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EP 2 161 571 B1
Description
TECHNICAL FIELD

[0001] The present inventicn relates to a novel method for discriminating between prostate carcinema and benign
prostatic hyperplasia. More specifically, the present invention relates to a novel method for discriminating between
prostate carcinoma and benign prostatic hyperplasia based on the difference in glycan structure of prostate specific
antigen (PSA).

BACKGROUND ART

[0002] Prostate carcinoma (hereinafter, referred to as "FC") is one of the major causes of death in males. Prestate
specific antigen (hereinafter, referred to as "PSA") has been recognized as the most important tumer marker for PC {for
example, refer to Nen-patent Document 1). PSA is a glycoprotein having a molecular weight of approximately 30 kDa
consisting of a protein portion consisting of 237 amino acid residues having a molecular weight of approximately 26 kDa,
and a glycan portion linked to the amino acid residues (such as Asn#3) of the protein portion, or a derivative or analog
thereof. The glycan portion represents approximately 8% of the molecular weight of PSA. Many documents have already
described the usability of serum PSA test for the initial diagnosis of PC. However, there is a region between males
affected with benign prostatic hyperplesia (hereinafter, referred to as "BPH") and males affected with PC, which is Known
as a gray zone, where it cannot discriminate between PC and BPH (for example, refer to Non-patent Document 2). Te
solve the issue, several attempts have been made (such as discrimination based on PSA density, PSA gradient (annual
increase rate) and the ratio of free PSA/total PSA). However, there is a significant overlap between the two lesions.
[0003] Recently, it has been reported that, in a study using the serial lectin affinity chromategraphy method using
concanavalin A, phytohaemagglutinin E4 {PHA-E4) and PHA-L4, the structures of the glycans linked to asparagine (N)
of PSA differ between the PC tissue and the BPH tissue (refer to Non-patent Document 3). The repcrt describes that
the N-linked glycan in PSA is altered during the process of oncogenesis in the human prostate, and the N-linked glycan
in PSA may serve as a diagnostic tocl for PC.

[0004] As metheds for detecting the PSA structure, several immunological appreaches using binding molecules which
bind to a PSA glycan have beesn proposed. For example, a method for discriminating between PC and BPH has been
repotted, wherein the method brings PSA into contact with lectin, and measures PSA classified based on the affinity of
PSA glycans to lectins (refer to Patent Document 1). Inthe reper, it is described that the difference in the affinity of PSA
glycans to lectin (Maackia amurensis lectin etc.) is based on the conformation of sialic acid at the glycan terminal.
However, the spacific structure of PSA glycan in subjects suffering from PC ¢r BPH has not baen determined. Moreovaer,
difference In fucose modification to PSA glycan Is yet to be found between PC and BPH.

[0005] Morecver, there is raported a method for detecting PC based on whether at least a triantennary glycan Is
present in PSA (refer to Patent Document 2). In the method, a binding molecule which binds to at least triantennary
glycans, but not to moneantennary and biantennary glycans is used. The binding molecules which can be used include
lectin (such as PHA-L) and antibodies.

[0008] As another approach, several reports have been made focusing on fucose in a PSA glycan. For example, a
method has been proposed for measuring the fucose centent in a PSA glycan, and diaghosing PC when the content Is
abnormally increased (refer to Patent Document 3).

[0007] Alternatively, a method has been proposed for evaluating the clinical condition of a subject by determining the
glycan profile of the glycans in atarget glycoprotein including PSA (refer to Patent Document 4). The document describes
that, in an analysis using the MALDI-MS method, the PSA glycan in subjects suffering from PC has a different fucosylated
structure from that of the normal PSA glycan. However, it doaes nect describe the specific structure of PSA glycan in the
subjects suffering from PC.

[0008] Moreover, there has been made a report focusing on the content of fucose-bound glycan and fucose-unbound
glycan in PSA {refer to Non-patent Document 4). Inthe repoet, they analyzed the structures of PSA glycans only in cne
subject having a significantly high serum PSA concentration (1.8 pg/mL) by HPLC, and it describes that the ratio of the
content of fucose-unkound glycan to fucese-bound glycan was 5.25 (84/16). Onthe other hand, there has been reported
an analysis of glycopeptides prepared from serum PSA of two subjects suffering from PC having a further high serum
PSA concentration (10 pg/mL or more) by MALDI-QIT-TOF MS (refer to Non-patent Document 11). The study discloses
that the content of fucese-bound glycan is 100% and 64% respectively, and that the fucose-bound glycans are more
abundant compared with the fucose-unbound glycans.

[0009] However, the structures of PSA glycans in subjects suffering from BPH is yet to be revealed, and discrimination
between BPH and PC based on the specific structures of PSA glycans has not been performed.

[0010]
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DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0011] Therefore, the problemto be solved by the present invention is to provide a method for accurately diseriminating
between BPH and PC based on glycan structures of PSA by determining the specific structure of PSA glycan in a subject
suffering from BPH or PC.

MEANS FOR SOLVING THE PROBLEMS

[0012] The method for discriminating betwesn PC and BPH according to the pressent invention comprises the steps
of: (1) purifying PSA from a sample derived from a subject; (2) preparing a PSA derivative from the PSA purified In Step
{1); (3) labeling the PSA derivative obtained in Step (2); and (4) analyzing the labeled PSA derivative obtained in Step
{3) by the mass spectrometry method, wherein the subject is identified as having prostate carcinema when the ratio of
the signal intensity of fucese-unbound glycan to the signal intensity of fucose-bound glycan in the labeled PSA derivative
Is greater than 1.0, and identifled as having benign prostatic hyperplasia when the ratio 1s 1.0 or less. In the method,
the PSA derivative prapared In Step (2) may be a glycan or glycopeptide derived from PSA.

ADVANTAGES OF THE INVENTION

[0013] Bytakingthe above steps, PC and BPH can be discriminated with high accuracy even in subjects having almost
the same level of PSA concentration in sera by measuring the signal intensity ratio R of fucose-unbound glycan/fucose-
bound glycan in the PSA glycans. Moraover, in beth PC and BPH, the signal intensity ratio R of fucose-unbound glycan/
fucose-bound glycan has no correlation with serum PSA concentration, and R ig greaterthan 1.0in PCand Ris 1.0 or
less in BPH.

