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(57)  An object of the present invention is to provide:
a novel method of analyzing diagnostic information, by
which prostate cancer and a benign prostate disease can
be distinguished from one another with high accuracy;
and a diagnostic kit for obtaining the diagnostic informa-
tion. One embodiment of the method of analyzing diag-
nostic information according to the present invention is
a method of analyzing diagnostic information, which in-
cludes: measuring the concentration of all mucin-1s (total

[Fig. 1]

MUCH1) in a blood sample originated from a subject to be
diagnosed; comparing the thus measured value with a
threshold value; and estimating that a disease affecting
the subject to be diagnosed is not prostate cancer but a
benign prostate disease when the measured value of the
concentration of total MUC1 is greater than the threshold
value, and one embodiment of the diagnostic kit accord-
ing to the present invention is a diagnostic kit including
an anti-mucin-1 antibody for quantifying total MUC1.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
analyzing diagnostic information pertaining to a benign
prostate disease and prostate cancer. The present in-
vention also relates to a method of analyzing diagnostic
information based on the blood concentration of mucin-1.

BACKGROUND ART

[0002] Inordertoallow proteins bearing a principal role
in the biological life functions to orderly and properly ex-
hibit their functions in vivo, post-translation modifications
including glycosylation play an extremely important role.
With regard to the post-translation modifications, the fol-
lowing findings were gradually made inrecent years. The
majority of the proteins in a living body are modified with
sugar chains, and those sugar chains attached to the
proteins play important roles in various aspects of bio-
logical phenomena, including protein stability, binding
with hormones, binding with toxins, viral infection, myc-
oplasma infection, bacterial infection, protozoan infesta-
tion, fertilization, development and differentiation, cancer
cell metastasis, apoptosis and the like. Even when pro-
teins have the same amino acid sequence and the same
name, such proteins are modified with a wide variety of
sugar chains and, depending on the condition of the pro-
tein-producing cells, the structures of the sugar chains
are variable and the proteins thus have different roles in
Vivo.

[0003] The relationships between such changes in
sugar chains and diseases have also been gradually elu-
cidated. For example, Patent Document 1 describes as
follows with regard to prostate-specific antigens (herein-
after, referred to as "PSAs") which indicate that a subject
has a prostate disease. That is, it is described that, as
compared to blood samples originated from prostatic hy-
perplasia patients, those blood samples originated from
prostate cancer patients contain a greater amount of a
prostate-specific antigen having a specific sugar residue,
i.e., an N-acetyl-D-galactosamine f1-4 N-acetylglu-
cosamine (hereinafter, referred to as "LacdiNAc") resi-
due (this prostate-specific antigen is hereinafter referred
to as "LacdiNAc-PSA") and/or a fucose-a(1,2)-galactose
p1—4 N-acetylglucosamine residue, in its sugar chain.
This means that the onset of prostate cancer changes
the sugar chains of PSAs and this leads to an increase
in the amount of PSAs having the above-described spe-
cific sugar residue(s), as a result of which a high concen-
tration of PSAs having the specific sugar residue (s) is
observed in blood samples of prostate cancer patients.
On the other hand, since the onset of prostatic hyperpla-
sia does not cause such a change in the sugar chain,
prostatic hyperplasia patients are not observed with a
change in the concentration of PSAs having the specific
sugar residue(s). On the basis of this, Patent Document
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1 discloses a method of distinguishing prostate cancer
by fraction measurement of sugar chains, which method
is capable of distinguishing a prostate cancer patient from
a prostatic hyperplasia patient by measuring, in their
blood samples, the concentration of PSAs having the
above-described specific sugar residue(s). In addition,
for example, a method of identifying liver cancer by frac-
tion measurement of o-fetoprotein (AFP) sugar chains
and a method of identifying adenocarcinoma by fraction
measurement of carcinoembryonic antigen (CEA) sugar
chains have also been proposed.

[0004] Further, mucin-1 (hereinafter, referred to as
"MUC1"), which is one of mucins that are high-molecular-
weight glycoproteins, is also known as a tumor-associ-
ated antigen. MUC1 is widely expressed in the epithelial
cells of normal glands, and itis known that the expression
of MUCH1 is drastically increased when the cells are ma-
lignant, for example, in breast cancer, ovarian cancer,
lung cancer, pancreas cancer and bladder cancer; and
that the glycosylation pattern changes in breast cancer
and the like. Patent Documents 2 and 3 disclose an
aptamerligand and an anti-MUC1 antibody, both of which
can be used for the quantification of such MUC1, respec-
tively. Moreover, Patent Document 4 describes that
MUC1 and the like can be used as biomarkers of prostate
cancer and colorectal cancer.

[0005] For specific detection of a glycoprotein contain-
ing a specific sugar residue in its sugar chain, proteins
called lectin that are capable of specifically recognizing
and binding to such sugar residue are widely utilized.
This is because it is very difficult to prepare an antibody
whose epitope is a sugar chain, particularly an antibody
whose epitope is a specific sugar residue, and such an
antibody is thus hardly available. Lectins not only are
inexpensive and available in alarge amountbutalso have
excellent protein stability and can thus be stored over a
long time.

[0006] For example, Wisteria floribunda lectin (Wiste-
ria floribunda agglutinin: hereinafter, referred to as
"WFA") is known to have N-acetylgalactosamine as its
primary binding sugar residue. Patent Document 1 dis-
closes a method in which WFA having such a property
is bound to a carrier and loaded to a column and a PSA
having a LacdiNAc residue in a side chain of an aspar-
agine-linked sugar chain is subsequently fractionated
and quantified by ELISA or the like. In addition, Patent
Document 5 discloses a method in which a solid-phase
anti-PSA antibody and a fluorescently labeled WFA are
allowed to form a sandwich complex with a PSA having
a LacdiNAc residue in a side chain of its sugar chain and
this PSA having the specific sugar residue is then quan-
tified by SPFS (Surface Plasmon-field enhanced Fluo-
rescence Spectroscopy).
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PRIOR ART REFERENCES
PATENT DOCUMENTS
[0007]

[Patent Document 1] WO 2010/090264
[Patent Document 2] JP 2009-535051 A
[Patent Document 3] WO 2011/135869
[Patent Document 4]JP 2013-526852 A
[Patent Document 5] JP 2013-076666 A

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] Prostate cancer occurs primarily in men of 60
years and older. In Western countries, prostate cancer
is the second leading cause of cancer-related death in
men after lung cancer, and early detection of prostate
cancer is thus desired. As a method of diagnosing pros-
tate cancer, conventionally, a method in which all PSAs
contained in a blood sample or the like are quantified as
a total PSA value and this value is used as an index for
determination is widely employed. Further, there is a
method in which PSAs contained in a blood sample or
the like that do not bind to a1-antichymotrypsin are quan-
tified as free PSAs and the ratio of the amount of the free
PSAs with respect to the total PSA amount (free PSA/to-
tal PSA ratio) is used as an index for determination.
[0009] Forexample, (1) amethod of determining a high
probability of prostate cancer based on a total PSA value
of 10 ng/mL or greater and (2) a method of determining
a high probability of prostate cancer based on a total PSA
value of 4 to 10 ng/mL (gray zone) and a free PSA/total
PSA ratio of 25% or lower have been employed. For a
patient determined with a high probability of prostate can-
cer, a prostate gland biopsy is performed to obtain a de-
finitive diagnosis. However, in the above-described di-
agnostic methods, there are relatively many cases where
a patient of a benign disease such as prostatic hyperpla-
sia, not prostate cancer, is also determined with a high
probability of prostate cancer. Since a prostate gland bi-
opsy is also performed for such patients of a benign dis-
ease and undue burden is thus placed on the patients,
a diagnostic method capable of easily and highly accu-
rately distinguishing prostate cancer from a benign dis-
ease has been desired.

