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1
METHOD FOR DETECTING AND
DISTINGUISHING INTRAHEPATIC
CHOLANGIOCARCINOMA

TECHNICAL FIELD

The present invention relates to the provision of a method
for early, sensitively and reliably detecting and distinguishing
intrahepatic cholangiocarcinomaas a malignant tumor occur-
ring primarily in the liver in a simple way and a kit therefor,
and more specifically to the provision of a method for detect-
ing and distinguishing intrahepatic cholangiocarcinoma
employing a clinically applicable and simple device having
performance clinically acceptable in terms of applicability,
sensitivity and precision by using a glycan biomarker con-
sisting of a lectin WFA (Wisteria floribunda Agglutinin)-
binding glycoprotein as a cancer marker to detect a intrahe-
patic cholangiocarcinoma-specific glycan structure in the
glycan biomarker as a device for early and specifically detect-
ing intrahepatic cholangiocarcinoma, and a kit therefor.

BACKGROUND ART

Cancer is in the first place among death cause diseases in
Japan, and fatalities therefrom are way ahead of those from
other diseases such as cardiac diseases and brain diseases.
Cancer occurs in all organs and progresses to invade and
metastasize to various organs. Thus, to perform effective
therapy for cancer, it is most important to treat the cancer at a
treatable stage by early detection. Currently, the development
of various diagnostic methods and early detection by diagno-
sis have become possible, which leads to early therapy to
prolong life. However, despite the development of various
diagnostic and therapeutic methods, invasion and metastasis
from a primary lesion complicate therapy and follow a course
leading to death.

Liver cancer is a malignant tumor present in the liver. Liver
cancer can be divided into a primary liver cancer occurring
primarily in the liver and a metastatic liver cancer resulting
from the metastasis of a cancer species having occurred in an
organ other than the liver into the liver. As major malignant
tumors occurring in the liver (primary liver cancers), there are
hepatocellular carcinoma derived from liver cells and intra-
hepatic cholangiocarcinoma (or cholangiocellular carci-
noma) derived from biliary epithelial cells. There is also a
cancer considered to be their mixed type. Hepatocellular car-
cinoma (HCC) is a malignant tumor derived from liver cells
and accounts for 90% or more of primary liver cancers.
Almost all the hepatocellular carcinoma occurs from viral
hepatitis. Intrahepatic cholangiocarcinoma (ICC) is a cancer
accounting for 3% of primary liver cancers and is considered
to find difficulty in early detection, have a low survival rate
after surgical resection, be poorly responsive to chemo-
therapy, and have poor prognosis.

For the early detection of liver cancer, the development of
a detection device using a tumor marker has previously been
under way. For hepatocellular carcinoma, to date many mark-
ers for cancer detection have been developed. For example,
a1 fetoprotein (AFP) is clinically used as a tumor marker for
hepatocellular carcinoma, and PIVKA-II (New Eng. J. Med.
310: 1427-1431, 1984) is also utilized as a tumor marker for
hepatocellular carcinoma. Other known examples of the
tumor marker for liver cancer include CEA, CA19-9, KMO-
1, DuPAN-2, Span-1, CA50, SLX, basic fetoprotein (BFP),
NCC-S, T-439, alkaline phosphatase isozyme, y-GTP
isozyme, 1AP, TPA, B2-microglobulin, ferritin, POA, and
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trypsin inhibitor (Japanese Unexamined Patent Application
Publication No. 2002-323499).

In recent years, many tumor markers for hepatocellular
carcinoma are disclosed, which consist of genes and polypep-
tides expressed in hepatocellular carcinoma. For example,
tumor markers for hepatocellular carcinoma are disclosed,
which consist of genes and polypeptides including Gla
incomplete blood coagulation factor VII (Japanese Unexam-
ined Patent Application Publication No. 08-184594), aldolase
[ gene, carbamoyl phosphate synthase I gene, plasminogen
gene, EST51549, albumin gene, cytochrome P-450 subfam-
ily 2E1 gene, retinol binding protein gene or organic anion
transporter C gene (Japanese Unexamined Patent Application
Publication No. 2004-105013), human gene ZNFN3A1 hav-
ing zinc finger and SET domains (Japanese Unexamined
Patent Application Publication (Translation of PCT Applica-
tion) No. 2005-511023), glypican-3 (GPC3) (Japanese Unex-
amined Patent Application Publication (Translation of PCT
Application) No. 2005-526979) as a heparan sulfate pro-
teoglycan, and development and differentiation enhancing
factor 1 (DDEFL1) (Japanese Unexamined Patent Applica-
tion Publication (Translation of PCT Application) No. 2005-
503176) located in the region of chromosomal band 1p36.13
and controlling the reformation of the actin cytoskeleton.

In addition, tumor markers for hepatocellular carcinoma
are disclosed, which consist of genes and polypeptides
including the presence of deletion in the chromosome region
8pl2, 16p13.2-p13.3, 16q23.1-q24.3 or 19p13.2-p13.3
(Japanese Unexamined Patent Application Publication No.
2006-94726), Wnt-1 encoding a secretory cysteine-rich pro-
tein family (Japanese Unexamined Patent Application Publi-
cation No. 2007-139742), genes of carbamoyl phosphate syn-
thase I chain MGC47816 and protein HES6 comprising helix
loop-helix main and orange domains (Japanese Unexamined
Patent Application Publication (Translation of PCT Applica-
tion) No. 2007-506425), a cell-related hepatocellular carci-
noma (HCC) protein consisting of SEMASA (semaphorin
5A), SLC2A2 (solute carrier family member), ABCC2 (ATP-
binding cassette subfamily C member 2) or HAL (histidine
ammonia lyase) (Japanese Unexamined Patent Application
Publication (Translation of PCT Application) No. 2007-
534722), or human «2,6 sialyltransferase (Japanese Unex-
amined Patent Application Publication No. 2007-322373).