[0014] Therefore, for subjects who have shown a high PSA level (4 ng/mL or morg) in the method measuring PSA
concentration In serum, which 1s frequently used In the current PC screening, and undergone a painful second test, a
needle biopsy, unnecessary tests can be avoided by applying the present invention. Moreover, it is known that PSA
concentration in serum increases with age. Therefore, in particular, discriminating between PC and BPH by the method
of the present invention with high accuracy not only contributes to medicine but also exerts a favorable effect on medical
economics in an aging society.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]
[Figure 1] Figure 1 is a diagram showing the negative ion MS spectrum obtained in Example 1;
[Figure 2] Figure 2 is a diagram showing the negative ion MSZ spectrum obtained in Example 1, wherein the peak

Pop of miz = 2077 was used as the precursor ion;
[Figure 3] Figure 3 is a diagram showing the negative ion MS2 spectrum obtained in Example 1, wherein the peak
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Pog of miz = 1931 was used as the precursor ion;

[Figure 4] Figure 4 is a diagram showing the negative icn M3 spectrum obtained in Example 15;

[Figure 5] Figure 5 is a diagram showing the positive ion MS spectrum obtained in Example 17;

[Figure 6] Figure & is a diagram showing the positive ion MS spectrum obtained in Example 20;

[Figure 7A] Figure 7A is a diagram showing the positive ion MS spectrum of the glycopeptide detived from PSA
obtained in Example 21;

[Figure 7B] Figure 7B is a diagram showing the positive ion MS spectrum of the glycopeptide derived from PSA-
ACT complex obtained in Example 21; and

[Figure 8] Figure 8 is a diagram showing the positive ion M3 spectrum obtained in Example 22.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] The method for discriminating between PC and BPH according te the present invention comprises the steps
of: (1) purifying PSA from a sample derived from a subject; (2) preparing a PSA derivative from the PSA purified in Step
{1); (3) labeling the PSA derivative obtained in Step (2); and (4) analyzing the labeled PSA derivative obtained in Step
{3) by the mass spectrometry method, wherein the subject is identified as having prostate carcinecma when the ratio of
the signal intensity of fucoge-unbeound glycan to the signal intensity of fucose-bound glycan in the labeled PSA derivative
is greater than 1.0, and identified as having benign prostatic hyperplasia when the ratio is 1.0 or less.

[0017] In Step (1), PSA s purified from a sample derived from a subject. The sample derived from a subject used in
Step (1) include body fluid such as blood {including serum and plasmay}, urine and semen (seminal plasma) and prestate
cells. Preferably, the sample is serum. Step {1) can be performed by any of methods known in the art.

[0018] For example, when serum derived from a subject is used as a sample in Step (1), PSA purification can be
perfermed by uging the immunoprecipitation method by means of magnetic beads (refer to Non-patent Document 5).
For example, (&) antibody magnetic beads are prepared by binding & biotinylated digoxigenin antibody to streptavidin-
coated magnetic beads, (b) the digoxigenin-labeled PSA antibody is added to the antibody magnetic beads, and incu-
bation is performed, and {(c¢) serum derived from a subject is added, and immunoprecipitation is performed. Then,
digoxigenin-lysine hydrochloride is added to elute the compeunds bound to the precipitated antibody magnetic beads
and, subsequently, PSA is separated by using the sodium dodecylsulfate-polyacrylamide gel electrophoresis method
{SDS-PAGE) to obtain peptides derived from PSA. According to the above described document, in order to perform an
analysis of the obtained peptides derived from PSA by the MALDI-MS method, approximately 7.6 p.¢g of PSA was required
in the sample derived from the subject.

[0019] Alternatively, whan serum derived from a subject is used as a sample in Step (1), a method which combines
several kinds of affinity chrematography can be used. For example, on serum derived from a subject, affinity chroma-
tography based on sulfurphilic adsorption (Fractogel (registerad trademark) EMD TA), affinity chromatography (Cibacron
Blue 3GA), affinity chromatography (Protein A Sepharose CL-4B) and affinity chromatography (HiTrap heparin column
HPLC) are performed (refer to Non-patent Document 4. The obtained eluate is processed with ethanclamine to obtain
free PSA. The free PSA is treated by the above described immuneprecipitation methed to obtain a PSA derivative.
According tothe above described document, inorder to parform ananalysis of the obtained PSA detivative, approximately
83 pg of PSA was required In the sample derived from the subject.

[0020] Furthermore, when serum derived from a subject 1s used as a sample In Step (1), PSA purification can be
performed by using affinity chromatograghy based on sulfurphilic adsorption in & single step (refer to Non-patent Doc-
ument 8). For example, PSA, which is derived from human semen, serum of a patient with prostate carcinoma and a
supernatant of culture medium of prostate carcinoma cells (LNCaP), is purified by chromatography using 38, T-gel slurry
{Fractogel (registered trademark) EMD TA), and one can identify its free form or complex state with o.1-antichymotrypsin
{ACT) and the like by using the Western blot method. Alternatively, when semen derived from a subject Iis used as a
sample, PSA can be purified by combining affinity chromatography based on sulfurphilic adsorption and gel filtration
{referto Nen-patent Document 7). Forexample, cne can combine affinity chromatography based on sulfurphilic adsorption
{Fractogel (registered trademark) TA 650 (S)) and gel filtration (Ultrogel AcA-54). By the combined methed, free PSA
could be collected at 72% yield.

[0021] Alternatively, when semen derived from a subject is used as a sample in Step (1), PSA purification can be
perfermed by the following method (refer to Non-patent Document 8 and Non-patent Document 8). For example, PSA
can be purified by sequentially performing precipitation by addition of ammonium sulfate, hydrophobic interaction chro-
mategraphy (Phenyl-Sepharose-HP columny), gel filtration (Sephacryl $-200 column) and anion exchange chromatog-
raphy {(Resourse Q column). In the method, it has been reported that the final recovery rate of PSA was 30.1% when
33.9 mg of PSA was included in the sample.

[0022] Furthermore, when androgen-dependent LNCaP derived from the subject is used as asample in Step (1), PSA
can be purified by a method which combines ultra filtration and various kinds of chromatography (refer to Non-patent
Document 10). For example, PSA can be purified by sequentially performing ultra filtration of culture medium containing
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LNCaP cultured by an appropriate methed (5 kDa cut-off polysulfone membrane (Millipore Ceorp.)), affinity chromatog-
raphy (Cibacron Blue 3GA), gelfiltration (Biogel P80), affinity chromatography (Cibacron Blue 3GA) and reversed phase
chromatography {using 214TP-RP C4, HPLC).

[0023] Next, a PSAderivative is prepared from the purified PSA in Step (2). In the present invention, a"PSA derivative"
refers to a glycan and glycopeptide separated frem PSA. For example, PSA can be treated with an endoprotease (such
asthermolysin, endoproteinase Arg-C, endoproteinase Lys-C, trypsin, chymotrypsin, pepsin, preline-specific endopepti-
dase, protease V8, proteinase K, aminopeptidase M and carboxypeptidase B) or peptide bond cleaving agents to form
a glycopeptide, and the glycopeptide can be used in Step (3).

[0024] In ancther method, PSA can be enzymically treated to form free glycans. Alternatively, the above described
glycopeptides derived from PSA can be enzymically treated to form free glycans. The glycans obtained in the above
method can be used in Step (3). In the enzymatic treatment, for example, peptide N-glycanase (PNGase F and PNGase
A), endaoglycosidase (EndoH and EndoF) and/or one or more proteases (such as trypsin and endoproteinase Lys-C)
can be used. Alternatively, PSA or the glycepeptides derived from PSA can be treated by chemical means (such as
degradation by anhydrous hydrazine and reductive or non-reductive -elimination) to form free glycans. The glycans
obtained in the above method can be used in the following Step (3). Moreover, it is possible to use glycans and glyco-
peptides, in which sialic acid is removed by performing sialidase treatment or acid hydrolysis.

[0025] Mereover, when electrophoresis is performed at the final stage of Step (1) to cut out the PSA band, the bang
cut out can be treated with the above described reactant to perform the digestion in the gel in crder tc generate glyco-
peptides and/or glycans.