[0010] Inthisrespect, as described above, Patent Doc-
uments 1 and 5 disclose methods of distinguishing pros-
tate cancer from prostatic hyperplasia, in which a lectin
having an affinity for N-acetylgalactosamine residue,
such as WFA, is brought into contact with a sample pos-
sibly containing a PSA; a PSA having an affinity for the
lectin, namely a PSA having an N-acetylgalactosamine
residue in its sugar chain, is quantified; and then prostate
cancer is distinguished from prostatic hyperplasia based
on the absolute amount of the specific PSA, that is, the
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concentration of the specific PSA in the blood sample,
or the ratio of the amount of the specific PSA with respect
to the amount of total PSA or free PSA. As a result of
performing these methods, a prostatic hyperplasia pa-
tient who is potentially determined to have prostate can-
cer based only on the amount of total PSA or free PSA
is correctly diagnosed with prostatic hyperplasia, not
prostate cancer.

[0011] Although diagnostic methods with an improved
accuracy of discriminating between prostate cancer and
a benign prostate disease have been proposed as de-
scribed above, an analysis method by which novel diag-
nostic information that enables to furtherimprove the dis-
crimination accuracy is continuously desired.

[0012] An object of the present invention is to provide
an analysis method by which novel diagnostic informa-
tion that enables to accurately distinguish prostate can-
cer from a benign prostate disease can be obtained.

TECHNICAL SOLUTION

[0013] The present inventors discovered that, as com-
pared to a blood sample originated from a prostate cancer
patient or healthy individual, a blood sample originated
from a benign prostate disease patient contains a greater
amount of MUC1. Based on this discovery, the present
inventors also discovered that a benign prostate disease
and prostate cancer can be distinguished and diagnosed
with good accuracy by quantifying all of MUC1sin ablood
sample that are reactive with an anti-MUC1 antibody,
preferably an anti-KL-6 monoclonal antibody, and utiliz-
ing this information, thereby completing the present in-
vention. That s, the present invention enables to prevent
a benign prostate disease patient from being misdiag-
nosed with prostate cancer and receiving unnecessary
medical interventions.

[0014] In one aspect, the present invention provides
methods of analyzing diagnostic information according
to the following [1] to [6].

[1] A method of analyzing diagnostic information, the
method comprising: measuring the concentration of
all mucin-1s (total MUC1) in a blood sample origi-
nated from a subject to be diagnosed; comparing the
thus measured value with a threshold value; and es-
timating that a disease affecting the subject to be
diagnosed is not prostate cancer but a benign pros-
tate disease when the measured value of the con-
centration of total MUC1 is greater than the threshold
value.

[2] A method of analyzing diagnostic information for
estimating which of a benign prostate disease and
prostate cancer is affecting a subject to be diag-
nosed, the method using a combination of: a method
of analyzing diagnostic information that comprises:
measuring the concentration of all mucin-1s (total
MUC1) in a blood sample originated from the subject
to be diagnosed; comparing the thus measured val-
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ue with a threshold value; and estimating that the
disease affecting the subject to be diagnosed is not
prostate cancer but the benign prostate disease
when the measured value of the concentration of
total MUC1 is greater than the threshold value; and
diagnostic information relating to a prostate-specific
antigen which indicates that the subject to be diag-
nosed has a prostate disease.

[3] A method of obtaining diagnostic information for
estimating which of a benign prostate disease and
prostate cancer is affecting a subject to be diag-
nosed, the method using a combination of: a method
of analyzing diagnostic information that comprises:
measuring the concentration of all mucin-1s (total
MUC1) in a blood sample originated from the subject
to be diagnosed; comparing the thus measured val-
ue with a threshold value; and estimating that the
disease affecting the subject to be diagnosed is not
prostate cancer but the benign prostate disease
when the measured value of the concentration of
total MUC1 is greater than the threshold value; and
a method of analyzing diagnostic information that
comprises: measuring the concentration of a pros-
tate-specific antigen (LacdiNAc-PSA) which is reac-
tive with a lectin that recognizes and binds to an
N-acetyl-D-galactosamine  p1-4 N-acetylglu-
cosamine residue in the blood sample originated
fromthe subject to be diagnosed; comparing the thus
measured value with a threshold value; and estimat-
ing that the disease affecting the subject to be diag-
nosed is not the benign prostate disease but prostate
cancer when the measured value of the concentra-
tion of LacdiNAc-PSA is greater than the threshold
value.

[4] A method of analyzing diagnostic information,
which estimates that, in a case where a subjected
to be diagnosed is estimated to have prostate cancer
by the method of analyzing diagnostic information
according [3], the prostate cancer affecting the sub-
ject to be diagnosed is highly metastatic prostate
cancer, prostate cancer accompanied by a benign
prostate disease or hormone-resistant prostate can-
cer when not only a measured value of total MUC1
concentration is greater than another threshold val-
ue that is larger than the threshold value according
to [3] but also a measured value of LacdiNAc-PSA
concentration is greater than another threshold val-
ue that is larger than the threshold value according
to [3].

[5] The method of analyzing diagnostic information
according to any one of [1] to [4], wherein the benign
prostate disease is prostatic hyperplasia.

[6] The method of analyzing diagnostic information
according to any one of [1] to [5], wherein the total
MUCH1 is reactive with an anti-KL-6 monoclonal an-
tibody.

In another aspect, the present invention provides di-
agnostic kits according to the following [7] to [10].
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[7] A diagnostic kit for performing the method of an-
alyzing diagnostic information according to [1], the
kit comprising an anti-mucin-1 antibody for quantify-
ing total MUCA1.

[8] A diagnostic kit for performing the method of an-
alyzing diagnostic information according to [2], the
kit comprising: an anti-mucin-1 antibody for quanti-
fying total MUC1; and an anti-prostate-specific anti-
gen antibody for quantifying an anti-prostate-specific
antigen.

[9] A diagnostic kit for performing the method of an-
alyzing diagnostic information according to [3] or [4],
the kit comprising: an anti-mucin-1 antibody for
quantifying total MUC1; and an anti-prostate-specific
antigen antibody and a lectin that recognizes and
binds to an N-acetyl-D-galactosamine fS1-4 N-
acetylglucosamine residue for quantifying an anti-
prostate-specific antigen.

[10] The diagnostic kit according to any one of [7] to
[9], wherein the anti-mucin-1 antibody is an anti-KL-
6 monoclonal antibody.

[11] The diagnostic kit according to any one of [7] to
[10], which further comprises an instruction manual
that describes information required for performing
the method of analyzing diagnostic information.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015] The use of the diagnostic information obtained
by the analysis method of the present invention, by itself,
enables to determine a benign prostate disease with high
accuracy; however, by using such diagnostic information
in combination with conventional prostate cancer-related
diagnostic information that leads to an incorrect estima-
tion of a benign prostate disease patient as a prostate
cancer patient, the possibility of such a misdiagnosis giv-
en by a conventional diagnostic method can be drasti-
cally reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0016]

[Fig. 1] Fig. 1 is a scatter diagram that shows the
results of the quantification step (1) of Example:
Quantification of Total MUC1(KL6). It is noted here
that "PC" represents the samples collected from
prostate cancer patients and "BPH" represents the
samples collected from prostatic hyperplasia pa-
tients.

[Fig. 2] Fig. 2 is a scatter diagram that shows, in an
integrated manner, the results of the quantification
step (1) of Example: Quantification of Total
MUC1(KL6) (abscissa) and the results of the quan-
tification step (2): Quantification of Total PSA (ordi-
nate). It is noted here that "PC" represents the sam-
ples collected from prostate cancer patients and
"BPH" represents the samples collected from pros-
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tatic hyperplasia patients.

[Fig. 3] Fig. 3 is a scatter diagram that shows, in an
integrated manner, the results of the quantification
step (1) of Example: Quantification of Total
MUC1(KL6) (abscissa) and the results of the quan-
tification step (3): Quantification of LacdiNAc-PSA
(ordinate). It is noted here that "PC" represents the
samples collected from prostate cancer patients and
"BPH" represents the samples collected from pros-
tatic hyperplasia patients; and that the sample circled
with dotted line represents a sample originated from
a patient with metastasis of prostate cancer to other
site.

MODE FOR CARRYING OUT THE INVENTION

[0017] In the present specification, N-acetyl-D-galac-
tosamine S1-4 N-acetylglucosamine, mucin-1 and Wis-
teria floribunda lectin are abbreviated as "LacdiNAc",
"MUC1" and "WFA", respectively.

[0018] Further, a PSA which is used in the present in-
vention and reactive with a lectin that recognizes a Lac-
diNAc residue as represented by WFA is referred to as
"LacdiNAc-PSA", and all of PSAs including LacdiNAc-
PSA and other PSAs are referred to as "total PSA".