A hepatocellular carcinoma marker in which attention is
focused on a constitutive glycan group of a glycoprotein in
the serum has recently been disclosed as a marker highly
specific for hepatocellular carcinoma (Japanese Unexamined
Patent Application Publication No. 2007-278803). The hepa-
tocellular carcinoma marker consists of a hepatocellular car-
cinoma marker consisting of a trisialyl glycan disappearing or
decreasing with the development of hepatocellular carci-
noma; the detection of hepatocellular carcinoma using the
tumor marker has been shown to be performed by using a
labeled glycan and calculating the amount of the hepatocel-
lular carcinoma marker prepared from a sample through sepa-
ration using an ion-exchange column and analysis by an
elution pattern in high performance liquid chromatography
employing an ODS silica column.

Several tumor markers for detecting cholangiocarcinomas
including intrahepatic cholangiocarcinoma are also dis-
closed. For example, Japanese Unexamined Patent Applica-
tion Publication (Translation of PCT Application) No. 2003-
527583 discloses the use of a trypsinogen activation peptide
(TAP) as a marker for detecting bile duct-pancreas cancer
species; Japanese Unexamined Patent Application Publica-
tion No. 2005-304497 discloses the use of at least one
genomic gene selected from the group consisting of ZNF131,
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DOC2, DAB2, PC4, SKP2, CDH10, CDHI12, TERT, CDKS5,
BAIl1, PSCA, MLZE, RECQL4, BCL1, FGF4, ITGB4, Sur-
vivin, SRC, PTPN1, PCTK1, and CTAG, as a gene marker for
cholangiocarcinoma; W02005/023301 discloses the use of
an anti-glypican 3 antibody as a diagnostic agent for cholan-
giocarcinoma; and Japanese Unexamined Patent Application
Publication No. 2008-72952 discloses the use of nucleotides
constituting the base sequence of one gene except claudin 4 or
at least 2 genes selected from the group consisting of (1)
insulin-like growth factor-binding protein 5 (IGFBPS), (2)
claudin 4 (CLDN4), (3) PDZ and LIM domain 7 (PDLIM7),
and (4) Biglycan (BGN), as a marker for detecting cholang-
iocarcinoma. The relation between cholangiocarcinoma and
claudin 4 per se is reported in “Modern Pathology 19: 460-
469 (2006)”.

From a standpoint of a strategy or the like for overcoming
bile duct tumors including intrahepatic cholangiocarcinoma,
the differential diagnosis of hepatocellular carcinoma, intra-
hepatic cholangiocarcinoma, and mixed-type hepatocellular
carcinoma in which both of the components can be identified,
in primary liver cancer is important. Cytokeratin has previ-
ously been used as a tissue marker, and attention has recently
been given to new markers such as EpCAM. However,
because these existing markers show positivity in not only
cholangiocarcinoma but also the normal bile duct and the
peripheral interstitial area, there is aneed for the development
of a marker more specific for cholangiocarcinoma (Cytok-
eratinl: Oncology Rep. 17: 737-741, 2007, Cytokeratin2:
Med.Pathology 9: 901-909, 1996; EpCAM1: Gastoroentet-
ology 136: 1012-1024, 2009; EpCAM2: Cancer Res. 68:
1451-1461, 2008).

As described above, for the early detection of liver cancers
such as hepatocellular carcinoma and intrahepatic cholang-
iocarcinoma, many markers for detecting cancer are dis-
closed; however, since most of the tumor markers are tumor
markers for liver cancer consisting of genes or polypeptides
expressed in liver cancer, they impose many constraints as
detection device for early detecting and diagnosing liver can-
cer to be accurately and simply used on a clinical site in view
of problems of clinical applicability such as a complex opera-
tion for detecting the gene expression and the detection pre-
cision for specifically detecting a cancer species and in terms
of the sensitivity and precision of the differential diagnosis of
a cancer species or the cancer detection, and are therefore not
necessarily satisfactory. The method for detecting the occur-
rence of liver cancer using a gene expressed in liver cancer as
a tumor marker cannot also be applied to a case where bile or
the like is used as a test specimen.
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SUMMARY OF THE INVENTION
Object to be Solved by the Invention

To perform effective therapy for cancer, early therapy by
early detection is also a most important management in liver
cancer. Although as primary liver cancers there exist hepato-
cellular carcinoma derived from liver cells and intrahepatic
cholangiocarcinoma occurring in biliary epithelial cells,
early detection and suitable therapy based on accurate differ-
ential diagnosis are expected to result in cure in both of the
carcinomas. Particularly, intrahepatic cholangiocarcinoma
requires early detection and accurate diagnosis because it has
alow survival rate after surgical resection compared to hepa-
tocellular carcinoma. However, intrahepatic cholangiocarci-
noma is difficult to early detect. In addition, it is often expe-
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rienced that even when this carcinoma can be detected by
diagnostic imaging such as CT scan, the differentiation
thereof from hepatocellular carcinoma is difficult.

Accordingly, an object of the present invention is to pro-
vide a method for early, sensitively and reliably detecting and
distinguishing intrahepatic cholangiocarcinoma as a malig-
nant tumor occurring primarily in the liver in a simple way
and a kit therefor, and more specifically to provide a method
for early detecting and distinguishing intrahepatic cholang-
iocarcinoma with a performance clinically acceptable in
terms of applicability, sensitivity and accuracy employing a
cancer marker capable of clear differentiation from hepato-
cellular carcinoma, a method for detecting intrahepatic cho-
langiocarcinoma in a way applicable on a clinical site by a
simple procedure, and a kit therefor.

Means to Solve the Object

In intensive studies on a cancer marker for a method of
detecting intrahepatic cholangiocarcinoma applicable on a
clinical site for solving the above-described problems, the
present inventors have found a glycan biomarker specifically
recognizing intrahepatic cholangiocarcinoma in focusing
attention to the specific change ofthe glycan of a glycoprotein
secreted from cells depending on normal cells or the type of
cancer cells, based on findings of the present inventors, and
searching glycan biomarkers specifically recognizing intra-
hepatic cholangiocarcinomausing lectin microarray analysis,
that is, have found that a glycan biomarker consisting of a
lectin WFA (Wisteria floribunda Agglutinin)-binding glyco-
protein provides a cancer marker specifically recognizing
intrahepatic cholangiocarcinoma, thereby accomplishing the
present invention.