[0026] The PSA derivative is labeled in Step {3). As a labeling compound, a compound having a fused polycyclic
hydrecarbon portion such as naphthalene, anthracene and pyrene, a reactive functional group which can bind to the
molecule to be analyzed, and an optional spacer pertion linking the fused polycyclic hydrecarbon portion and the reactive
functional group can be uged. The fused polycyclic hydrocarbon portion is preferably pyrene. The reactive functicnal
group has reactivity with the carboxy group of sialic acid orthe reducing terminal of saccharide, and includes, for example,
diazomethyl group, amine group and hydrazide group. The spacar pertion includes, for example, the linear or brancheg
alkylene group. The labeling compounds which can be used in the present invention include 1-pyrenyl diazomethane
(PDAM), 1-pyrenebutanocic acid hydrazide (PBH), 1-pyreneacetic acid hydrazide, 1-pyrenepropionic acid hydrazide,
amincpyrene (including constitutional isomers thereof), 1-pyrenemethylamine, 1-pyreneprepylamine and 1-pyreneb-
utylamine. Tha most preferably used labsling compound is PDAM.

[0027] Step (3) can be performed by mixing the FSA derivative and the labeling cempound, and heating. Heating can
be performed, for example, at a temperature in the range of 40 to 50°C. Optionally, labeling can be performed in the
presence of accelerater such as water soluble carbodiimide or N-hydroxysuccinimide. More preferably, labeling can be
performed by dripping a solution of the PSA derivative on a target plate being used in the MALDI method and lstting it
to dry, and dripping a solution of the labeling compound thereto and heating It to dry.

[0028] The labeled PSA derivative Is analyzed by the mass spectrometry method (MS) in Step (4). The lonization part
which can be usedin MSincludes a matrix-assisted laser desorption ionization (MALDD type apparatus or an electrospray
ionization (ESI) type apparatus. In the present invention, ionization efficiency of the labeled PSA derivative in the MALDI
method Is improved by binding a fused polycyclic hydrocarbeon group such as pyrens, in comparison with an unlabeled
PSA derivative. Moreover, It Is easler to apply the ESI method to the labeled PSA derivative of the present Invention.
This Is because the labeled PSA derivative of the present Invention Is soluble to organic selvents by introducing a fused
polycyclic hydrocarbon group, in comparison with the PSA derivative, which has high hydrophilicity and is hard to ebtain
an organic solution of a sample to be used in the ESI method.

[0029] The separation part which can be used in MS includas any of apparatuses knewn in the art such as time-of-
flight type (TOF type), double-focusing type and quadrupole-focusing type. In particular, it is convenient to use an
apparatus having an lon trap, considering the fact that one petforms an MS" (n22) analysis. A particularly preferred
apparatus is a quadrupole-focusing ien trap-time-of-flight type (QIT-TCOF). Inthe method, any one of linear type, reflectron
type and multi-turn type can be used as a time-of-flight type apparatus.

[0030] Next, inthe obtained M3 spectrum, a palir of peaks P, and P, whose molecular weights differ by 146 Da, which
corrasponds to the prasence or absence of fucose, is chosen. Usad herein, P, represents a peak of a larger molecular
weight, corresponding to fucose-bound glycans, and P, represents a peak of a smaller molecular weight, corresponding
to fucose-unbound glycans. Subsequently, signal intensities of the peaks corresponding to fucose-bound glycans 8(P,)
and fucose-unbound glycans 5(Py,) are measured, and the ratio R = 3(P;)/S(P,) is calculated. When the obtained R is
greater than 1, the subject is identified as affected with PC, and when the obtained R is 1 or less, the subject is identified
as affected with BPH. In the MS spectrum obtained by the present step, plural pairs of peaks whose molecular weights
differ by 146 Da can be chosen to perform the above described discrimination procedure. Alternatively, a pair of peaks
whose molecular weights differ by 146 Da can be chosen among the peaks, in which the labeling compound and/or the
sialic acld residue and the like are eliminated in the mass spectrometer, to perform the above described discrimination
procedure.
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EXAMPLES
{(Example 1)}
{a) Step 1 Isolation of PSA

[0031] First, immuneglobulin in serum was removed. A digpesable plastic column (Pierce Bietechnelogy, Inc.) was
filled with 4 mL of Protein A agarose (Pierce Biotechnolegy, Inc.), and equilibrated by using phosphate buffered saline
{PBS). A mixture of serum of a subject who has been diagnosed with BPH (T-13) and PBS was added to the Protein A
agarcse-filled column, and the column was rinsed with two column velume {CV) of PBS. Afraction containing PSA which
was not bound teo the carrier was collected, and Na,50, was added to a final concentration of 1 M.

[0032] Next, albumin, which is a majer protein in serum, was removed. A disposable plastic column was filled with 1
mL of Fractogel (trademark) EMD TA(S) (Merck KGaA), and equilibrated with 20 mM phosphate buffer (pH 7.4, containing
NapS0,4 (1 M)). The above described fraction containing PSA was added to the Fractogel-filled celumn, and the celumn
was rinsed with 7 CV of the same buffer by using a liquid feed pump. Next, the adsorbed protein was eluted with 20 mM
phosphate buffer {pH 7.4, not containing Na,50,) to obtain a fraction containing PSA.

[0033] Next, PSA was released from the complex of PSA and cy-antichymotrypsin {(FSA-ACT) in serum. An equal
volume of 4 M ethanelamine selution (pH 10.5) was added to the above described fracticn containing PSA to a final
concentration of 2 M ethanolamine. The mixture was then shaken for 14 hours at 25°C for reaction. Subsequently, 2 M
hydrochloric acid was added to the reaction mixture while cooling in an ice bath to neutralize the reaction mixture.
[0034] Next, immuncprecipitation using a PSA antibody was performed. First, a commercially available anti-human
PSA rabbit polyclonal antibody (manufactured by DAKC Inc.) was beound to Dynabeads (registered trademark) Protein
G (Invitregen Corp.). Subsequently, by using dimethyl pimslimidate (DMP, Pierce Biotechnology, Inc.), the antibody ang
the magnetic beads were crosslinked to obtain antibody magnetic beads. The PSA antibody magnetic beads were added
te the above described neutralized reaction mixture, and the mixture was shaken fer 1 hour at 4°C. Subsequently, the
PSA antibody magnetic beads were rinsed three times with PBS containing 0.02% Tween-20 and once with PBS.
Furthermore, 1 M propionic acid was added to the PSA antibody magnetic beads, and the mixture was shaken for 40
minutes at 4°C to elute and collect the protein adsorbed to the PSA antibody magnetic beads. The eluted protein was
dried on a centrifugal concentrator (SpeedVac).

[0035] As a result of analyzing the dried protein by the Enzyme-linked Immunoscrbent assay method (ELISA, Eiken
Chemical Ce., Ltd.) and electrophoresis, it was revealed that approximately 50% of PSA contained in the initial serum
was collected. The above process can be completed within 2 days and, therefore, is a simple and rapid process with
high yield.

[0036] To 0.125 M Tris-HCI buifer (pH 8.8), 10% mercaptosthanol, 4% SDS, 10% sucrose and 0.004% bromophenol
blue wera added to prepare a sample buffer. To 20 pL of the sample buffer, the purified PSA In step 1 was added, and
the mixture was heated to 100°C for 3 minutes and then cooled by leaving it to stand in an ice bath. The obtained sample
was separated by electrophoresis on a 10% polyacrylamide gel. After separation by electrophoresis, the polyacrylamide
gel was gently rinsed with purified water. Subsequently, staining by SYPRO (registered trademark) Ruby (Invitrogen
Corp.) was performed. A gel contalning the stained protein was cut out and transferred te a 1.5 mL tube. The gel cut
out was sequentially rinsed by using purlfled water, an aqueous solution of 50% acetonitrile and acetonitrile, and the
gel was then dried.