-Analysis Method-

[0019] Thefirstembodimentofthe method ofanalyzing
diagnostic information according to the present invention
is a method of analyzing diagnostic information which
comprises: measuring the concentration of all of MUC1s,
namely total MUC1, in a blood sample originated from a
subject to be diagnosed; comparing the thus measured
value with a threshold value; and estimating that a dis-
ease affecting the subject to be diagnosed is not prostate
cancer but a benign prostate disease when the measured
value of the concentration of total MUC1 is greater than
the threshold value.

[0020] In order to more clearly determine which of a
benign prostate disease and prostate cancer is affecting
the subject to be diagnosed, the diagnostic information
that is obtained by the first embodiment of the analysis
method of the presentinvention based on the total MUC1
concentration in a blood sample can be utilized in com-
bination with prostate cancer-related diagnostic informa-
tion provided by a prior art that cannot clearly distinguish
a benign prostate disease from prostate cancer.

[0021] All of prior arts have a possibility of incorrectly
estimating a benign prostate disease as prostate cancer,
and the prostate cancer-related diagnostic information
provided by a prior art is not particularly restricted and
can be obtained by any known method of analyzing di-
agnostic information. For example, diagnostic informa-
tion based on the concentration of all of PSAs in a blood
sample, which is conventionally and commonly used, or
diagnostic information based on the concentration of a
specific sugar residue-containing PSAin a blood sample,
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which is described in WO 2010/090264 (Patent Docu-
ment 1) and JP 2013-76666 A (Patent Document 5), can
be utilized.

[0022] Accordingly, the second embodiment of the
method of analyzing diagnostic information according to
the present invention can be, for example, a method of
analyzing diagnostic information for estimating which of
a benign prostate disease and prostate cancer is affect-
ing a subject to be diagnosed, the method using a com-
bination of: a method of analyzing diagnostic information
obtained by the first embodiment; and a method of ana-
lyzing diagnostic information that comprises: measuring
the concentration of all of PSAs, namely total PSA, in a
blood sample originated from the subject to be diag-
nosed; comparing the thus measured value with a thresh-
old value and; and estimating that the disease affecting
the subject to be diagnosed is not the benign prostate
disease but prostate cancer when the measured value
of the concentration of total PSA is greater than the
threshold value.

[0023] Inthe above-described second embodiment, as
amethod of analyzing diagnostic information that is used
in combination with a method of analyzing diagnostic in-
formation obtained by the first embodiment, a method of
using the value of total PSA was exemplified; however,
as described above, a method of analyzing diagnostic
information that uses the ratio of the amount of free PSAs
with respect to the total PSA amount (free PSA/total PSA
ratio) as well as other known method of analyzing diag-
nostic information may be used.

[0024] The third embodiment of the method of analyz-
ing diagnostic information according to the present in-
vention is a method of analyzing diagnostic information
for estimating which of a benign prostate disease and
prostate cancer is affecting a subject to be diagnosed,
the method using a combination of: a method of analyzing
diagnostic information obtained by the first embodiment;
and a method of analyzing diagnostic information that
comprises: measuring the concentration of a PSA which
is reactive with a lectin that recognizes and binds to a
LacdiNAc residue, namely LacdiNAc-PSA, in a blood
sample originated from the subject to be diagnosed; com-
paring the thus measured value with a threshold value;
and estimating that the disease affecting the subject to
be diagnosed is not the benign prostate disease but pros-
tate cancer when the measured value of the concentra-
tion of LacdiNAc-PSA is greater than the threshold value.
[0025] Further, the fourth embodiment of the method
of analyzing diagnostic information according to the
present invention is a method of analyzing diagnostic in-
formation which estimates that, in a case where a sub-
jected to be diagnosed is estimated to have prostate can-
cer by the method of analyzing diagnostic information
according to the third embodiment, the prostate cancer
affecting the subject to be diagnosed is highly metastatic
prostate cancer, prostate cancer accompanied by a be-
nign prostate disease or hormone-resistant prostate can-
cer when not only a measured value of total MUC1 con-
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centration is greater than another threshold value (sec-
ond threshold value relating to total MUC1) that is larger
than the threshold value according to the third embodi-
ment (first threshold value relating to total MUC1) but
also a measured value of LacdiNAc-PSA concentration
is greater than another threshold value (second threshold
value relating to LacdiNAc-PSA) that is larger than the
threshold value according to the third embodiment (first
threshold value relating to LacdiNAc-PSA).

[0026] Inthe presentinvention, itis preferred that "total
MUC1" be reactive with an "anti-KL-6 monoclonal anti-
body". That is, in the measurement of the concentration
of total MUC1, an anti-MUC1 antibody is usually used as
an antibody for immobilization or labeling, and it is pre-
ferred to use an anti-KL-6 monoclonal antibody as the
anti-MUC1 antibody.

[0027] There are several MUC1 variants; however, an-
ti-MUC1 antibodies include monoclonal antibodies that
recognize and bind to a moiety common to all of or the
majority of the variants as an epitope, as well as mono-
clonal antibodies that bind to some of the variants, such
as an anti-KL-6 monoclonal antibody that recognizes a
sialylated sugar chain antigen KL-6 (an antigen com-
posed of an amino acid sequence PDTRPAP and a sia-
lylated sugar chain bound to the threonine (T) thereof,
which is NeubAca2-3Galg1-3GalNAca sugar chain) as
an epitope and an anti-CA15-3 monoclonal antibody. In
the present invention, a variety of anti-MUC1 antibodies
can be used for the analysis of diagnostic information
and, as one of such embodiments, a highly reliable anal-
ysis can be performed using an anti-KL-6 monoclonal
antibody. In the following descriptions of the present
specification, as a preferred embodiment, the term "anti-
MUC1 antibody" is interchangeable with the term "anti-
KL-6 monoclonal antibody".

[0028] Specifically, in the above-described first to
fourth embodiments, when an "anti-KL-6 monoclonal an-
tibody" is used as an "anti-MUC1 antibody" for measuring
the concentration of "total MUC1" in the mode of a sand-
wich assay such as SPFS or ELISA, the "total MUC1" for
which the concentration is thus measured means all of
MUC1s that are reactive with the anti-KL-6 monoclonal
antibody (hereinafter, referred to as "total MUC1(KL6)").
[0029] The mattersrelating to the first to fourth embod-
iments will now be described sequentially.

* Blood Sample

[0030] In the analysis method of the present invention,
as a sample for the measurement of the concentration
of a specific glycoprotein, a blood sample originated from
a subject to be diagnosed is used.

[0031] The subject to be diagnosed is typically a hu-
man; however, it may also be anon-human mammal such
as ahuman disease model animal (e.g., mouse, rat, guin-
ea pig, rabbit, goat, cat, dog, pig or monkey).

[0032] Anexample of a preferred human subject to be
diagnosed is a patient forwhomiitis necessary toimprove
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the diagnostic accuracy and to clarify whether or not the
patient has prostate cancer because, although other di-
agnostic method strongly indicates that the patient has
prostate cancer, the possibility of the affecting disease
being a benign prostate disease cannot be eliminated.
[0033] The benign prostate disease is typically pros-
tatic hyperplasia (benign prostatic hyperplasia: BPH);
however, examples thereof also include other prostate
gland-related benign diseases, such as prostatitis.
[0034] The blood sample may be whole blood, or se-
rum or plasma prepared from whole blood. Further, the
blood sample may contain an anticoagulant thatis added
at the time of blood collection, as well as a diluent, a
reagent and the like that are added as required after the
collection. The blood sample can be collected and pre-
pared in accordance with a known method.

« Lectin

[0035] Inthe third and fourth embodiments of the anal-
ysis method of the present invention, a lectin that recog-
nizes and binds to a LacdiNAc residue is used for the
quantification of LacdiNAc-PSA. A representative exam-
ple of such a lectin is WFA; however, lectins that can be
used in the present invention are not restricted thereto.
That is, any lectin can be used in the present invention
in the same manner as WFA, as long as the lectin is
capable of recognizing and binding to a LacdiNAcresidue
contained in a sugar chain of LacdiNAc-PSA and can be
utilized for the measurement of the concentration of Lac-
diNAc-PSA in a blood sample.

