so, how many
lymph nodes are involved. For ovarian cancer, NO stage
means no lymph node involvement and N1 stage means that
cancer cells found in regional lymph nodes close to tumor. M
categories indicate whether or not the cancer has spread to
distant organs, such as the liver, lungs, or non-regional lymph
nodes. For ovarian cancer, MO stage means no distant spread
is observed and M1 means that distant spread is present.
Ovarian cancer is also often stages of disease from stage I (the
least advanced) to stage IV (the most advanced stage). More
details of grading ovarian and other cancers can be found, for
example, at the American Cancer Society website.

Serum biomarkers that are elevated in women with ovarian
cancer include carcinoembrionic antigen, ovarian cystadeno-
carcinoma antigen, lipid-associated sialic acid, NB/70, TAG
72.3, CA-15.3 and CA-125, see e.g. G. Mor et al., PNAS, v.
102, pp. 7677-7682, 2005. CA 125 is elevated in 82% of
women with advanced ovarian cancer, however, it has a low
predictive value for early stages of cancer, see Kozak et. al.
PNAS, v. 100, pp. 12343-12348, 2003.

Analysis of Glycans Released from Whole sera of Ovarian
cancer patients and corresponding healthy controls. In this
study, glycosylation profiles of glycans released from whole
serum of healthy control and ovarian cancer patient were
compared to detect a potential glycosylation marker differ-
entiating the two groups. Samples of tumor serum were
obtained from a patient with advanced malignant tumor. The
healthy control serum was obtained from pooled blood bank
serum. Preparation of glycans for analysis and experimental
details of the analysis are the same as in the Example 1.

Resulting glycosylation profiles are presented on FIG.
8(A)-(C). In particular, FIG. 8(A) demonstrates the glycosy-
lation profiles of undigested glycans, F1G. 8(B) demonstrates
the glycosylation profiles of glycans digested with sialidase,
B1-3,4,6 galactosidase and a1-2 link specific fucosidase,
while FIG. 8(C) demonstrates the glycosylation profiles of
glycans further digested with sialidase, 31-4 galactosidase (in
place of p1-3,4,6 galactosidase) and a1-3/4 link specific
fucosidase. For undigested glycans, a difference between gly-
cosylation profiles from ovarian cancer sample and from
healthy control sample was observed in the region of ~9.5 to
~11 GU (FIG. 8(A)). In particular, a strong peak was observed
~10.5 GU in the ovarian cancer patient which was weaker in
the control sample. Upon digestion with sialidase, $1-3,4,6
galactosidase and c.1-2 link specific fucosidase, the ~10.5 GU
peak shifted to ~7.5 GU (FIG. 8(B)). The 7.5 GU peak has a
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higher percentage (~11.8%)in the ovarian cancer sample than
in the control sample. The peak at GU 7.5 is then completely
digested by the combination of sialidase, p1-4 galactosidase
(in place of $1-3,4,6 galactosidase) and a1-3/4 link specific
fucosidase in the patient samples indicating the presence of
outer arm a1-3 fucose (i.e. Lewis x epitope) (FIG. 8§(C)).

Conclusion: a glycosylation marker of ovarian cancer was
identified by comparing glycosylation profiles of glycans
released from whole serum of ovarian cancer patient and of
glycans released from whole serum of a healthy control.
Digestion with exoglycosidases amplifies/segregates the gly-
cosylation marker of ovarian cancer.

Glycosylation Analysis from Whole Serum 2D Gel Spots
Whole serum (80 pg) of control and ovarian cancer patient
were subjected to 2D gel electrophoresis according to the
procedure described in details the example 3 of the applica-
tion “AUTOMATED STRATEGY FOR IDENTIFYING
PHYSIOLOGICAL MARKER(S)” to Dwek et. al. filed on
the same day with the present application and incorporated
herein by reference in its entirety. FIG. 9 shows 2D gel elec-
trophoresis of serum highlighting the train of haptoglobin
[-chain spots which were excised for glycosylation analysis.
Since less than 2 pg of haptoglobin in total were loaded in the
gels, each spot in the train contains less than 400 ng of protein.
FIG. 10 shows NP-HPLC glycosylation profiles obtained
from spots 24-27 of haptoglobin f chain train for control and
ovarian cancer samples. The ratio of A3G3S3F to A3G3S3 is
higher in the ovarian cancer haptoglobin f-chain spots, pat-
ticularly for spot 24, compared to respective control spots.