[0037] Morecver, separately, when the above described procedure was repeated by using 1 mL of serum having PSA
concentration in the range of 4 to 10 ng/mL, a strong PSA band was observed in Westem blot. From this result, it was
proven that PSA at low concentrations such as this can be efficiently purified by the above described method.

{b) Step 2 Preparation of glycans (a PSA derivative)

[0038] To atube containing the dried gel obtained in Step (a), an agueous selution containing 10 mM dithiothreitol
{DTT) and 25 mM ammonium bicarbenate (pH 8.0) was added. The mixture was shaken for 1 hour at 56°C under light-
shielded conditions to perform a reduction reaction, and the solution in the tube was removed. An agueous solution
containing 55 mM iodoacetamide was added tc the tube, and the mixture was shaken for45 minutes at rcom temperature
under light-shielded conditions to perform an alkylation reaction, and the seclution in the tube was removed. The gel
which was subjected to reduction and alkylation was rinsed with an agqueous solution of 258 mM ammonium bicarbonate
{pH 8.0) and acetonitrile, and the gel was then dried.

[0039] Tothe gel obtained by the above described method, Lysyl Endopeptidase (registered trademark) solution (250
ng, Wako Pure Chemical Indusiries, Ltd. (mass spectrometry grade)) and an aqueous solution of 25 mM ammenium
bicarbonate (pH 8.0) were added, and the mixture was left to stand in ice for 45 minutes to swell the gel. Subsequently,
the reaction mixture was gently agitated for 18 hours at 37°C. After adding an aquecus solution of 75% acetonitrile
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{containing 0.1% triflucroacetic acid), the mixture was shaken for 20 minutes to perform extraction, and the solution was
collected.

[0040] The collected solution was dried en a centrifugal concentrator. To the residue, an aquecus solution of 50 mM
ammonium bicarbonate (pH 8.0) containing 1 p.g of Pefabloc SC (Roche Diagnestics K.K.) was added and, subsequently,
1 unit (1 unit/pL) of peptide N-glycosidase F (SIGMA-ALDRICH Corp.) was added. The mixture was then shaken for 18
hours at 37°C. After shaking, 1 pL of an aqueous solution of 1% triflucroacetic acid was added to the reaction mixture.
By using a C18 chip filled with ectadecyl (C18) silica carrier, guction and ejection of the reaction mixture were repeated.
As a result, the peptides were adsorbed and separated from glycans in the reaction mixture, and a glycan fraction was
obtained. Subsequently, by using an agueous solution of 70% acetonitrile 0.1% trifluorcacetic acid, the peptides were
eluted fromthe C18 chip to cbtain a peptide fraction. Peptides derived from PSA were detected from the obtained peptide
fraction.

[0041] A microspin column was filled with 30 mg of carbon graphite (GL Sciences Inc.) and rinsed. To the graphite-
filled microspin celumn, the glycan fraction was added, and an aguecus solution of 5% acetenitrile (0.1% triflucroacetic
acid) was further added as a rinsing sclution. The mixture was rinsed by centrifugation (300 x g, for 1 to 2 minutes).
After removing the rinsing soluticn, an aqueous sclution of 50% acetonitrile (0.1% trifluoroacetic acid) was added to
perform centrifugation (300 x g, for 1 10 2 minutes) to elute the glycans, andthe glycan eluate was obtained. The collected
glycan eluate was dried cn acentrifugal concentrator, and redissolved in 2 pL of purified waterto obtain a glycan solution.

(c) Step 3 Labeling of glycans (a PSA derivative)

[0042] O©On a target plate for MALDI, 0.5 L of the glycan selution obtained in step 2 was dripped and dried in the air.
Next, on that place of the target plate, 0.25 plL of a DMSO selution of 1-pyrenyl diazemethane {(PDAM, 500 pmol) was
dripped, heated fer approximately 25 minutes to 40°C, and dried. By the procedure, glycans labsled with PDAM were
obtained on the target plate.

(d) Step 4 MS anzlysis

[0043] Tothe target plate carrying the labeled glycans obtained in step 3, 0.5 pL of 50% acetonitrile sclution of 2,5-
dihydrexybenzoic acid (DHBA) (concentration 10 mg/mL) was dripped, and dried at room tamperaturs.

[0044] The obtained target plate was set at a MALDI-QIT-TOFMS apparatus, the AXIMA-QIT {manufactured by Shi-
madzu Corporation/Kratos Analytical Ltd.), and an MS analysis was performed. In order to perform a quantitative com-
parisen, the region surreunded by an outer boundary larger than the spread of the sample on the target plate was raster
scanned, and all of the significant signals were accumulatad. Figure 1 shows a representative example of the obtained
MS spectrum.

[0045] As a result of separately performing an MS? analysis using various ions as precursor ions, it was revealed that
the peak P, 5 of m/z = 2682 In Figure 1 corresponds to fucose-bound glycan shown In Formula A, and the peak P, of
m/z = 2436 in Figure 1 corresponds to fucese-unbound glycan shown in Fermula B. Here, "Pyrene" in the formulae
represents the pyrene-labeled portion (1-pyrenylmethyl groeup) darived from PDAM, and the opan brace represents that
the substructure shown to the left Is bound to either one of the substructures shown to the right. Mcreover, In the formulae,
Neu5Ac represents N-acetylneuraminic acld, Gal represents galactose, GlcNAc represents N-acetylglucosamine, Fuc
reprasents fucose and Man represents mannose.

[0046] Signal Intensities of the peaks P, and Poy, S(P44) and S (Po,), were measured, and the ratio R =3 (Poa) /S
{P44) was calculated. The value was obtained as R = 0.69.

[0047]

[Chemical Formula 1]
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Fucal
NeuSAca2-6/3Galp1- 4GIcNACR1-2Mana %

6
A Pyrene g:Manm-4G|cNAcB1-4G|cNAc
NeuSAco:2-6/3Galp1-4GIcNACB1-2Manat”

miz = 2582

NeuSAm2-6!3Ga1B1—4GIcNAcB1-2Mana1\
B Pyrene g.'l\llanm-4GIcNAcB1-4GlcNAc
4
NeuSAcaz2-6/3Galp1—-4GIcNAc1-2Manai

miz = 2436

[0048] Figure 2 shows the MS? spectrum obtained by using the peak Pay of m/z = 2077 in Figure 1 as a precursor
ion. It was deduced that the ions in the peak P, have a diantennary structure, wherein one N-acetylneuraminic acid
and one fucose are bound. Furthermore, based on the following discussion, the pesitions where they are attached were
determined. In the spectrum of Figure 2, although the peak of m/z = 1708, corresponding te a structure in which Fuc-
GleNAg Is released, was detected, the peak of m/z = 1856, correspending to a struture in which only GlcNAC i released,
could net be detected. Therefore, it was found that fucose was bound to GlcNAc at the reducing terminal. Moreover, in
the spectrum of Figure 2, the peak of m/z = 655, which cerrespends to NeubAc-Gal-GlcNAc, and the peak of m/z = 817,
which corresponds to Neu5Ac-Gal-GlcNAc-Man, and the like were detected. Therefore, it was found that N-acetyl-
neuraminic acid was bound to the nen-reducing terminal. Moreover, since the peak of m/z = 961, which corresponds teo
Neu5Ac-Gal-GleNAc-Man-Man, which is ion D, was detected, it was revealed that there is an isomer, whersin N-acestyl-
neuraminic acld s bound to the branch structure at the side of the &-position of Man. In addition, by detecting a group
ofthe peaks cfm/z=1316, m/z= 1113, m/z=799 andthe like, it was revealed that the iscmer, wherein N-acetylneuraminic
acid is 0:2-6 bound (the structure represented by Formula C), and the isomer, whergin N-acetylneuraminic acid is ¢2-3
bound (the structure reprasented by Formula D), are mixed.