[0036] Examples of the lectin used in the third embod-
iment of the analysis method of the present invention
also include Trichosanthes japonica lectin-1l (TJA-II)
which recognizes and binds to both a g-GalNAc residue
and a fucose-o(1,2)-galactose residue.

[0037] WFA also recognizes and binds to galactose in
addition to a Tn residue and a LacdiNAc residue; how-
ever, such binding does not cause a problem in the ex-
ecution of the present invention because the strength of
the binding is extremely weak and the binding constant
of galactose is lower than that of WFA by several orders.
[0038] As for a lectin other than WFA, it is preferred
that the lectin be capable of recognizing and binding to
only a Tn residue and a LacdiNAc residue among sugar
residues; however, any lection can be used in the present
invention as long as the ability of the lectin to recognize
and bind to a sugar residue other than Tn residue and
LacdiNAc residue is sufficiently weak in a range that
causes substantially no problem in the execution of the
present invention.

« Quantification Method

[0039] When performing the analysis method of the
presentinvention, itis necessary to measure and quantify
an item(s) that is/are required for each embodiment and
selected from three items of measurement targets, which
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are total MUC1, LacdiNAc-PSA and total PSA, or all of
these three items of measurement targets. The method
of quantifying these measurement targets is not particu-
larly restricted as long as it is capable of yielding meas-
ured values with an accuracy sufficient for performing
the analysis in each embodiment, and such a method
can be appropriately selected from known quantification
methods.

[0040] Examples of a preferred method of quantifying
the measurement targets include SPFS (Surface Plas-
mon-field enhanced Fluorescence Spectroscopy) that is
capable of quantifying a measurement target with high
sensitivity and high accuracy. SPFS is a method which
utilizes a phenomenon that, when an excitation light is
irradiated to a metal thin film formed on a dielectric mem-
ber at an angle that causes attenuated total reflection
(ATR), an evanescentwave transmitting through the met-
al thin film is enhanced by several ten times to several
hundred times due to resonance with surface plasmon,
so as to efficiently excite a fluorescent substance labeling
ameasurementtarget captured in the vicinity of the metal
thin film. By measuring the intensity of the fluorescence
emitted from the fluorescent substance and comparing
the thus measured value against the intensity of fluores-
cence measured using a standard sample having a
known concentration, the concentration of the measure-
ment target in a blood sample can be determined. Such
SPFS is extremely sensitive as compared to common
fluorescent labeling methods and the like; therefore, it is
capable of determining the concentration of a measure-
ment target even when the measurement target is con-
tained in a sample at an extremely low concentration.
[0041] Among the three items which are the total
MUC1 concentration, the LacdiNAc-PSA concentration
and the total PSA concentration, for a plurality of meas-
urement items that are required depending on each em-
bodiment, the data required for final analysis may be ob-
tained by repeatedly quantifying a single item or a plu-
rality of items which do not meet the requirement for the
final analysis by themselves; however, from the stand-
points of an improvement in the efficiency of the meas-
urement process, the reliability of the measurement re-
sults and the like, it is preferred to quantify a plurality of
measurementitems that are required depending on each
embodiment altogether at once.

[0042] For example, by forming a plurality of assay ar-
eas corresponding to each measurementitem on asingle
SPFS measuring member (hereinafter, referred to as
"sensor chip"), a plurality of measurement items can be
quantified simultaneously. Such an embodiment is pre-
ferred because, as compared to an embodiment where
a plurality of sensor chips are used to quantify the re-
spective measurement targets, not only the cost and time
required for the quantification can be cut down by reduc-
tion in the required members and reagents as well as the
number of steps, but also variations in the measured val-
ues that are attributed to the differences among sensor
chips can be reduced by the use of a single sensor chip.
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[0043] Further, in the present invention, diagnostic in-
formation is analyzed based on the concentrations of to-
tal MUC1, LacdiNAc-PSA and total PSA in a blood sam-
ple; however, it is also possible to, for the analysis, di-
rectly use "measured values" obtained by a quantification
method such as SPFS in accordance with a prescribed
measurement protocol, without converting each "meas-
ured value" into "concentration" expressed in a pre-
scribed unit such as ng/mL. For example, in SPFS, a
measured value of fluorescence intensity is usually ex-
pressed in an arbitrary unit (a.u.), and this measured val-
ue that reflects the concentration of a measurement tar-
get in a blood sample may be used to set a threshold
value and perform the analysis of diagnostic information.

*« Embodiments Based on SPFS

[0044] The fundamental constitutions for performing
SPFS, namely embodiments of a sensor chip, a meas-
uring apparatus, a system, measurement procedure and
the like, are known, and they can be applied to appropri-
ately carry out the present invention. In SPFS, a meas-
urement target is generally quantified in the mode of a
sandwich assay where a ternary complex composed of
an immobilization probe (antibody), the measurement
target and a fluorescent-labeling probe (lectin or anti-
body) is formed.

[0045] Among the total MUC1, LacdiNAc-PSA and to-
tal PSA, for the quantification of LacdiNAc-PSA that is
glycoproteins having a specific sugar residue, there are
two representative quantification methods.

[0046] The first quantification method is a method in
which, without fractionating glycoproteins using a lectin
that recognizes and binds to a specific sugar residue, the
entire blood sample (glycoproteins) is subjected to SPFS
and, among those glycoproteins that are captured by an
immobilization probe (antibody), ones having a specific
sugar residue are quantified by fluorescently labeling
them with a fluorescent-labeling probe (lectin) that binds
to the specific sugar residue. Although glycoproteins that
do not have the specific sugar residue also bind to the
immobilization probe, since the fluorescent-labeling
probe (lectin) recognizing the specific sugar residue does
not bind thereto, such glycoproteins are not quantified.
For example, JP 2013-76666 A (Patent Document 5) dis-
closes a method of quantifying a specific glycoprotein
(PSA) by SPFS using a specific lectin (e.g., WFA) in the
same manner as in the above-described first quantifica-
tion method, and reference can be made to this method.
[0047] The second quantification method is a method
in which, after fractionating a glycoprotein having a spe-
cific sugar chain in advance using a lectin that recognizes
and binds to the specific sugar residue, only the thus
obtained fractions of the glycoprotein are subjected to
SPFS and the glycoprotein having the specific sugar
chain that is captured by an immobilization probe (anti-
body) is quantified by fluorescently labeling the glycopro-
tein with a fluorescent-labeling probe (lectin) that binds
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thereto. Both of these methods can quantify LacdiNAc-
PSA, which shows reactivity with a lectin recognizing a
specific sugar residue and with an anti-PSA antibody.
For example, WO2010/090264 (Patent Document 1) dis-
closes a method in which a fraction containing a specific
glycoprotein (PSA) is purified using a column (lectin af-
finity column) loaded with a carrier bound with a specific
lectin (e.g., WFA) and the thus purified glycoprotein is
quantified by ELISA, and reference can be made to this
method.

[0048] Afractionation method using a lectin affinity col-
umn is summarized as follows. First, in accordance with
a conventional method, a lectin affinity column is pre-
pared by allowing a carrier for the column to react with a
lectin that recognizes and binds to a specific sugar res-
idue corresponding to a measurement target. Next, in
accordance with a conventional method, a blood sample
is applied to the thus prepared lectin affinity column so
as to allow the measurement target having the specific
sugar residue in the blood sample to bind to the lectin.
Fractions containing substances that do not bind to the
lectin (unbound fractions) are recovered as effluent by
adding a washing buffer to the column. Then, fractions
containing the measurement target bound with the lectin
(bound fractions) are recovered as eluent by adding an
elution buffer to the column. In this elution buffer, a hapten
sugar capable of dissociating the measurement target
bound with the lectin is dissolved. The hapten sugar may
be selected in accordance with the lectin and, for exam-
ple, when WFA is used as the lectin, GaINAc can be used
as the hapten sugar.

(1) Quantification of Total MUC1

[0049] Examples of a method of quantifying the total
MUC1 include a method in which a ternary sandwich im-
munocomplex composed of an anti-MUC1 antibody im-
mobilized on the surface of a sensor chip (immobilized
anti-MUC1 antibody), MUC1 and an anti-MUC1 antibody
bound with a fluorescent substance (fluorescently la-
beled anti-MUC1 antibody) is formed.