Thus, the present invention consists of a method for detect-
ing intrahepatic cholangiocarcinoma, comprising using a gly-
can biomarker consisting of a lectin WFA (Wisteria flori-
bunda Agglutinin)-binding glycoprotein derived from
intrahepatic cholangiocarcinoma as a cancer marker to detect
intrahepatic cholangiocarcinoma by detecting the cancer
marker in a test specimen. The method for detecting intrahe-
patic cholangiocarcinoma according to the present invention
can clearly differentiate intrahepatic cholangiocarcinoma
from hepatocellular carcinoma and enables early detection
and determination with a performance clinically acceptable
in terms of applicability, sensitivity and precision. In addi-
tion, it enables the detection of intrahepatic cholangiocarci-
noma in a way applicable on a clinical site by a simple
procedure.

For the purpose of the present invention, the “lectin WFA
(Wisteria floribunda Agglutinin)” in the “lectin WFA (Wist-
eria floribunda Agglutinin)-binding glycoprotein” as a cancer
marker for specifically detecting intrahepatic cholangiocar-
cinoma as a glycan biomarker refers to a lectin as an agglu-
tinin derived from Wisteria floribunda. Here, the “lectin” is
defined as “a protein capable of specifically recognizing and
binding to a glycan to perform bridge formation”.

According to the present invention, the presence of the
cancer marker in test specimens can be detected by WFA
staining using a labeled lectin WFA or by a sandwich method
using a sandwich of a labeled lectin WFA, a lectin WFA-
binding glycoprotein as a cancer marker, and an antibody
recognizing the lectin WFA-binding glycoprotein and bind-
ing thereto. Examples of the antibody recognizing the lectin
WFA-binding glycoprotein and binding thereto can include
antibodies obtained using CA125, N-CAM-L1, Maspin, and
MUCI as antigens.
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As aresult of tissue staining, MUC1, CA125,N-CAM-L1,
and Maspin was observed to be specifically expressed in
cholangiocarcinoma; thus, they can be not only markers in the
bile and the serum but also dominant candidate marker mol-
ecules in the tissue. For the mixed-type liver cancer which
occurs at a rate of several percent of the primary livers cancer
and is concurrent liver cancer and intrahepatic cholangiocar-
cinoma, the discriminative diagnosis thereof is important
because a therapeutic strategy is different between liver can-
cer and cholangiocarcinoma. Because cytokeratin, EpCAM,
and the like currently in use are not specific for cholangiocar-
cinoma, it is expected that the use of the above candidate
molecules as discriminative markers can contribute to an
improvement in the accuracy of diagnosis. Since other can-
didate molecules are observed to be also expressed in cancers
other than cholangiocarcinoma, they are less useful as a tissue
marker; however, it is possible that a combination thereof
with WFA in the bile and the serum enables the discrimination
of cholangiocarcinoma patients from other disease patients
and healthy individuals.

According to the present invention, fluorescently labeled
WFA can be used as the “labeled lectin WFA” used when
intrahepatic cholangiocarcinoma is detected by the sandwich
method. When the method for detecting intrahepatic cholan-
giocarcinoma according to the present invention is performed
using the sandwich method, the “antibody recognizing the
lectin WFA-binding glycoprotein and binding thereto” is
preferably provided in the form of solid-phasing the antibody
on a support and sandwiching a lectin WFA-binding glyco-
protein as a cancer marker with a labeled lectin WFA to carry
out detection using the sandwich method. In the above sand-
wich method, as an alternative to solid-phasing the antibody
on a support, the lectin WFA-binding glycoprotein can be
presented on a reaction field where a plurality of lectins
including the lectin WFA are solid-phased on a support to
perform detection using a labeled product of the antibody.

The method involving solid-phasing a plurality of lectins
including the lectin WFA on a support, presenting the lectin
WFA-binding glycoprotein and performing detection using
the labeled product of the antibody may be carried out by
solid-phasing the lectin WFA directly on the support (direct
method); however, as a modification of the method, lectin
WFA can be changed into biotinylated WFA to prepare the
resultant lectin WFA in a form solid-phased on a support
coated with streptavidin (indirect method) to vastly enhance
an increase in detection sensitivity and a decrease in back-
ground.

‘When the sandwich method is used for the measurement of
the WFA-binding glycoprotein, the measurement may use
ELISA, immunochromatography, radioimmunoassay (RIA),
fluoroimmunoassay (FIA method), chemiluminescent immu-
noassay, evanescent wave analysis, or the like. These methods
are well known to those of ordinary skill in the art, and any of
the methods may be selected. These methods may also be
performed according to conventional procedures: the setting
of actual reaction conditions and the like are within the rou-
tine skill of a person skilled in the art. Of these, particularly
preferred is the use of lectin/antibody sandwich ELISA in
which an antibody and a lectin are used as a protein-binding
substance and a glycan-binding substance, respectively.

In the sandwich method, a protein-binding substance or a
glycan-binding substance is bound to a solid phase. Herein-
after, the solid-phased binding substance is referred to as a
“scavenger”, and the other substance is referred to as a “detec-
tor”. Examples of the support (solid phase) on which a scav-
enger is solid-phased include a plate (e.g., a microwell plate),
a microarray substrate (e.g., a slide glass for a microarray), a
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tube, beads (e.g., plastic beads, magnetic beads), a carrier for
chromatography (e.g., Sepharose (trade name)), a membrane
(e.g., a nitrocellulose membrane, PVDF membrane), and a
gel (e.g., polyacrylamide gel). Among others, a plate, beads,
and a membrane are preferably used; a plate is most prefer-
ably used because ofits simplicity of handling. The scavenger
may be solid-phased by any method provided that a sufficient
binding strength is obtained; for example, it is solid-phased
by covalent bonding, ionic bonding, or physical adsorption.
Alternatively, a support on which a scavenger is solid-phased
in advance may be used.

The detector may be indirectly or directly labeled with a
labeling substance. Examples of the labeling substance
include fluorescent substances (e.g., FITC, rhodamine, Cy3,
and Cy3), radioactive substances (e.g., >C, and *H), and
enzymes (e.g., alkaline phosphatase, peroxidase (horseradish
peroxidase or the like), and glucose oxidase, and -galactosi-
dase). The detector may also be biotin-labeled while (strept)
avidin being labeled with the above labeling substance to
utilize the binding of biotin and (strept)avidin.