Example 6

Cancer Glycosylation Marker Determined by Weak
Ton Exchange Chromatography

2AB labelled glycans from a pooled control, prostate can-
cer, pancreatic cancer, ovarian cancer, uveal melanoma and
breast cancer samples were also separated by weak anion
exchange (WAX) HPLC into fractions dependent on the num-
ber of sialic acids present on the glycans (as described in
Guile, G. R., Wong, S.Y. and Dwek, R. A. (1994). “Analytical
and preparative separation of anionic oligosaccharides by
weak anion-exchange high-performance liquid chromatogra-
phy on an inert polymer column.” Aralytical Biochemistry
222:231-5). These fractions were then run on NP HPLC. FIG.
11 shows the NP HPLC glycosylation profiles of the tri-
sialylated fraction of glycans. The data in FIG. 11 demon-
strate that the ratio of outer-arm-fucoslylated trisialylated
triantennary glycan (A3G3S3F) to trisialylated triantennary
glycan (A3G3S3) is higher in all the cancer samples com-
pared to the pooled control, thus indicating the trend in a
range of cancers for the fucosylated tri-antennary trisialylated
glycan to be increased.

Although the foregoing refers to particular preferred
embodiments, it will be understood that the present invention
is not so limited. It will occur to those of ordinary skill in the
art that various modifications may be made to the disclosed
embodiments and that such modifications are intended to be
within the scope of the present invention.

All of the publications, patent applications and patents
cited in this specification are incorporated herein by reference
in their entirety.

Additional Embodiments

1. A method of determining one or more glycosylation
markers of cancer comprising
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obtaining a diseased sample and a control sample, wherein
the diseased sample is a sample from a subject diag-
nosed with cancer and the control sample is a sample
from healthy control;

releasing a diseased glycan pool of total glycoproteins

from the diseased sample and a control glycan pool of
total glycoproteins from the control sample without
purifying the glycoproteins and without exposing the
diseased sample and the control sample to hydrazinoly-
sis;

measuring a diseased glycoprofile of the diseased glycan

pool and a control glycoprofile of the control glycan
pool using chromatography, mass spectrometry or a
combination thereof;

comparing the diseased glycoprofile and the control gly-

coprofiles to determine said one or more glycosylation
markers of cancer.

2. The method of embodiment 1, wherein comparing the
diseased glycoprofile and the control glycoprofile comprises
comparing peak ratios in the diseased glycoprofile and in the
control glycoprofile.

3. The method of embodiment 1, further comprising select-
ing a best glycosylation marker out of said one or more
glycosylation markers of cancer, wherein the best glycosyla-
tion marker has a highest correlation with one or more param-
eters of the subject diagnosed with cancer.

4. The method of embodiment 3, wherein the parameters of
the subject diagnosed with cancer are diagnosis, disease
stage, disease severity, age, sex, medical history, response to
therapy or a combination thereof.

5. The method of embodiment 3, wherein the parameter is
diagnosis.

6. The method of embodiment 1, wherein the cancer is
pancreatic cancer, prostate cancer, breast cancer, hepatocel-
lular carcinoma, ovarian cancer, bladder cancer, renal cancer,
colon cancer, stomach cancer or lung cancer.

7. The method of embodiment 1, wherein said cancer is
pancreatic cancet.

8. The method of embodiment 1, wherein said cancer is
prostate cancer.

9. The method of embodiment 1, wherein said cancer is
breast cancer.

10. The method of embodiment 1, wherein said cancer is
hepatocellular carcinoma.

11. The method of embodiment 1, wherein said cancer is
ovarian cancer.

12. The method of embodiment 1, further comprising
amplifying and segregating the glycosylation marker by
digesting the diseased glycan pool and the control glycan
pool with one or more exoglycosidases.

13. The method of embodiment 1, further comprising
amplifying and segregating the glycosylation marker by
sequential digesting the diseased glycan pool and the control
glycan pool with one or more exoglycosidases.

14. The method of embodiment 1, further comprising
amplifying and segregating the glycosylation marker by
digesting the diseased glycan pool and the control glycan
pool with an array comprising one or more exoglycosidases.

15. The method of embodiment 1, wherein the diseased
glycan pool and the control glycan pool are pools of N-linked
glycans.