[0050] The anti-MUC1 antibody can be prepared by a
known method, or it can be purchased as a commercially
available product. From the standpoint of the measure-
ment stability, a monoclonal antibody is more preferably
used than a polyclonal antibody. Examples of a commer-
cially available anti-MUC1 monoclonal antibody include
VU-3D1, VU-12E1, VU-11E2, VU-12E1, VU-3C6, VU-
13F11, VU-5F 12, VU-4C2, VU-2G7, VU-4H5, VU-11D1,
M4021209, M3A106, M9E7, Ma552, VU-3C6, SM3, DF3,
No. 1, No. 3, M2C5, 3H2740, 175C5, 126E7, C595,
139H2, 9A102, 8L820, M2F1, M4H2, 1B7, M10G4,
EPR1023, EP1024Y, X325, 115D8, OC125 and X75. All
of these anti-MUC1 monoclonal antibodies correspond
to anti-KL-6 monoclonal antibodies.

[0051] The fluorescently labeled anti-MUC1 antibody
can be prepared by binding a desired fluorescent sub-
stance to an anti-MUC1 antibody in accordance with a
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known method and, in this process, a commercially avail-
able fluorescent substance labeling kit or the like can
also be used. The fluorescent substance is not particu-
larly restricted and, for example, a known fluorescent dye
that is capable of emitting an appropriate fluorescence
in SPFS can be used.

[0052] In the quantification of total MUC1, the type of
the anti-MUC1 antibody of the immobilized anti-MUC1
antibody may be the same as or different from that of the
anti-MUC1 antibody of the fluorescently labeled anti-
MUC1 antibody. Since MUC1s are extremely large mol-
ecules and contain a common repeating structure, they
can be immobilized and fluorescently labeled with the
same type of anti-MUC1 antibody.

(2) Quantification of LacdiNAc-PSA

[0053] Examples of the first method of quantifying Lac-
diNAc-PSA include a method in which the entire blood
sample (PSA) is subjected to SPFS without fractionation
of LacdiNAc-PSA and then a ternary sandwich immuno-
complex composed of an anti-PSA antibody immobilized
on the surface of a sensor chip (immobilized anti-PSA
antibody), LacdiNAc-PSA and a phosphor-bound lectin
for LacdiNAc-PSA (fluorescently labeled lectin for Lac-
diNAc-PSA) is formed.

[0054] The anti-PSA antibody can be prepared by a
commonly used known method, or it can be purchased
as a commercially available product. From the standpoint
of the measurement stability, a monoclonal antibody is
more preferably used than a polyclonal antibody. Exam-
ples of a commercially available anti-PSA monoclonal
antibody include PS2, PS3, PS4, PS5, PS6, PS15, 2H9,
3B4, 5A6, 5G6, 8G4, 9A8, 9G2, PS1, 8A6, 2H9, 1H12
and No. 79. Further, in order not to prevent the fluores-
cently labeled lectin for LacdiNAc-PSA from recognizing
and binding to a specific sugar residue in a sugar chain,
it is preferred to use an antibody whose epitope is the
protein moiety, not the sugar chain, of PSA.

[0055] The fluorescently labeled lectin for LacdiNAc-
PSA can be prepared by binding a desired fluorescent
substance to a lectin thatrecognizes a LacdiNAc residue
as represented by WFA in accordance with a commonly
used known method and, in this process, a commercially
available fluorescent substance labeling kit or the like
can also be used. The fluorescent substance is not par-
ticularly restricted and, for example, a known fluorescent
dye that is capable of emitting an appropriate fluores-
cence in SPFS can be used.

[0056] However, depending on the embodiment of the
present invention, for acquisition of prostate cancer-re-
lated diagnostic information, not only PSA having a Lac-
diNAc residue but also both of PSA having a LacdiNAc
residue and PSA having a fucose-o(1,2)-galactose res-
idue can be the subject of quantification (see Patent Doc-
uments 1 and 5). In that case, the fluorescently labeled
lectin for LacdiNAc-PSA can also be prepared using a
lectin that recognizes both of the LacdiNAc residue and
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the fucose-a(1,2)-galactose residue, such as Trichosan-
thes japonica lectin-Il (TJA-II).

[0057] Examples of the second method of quantifying
LacdiNAc-PSA include a method in which, after a Lacdi-
NAc-PSA fraction is prepared from a blood sample using
a lectin for LacdiNAc-PSA1 in advance, the LacdiNAc-
PSA fraction is subjected to SPFS and then a ternary
sandwich immunocomplex composed of an immobilized
anti-PSA antibody, LacdiNAc-PSA and an anti-PSA an-
tibody bound with a fluorescent substance (fluorescently
labeled anti-PSA antibody) is formed.

[0058] Theimmobilized anti-PSA antibody used in this
second method of quantifying LacdiNAc-PSA may be of
the same type as the one used in the above-described
first method of quantifying LacdiNAc-PSA.

[0059] The fluorescently labeled anti-PSA antibody
can be prepared by binding a desired fluorescent sub-
stance to an anti-PSA antibody in accordance with a
known method and, in this process, a commercially avail-
able fluorescent substance labeling kit or the like can
also be used. The fluorescent substance is not particu-
larly restricted and, for example, a known fluorescent dye
that is capable of emitting an appropriate fluorescence
in SPFS can be used.

(3) Quantification of Total PSA

[0060] Examples of a method of quantifying the total
PSA include a method in which a ternary sandwich im-
munocomplex composed of an anti-PSA antibody immo-
bilized on the surface of a sensor chip (immobilized anti-
PSA antibody), PSA and an anti-PSA antibody bound
with a phosphor (fluorescently labeled anti-PSA anti-
body) is formed.

[0061] Theimmobilized anti-PSA antibody used for the
quantification of the total PSA may be of the same type
as the one used for the quantification of LacdiNAc-PSA.
Further, the fluorescently labeled anti-PSA antibody (flu-
orescent substance and/or anti-PSA antibody) used for
the quantification of the total PSA may be of the same
type as the fluorescently labeled anti-PSA antibody (flu-
orescent substance and/or anti-MUC1 antibody) used in
the second method of quantifying LacdiNAc-PSA.

* Embodiments Based on Other Quantification Method

[0062] Examples of a method used for the quantifica-
tion of a measurement target other than SPFS include
ELISA that is widely used as a method of quantifying a
biologically relevant substance. In ELISA, a measure-
ment target is generally quantified in the mode of a sand-
wich assay where a ternary complex composed of an
immobilization probe (antibody), the measurement target
and an enzyme-labeling probe (antibody or lectin) is
formed, and the measurement target is quantified based
on the amount of a dye (signal intensity) generated by
reaction between the enzyme of the enzyme-labeling
probe and a prescribed substrate.
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[0063] In cases where LacdiNAc-PSA is quantified by
ELISA, as in the above-described second method of
quantifying LacdiNAc-PSA, it is required to separate in
advance those fractions containing LacdiNAc-PSA from
all of PSAs contained in a blood sample by utilizing a
lectin that recognizes and binds to a specific sugar res-
idue, for example, a lectin affinity column on which WFA
is supported.

[0064] Basic methods for performing ELISA and frac-
tionation are known, and the present invention can be
appropriately carried out by applying these methods. For
example, reference can be made to WO 2010/090264
(Patent Document 1) which describes, for example, a
method of quantifying a specific glycoprotein, PSA, by
utilizing ELISA and a lectin affinity column on which a
specific lectin is supported.