When the enzyme is used as a labeling substance, the
detection is carried out by using a suitable substrate depend-
ing on the enzyme used. For example, when peroxidase is
used as an enzyme, o-phenylenediamine (OPD), tetramethyl
benzidine (TMB), or the like is used as a substrate; when
alkaline phosphatase is used, p-nitrophenyl phosphate
(PNPP), or the like is used. An enzyme reaction termination
solution and a substrate-dissolving liquid which are hereto-
fore known and properly selected depending on the enzyme
selected may be used.

The scavenger forms a complex together with a WFA-
binding marker glycoprotein in a body fluid sample. The
signal produced by applying the detector to this complex is
measured to detect and quantify the WFA-binding marker
glycoprotein in a body fluid. The signal may be measured
using a suitable measuring apparatus depending on the label-
ing substance used.

The binding of a glycan to a lectin is weak compared to that
to an antibody; thus, generally, the binding constant of an
antigen-antibody reaction is considered to be 10%to 10° M,
while the binding constant between a glycan and a lectin is
considered tobe 10* to 107 M~*. When the lectin is used as the
glycan-binding substance, the signal detection is preferably
performed using an evanescent wave excited fluorescence
detection method. The evanescent wave excited fluorescence
detection method is a method utilizing the fact that the
entrance of light into the edge (side) of a slide glass under
such conditions as to produce total reflection causes the exu-
dation of a very short-range light called evanescent wave
(called near-field light) only in a near field on the order of
several hundred nanometers distant from the interface, for
example, between two phases with different refractive
indexes such as between glass (solid phase) and water (liquid
phase). This method is performed by causing an excitation
light for a fluorescent substance to enter from the edge and
excite only a fluorescent substance present in a near field for
the observation of the fluorescence. The evanescent wave
excited fluorescence detection method is described in Kuno et
al., Nature Methods, 2: 851-856 (2005) and the like. For this
detection, GlycoStation™ Reader 1200 (MORITEX Corpo-
ration) or the like may be used.

A lectin is used as the sugar-binding substance. The “lec-
tin” is a generic term applied to a protein recognizing, and
binding to, a specific glycan structure. Glycans are each gen-
erally formed by a plurality of types of sugars and have
various and complex structures because the mode of the bind-
ing between the sugars is diverse. Many lectins derived from
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animals and plants are known. Examples thereof include
galectins as an animal lectin family having affinity for galac-
tose; C-type lectins as a calcium-dependent animal lectin
family; annexin having certain affinity for glycosaminogly-
can; leguminous lectin; and ricin. In the present invention,
Wisteria-derived lectin WFA (Wisteria floribunda Aggluti-
nin) is used.

The lectin may be properly selected depending on the
glycan structure of a glycoprotein to be detected. Techniques
for analyzing the glycan structure of a glycoprotein include
glycan profiling by frontal affinity chromatography (FAC), a
lectin microarray, or MS or MS” (mass spectrometry or tan-
dem mass spectrometry). If the glycan structure of the glyco-
protein is determined, a suitable lectin can be selected based
on the information thereof. Information on lectins is available
from Lectin frontier DataBase (L{DB) or the home page of
Research Center for Medical Glycoscience, National Insti-
tute of Advanced Industrial Science and Technology.

An antibody is preferably used as a substance specifically
binding to the protein moiety of the WFA-binding marker
glycoprotein. The antibody may be a commercially available
antibody; however, an antibody specific for the protein moi-
ety of the WFA-binding marker glycoprotein may be pro-
duced by a method known per se based on the sequence
information of the WFA-binding marker glycoprotein.

Based on the sequence information of the WFA-binding
marker glycoprotein, the partial peptides thereof can be pre-
pared, followed by producing an anti-WFA-binding marker
glycoprotein antibody according to a method known per se as
described below. These peptides may each be any peptide
provided that the prepared anti-WFA-binding marker glyco-
protein antibody does not cross-react with an unrelated anti-
gen contained in a sample, and may contain the substitution,
addition, deletion, or the like of one to several amino acids.
For example, the peptide may be a peptide adjacent to or
distant from the glycan-bound amino acid residue of the
WFA-binding marker glycoprotein.

The antibody used in the present invention may be a poly-
clonal antibody or a monoclonal antibody. These antibodies
can be produced according to a method for producing an
antibody or an antiserum known per se. For the antibody
production, the protein moiety of the WFA-binding marker
glycoprotein is used as an antigen.

In performing the early detection of intrahepatic cholang-
iocarcinoma using the method for detecting intrahepatic cho-
langiocarcinoma according to the present invention, a clinical
sample or clinical section containing bile may be used as a test
specimen for detecting intrahepatic cholangiocarcinoma. It
has been made possible to detect intrahepatic cholangiocar-
cinoma with high precision using the test specimen, permit-
ting the early detection of the occurrence of intrahepatic
cholangiocarcinoma with simplicity and high precision on a
clinical site, which has been difficult when a conventional
gene marker is used. The use of the method for detecting
intrahepatic cholangiocarcinoma according to the present
invention enables the detection of intrahepatic cholangiocar-
cinoma in a test specimen and the early detection and deter-
mination of intrahepatic cholangiocarcinoma occurring pri-
marily in the liver.

The present invention encompasses a kit for detecting and/
or distinguishing intrahepatic cholangiocarcinoma provided
with a labeled lectin WFA and an antibody recognizing, and
binding to, a lectin WFA-binding glycoprotein, used to per-
form the method for detecting intrahepatic cholangiocarci-
noma according to the present invention. Examples of the
antibody recognizing, and binding to, a lectin WFA-binding
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glycoprotein can include 1 or 2 or more antibodies of anti-
bodies obtained using CA125, N-CAM-L1, Maspin, and
MUCI as antigens.

Cholangiocarcinoma markers include a tissue marker (a
biopsy marker), a bile marker, and a serum marker. With
regard to a phase in which the antibody recognizing and
binding to a lectin WFA-binding glycoprotein can be utilized,
the four molecules of MUCI, CA125, N-CAM-L1, and
Maspin whose specific expression has been confirmed in
cholangiocarcinoma by tissue staining are useful as tissue
markers as well as serum and bile markers. Meanwhile, other
antibodies not leading to cholangiocarcinoma-specific stain-
ing are probably useful as markers in the bile and serum by
combination with WFA. From the results of tissue staining,
the range of the antibody needs to be narrowed for adaptation
to each diagnosis phase, and combination with WFA is impor-
tant in the case of the bile and serum.