[0049]

[Chemical Formula 2]
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Fuc%1

6
g:Manm- 4GIcNAcB1-4GICNAC

Galp1-4GIcNACB1- 2Manad’

Galp1-4GIcNACR1 -2Mana1\
C NeuSAcuZ-6

miz = 2077

FUCO".‘]

8
3

Galp1-4GIcNACB1-2Manat’

B8
D NeubAca2-3 ‘Manfi1-4GlcNAcB1-4GIcNAc

miz = 2077

Galfi1—- 4GIcNAcB1- 2Mano,1\

6
3

GalB1-4GIcNACR1- 2Manal’

E NeubSAca2-6 ‘ManB1-4GIlcNAcB1—4GIlcNAC

{ Galp1-4GIcNAch1-2Manat,

miz = 1831

GalB1—4GIcNAc|31-2Mana1\
F NeuSAca2-3 gfIVIanB1-AG|cNAc|31-4GIcNAc
4
Galp1=4GleNAcp1-2Manai

miz = 1931

[0050] Figure 3 shows the MS2 spectrum obtalned by using the peak Pog of m/z = 1931 in Figure 1 as a precursor
ion. It was deduced that the ions in the peak P,g have a diantennary structure, which doss no have fucose and is bound
by one N-acetylneuraminic acid. Since the peak of m/z = 961, which corresponds to Neu5Ac-Gal-GlcNAc-Man-Man,
which is ion D, was not detected virtually, it was found that the predominat isomars are the cnes wherein N-acetyl-
neuraminic acid is bound te the branch structure at the side of the 3-positicn of Man. Moraover, since the peak of m/z
= 835 was markedly detected instead of a group of peaks of m/z = 1316, m/z = 799 and the like, 1t has been revealed
that the predominant Isomets are the one wherein N-acetylneuraminic acld Is «2-3 bound (the structure represented by
Formmula F}, and the one wherein N-acetylneuraminic acid is a2-6 bound (the structure represented by Formula E).
[0051] In additicn, the structure in which a Gal residue is substituted by an N-acetyl galactosamine {GalNAc) residue
was detectad as well as the structures represented by Fermulae A through F.

[0052] As described above, by the method of the present invention, the detailed structures of glycans of serum PSA
derived from a BPH patient was first revealed.

{Examples 2 through 18}

[0053] The procedure of Example 1 was repeated by using sera of 3 subjects, who have been diagnosed with BPH,
anonymised, and added with identification codes (Examples 2 through 4), as well as sera of 12 subjects, who have been
diagnosed with PC by biocpsy, anonymised, and added with identification codes (Examples 5 through 16). Moreover, the
study underwent ethics review at a medical institution and was approved. The subjects were informed, and the consent
was given from the subjects.

[00B4] The following Table 1 shows PSA concentration in serum and the signal intensity ratio R of fucose-unbound
glycan (m/z = 2438} / fucose-bound glycan (m/z = 2582) in each subject. Moreover, the signal intensity ratio of fucose-
unbound glycan (m/z =1931) / fucose-bound glycan (m/z = 2077), wherein the pyrene-labeled portion and one N-
acetylneuraminic acid residue were eliminated, showed a similar R value.

[0055] [Table 1]



10

15

25

30

35

40

45

50

55

EP 2 161 571 B1

Table 1: Evaluation results of Examples 1 through 16

|dentification code | Disease name | PSAconcentrationinserum {ng/mL) R
Example 1 T-183 BPH 112.8 0.69
Example 2 N-9 BPH 34.7 1.00
Example 3 N-10 BPH 38.3 0.79
Example 4 T-16 BPH 40.4 0.78
Example 5 N-52 PC 18.2 1.60
Example 8 N-32 PC 26.3 2.30
Example 7 N-27 PC 30.3 3.20
Example 8 N-28 PC 30.6 18.30
Example 9 T-10 PC 36.4 6.69
Example 10 N-41 PC 40.4 5.20
Example 11 N-14 PC 54.2 1.30
Example 12 N-23 FC 60.4 2.80
Example 13 N-24 PC 66.0 6.10
Example 14 T-31 PC 101.5 1.87
Example 15 T-11 PC 141.8 5.72
Example 16 N-17 PC 1140.0 3.13

[0056] As a representative examgle in which serum of a subject who has been diagnosed with PC, Figure 4 shows
the MS spectrum obtained in Example 15 in which serum having a similar level of PSA concentration in serum to the
serum used in Example 1 was used. MSZ analysis by the same procedure as Example 1 confirmed the presence of the
glycans having the structures represented by Formulae A through F alse in Example 15.

[0057] In addition, the structures in which a Gal residue is substituted by a GalNAc residue were detected as well as
the structures represented by Formulae A through F. Moreever, from the sera of the subjects who have been diagnosed
with PC, highly branched triantennary and tetraantennary glycans were detected in addition to biantennary glycans.
Furthermore, the structure in which a Gal residue is substituted by a GalNAc residue was detected in any one of the
biantennary, triantennary and tetrantennary glycans.

{Evaluation)

[0058] AsshowninTable 1,itis foundthatthe samples derived from the sera of the subjects who have been diagnosed
with PC showed the signal intensity ratio R of fucose-unbound glycan / fucose-bound glyean greater than 1.0, and thus
they contained a large amount of fucese-unbound glycans. In contrast, the signal intensity ratio R of the samples derived
from the sera of the subjects who have been diagnosed with BPH was 1.0 or less. More specifically, it was first revealed
thatthe sera of subjects who were diagnosed with BPH contain more fucose-boundglycans than fucose-unbound glycans.
[0059] Meoreover, as it is obvicus from the comparison of Examples 2 through 4 and 9 through 10, as well as the
comparison of Example 1 and Example 14, even in samples having almost the same level of PSA concentraticn in
serum, it was found that the relationship between the amounts of fucose-unbound glycans and fucose-bound glycans
was totally different in the case of PC and in the case of BPH.

[0060] Furthermore, it was found that the signal intensity ratio R of fucose-unbound glycan / fucose-bound glycan,
surprisingly, has no cerrelation with serum PSA concentration in both PC and BPH. This result indicates that the method
of the present invention can accurately discriminate between PC and BPH without depending on PSA concentration.
Therefore, the method of the present inventicn can be applied to sampgles whose PSA cencentration in serum is in the
range of 1 to 1200 ng/mL, preferably 1 to 100 ng/mL, and more preferably 4 to 50 ng/mL. In particular, the method of
the present invention is effective in accurately discriminating between PC and BPH even for PSA concentration in serum
in the range of the sc-called gray zone (4 to 10 ng/mL).