* Threshold Value

[0065] The threshold value that is used in the first em-
bodiment as well as in the second, third and fourth em-
bodiments utilizing the first embodiment for the purpose
of determining whether or not a measured value of the
total MUC1 concentration in a blood sample indicates
the presence of a certain disease (first threshold value
relating to the total MUC1) can be set by a commonly
used method. Forexample, the total MUC1 concentration
is measured for blood samples originated from a plurality
of patients who have been definitively diagnosed with
prostate cancer and blood samples originated from a plu-
rality of patients who have been definitively diagnosed
with a benign prostate disease such as prostatic hyper-
plasia, and the concentration at which the measured data
of the latter are included at a certain reference ratio or
higher is determined and defined as the threshold value
for estimating that a subject has a benign prostate dis-
ease. This reference ratio of the measured data corre-
sponds to the reliability relating to the estimation of a
benign prostate disease, that is, the probability of correct
estimation. A more reliable threshold value can be set
by increasing the number of samples that represent the
population of the measured data. When the total MUC1
concentration measured for a particular blood sample is
compared against a threshold value set in this manner
and the measured value of the total MUC1 concentration
is greater than the threshold value, it can be estimated
with a certain probability that this blood sample came
from a subject to be diagnosed who has a benign prostate
disease. It would be ideal if, from the measured data, a
threshold value could be set such that a determination
of 100% positive can be given when a blood sample orig-
inated from a subject to be diagnosed who has a benign
prostate disease is analyzed and a determination of
100% negative can be given when a blood sample orig-
inated from a subject to be diagnosed who has prostate
cancer is analyzed; however, it is realistically difficult to
set such a threshold value. Taking into consideration the
desired accuracy of the analysis, such a threshold value
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with which a positive determination can be obtained with
a desirably high probability when a blood sample origi-
nated from a subj ect to be diagnosed who has a benign
prostate disease is analyzed or, in other words, such a
threshold value with which a probability of getting a false-
positive determination can be minimized for the analysis
of a blood sample originated from a subject to be diag-
nosed who has prostate cancer, can be set.

[0066] The threshold value used in the second embod-
iment against which the measured value of the total PSA
concentration in a blood sample is compared and the
threshold value used in the third embodiment against
which the measured value of the LacdiNAc-PSA concen-
tration in a blood sample is compared (first threshold val-
ue relating to LacdiNAc-PSA) can also be setinthe same
manner as described above.

[0067] Further, the threshold values against which the
measured values of the total LacdiNAc-PSA concentra-
tion and the total PSA concentration in a blood sample
are each compared (the second threshold values relating
to LacdiNAc-PSA and total MUC1, respectively), which
threshold values are used in the fourth embodiment for
the detection of highly metastatic prostate cancer, pros-
tate cancer accompanied by a benign prostate disease
or hormone-resistant prostate cancer, can also be setin
the same manner as described above. These threshold
values used in the fourth embodiments are different from
and usually larger than the threshold values used in the
third embodiment for both LacdiNAc-PSA and total
MUC1. The analysis in the third embodiment and the
analysis in the fourth embodiment can be performed si-
multaneously because they are common in that the Lac-
diNAc-PSA concentration and the total MUC1 concen-
tration in a blood sample are each compared against a
prescribed threshold value.

-Kit-

[0068] In order to efficiently performing the method of
analyzing diagnosticinformation according to the present
invention, a kit can be configured by putting together nec-
essary reagents and the like. The analysis of diagnostic
information is typically performed using a quantification
method based on a sandwich assay such as SPFS or
ELISA and, as required, a fractionation method using a
lectin affinity column in combination. Accordingly, the kit
typically contains, as main constituents, reagents for the
formation of a sandwich immunocomplex suitable for
these methods, namely an antibody, which is a biologi-
cally relevant substance for immobilization, and a lectin
or antibody, which is a biologically relevant substance
for detection, and the kit may also contain, as required,
a lectin for the preparation of a lectin affinity column as
a constituent.

[0069] A kit for performing the first embodiment of the
method of analyzing diagnostic information (first embod-
iment of the kit) can be configured to contain at least an
anti-MUC1 antibody as a reagent for the quantification
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of total MUC1. This anti-MUC1 antibody is used for im-
mobilization and binding on the surface of an SPFS sen-
sor chip or ELISA substrate, as well as for the preparation
of a fluorescently labeled anti-MUC1 antibody where the
anti-MUC1 antibody is bound with a fluorescent sub-
stance when the quantification method is SPFS, or for
the preparation of an enzyme-labeled anti-MUC1 anti-
body where the anti-MUC1 antibody is bound with an
enzyme that reacts with a prescribed substrate and for
detection when the quantification method is ELISA. Ac-
cordingly, in this case, the anti-MUC1 antibody compris-
es an anti-MUC1 antibody for immobilization and an anti-
MUC1 antibody for detection; however, these anti-MUC1
antibodies may be of the same type.

[0070] A kit for performing the second embodiment of
the method of analyzing diagnostic information (second
embodiment of the kit) can be configured to contain at
least the following reagents: an anti-MUC1 antibody as
a reagent for the quantification of total MUC1; and an
anti-PSA antibody as a reagent for the quantification of
PSA.

[0071] With regard to the reagent for the quantification
of total MUC1, the same descriptions as provided above
for the first embodiment of the kit are applied.

[0072] For example, in the quantification of the total
PSA, the anti-PSA antibody contained as a reagent for
the quantification of PSA is used for immobilization and
binding on the surface of an SPFS sensor chip or ELISA
substrate, as well as for the preparation of a fluorescently
labeled anti-PSA antibody where the anti-PSA antibody
is bound with a fluorescent substance when the quanti-
fication method is SPFS, or for the preparation of an en-
zyme-labeled anti-PSA antibody where the anti-PSA an-
tibody is bound with an enzyme that reacts with a pre-
scribed substrate and for detection when the quantifica-
tion method is ELISA. Accordingly, in this case, the anti-
PSA antibody comprises an anti-PSA antibody for immo-
bilization and an anti-PSA antibody for detection.
[0073] A kit for performing the third embodiment of the
method of analyzing diagnostic information (fourth em-
bodiment of the kit) can be configured to contain at least
the following reagents: an anti-MUC1 antibody as a re-
agent for the quantification of total MUC1; and an anti-
PSA antibody and a lectin that recognizes and binds to
a LacdiNAc residue as reagents for the quantification of
LacdiNAc-PSA.

[0074] With regard to the reagent for the quantification
of total MUC1, the same descriptions as provided above
for the first embodiment of the kit are applied.

[0075] In acase where LacdiNAc-PSA is quantified in
accordance with the above-described first method, the
anti-PSA antibody contained in the kit is used for immo-
bilization and binding on the surface of an SPFS sensor
chip or ELISA substrate. Meanwhile, the lectin that rec-
ognizes and binds to a LacdiNAc residue is bound with
a fluorescent substance to prepare a fluorescently la-
beled lectin for LacdiNAc-PSA when the quantification
method is SPFS, oritis bound with an enzyme that reacts



19 EP 3 088 895 A1 20

with a prescribed substrate to prepare an enzyme-la-
beled lectin for LacdiNAc-PSA and used for detection
when the quantification method is ELISA.

[0076] In a case where LacdiNAc-PSA is quantified in
accordance with the above-described second method,
the anti-PSA antibody contained in the kit is used for im-
mobilization and binding on the surface of an SPFS sen-
sor chip or ELISA substrate, as well as for the preparation
of a fluorescently labeled anti-PSA antibody where the
anti-PSA antibody is bound with a fluorescent substance
when the quantification method is SPFS, or for the prep-
aration of an enzyme-labeled anti-PSA antibody where
the anti-PSA antibody is bound with an enzyme that re-
acts with a prescribed substrate and for detection when
the quantification method is ELISA. Accordingly, in this
case, the anti-PSA antibody comprises an anti-PSA an-
tibody for immobilization and an anti-PSA antibody for
detection. Meanwhile, the lectin that recognizes and
binds to a LacdiNAc residue is used for the production
of a lectin affinity column used for the preparation of Lac-
diNAc-PSA fractions.

[0077] Asthe anti-MUC1 antibody contained in the first
to fourth embodiments of the kit, an anti-KL-6 monoclonal
antibody is preferred. Particularly, in the embodiment
where the kit contains both an anti-MUC1 antibody for
immobilization and an anti-MUC1 antibody for detection,
itis preferred that both of these anti-MUC1 antibodies be
anti-KL-6 monoclonal antibodies.