Preferably, the antibody recognizing, and binding to, a
lectin WFA-binding glycoprotein is made into a solid-phased
form and prepared in the form of a kit for detecting and/or
distinguishing intrahepatic cholangiocarcinoma for lectin
overlay detection. In the above sandwich method, in place of
solid-phasing the antibody on a support, the lectin WFA may
also be solid-phased on the support, followed by overlaying
the antibody thereon for detection. When the lectin WFA is
solid-phased on a support, although the lectin WFA may be
directly solid-phased on the support (direct method), as a
modification of the method, the lectin WFA can be changed
into biotinylated WFA to prepare the lectin WFA in a form
solid-phased on a support coated with streptavidin (indirect
method) to vastly enhance an increase in detection sensitivity
and a decrease in background.

Thus, specifically, the present invention consists of: (1) a
method for detecting intrahepatic cholangiocarcinoma, com-
prising detecting intrahepatic cholangiocarcinoma by using a
lectin WFA-binding glycoprotein as a cancer marker to detect
the cancer marker in a test specimen in vitro; (2) the method
for detecting intrahepatic cholangiocarcinoma according to
(1), wherein the detection of intrahepatic cholangiocarci-
noma using a lectin WFA-binding glycoprotein as a cancer
marker involves using the lectin WFA-binding glycoprotein
as a glycan biomarker to detect an intrahepatic cholangiocar-
cinoma-specific glycan structure in the glycan biomarker; (3)
the method for detecting intrahepatic cholangiocarcinoma
according to (1), wherein the detection of the presence of the
cancer marker in a test specimen in vitro is carried out by
WFA staining of test cells using a labeled lectin WFA; (4) the
method for detecting intrahepatic cholangiocarcinoma
according to (1), wherein the detection of the presence of the
cancer marker in a test specimen is carried out by a sandwich
method using the lectin WFA, the lectin WFA-binding gly-
coprotein as a cancer marker, and an antibody recognizing
and binding to the lectin WFA-binding glycoprotein; and (5)
the method for detecting intrahepatic cholangiocarcinoma
according to (4), wherein the antibody recognizing and bind-
ing to the lectin WFA-binding glycoprotein is one or more
antibodies of antibodies obtained using CA125, N-CAM-L1,
Maspin, and MUCI as antigens.

The present invention also consists of: (6) the method for
detecting intrahepatic cholangiocarcinoma according to (4),
wherein the sandwich method using the lectin WFA, the lectin
WFA-binding glycoprotein as a cancer marker, and the anti-
body recognizing and binding to the lectin WFA-binding
glycoprotein is carried out by using a labeled lectin WFA, or
alabeled antibody recognizing and binding to an lectin WFA,;
(7) the method for detecting intrahepatic cholangiocarcinoma
according to (4), wherein the detection of intrahepatic cho-
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langiocarcinoma by the sandwich method by using the lectin
WFA, the lectin WFA-binding glycoprotein as a cancer
marker, and the antibody recognizing and binding to the lectin
WFA-binding glycoprotein is carried out by lectin overlay
involving solid-phasing the antibody recognizing and bind-
ing to the lectin WFA-binding glycoprotein on a support and
sandwiching the lectin WFA-binding glycoproteinas a cancer
marker using a labeled lectin WFA, or by antibody overlay
involving solid-phasing the lectin WFA on a support and
sandwiching the lectin WFA-binding glycoproteinas a cancer
marker using a labeled antibody; (8) the method for detecting
intrahepatic cholangiocarcinoma according to (7), wherein
the detection of intrahepatic cholangiocarcinoma by antibody
overlay or lectin WFA overlay is carried out by a lectin
microarray detection means or an antibody microarray detec-
tion means using a microarray; (9) the method for detecting
intrahepatic cholangiocarcinoma according to (1), wherein
the test specimen for detecting intrahepatic cholangiocarci-
noma in vitro is a clinical sample consisting of bile or blood,
or a clinical section; and (10) a method for distinguishing
intrahepatic cholangiocarcinoma, comprising detecting
intrahepatic cholangiocarcinoma in a test specimen in vitro
using the method for detecting intrahepatic cholangiocarci-
noma according to (1), and distinguishing intrahepatic cho-
langiocarcinoma in a malignant tumor occurring primarily in
the liver.

The present invention further consists of: (11) use of a
lectin WFA-binding glycoprotein for use in a method for
detecting intrahepatic cholangiocarcinoma comprising
detecting intrahepatic cholangiocarcinoma by using a lectin
WFA-binding glycoprotein as a cancer marker to detect the
cancer marker in a test specimen in vitro; (12) a kit for
detecting and/or distinguishing intrahepatic cholangiocarci-
noma, provided with a labeled lectin WFA and an antibody
recognizing and binding to a lectin WFA-binding glycopro-
tein, or with a labeled antibody recognizing and binding to a
lectin WFA-binding glycoprotein and a lectin WFA; (13) the
kit for detecting and/or distinguishing intrahepatic cholang-
iocarcinoma according to (12), wherein the antibody recog-
nizing and binding to a lectin WFA-binding glycoprotein is
one or more antibodies of antibodies obtained using CA125,
N-CAM-L1, Maspin, and MUC1 as antigens; (14) the kit for
detecting and/or distinguishing intrahepatic cholangiocarci-
noma according to (12), wherein the antibody recognizing
and binding to a lectin WFA-binding glycoprotein is prepared
in a form solid-phased on a support, or the lectin WFA is
prepared in a form solid-phased on a support; and (15) the kit
for detecting and/or distinguishing intrahepatic cholangiocar-
cinoma according to (14), wherein the lectin WFA is changed
into biotinylated WFA to prepare the lectin WFA in a form
solid-phased on a support coated with streptavidin.