10
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{(Example 17}

[0061] The present example is an example which shows a glycopeptides can be used instead of glycans in the above
described examples.

[0082] By using a reference standard PSA (Nippon Chemi-Con Corp.), electrophoresis at the fifth stage described in
step 1 of Example 1 and the steps of reguction with DTT, alkylation with iodoacetamide, rinsing and drying described
in step 2 were performed to obtain a dried gel. In this case, reduction with DTT and alkylation with icdoacetamide
described in step 2 may not be performed.

[0063] Next, to the dried gel, an aqueous sclution of 256 mM ammonium bicarbonate of 1 to 100 units of thermolysin
{Calbiochem) (pH 8.0) was added, and the mixture was left to stand in an ice bath for 45 minutes to swell the gel. The
swollen gel was gently agitated for 18 hours at 56°C. To the gel, an extraction seolution {an aquecus solution containing
70 to 80% acetonitrile and 0.1% trifluoroacetic acid) was added, shaken for 20 minutes, and the solution was collected.
[0064] The collected solution was added to 25 mg of rinsed ZIC (registered trademark) HILIC solid phase column filler
{(Merck SeQuant AB). Subsequently, an agueous solution containing 80% acetonitrile and 0.1% triflucroacetic acid was
added and rinsed, and an aqueous solution of 0.1% triflucroacetic acid was used o elute a glycopeptide. The glycopeptide
eluate was dried on a centrifugal concentrator, and the sclid residue was then dissolved in 2 pL of purified water o
obtain a glycopeptide selution.

[0085] By applying the same precedure as step 3 of Example 1 to the cbtained glycepeptide solution, labeling of the
glycopeptides was performed. Next, by applying the procedure of step 4 of Example 1 to the obtained target plate, an
MS analysis was performed. By MS analysis, glycopeptides, wherein glycans are bound to peptides 43 through 47
derived from PSA, were detected. Figure 5 shows the obtained MS spectrum. As shown in Figure 5, 4 pairs of fuccse-
beund glycopeptide (P4) and fucose-unbound glycopeptide (P5), whose molecular weights differ by 146 Dacorresponding
te the presence or absence of fucese, were found.

[0066]

Pia(m/z=2891.2) / Pana(m/z=2745.2)
Pip{m/z=2677.2) / Pzp{m/z=2531.2)

Pic{m/2=2427.1) / Pzc(m/z=2281.0)

Plp(m/2=2386.1) / Pzn(m/z=2240.0}

[0067] In any of the pairs, the signal intensity ratio R’ of fucose-unbound glycopeptide/fucose-bound glycopeptide was
1.0 or less. Moreover, to the reference standard PSA used in the present example, glycan structures were analyzed by
applying electrephoresis at the fifth stage described in step 1 of Example 1 and the same precedure as steps 2 through
4. The cbtained signal intensity ratio R of fucese-unbound glycan / fucese-bound glycan was 1.0 or less.

[0068] As described above, even when the glycopeptide was used as a PSA derivative, a pair of peaks of fucose-
unbound glycopeptide and fucese-bound glycepeptide, whose molecular weights differ by 146 Dacorresponding to the
presence or absence of fucose, could be detected in MS analysis after labeling. Furthermere, the signal intensity ratic
R' of the pair of glycopeptides showed the same results as the signal intensity ratio R of the pair of glycans. Therefore,
similarly to the signal intensity ratio R of fucose-unbound glycan / fucose-bound glycan shown in Examples 1 through
18, itis considered that PC and BPH can be accurately diseriminated by calculating the signal intensity ratio R’ of fucose-
unbound glycopeptide/fucose-beund glycopeptide.

[0069] Moerecver, when the glycopeptide is used, since the peptide is bound to glycans, it is made pessible te identify
PSA and cenfirm the positions where the glycans are attached. This enables an accurate calculation of the signal intensity
ratio R' of fucose-unbound glycopeptide fucose-bound glycepeptide even when other glycoproteins are mixed.
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{(Example 18}

[0070] The procedure of Example 9 was repeated except that a buffer containing 200 ng endoproteinase Arg-C (Roche
Diagnostics K.K.) {(containing 50 mM Tris-HCI, pH 7.6, 5 mM DTT and 0.5 mM EDTA) was used instead of an aqueous
solution of ammonium bicarbenate of thermolysin, and the reaction temperature for the digestion in the gel was changed
to 37°C.

[0071] ©On MS analysis, the glycopeptides, wherein glycans are bound to peptides 45 through 53 derived from PSA,
were detected. Similarly to Example 17, some pairs of peaks of fucose-unbound glycopaptides / fucose-bound glyco-
peptides, whose molecular weights differ by 146 Dacorresponding to the presence or absence of fucose, was detected.

{Example 19}

[0072] Fromsera of patients suffering from BPH er PC, glycopeptides can be prepared by purifying PSA by performing
step 1 in accordance with Example 1 and then performing step 2 in accordance with the procedure of Example 17 or
18. Furthermore, by performing steps 3 and 4 in accordance with the procedure of Example 17 or 18, a pair of peaks of
fucose-unbound glycopeptide / fucose-beund glycopeptide, whose molecular weights differ by 146 Dacorresponding te
the presence or absence of fucose, can be detected.

(Example 20}

[0073] By using serum of a patient actually suffering from PC (N-46, PSA concentration 1.6 wg/mL), thermolysin
treatment was perfermed in the gel in accordance with the procedure in Example 17. The gel extraction selution was
dried on a centrifugal concentrator. The obtained solid residus was dissolved inan aguecus selution of 0.8% triflucroacetic
acid, and the mixture wasg left to stand for 30 minutes at 80°C to perform a desialation reaction. The desialated sample
was dried on a centrifugal concentrator. The obtained solid residue was dissolved in an agueous solution containing 5%
acetonitrile and 0.1% trifluoroacetic acid. By using a C18 chip filled with octadecyl (C18) silica, suction and ejection of
the reaction mixture were repeated. As a result, the peptides were adsorbed, and a glycopeptide fraction was cbtained.
To the obtained glycopeptide fraction, acetonitrile was added so that a final concentraticn of acetenitrile was adjusted
to 80%. Purification by ZIC {registered trademark) HILIC solid phase column filler (Merck SeQuant AB), and the subss-
guent steps 3 and 4 were performed similarly to Example 17. Figure 6 shows the obtained MS spectrum as a result.
The value of the signal intensity ratic of fucose-unbound glycopeptide / fucose-bound glycopeptides was certainly shown
te be greater than 1.0, This result was consistent with the result of glycan analysis.

(Example 21}

[0074] Without performing PSA isolaticn described in step 1 and the steps of reduction with DTT and alkylation with
iodoacetamide deseribed in step 2 of Example 1, to 50 ng of commercially available PSA (Nippon Chemi-Con Corp.) or
50 ng of PSA-ACT complex {Cortex Biochem, Inc.), an agueous solution of 25 mM ammonium bicarbonate (pH 8.0) of
10 units of thermelysin (Calolochem) was directly added, and the mixture was reacted while left to stand for 18 hours
at 56°C.