[0078] The kits for performing the method of analyzing
diagnostic information according to the respective em-
bodiments may also contain, as required, a reagent other
than the above-described ones, an instrument, an in-
struction manual and/or the like. Examples of such a re-
agent and instrument include: a reagent for immobilizing
a prescribed antibody on the surface of an SPFS sensor
chip or ELISA substrate; a reagent for binding a fluores-
cent substance to a prescribed lectin or antibody; a block-
ing liquid for inhibition of non-specific adsorption to the
surface of an SPFS sensor chip or ELISA substrate; a
washing liquid for liquid transfer after application of a
blood sample and a reagent(s) in each step of SPFS; a
reagent for binding a prescribed lectin to a carrier of a
lectin affinity column; a reagent for washing a lectin af-
finity column or for preparing an elution buffer; a treat-
ment liquid for a blood sample; an instrument for reaction
of these reagents; a sensor chip for SPFS; a substrate
for ELISA; and a carrier of a lectin affinity column. Further,
in the instruction manual, information required for per-
forming the method of analyzing diagnostic information
according to each embodiment of the present invention,
for example, methods (protocols) for using the above-
described reagents and instruments and threshold val-
ues relating to the analysis of diagnostic information, can
be described.
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EXAMPLES
[Production/Preparation Steps]
(1) Production of Plasmon Excitation Sensor

[0079] After plasma-cleaning a 1 mm-thick glass trans-
parent planar substrate ("S-LAL 10" manufactured by
Ohara Inc., refractive index = 1.72), a chromium thin film
was formed on one side of this substrate by sputtering,
and a gold thin film was further formed on the surface of
this chromium thin film by sputtering. The chromium thin
film had a thickness of 1 to 3 nm and the gold thin film
had a thickness of 44 to 52 nm. The substrate on which
a gold thin film was formed in this manner was immersed
in an ethanol solution containing 10-carboxy-1-de-
canethiol (concentration =25 mg/mL) for atleast 24 hours
to form a SAM film on the surface of the gold thin film.
The substrate was then removed from the ethanol solu-
tion and washed with ethanol and isopropanol, followed
by drying using an air gun.

(2) Production of Flow Channel-type Measuring Member
for SPFS

[0080] Onthe surface of the plasmon excitation sensor
(gold thin film) produced in the above-described step, a
0.5 mm-thick sheet-form silicone rubber spacer, which
had a hole of 2 mm in width and 14 mm in length that
served as a flow channel, was placed. A 2 mm-thick
polymethyl methacrylate plate having a through-hole on
both ends was further placed and press-adhered there-
on, and the spacer and the plate were screw-fixed on the
plasmon excitation sensor, thereby producing a flow
channel-type measuring member for SPFS comprising
a flow channel through which samples, reagents and the
like could be transferred via the through-holes.

(3) Production of Fluorescently Labeled WFA

[0081] WFA (L-1350, manufactured by Vector Labora-
tories, Inc.) was fluorescently labeled using Alexa Fluor
(trademark) 647 Protein Labeling Kit (manufactured by
Invitrogen Corp.). The procedure of this process was in
accordance with the protocol attached to the kit. In order
to remove unreacted lectin and fluorescent dye, the re-
action product was purified using an ultrafiltration mem-
brane (manufactured by Nihon Millipore K.K.), and an
Alexa Fluor 647-labeld WFA solution was thereby ob-
tained. After determining the concentration of Alexa Fluor
647-labeld WFA in the thus obtained solution by meas-
uring the absorbance, the solution was stored at 4°C.

(4) Production of Fluorescently Labeled Anti-MUC1 An-
tibody

[0082] An Alexa Fluor 647-labeled anti-MUC1 anti-
body was produced in the same manner as in the above
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step (3), except thata commercially available anti-MUC1
monoclonal antibody (anti-KL-6 monoclonal antibody)
was used in place of WFA. Itis noted here that, this anti-
MUC1 monoclonal antibody was also used for the for-
mation of an anti-MUC1 antibody-immobilized region as
described below.

(5) Production of Fluorescently Labeled Anti-PSA Anti-
body

[0083] An Alexa Fluor 647-labeled anti-PSA antibody
was produced in the same manner as in the above step
(3), except that a commercially available anti-PSA mon-
oclonal antibody (Clone No. 7 9, 2.5 mg/mL; manufac-
tured by Mikuri Immunolaboratory, Ltd.) was used in
place of WFA.

(6) Preparation of Blood Samples

[0084] Serum samples originated from patients who
had been definitively diagnosed with prostate cancer and
serum samples originated from patients who had been
definitively diagnosed with prostatic hyperplasia were
each 2-to 10-fold diluted with phosphate buffer to prepare
blood samples.

[Quantification Steps]

[0085] For each of the blood samples prepared in the
above production/preparation step (6), the concentration
of each of total MUC1, LacdiNAc-PSA and total PSA was
measured by the below-described procedures.

(1) Quantification of total MUC1

(1-1) Formation of Anti-MUC1 Antibody-Immobilized Re-
gion

[0086] In the flow channel of the flow channel-type
measuring member for SPFS that was produced in the
above production/preparation step (2), using a peristaltic
pump, ultrapure water and then phosphate-buffered
physiological saline were circulated for 10 minutes and
20 minutes, respectively, at room temperature (25°C)
and a flow rate of 500 wL/min, thereby equilibrating the
surface of the plasmon excitation sensor. Subsequently,
5 mL of a phosphate-buffered physiological saline con-
taining 50 mM of N-hydroxysuccinimide and 100 mM of
ethyl(dimethylaminopropyl)carbodiimide was circulated
for 20 minutes. Thereafter, 2.5 mL of a commercially
available anti-MUC1 monoclonal antibody (anti-KL-6
monoclonal antibody) solution was circulated for 30 min-
utes to immobilize the antibody on the SAM film, thereby
forming an anti-MUC1 antibody-immobilized region. Fur-
ther, a phosphate-buffered physiological saline contain-
ing 1% by weight of bovine serum albumin was circulated
for 30 minutes to perform a non-specific adsorption-in-
hibiting treatment in the flow channel.
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(1-2) Measurement by SPFS

[0087] Sample Application Step: In the flow channel in
which the anti-MUC1 antibody-immobilized region was
formed, the blood samples prepared in the above pro-
duction/preparation step (6) were circulated for 25 min-
utes.

[0088] First Washing Step: A Tris-buffered physiolog-
ical saline containing 0.05% by weight of Tween (regis-
tered trademark) 20 was circulated for 10 minutes.
[0089] Blank Measurement Step: With the flow chan-
nel being filled with the above-described Tris-buffered
physiological saline, the metal thin film was irradiated
with a laser light having a wavelength of 635 nm, whose
photon amount was adjusted by an optical filter, from the
back side of the plasmon excitation sensor through a
prism. Then, using a CCD image sensor (manufactured
by Texas Instruments Inc.) that was equipped with a xX20
objective lens and arranged above the assay area, the
intensity of the light passing through a filter arranged for
cutting wavelengths of non-fluorescent components was
measured. Since the thus measured value is a noise val-
ue that does not include the fluorescence emitted by the
phosphor labeling MUC1, the measured value is defined
as "blank value".

[0090] Labeling Step: Then, 5 mL of a phosphate-buff-
ered physiological saline containing the Alexa Fluor 647-
labeled anti-MUC1 antibody produced in the above pro-
duction/preparation step (4) (1 ng/mL) was circulated for
20 minutes.

[0091] Second Washing Step: A Tris-buffered physio-
logical saline containing 0.05% by weight of Tween (reg-
istered trademark) 20 was circulated for 20 minutes.
[0092] Signal Measurement Step: With the flow chan-
nel being filled with the above-described Tris-buffered
physiological saline, the light intensity was measured in
the same manner as in the above-described blank meas-
urement step. The thus measured value corresponds to
a signal that includes the fluorescence emitted by the
phosphor labeling MUCA1.

(2) Quantification of Total PSA

(2-1) Formation of Anti-PSA Antibody-Immobilized Re-
gion

[0093] An anti-PSA antibody-immobilized region was
formed in the same manner as in the above-described
step (1-1) for the quantification of total MUC1, except that
a commercially available anti-PSA monoclonal antibody
was used in place of the anti-MUC1 monoclonal antibody.

(2-2) Measurement by SPFS

[0094] The total PSA was quantified in the same man-
ner as in the above-described step (1-2) for the quantifi-
cation of total MUC1, except that the Alexa Fluor 647-
labeled anti-PSA antibody produced in the produc-
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tion/preparation step (5) was used in place of the Alexa
Fluor 647-labeled anti-MUC1 antibody produced in the
production/preparation step (4).