Effect of the Invention

The present invention provides a method for early detect-
ing and distinguishing intrahepatic cholangiocarcinoma, dif-
ficult to differentiate from hepatocellular carcinoma and dif-
ficult to early and accurately detect, with a performance
clinically acceptable in terms of applicability, sensitivity and
precision and, in addition, a method for detecting intrahepatic
cholangiocarcinoma in a way applicable on a clinical site by
a simple procedure. Particularly, the method for detecting
intrahepatic cholangiocarcinoma according to the present
invention uses a clinical saniple or clinical section containing
bile as a test specimen for detecting intrahepatic cholangio-
carcinoma and enables the detection of intrahepatic cholan-
giocarcinoma with high precision; thus, it permits the early
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detection of the occurrence of intrahepatic cholangiocarci-
noma with simplicity and high precision on a clinical site,
which has been difficult when a conventional gene marker is
used. In addition, the kit for detecting and/or distinguishing
intrahepatic cholangiocarcinoma provided for performing the
method for detecting intrahepatic cholangiocarcinoma
according to the present invention is a kit excellent in clinical
application, which is simple and precise in the detection of
intrahepatic cholangiocarcinomaand can be easily applied on
a clinical site.

Among candidate marker molecules for specifically
detecting intrahepatic cholangiocarcinoma, MY.1E12-bind-
ing MUC1,CA125,N-CAM-L1, and Maspin for which intra-
hepatic cholangiocarcinoma-specific staining is observed
provide useful tissue markers for the differential diagnosis of
intrahepatic cholangiocarcinoma. In conventional biopsy, the
results are influenced by a method for collecting bile and a
preparation production procedure as well as widely varying
among diagnosing persons differentiating between shapes of
cells, reducing the sensitivity thererof. Against such prob-
lems, in addition to tissue staining, cell staining is performed
using a molecule including WFA to enable the utilization
thereof as a marker for biopsy capable of differentiation with
high precision compared to conventional biopsy.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram setting forth the best mode of the
intrahepatic cholangiocarcinoma test using a clinical sample
containing bile according to the present invention. “a” indi-
cates a case where an antibody-immobilized well plate is used
(a case where a directly or indirectly fluorescence-labeled
lectin is overlaid to selectively detect a molecule binding to
WFA among candidate molecules trapped by the antibody).
“b” indicates a case where a WFA-immobilized well plate is
used (a case where a directly or indirectly fluorescence-la-
beled antibody is overlaid to selectively detect a candidate
molecule trapped by WFA).

FIG. 2 is a set of graphs showing the results of statistical
analysis of WFA signals in comparative glycan profiling
analyses. “a” indicates a case of lithiasis-associated type, and
“b” indicates a case of lithiasis-unassociated type (in both
cases, a signal significantly increases in the cancer site). “c”
indicates the results of finding the power of test for distin-
guishing between cancer and non-cancer from ROC curves
(the sensitivity is 84% while the specificity being 92%, show-
ing good differentiation).

FIG. 3 is a set of photographs showing the results of the
double staining of a tissue section of an intrahepatic cholan-
giocarcinoma patient with WFA in Example of the present
invention (FITC staining, green) and MY.1E12 antibody
(Cy5 staining, red) (the WFA-positive site is almost coinci-
dent with the area stained by MY.1E12).

FIG. 4 is a pair of photographs showing the results of the
histochemical analysis of a biopsy preparation by WFA stain-
ing ina patient in whom bile duct drainage was performed for
the purpose of releasing obstructive jaundice due to intrahe-
patic cholangiocarcinoma with cancer cells detected by bile
biopsy in Example of the present invention.

FIG. 5 is a set of photographs showing the results of tissue
staining with antibodies to candidate marker molecules in a
cholangiocarcinoma tissue section for the candidate mol-
ecules (MUC1, CA125, Maspin, N-CAM-L1, Lactoferrin,
Cathepsin W, and Collagen IV) considered to be dominant as
a result of narrowing the range of a candidate WFA-binding
protein molecule by tissue staining scoring using the antibod-
ies to the candidate molecules in test examples for narrowing
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the range of a candidate WFA-binding protein molecules in
Example of the present invention.

FIG. 6 is a pair of graphs showing the analysis results of
selectively detecting a candidate molecule trapped by WFA
by using a WFA-immobilized well plate to overlay an indi-
rectly fluorescence-labeled MY.1E12 antibody, on biles of 30
patients with intrahepatic cholangiocarcinoma and 22
patients with intrahepatic lithiasis in test examples in
Example of the present invention. “a” is a graph showing the
results of digitalizing the resultant signals in the form of S/N
ratios using healthy individual serum containing no
MY.1E12-binding MUCI as a negative control (N). “b”is a
graph in which the power of test for distinguishing between
cancer and lithiasis was found from ROC curves (the sensi-
tivity was 90% and the specificity was 60%).

FIG. 7 is a schematic diagram showing the immobilization
of amodified WFA on an ELISA plate in sandwich ELISA in
which the immobilization was improved by using the strepta-
vidin-biotin system by changing the plate into a streptavidin-
coated plate (a 96-well flat bottom streptavidin-coated plate
from NUNC) and the WFA to be immobilized from unlabeled
WFA into a biotinylated WFA (from Vector), where formerly
an unlabeled WFA was immobilized on a microtiter plate (a
96-well flat bottom high-binding plate from Greiner), in test
examples of the detection of intrahepatic cholangiocarci-
noma using bile in Example of the present invention.

FIG. 8 is a set of graphs showing the results of WFA-
MY.1E12 sandwich ELISA in immobilizing WFA by a sand-
wich ELISA streptavidin-biotin system using MY.1E12-
binding MUC1-WFA and CA125-WFA, in test examples of
the detection of intrahepatic cholangiocarcinoma using bile
in Example of the present invention. “a” is a graph showing
the comparative analysis of cholecystolithiasis, choledoch-
olithiasis and intrahepatic lithiasis patients as benign disease
patients and intrahepatic cholangiocarcinoma patients. “b” is
a graph showing the results of finding the power of test for
distinguishing between cancer and lithiasis from ROC curves
based on the results of “a” (the sensitivity was 90% and the
specificity was 76%). The results of WFA-CA125 sandwich
ELISA in immobilizing WFA using the streptavidin-biotin
system are also shown. “c” is a graph showing the compara-
tive analysis of cholecystolithiasis, choledocholithiasis and
intrahepatic lithiasis patients as benign disease patients and
intrahepatic cholangiocarcinoma patients. “d” is a graph
showing the results of finding the power of test for distin-
guishing between cancer and lithiasis from ROC curves based
on the results of “c” (the sensitivity was 57% and the speci-
ficity was 64%).