[0075] The thermolysin-digested solution was dried on a centrifugal concentrator. The obtained solid residue was
dissolved in an aqueous sclution of 0.8% trifluoroacetic acid, and the mixture wag left to stand for 30 minutes at 80°C
to perform a desialylation reaction. The desialylated sample was dried on a centrifugal concentrator. The obtained solid
residue was dissolved in an aqueocus solution containing 5% acetonitrile and 0.1% triflucroacetic acid. By using a C18
chip filled with octadecyl (C18) silica, suction and ejection of the reaction mixture were rapeated. As a result, the peptides
were adsorbed and separated fromglycopeptides inthe reaction mixture to obtain a glycopeptide fraction. To the obtained
glycopeptide fraction, acetonitrile was added so that a final concentration of acetenitrile was adjusted to B0%. To 25 mg
of rinsed ZIC {registered trademark) HILIC solid phase column filler (Merck SeQuant AB}, the glycopeptide fraction was
added. Subsequently, it was rinsed by adding an agueous solution containing 80% acetonitrile and 0.1% triflucroacetic
acid, and the glycopeptides were eluted with an aqueous solution of 0.1% trifluoroacetic acid. The glycopeptide eluate
was dried on a centrifugal concentrator, and the solid residue was then dissolved in 2 pL of purified water to obtain a
glycopeptide solution.

[0076] The same procedure as step 3 in Example 1 was applied to the obtained glycopeptide solution to perform
labeling of the glycopeptides. Next, the procedure of step 4 of Example 1 was applied to the obtained target plate to
perform an MS analysis. On MS analysis, glycopeptides, wherein glycans are bound to peptides 43 through 47 derived
from PSA, were similarly detected from PSA and PSA-ACT complex. Figure 7A and Figure 7B show the obtained MS
spectrum. Figure 7A 's a diagram showing the MS spectrum of the glycopeptides derived from PSA, and Figure 7B is
a diagram showing the MS spectrum of the glycopeptides derived from PSA-ACT complex. As shown in Figure 7A and
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Figure 7B, two pairs of fucese-bound glycopeptides (P) and fucose-unbound glycopeptides (P.), whose molecular
weights differ by 146 Dacorresponding to the presence or absence of fucose, were detected.
[0077]

Pm(m/z=2386. l) / Pzn(m/2=2240 0)

Pipg{m/z=2600.1) / P2s(m/2=2454.0)

[0078] As described above, without preparing free PSA from PSA-ACT complex as dene in Example 1, the glycopep-
tides were directly prepared frem the complex, and the fucose-bound glycopeptides and fucose-unbound glycopeptides
of PSA could be detected. This methed is simple and rapid because it has fewer steps and, mereover, improves the
recovery rate of glyccpeptide. Therefere, it is preferred to apply this methed te clinical samples.

{Example 22}

[0079] The present example is an example of performing an analysis of a patient's serum without perfarming PSA
isolation described in step 1 and the steps of reduction with DTT and alkylation with iodoacetamide described in step 2
of Example 1, similarly to Example 21.

[0080] First, immuneglobulin was removed from serum of a patient suffering from PC {N-98, PSA concentration 80.3
ng/mL). Three mL of Pretein A agarose carrier {Pierce Biotechnology, Inc.) was equilibrated by using PBS. This was
filled into a disposable plastic column {Pierce Biotechnolegy, Inc.), and the mixture of the serum of the subject (N-99)
and PBS was added thereto. The column was shaken for 30 minutes at 4°C. A fraction containing PSA which was not
bound to the carrer was collected. Furthermore, the separated Protein A agarose carrier was rinsed with 3 column
volume (3 CV) of PBS, and the rinsing sclution was combined to the fraction containing PSA. To the fracticn containing
PSA, Na,S0, was added to a final concentration of 1 M.

[0081] Next, albumin, which is a major protein in serum, was removed from the fraction containing PSA. A disposable
plastic column was filled with 2.5 mL of Fractogel {trademark) EMD TA(S) (Merck KGaA), and equilibrated with 20 mM
phosphate buffer (pH 7.4, containing Na,SC, (1 M}). The obtained fracticn by the above described methed was added
te the Fractogel {trademark)-filled column, and 7 CV of the same buffer was pumped to the celumn by using a liquid
feed pump to discharge albumin. Next, the adsorbed protein was eluted from the Fractegel (trademark)-filled column
with 20 mM phosphate buffer (pH 7.4, not centaining Na,SC,) to obtain a fraction containing PSA.

[0082] Next, the fraction was added to 2 mL of Protein A agarose carrier equilibrated by using PBS, and shaked for
30 minutes at 4°C to further remove immunoglcbulin. A fraction containing PSA which was not bound te Protein A
agarcse carrier was collected. Moreover, the separated Protein A agarose carrier was rinsed with 3 column volume (3
CV) of PBS, and the rinsing solution was combined to the fraction containing PSA. The cbtained fraction was used for
the next immuncprecipitation.

[0083] Subsequently, anti-PSA antibody beads to be used for immunaoprecipitation were prepared. NHS-activated
Sepharose 4 Fast Flow {(GE Healthcare. Bio-Sciences Ltd.) was ringed three times with 1 mM HCI. Next, to the beads
after rinsing, a commercially available anti-human PSA rabbit polyclonal antibody (manufactured by DAKO Inc.) was
added. The mixture was shaken for 30 minutes at room temperature to petform crosslinking between the antibody and
the beads. Subsequently, 0.5 M menoethanolamine seolution containing 0.5 M NaCl was added, and the mixture was
shaken for 30 minutes to perform masking of the residual active groups. The obtained anti-PSA antibody beads were
rinsed three times alternately with 0.1 M sodium acetate buffer (pH 4.0) containing 0.5 M NaCl and 0.1 M Tris buffer (pH
9.0} containing C.5 M NaCl. Subsequently, the anti-PSA antibody beads were rinsed three times with PBS. Finally, the
ant-PSA antibody beads were rinsed with PBS containing 0.02% scdium azide, and stored at 4°C until use.

[0084] Next, immuncprecipitation was performed. To the above described fraction containing PSA, wherein albumin
and globulin were remeved, 0.1 mlofthe anti-PSA antibody beads was added, andshakenfor 1 hourat 4°C. Subsequently,
the anti-PSA antibody beads were transferred to & Micro Bio-Spin chremategraphy celumn {Bio-Rad Laborateries, Inc.).
The anti-PSA antibody beads column was rinsed four times with PBS, three times with PBS containing 0.02% Tween-
20 and twice with distilled water. Morecver, 1 M propicnic acid was added to the anti-PSA antibody beads column te
elute and collect the protein adsorbed to the antibody beads. Elution with 1 M propionic acid was repeated 10 times,
and the combined eluate was drizd on a centrifugal concentrator (SpeedVac (SAVANT)).

[0085] As a result of analyzing the dried pretein by the Enzyme-Linked ImmunoSoarbent Assay method (ELISA, Eiken
Chemical Co., Ltd.) and electropheresis, it was revealed that approximately 70% of PSA contained in the intial serum
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could be collected. The above process can be completed within 2 days and, therefore, is & simple and rapid process
with high yield.

[0086] MNext, enzymatic digestion of the pretein with thermolysin was performed. The dried protein was dissolved in
an agueous solution of 50 mM ammonium bicarbonate (pH 8.0), and 50 units of thermolysin {Calbiochem) was added.
The mixture was left to stand for 18 hours at 56°C. The reaction mixture was dried on a centrifugal concentrater. The
obtained solid residue was dissclved in an aqueous sclution of 0.8% trifluoroacetic acid, and the mixture was left to
stand for 40 minutes at 80°C to perform a desialylation reaction. The desialylated sample was dried on a centrifugal
concentrator to obtain a glycopeptide fraction.