(3) Quantification of LacdiNAc-PSA

(3-1) Formation of Anti-PSA Antibody-Immobilized Re-
gion

[0095] An anti-PSA antibody-immobilized region was
formed in the same manner as in the above-described
step (1-1) for the quantification of total MUC1, except that
a commercially available anti-PSA monoclonal antibody
was used in place of the anti-MUC1 monoclonal antibody.

(3-2) Measurement by SPFS

[0096] LacdiNAc-PSA was quantified in the same
manner as in the above-described step (1-2) for the quan-
tification of total MUC1, except that the Alexa Fluor 647-
labeled WFA produced in the production/preparation
step (3) was used in place of the Alexa Fluor 647-labeled
anti-MUC1 antibody produced in the production/prepa-
ration step (4).

[Analysis Steps]
[0097]

Fig. 1 shows the results of the quantification step (1):
Quantification of total MUC1(KL®6). It is shown that
the total MUC1(KL6) concentration was higherinthe
blood samples of prostatic hyperplasia patients than
in those of prostate cancer patients. Therefore, it is
seen that, based on these results, the concentration
corresponding to a value in a range of, for example,
4.5 to 5 units can be set as the threshold value to be
used in the first embodiment of the analysis method
of the present invention.

Fig. 2 shows, in an integrated manner, the results of
the quantification step (1): Quantification of total
MUC1(KL6) (abscissa) and the results of the quan-
tification step (2): Quantification of Total PSA (ordi-
nate). Itis shown that the total MUC1 (KL6) concen-
tration was higher in the blood samples of prostatic
hyperplasia patients than in those of prostate cancer
patients. That is, it is seen that, based on these re-
sults, the threshold value used in the analysis meth-
od of the present invention can be set in a range of,
forexample, 4.5to 5 units. Therefore, itis understood
that, in the second embodiment of the analysis meth-
od according to the present invention, even when
the threshold value relating to the total PSA, which
have been used in conventional diagnosis, includes
a gray zone and this yields false-positive results in
which a certain number of prostatic hyperplasia pa-
tients are diagnosed with prostate cancer, these
false-positive patients can be correctly diagnosed
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with prostatic hyperplasia by using the total MUC1
(KL6) -related threshold value in combination.

Fig. 3 shows, in an integrated manner, the results of
the quantification step (1): Quantification of total
MUC1(KL6) (abscissa) and the results of the quan-
tification step (3): Quantification of LacdiNAc-PSA
(ordinate). It is shown that the total MUC1 (KL6) con-
centration was higher in the blood samples of pros-
tatic hyperplasia patients than in those of prostate
cancer patients. That is, it is seen that, based on
these results, the threshold value used in the anal-
ysis method of the present invention can be setin a
range of, for example, 4.5 to 5 units. Therefore, it is
understood that, in the third embodiment of the anal-
ysis method according to the presentinvention, even
when the threshold value relating to LacdiNAc-PSA,
which is disclosed in Patent Document 1, includes a
gray zone and this yields false-positive results in
which a certain number of prostatic hyperplasia pa-
tients are diagnosed with prostate cancer, these
false-positive patients can be correctly diagnosed
with prostatic hyperplasia by using the total MUC1
(KL6) -related threshold value in combination.

[0098] In Fig. 3, a sample having a high concentration
of total MUC1 (KL6) and a relatively high concentration
of LacdiNAc-PSA is found (sample circled with dotted
line), and this represents a sample originated from a pat-
ent with metastasis of prostate cancer to other site. Fur-
ther, taking into consideration other results, it is believed
that a similar result should also be obtained for a sample
originated from a prostate cancer patient who also has
a benign prostate disease such as prostatic hyperplasia.
This is expected to be the same also for a sample origi-
nated from a hormone-resistant prostate cancer patient.
Therefore, itis understood that, in the fourth embodiment
of the present invention, highly metastatic prostate can-
cer, prostate cancer accompanied by a benign prostate
disease or hormone-resistant prostate cancer can be de-
tected by setting a second threshold value for both total
MUC1(KL6) and LacdiNAc-PSA.

Claims

1. A method of analyzing diagnostic information, said
method comprising:

measuring the concentration of all mucin-1s (to-
tal MUC1) in a blood sample originated from a
subject to be diagnosed;

comparing the thus measured value with a
threshold value; and

estimating that a disease affecting said subject
to be diagnosed is not prostate cancer but a be-
nign prostate disease when said measured val-
ue of said concentration of total MUC1 is greater
than said threshold value.
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A method of analyzing diagnostic information for es-
timating which of a benign prostate disease and
prostate cancer is affecting a subject to be diag-
nosed, said method using a combination of:

a method of analyzing diagnostic information
that comprises: measuring the concentration of
allmucin-1s (total MUC1) in a blood sample orig-
inated from said subject to be diagnosed; com-
paring the thus measured value with a threshold
value; and estimating that said disease affecting
said subject to be diagnosed is not prostate can-
cer but said benign prostate disease when said
measured value of said concentration of total
MUCH1 is greater than said threshold value; and
diagnostic information relating to a prostate-
specific antigen which indicates that said subject
to be diagnosed has a prostate disease.

A method of analyzing diagnostic information for es-
timating which of a benign prostate disease and
prostate cancer is affecting a subject to be diag-
nosed, said method using a combination of:

a method of analyzing diagnostic information
that comprises: measuring the concentration of
allmucin-1s (total MUC1) in a blood sample orig-
inated from said subject to be diagnosed; com-
paring the thus measured value with a threshold
value; and estimating that said disease affecting
said subject to be diagnosed is not prostate can-
cer but said benign prostate disease when said
measured value of said concentration of total
MUCH1 is greater than said threshold value; and
a method of analyzing diagnostic information
that comprises: measuring the concentration of
a prostate-specific antigen (LacdiNAc-PSA)
which is reactive with a lectin that recognizes
and binds to an N-acetyl-D-galactosamine £1-4
N-acetylglucosamine residue in said blood sam-
ple originated from said subject to be diagnosed;
comparing the thus measured value with a
threshold value; and estimating that said dis-
ease affecting said subject to be diagnosed is
not said benign prostate disease but prostate
cancer when said measured value of said con-
centration of LacdiNAc-PSA is greater than said
threshold value.

A method of analyzing diagnostic information, which
estimates that, in a case where a subjected to be
diagnosed is estimated to have prostate cancer by
the method of analyzing diagnostic information ac-
cordingto claim 3, said prostate cancer affecting said
subject to be diagnosed is highly metastatic prostate
cancer, prostate cancer accompanied by a benign
prostate disease or hormone-resistant prostate can-
cer when not only a measured value of total MUC1
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concentration is greater than another threshold val-
ue that is larger than the threshold value according
to claim 3 but also a measured value of LacdiNAc-
PSA concentration is greater than another threshold
value that is larger than the threshold value accord-
ing to claim 3.

The method of analyzing diagnostic information ac-
cording to any one of claims 1 to 4, wherein said
benign prostate disease is prostatic hyperplasia.

The method of analyzing diagnostic information ac-
cording to any one of claims 1 to 5, wherein said total
MUCH1 is reactive with an anti-KL-6 monoclonal an-
tibody.

A diagnostic kit for performing the method of analyz-
ing diagnostic information according to claim 1, said
kit comprising an anti-mucin-1 antibody for quantify-
ing total MUCA1.

A diagnostic kit for performing the method of analyz-
ing diagnostic information according to claim 2, said
kit comprising:

an anti-mucin-1 antibody for quantifying total
MUC1; and

an anti-prostate-specific antigen antibody for
quantifying an anti-prostate-specific antigen.

A diagnostic kit for performing the method of analyz-
ing diagnostic information according to claim 3 or 4,
said kit comprising:

an anti-mucin-1 antibody for quantifying total
MUC1; and

an anti-prostate-specific antigen antibody and a
lectin that recognizes and binds to an N-acetyl-
D-galactosamine fp1-4 N-acetylglucosamine
residue for quantifying LacdiNAc-PSA.

The diagnostic kit according to any one of claims 7
to 9, wherein said anti-mucin-1 antibody is an anti-
KL-6 monoclonal antibody.

The diagnostic kit according to any one of claims 7
to 10, which further comprises an instruction manual
that describes information required for performing
said method of analyzing diagnostic information.
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