FIG. 9 is a graph showing the results of WFA-MY.1E12
sandwich ELISA in sera of patients, in test examples of the
detection of intrahepatic cholangiocarcinoma using blood in
Example of the present invention. “a” indicates the results
obtained using sera from cholangiocarcinoma 5 patients; “b”,
sera from PBC patients; “c”, sera from intrahepatic lithiasis
patients; and “d”, sera from healthy individuals.

MODE FOR CARRYING OUT THE INVENTION

The present invention consists of a method for detecting
intrahepatic cholangiocarcinoma, which is based on detec-
tion of WFA-binding glycoprotein derived from intrahepatic
cholangiocarcinoma as a cancer marker to suggest a presence
of intrahepatic cholangiocarcinoma. Sugar chain structures
carried by WFA-binding glycoprotein, are specific for cho-
langiocarcinoma. For the purpose of the present invention,
the “lectin WFA (Wisteria floribunda Agglutinin)” bound to
the “lectin WFA (Wisteria floribunda Agglutinin)-binding
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glycoprotein” as a cancer marker for specifically detecting
intrahepatic cholangiocarcinoma as a glycan biomarker
refers to a lectin as an agglutinin derived from Wisteria flo-
ribunda. According to the present invention, the “lectin WFA”
is used as a fluorescence labeled form or the like. Alterna-
tively, it is used to present, capture or enrich only a WFA-
binding glycoprotein group from bile by immobilization on a
substrate or a support such as agarose.

According to the present invention, to identify a “lectin
WFA-binding glycoprotein” (to narrow the range of a candi-
date molecule) in advance, itis desirable to capture and enrich
a WFA-binding protein from a biological specimen such as
bile using a support having WFA (Wisteria floribunda Agglu-
tinin) immobilized on agarose or the like as a glycoprotein
glycan-binding lectin. The enriched protein can be identified
by proteomics using mass spectrometry or the like.

The method for detecting intrahepatic cholangiocarcinoma
according to the present invention can be performed by
detecting the presence of the cancer marker in a test specimen
by WFA staining using a labeled lectin WFA or by a sandwich
method using a sandwich of the lectin WFA, the lectin WFA-
binding glycoprotein as a cancer marker and the antibody
recognizing, and binding to, a lectin WFA-binding glycopro-
tein. The image of detecting intrahepatic cholangiocarcinoma
using the sandwich method of the present invention is shown
in FIG. 1. In the figure, the image of detecting intrahepatic
cholangiocarcinoma when an antibody-immobilized well
plate is used to overlay a directly or indirectly fluorescence-
labeled lectin to selectively detect a molecule bound to WFA
among candidate molecules trapped by the antibody is shown
in “a” in FIG. 1, and the image of detecting intrahepatic
cholangiocarcinoma when an WFA-immobilized well plate is
used to overlay a directly or indirectly fluorescence-labeled
antibody to selectively detect a candidate molecule trapped
by WFA is shown in “b” in FIG. 1.

According to the present invention, an antibody recogniz-
ing, and binding to, a lectin WFA-binding glycoprotein is
prepared in detecting intrahepatic cholangiocarcinoma using
the sandwich method. The antibodies can be screened to
choose the suitable among commercially available or known
antibodies. Examples of the antibody recognizing, and bind-
ing to, a lectin WFA-binding glycoprotein can include anti-
bodies obtained using CA125 (Hytest Ltd), N-CAM-L1
(R&D systems, Inc.), Maspin (Santa Cyuz Biotechnology,
Inc.),and MUCI as antigens. Among candidates marker mol-
ecules for specifically detecting intrahepatic cholangiocarci-
noma, MY.1E12-binding MUC1, CA125, N-CAM-L1, and
Maspin for which intrahepatic cholangiocarcinoma-specific
staining is observed provide useful tissue markers for the
differential diagnosis of intrahepatic cholangiocarcinoma.

In detecting intrahepatic cholangiocarcinoma using the
sandwich method of the present invention, using a microar-
ray-detecting device, a lectin overlay antibody microarray
can be detected in which an antibody recognizing, and bind-
ing to, a lectin WFA-binding glycoprotein is solid-phased on
an array to sandwich the lectin WFA-binding glycoprotein as
a cancer marker using a labeled lectin WFA; the detection
using the microarray-detecting device can be performed by an
evanescent wave excited fluorescence method (“Experimen-
tal Medicine” vol. 25, no. 17 (Extra issue): 164-171, 2007).
According to the method for detecting intrahepatic cholang-
iocarcinoma of the present invention, a sandwich method
involving using a WFA-immobilized well plate to overlay a
directly or indirectly fluorescence-labeled antibody to selec-
tively detect a candidate molecule trapped by WFA can be
used as a particularly preferable method for detecting intra-
hepatic cholangiocarcinoma.
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To perform the method for detecting and/or distinguishing
intrahepatic cholangiocarcinoma according to the present
invention, a kit for detecting and/or distinguishing intrahe-
patic cholangiocarcinoma can be used, which is provided
with a lectin labeled as described above and an antibody
recognizing, and binding to, a lectin WFA-binding glycopro-
tein; however, the kit may be used by preparing, for detection,
a kit in which the antibody recognizing, and binding to, a
lectin WFA-binding glycoprotein is solid-phased on an array
or a kit in which lectin WFA is solid-phased on an array.
Examples of the antibody can include antibodies obtained
using CA125, N-CAM-L1, Maspin and MUC1 as antigens.

In detecting the presence of intrahepatic cholangiocarci-
noma by the method for detecting intrahepatic cholangiocar-
cinoma according to the present invention, a patient-derived
test specimen provided for the detection of intrahepatic cho-
langiocarcinoma is prepared and used. According to the
present invention, a clinical sample or clinical section con-
taining bile collected from a patient is used. The method using
a clinical section meets the detection of peripheral type intra-
hepatic cholangiocarcinoma, and the method using bile meets
hepatic portal type intrahepatic cholangiocarcinoma. Using
the test specimen, the presence of cancer is detected by the
above detection device.