16. The method of embodiment 15, wherein said releasing
is releasing of N-glycans from a gel.

17. The method of embodiment 1, wherein the diseased
glycan pool and the control glycan pool are pools of O-linked
glycans.
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18. The method of embodiment 1, wherein said releasing
comptises attaching glycoproteins to polyvinyldene fluoride
membranes.

19. The method of embodiment 18, wherein said releasing
is releasing by ammonia-based f-elimination from the poly-
vinyldene fluoride membranes.

20. The method of embodiment 1, further comprising
labeling glycans in the diseased glycan pool and the control
glycan pool with a radioactive or fluorescent label.

21. The method of embodiment 20, wherein the fluorescent
label is 2-aminopyridine, 2-aminobenzamide, 2-aminoan-
thranilic acid, 2-aminoacridone or 8-aminonaphthalene-1,3,
6-trisulfonic acid.

22. The method of embodiment 20, wherein the fluorescent
label is 2-aminobenzamide.

23. The method of embodiment 1, wherein the diseased
sample and the control sample are samples of a body fluid.

24. The method of embodiment 23, wherein the body fluid
is whole serum, blood plasma, urine, seminal fluid or saliva.

25. The method of embodiment 23, wherein the body fluid
is whole serum.

26. A method for diagnosing and monitoring cancer in a
subject comprising

obtaining a sample of body fluid or a body tissue of the

subject;

releasing a glycan pool of total glycoproteins from the

sample without purifying the glycoproteins;

measuring a glycoprofile of the glycan pool.

27. The method of embodiment 26, further comprising
determining a clinical status of the subject from a level of a
glycosylation marker of cancer in the glycoprofile.

28. The method of embodiment 27, whetein the clinical
status is a stage of cancer.

29. The method of embodiment 27, whetein the clinical
status s selected from the group consisting of cancer, precan-
cerous condition, a benign condition or no condition.

30. The method of embodiment 26, wherein cancer is pan-
creatic cancer, prostate cancer, breast cancer, hepatocellular
carcinoma, ovary cancer, bladder cancer, renal cancer, colon
cancer, stomach cancer or lung cancer.

31. The method of embodiment 26, wherein cancer is hepa-
tocellular carcinoma.

32. The method of embodiment 31, wherein the glycosy-
lation marker is a percentage of core fucosylated glycans
measured after digestion with 0.2-3,6,8-sialidase, f1-4 galac-
tosidase and B-N-acetylglucosaminidase in the glycans.

33. The method of embodiment 26, wherein cancer is pros-
tate cancer.

34. The method of embodiment 26, wherein cancer is
breast cancer.

35. The method of embodiment 26, wherein cancer is ova-
rian cancer.

36. The method of embodiment 26, wherein cancer is pan-
creatic cancer.

37. The method of embodiment 26, wherein the body fluid
is whole serum, blood plasma, urine, seminal fluid or saliva.

38. The method of embodiment 26, wherein the body fluid
is serum.

39. The method of embodiment 26, wherein releasing a
glycan pool comprises preparing a gel from the sample.

40. The method of embodiment 39, wherein the glycan
pool is a pool of N-glycans and releasing a glycan pool further
comprises releasing the pool of N-glycans from the gel using
PNGase F enzyme.

41. The method of embodiment 26, wherein releasing the
glycan pool comprises attaching the total glycoproteins to
polyvinyldene fluoride membranes.
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42. The method of embodiment 41, wherein the glycan
pool is a pool of N-glycans and releasing the glycan pool
further comprises incubating the polyvinyldene fluoride
membranes with PNGaseF enzyme.

43. The method of embodiment 41, wherein releasing the
glycan pool further comprises chemically releasing the gly-
can pool by f-elimination

44. The method of embodiment 41, wherein releasing the
glycan pool further comprises releasing the glycan pool by
ammonia-based f-elimination.

45. The method of embodiment 26, further comprising
digesting the glycans with one or more exoglycosidase.

46. The method of embodiment 26, further comprising
sequential digesting the glycans with one or more exoglycosi-
dase.

47. The method of embodiment 26, further comprising
digesting the glycans with an array comprising more than one
exoglycosidase.

48. The method of embodiment 26, wherein measuring the
glycoprofile is carried out by chromatography, mass spec-
trometry or a combination thereof.