[0087] Subsequently, by using 50 mg of Intersep GC, which is a carbon graphite-filled carridge (GL Sciences Inc.),
crude purification and desalting of the obtained glycopeptide fraction were performed. First, to the cartridge, an agueous
solution of 1 M NaOH, distilled water, an agueous solution of 30% acetic acid, distilled water, an aquecus solution
containing 80% acetonitrile and 0.1% trifluoroacetic acid, and an aqueous solution containing 5% acetonitrile and 0.1%
trifluoroacetic acid were sequentially pumped to perform ringing and equilibration of the filled carben graphite. Next, the
dried glycopeptide fraction was dissolved in an aqueous solution containing 5% acetonitrile and 0.1% trifluoroacetic acio
and pumped to the cartridge. To the cartridge, wherein the glycopeptide fraction was adsorbed, distilled water and an
agueous selution containing 5% acetonitrile and 0.1% triflucroacetic acid were subsequently pumped te perform crude
purification and desalting of the glycopeptide fraction. Subsequently, to the cartridge, an agueous selutien containing
80% acetenitrile and 0.1% trifluoroacetic acid was pumped te elute the adserbed glycopeptides. The eluate containing
the glycopeptides was collected and dried on a centrifugal concentrator.

[0088] By using Sepharcse CL-4B (SIGMA-ALDRICH Corp.), purification of the glycopeptides was performed. Before
use, Sepharcse was rinsed five times with an aqueous solution of 50% ethanol and then rinsed five times with a mixed
solution of butanol : distilled water : ethanol =4 : 1: 1. The dried crude purified glycopeptide fraction was dissolved in
the same mixed selution. To the seluticn, 6 uL of the rinsed Sepharose was added, and shaken for 1 hour at room
temperature to allow the glycopeptides adsorbed on Sepharose. Subsequently, by using the above described mixed
solution, Sepharose was rinsed nine times. Te Sepharose on which the glycopeptides were adscrbed, an aqueous
solution of 50% ethanol was added, and shaken for 30 minutes atroom temperature to elute the glycepeptides. A solution
containing the eluted glycopeptides was collected, and dried on a centrifugal concentrater. Subsequently, the obtained
solid residue was dissolved in 4 pL of an agquecus solution of 5% acetonitrile.

[0089] The same procedure as step 3 in Example 1 was applied to the obtained glycopeptide solution to perform
labeling of the glycopeptides. Next, the procedure of step 4 of Example 1 was applied to the obtained target plate to
perform an MS analysis. By MS analysis, glycopeptides, wherein glycans are bound to peptides 43 through 47 derived
from PSA, were certainly detected. Figure 8 shows the obtained MS spectrum. Twoe fucese-bound glycopeptide (P4)
and fucose-unbound glycepeptide (Ps), having molecular weights of 146 Dacorresponding to the presence or absence
of fucose, were detected.

[0090]

Py (m/2=2386.4) / Pp(m/z=2240.3)

[0081] The signal intensity ratio R of fucose-unbound glycopeptide (m/z=2240.3) / fucose-bound glycopeptide
{m/z=2386.4) on PSA in serum of the subject was 1.23.

[0092] As described above, detection of the glycopeptides from serum cf a patient with prostate carcinoma, which
has a low PSA concentration of 90.3 ng/mL, was successfully conducted by MS for the first time. Mareover, it was
revealed that the signal intensity ratio of fucose-unbound glycan / fucese-bound glycan was greater than 1.0 even in
P8Ain serum of a patient with prostate carcinoma, which has a low PSA concentration, similarly to PSA in serum of a
patient with prostate carcinoma, which has a high PSA concentration of 1000 ng/ml or more.

Claims

1. A method for discriminating between prostate carcinoma and benign prostatic hyperplasia, comprises the steps of:
(1) purifying PSA from a sample derived from a subject;
(2) preparing a PSA derivative from the PSA purified in Step (1);

(3) labeling the PSA derivative obtained in Step (2); and
(4) analyzing the labeled PSA derivative obtainad in Step (3) by the mass spectrometry method,
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wherein the subject is identified as having prostate carcinoma when the ratio of the signal intensity of fuccse-unbound
glycan to the signal intensity of fucose-bound glycan in the labeled PSA derivative is greater than 1.0, and identified
as having benign prostatic hyperplasia when the ratio is 1.0 or |ess.

2. The methed according to claim 1, wherein the PSA derivative prepared in Step (2) is a glycan derived from PSA.
3. Themethod accerdingteclaim 1, whereinthe PSA derivative prepared in Step (2) isa glycopeptide derived from PSA.
Patentanspriiche
1. Verfahren zum Unterscheiden zwischen Prostatakarzinem und benigner Prostatahyperplasie, umfassend die Schrit-
te:
(1) Aufreinigen von PSA von einer Probe, die von einem Lebewesen stammt,
(2) Herstellen sines PSA-Derivats von dem im Schritt {1) aufgereinigten PSA,
(3) Markieren des im Schritt (2) erhaltenen PSA-Derivats und
(4) Analysieren desim Schritt {3) erhaltenen markierten PSA-Derivats durch ein Massenspektrometrieverfahren,
wobei bestimmt wird, dass das Lebewesen ein Prostatakarzinom aufweist, wenn das Verhalinis der Signalintensitat
von Fucose-ungebundenem Glycan zu der Signalintensitat von Fucose-gebundenem Glycan in dem markierten
PSA-Derivat gréBer als 1,0 ist, und bestimmt wird, dass es eine benigne Prostatahyperplasie aufweist, wenn das
Verhaltnis 1,0 cder weniger betragt.
2. Verfahren nach Anspruch 1, bei dem das im Schritt (2) hergestellte PSA-Derivat ein von PSA abgeleitetes Glycan ist.
3. Verfahrennach Anspruch 1, bei demdasim Schritt (2) hergestellte PSA-Derivat ein von PSA abgeleitetes Glycopeptid

ist.

Revendications

1.

Procéds pour sffectuer une discrimination entre un carcinome de laprostate et une hyperplasie prostatigue bénigne,
comprenant les étapes consistant & :

(1) purifier le PSA & partir d'un échantillon dérivé d'un patient ;

(2) préparer un dérivé de PSA & partir du PSA purifié a I'étape (1) ;

(3) marquer la dérivé de PSA cbtenu & I'étape (2) ; et

(4) analyser le dérivé de PSA marqué obtenu & I'étape (3) par le procédé de spectrométrie de masse,

dans lequel le patient est identifié comme présentant un carcinome de la prostate lorsque le rappert de lintensité
du signal du glycane non lié au fucose a l'intensité du signal du glycane lié au fucose dans le dérivé de PSA marqué
est supérieur & 1,0, et est identifié comme présentant une hyperplasie prostatique bénigna lorsque le rapport est
de 1,0 ou moins.

Procédé selen la revendication 1, dans lequel le dérivé de PSA préparé & I'étape (2) est un glycane dérivé du PSA.

Procédé selon |a revendication 1, dans lequel le dérivé de PSA préparé & I'étape (2) est un glycopeptide dérivé du
PSA.
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