49. A method for optimizing a dosage of a existing thera-
peutic agent against cancer comprising

obtaining a first sample of a body fluid or a body tissue

from a cancer patient before administering the therapeu-
tic agent to the patient;

obtaining a second sample of a body fluid or a body tissue

from the cancer patient after administering the therapeu-
tic agent to the patient;

releasing glycans of glycoproteins from the first and the

second samples without purifying the glycoproteins and
without exposing the first and the second sample to
hydrazinolysis;

measuring a first glycoprofile of the glycans from the first

sample and a second glycoprofile of the glycans from the
second sample;

comparing a level of a glycosylation marker of the cancer

in the first glycoprofile and the second glycoprofile.

50. A method of testing a new therapy or a new therapeutic
agent for treating cancer comprising

obtaining a first sample of a body fluid or a body tissue

from a cancer patient before exposing the patient to the
new therapy or the new therapeutic agent;

obtaining a second sample of a body fluid or a body tissue

from the cancer patient after exposing the patient to the
new therapy or the new therapeutic agent;

releasing glycans of glycoproteins from the first and the

second samples without purifying the glycoproteins and
without exposing the first and the second samples to
hydrazinolysis;

measuring a first glycoprofile of the glycans from the first

sample and a second glycoprofile of the glycans from the
second sample;

comparing a level of a glycosylation marker of the cancer

in the first glycoprofile and the second glycoprofile.

51. A database comprising

glycan structures of glycans of glycoproteins, wherein the

glycans are released from a sample of a body fluid or a
body tissue of a subject diagnosed with cancer and
wherein releasing the glycans is carried out without
purifying the glycoproteins.

52. The database of embodiment 49, wherein the glycans
are N-glycans.

53. The database of embodiment 49, wherein the glycans
are O-glycans.
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What is claimed is:

1. A method of identifying and/or quantifying one or more
glycosylation markers of a cancer, comprising

(A) obtaining a glycoprotein-containing sample from a
subject diagnosed with the cancer, wherein the glyco-
protein-containing sample contains plural types of gly-
coproteins;

(B) immobilizing total glycoproteins of the sample from
the subject on a protein binding membrane or in a gel
without having isolated or purified specific glycopro-
teins of the sample;

(C) releasing glycans of the total immobilized glycopro-
teins on the protein binding membrane or in the gel
without the gel having been separated into a plurality of
bands prior to said releasing;

(D) washing the protein binding membrane or the gel to
separate the released glycans from parent proteins
immobilized on the protein binding membrane or in the
gel;

(E) measuring a glycosylation profile of the released gly-
cans; and

(F) comparing the glycosylation profile with a control pro-
file to determine the one or more glycosylation markers
of the cancer.

2. The method of claim 1, wherein the subject is a human.

3. The method of claim 1, wherein the sample is a sample
of a body fluid of the subject.

4. The method of claim 3, wherein the body fluid is whole
serum, blood plasma, urine, seminal fluid, seminal plasma,
pleural fluid, ascites, nipple aspirate, feces or saliva.

5. The method of claim 4, wherein the body fluid is whole
serum.

6. The method of claim 1, wherein the cancer is pancreatic
cancer, prostate cancet, breast cancer, hepatocellular carci-
noma, ovarian cancer, bladder cancer, renal cancer, colon
cancer, stomach cancer, lung cancer or uveal melanoma.

7. The method of claim 1, further comprising digesting the
glycans with one or more exoglycosidases to amplify and/or
segregate the one or more glycosylation markers.

8. The method of claim 7, wherein said digesting is sequen-
tial digesting.

9. The method of claim 7, wherein said digesting is digest-
ing with an array comprising one or more exoglycosidases.

10. The method of claim 7, further comprising making
preliminary and/or final assignments of the structures of the
glycans using a database.

11. The method of claim 7, wherein the glycosylation
marker comprises one or more digested glycans.

12. The method of claim 1, wherein the released glycans
are N-linked glycans.

13. The method of claim 1, wherein said comparing com-
prises selecting a best glycosylation marker out of the one or
more glycosylation markers, wherein the best glycosylation
marker has a highest correlation with one or more parameters
of the subject.

14. The method of claim 1, further comprising labeling the
released glycans with a fluorescent label prior to measuring.

15. The method of claim 14, wherein the fluorescent label
is 2-aminobenzamide.

16. A method of diagnosing breast cancer, comprising

(A) obtaining a glycoprotein-containing sample from a
subject in need thereof;

(B) releasing N-linked glycans of the glycoproteins;

(C) measuring an amount of released A3GF1 glycans;

(D) comparing the amount of released A3G1F glycan with
an amount of A3G1F glycan in a control sample from a
control subject that does not have breast cancer; and
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(E) determining a clinical status of the subject, wherein a
higher level of the A3G1F glycan in the sample of the
subject than in the control sample indicates that the
subject has breast cancer.

17. The method of claim 16, wherein the amount of A3G1F
glycan is an amount of A3GI1F glycan measured after diges-
tion of the released glycans with an array comprising siali-
dase and f galactosidase.

18. The method of claim 16, further comprising measuring
a ratio of an amount of A3G3S3F glycan to an amount of
A3G3S3 glycan.

19. The method of claim 1, wherein the glycosylation
profile of the glycans is measured using a quantitative ana-
Iytical technique selected from at least one of chromatogra-
phy, mass spectrometry and electrophoresis.

20. The method ofclaim 16, wherein the sampleis a sample
of a body fluid or a body tissue of the subject.

21. The method of claim 20, wherein the sampleis a sample
of whole serum of the subject.

22. The method of claim 1, wherein the sample is a sample
of a body fluid or a body tissue of the subject.

23. The method of claim 1, wherein the released glycans
are O-linked glycans.

24. The method of claim 16, further comprising immobi-
lizing total glycoproteins of the sample from the subject on a
protein binding membrane or in a gel prior to said releasing.

25. A method of monitoring breast cancer. comprising

(A) obtaining a glycoprotein-containing sample from a
subject in need thereof, wherein the sample is a second
sample of the subject;

(B) releasing N-linked glycans of the glycoproteins;

(C) measuring an amount of released glycans;

(D) comparing the amount of released A3G1F glycan with
an amount of A3G1F glycan in a first sample from the
subject obtained at an earlier time than said second
sample; and

(B) determining a clinical status of the subject wherein a
higher level of the A3G1F glycan in the second sample
than in the first sample indicates that the breast cancer
has progressed in the subject since the first sample was
obtained.

26. The method of claim 16, wherein the subject is human.

27. The method of claim 25, wherein the first and second
samples are samples of whole serum of the subject.

28. The method of claim 25, further comprising immobi-
lizing total glycoproteins of the sample from the subject on a
protein binding membrane or in a gel prior to said releasing.

29. The method of claim 25, wherein the amount of A3G1F
glycan is an amount of A3GI1F glycan measured after diges-
tion of the released glycans with an array comprising siali-
dase and f galactosidase.

30. The method of claim 24, wherein the immobilizing is
immobilizing the total glycoproteins of the sample from the
subject in a gel without the gel having been separated into a
plurality of bands prior to said releasing.

31. The method of claim 28, wherein the immobilizing is
immobilizing the total glycoproteins of the sample from the
subject in a gel without the gel having been separated into a
plurality of bands prior to said releasing.

32. A method of diagnosing breast cancer, comprising

(A) obtaining a glycoprotein-containing sample from a
subject in need thereof;

(B) measuring an amount of a glycoprotein glycoform
carrying A3GI1F glycan in the sample;

(C) comparing the amount of the glycoprotein glycoform
carrying A3G1F glycan with an amount of the glycopro-
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tein glycoform carrying A3G1F glycan in a control
sample from a control subject that does not have breast
cancer; and

(D) determining a clinical status of the subject, wherein a
higher level of the glycoprotein glycoform carrying
A3GTF glycan in the sample of the subject than in the
control sample indicates that the subject has breast can-
cer.

33. A method of monitoring breast cancer, comprising

(A) obtaining a glycoprotein-containing sample from a
subject in need thereof, wherein the sample is a second
sample of the subject;

10
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(B) measuring an amount of a glycoprotein glycoform
carrying A3GI1F glycan in the sample;

(C) comparing the amount of the glycoprotein glycoform
carrying A3G1F glycan with an amount of the glycopro-
tein glycoform carrying A3G1F glycan in a first sample
from the subject obtained at an earlier time than said
second sample; and

(D) determining a clinical status of the subject wherein a
higher level of the glycoprotein glycoform carrying
A3GIF glycan in the second sample than in the first
sample indicates that the breast cancer has progressed in
the subject since the first sample was obtained.
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