The present invention will be more specifically described
below with reference to Examples. However, these Examples
are not intended to limit the technical scope of the present
invention.

EXAMPLE 1

[Selection of Intrahepatic Cholangiocarcinoma-Specific
Glycan-Recognizing Lectin Using Lectin Array]

(Test Method)

A lectin microarray has more than 40 plant lectins exhib-
iting different binding specificity, which are immobilized on
the same glass plate, and can be used to analyze simulta-
neously the interactions thereof with a sugar chain on the
glycoprotein to be analyzed (Kuno et al., Nature Methods 2:
851-856, 2005). This system was used to choose suitable
lectins to perform intrahepatic cholangiocarcinoma-specific
staining. In this experiment, patients associated with lithiasis
(cancer and non-cancer areas in the same sections), 10
patients unassociated with lithiasis (cancer and non-cancer
areas in the same sections), 21 cancer areas from patients
unassociated with lithiasis, and 14 non-cancer areas from
patients unassociated with lithiasis were used. In brief, the
total number of analyses was 45 for cancer areas and 38 for
non-cancer areas. The protocol from the recovery of protein
from a tissue section to the lectin array analysis thereof after
fluorescent labeling was according to Matsuda et al. (Bio-
chem. Biophys. Res. Commun. 370: 259-263, 2008).

<1. Recovery of Protein from Tissue Section>

Cancer and non-cancer areas (equivalent to 1x1 mm each)
confirmed under a microscope were first scraped from each
sample, and the tissue fragments were recovered ina 1.5 mL
volume microtube containing 200 pl of 10 mM citric acid (pH
6.0) in advance. The resultant tissue fragment-containing
solution was treated at 95° C. for 90 minutes for the dissocia-
tion of intramolecular and intermolecular crosslinking by
formalin. After heat treatment, centrifugation was carried out
at 20,000xg and 4° C. for 5 minutes, and the supernatant was
removed. 200 ul of PBS (-) was added to the remaining tissue
fragment-containing pellet (buffer exchange step). In addi-
tion, centrifugation was performed at 20,000xg and 4° C. for
5 minutes, the supematant was then removed, and 20 pl of
0.5% NP40-PBS was added to the pellet. The pellet was grain
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refined by ultrasonic breaking and then reacted on ice for 60
minutes to solubilize the membrane protein. After reaction,
centrifugation was performed at 20,000xg and 4° C. for 5
minutes, and the supernatant was recovered as tissue-ex-
tracted protein.

<2. Fluorescent Labeling of Protein>

All of the recovered tissue-extracted protein solution was
added to Cy3-SE (from GE Healthcare) dispensed in amounts
of 10 ug in PCR tubes in advance. Chemical reaction was
carried out in the dark at room temperature for 1 hour, fol-
lowed by adding 180 pl of a glycine-containing buffer to
perform reaction in the dark at room temperature for 2 hours
in order to completely terminate the reaction. The resultant
solution was used as a tissue section-derived fluorescence-
labeled protein solution.

<3. Lectin Array Analysis>

The tissue section-derived fluorescence-labeled protein
solution was 1:2 and 1:8 diluted in a buffer for a lectin array,
and 60 pl of each diluted solution was added to a reaction
chamber in a lectin array. A lectin microarray plate compris-
ing 8-reactions chamber was produced according to the
method of Uchiyama et al. (Proteomics 8: 3042-3050
(2008)). After interactive reaction at 20° C. overnight, each
reaction chamber was washed thrice with the buffer for a
microarray and scanned according to an ordinary method.
The resultant scan data were subjected to the digitalization of
signals as net intensities according to an ordinary method and
normalized according to the method of Kuno et al. (Journal of
Proteomics and Bioinformatics 1: 68-72 (2008)) for subse-
quent statistical analysis.

<4. Statistical Analysis>

All of the normalized data were used in the two-group
comparison test between cancer and non-cancer areas. Each
data were subjected to significant tests using Welch’s t-test
and ROC curve analysis for each lectin and used to select a
lectin showing a significant increase in signal in intrahepatic
cholangiocarcinoma.

(Result)

As shown in Table 1 (the comparative glycan profiling
results of glycoproteins in intrahepatic cholangiocarcinoma
tissue cancer (T) and non-cancer (N) areas), statistical analy-
sis after lectin microarray analysis showed that 5 types of
lectins showed a 2-fold or more increase in binding signal in
cancer areas than in non-cancer areas, and WFA had a highest
specificity (4.6-fold). Accordingly, the WFA signals of the
cancer and non-cancer areas of each of 14 cases of lithiasis-
associated type and 10 cases of lithiasis-unassociated type
were confirmed for the presence of a statistically significant
difference by Welch’s t-test. As a result, the significance
levels of the two types were P<0.0001 and P=0.0015. From
ROC curve analysis, it was found that the sensitivity was
84%, the specificity was 92%, and AUC was 0.93.

The results are shown in FIG. 2 (the results of the statistical
analysis of WFA signal in the comparative glycan profiling
analysis of cancer and non-cancer areas in intrahepatic lithi-
asis-associated type and lithiasis-unassociated type intrahe-
patic cholangiocarcinoma tissue sections using a lectin
microarray). The above results suggested that a staining with
WFA enabled to visualize the shape of intrahepatic cholang-
iocarcinoma in tissue section. It was also found that the WFA-
binding glycan (WFA-binding glycoprotein) provided a
potential specific marker for intrahepatic cholangiocarci-
noma.
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TABLE 1
N T T/N P
Mean (SEM) Mean (SEM)  ratio value
LTL 8.02 (1.98) 7.12 (1.05) 0.888 0.6892 W
PSA 9.91 (143) 1270 (1.59) 1.282 02015 S
LCA 14.53 (147) 16.26 (1.54) 1119 04244 S
UEA-I 4.10 (0.68) 7.19 (0.78) 1.754 0.0045 S
AOL 37.63 (2.96) 4438 (2.47) 1179 00815 S
AAL 59.43 (3.87) 67.82 (3.52) 1.141 0.1120 S
MAL 3.61 (0.46) 574 (0.63) 1.590 0.0073 W
SNA 50.43 (2.50) 49.50 (1.77) 0982 0.7578 S
SSA 42.11 (2.99) 43.94 (2.41) 1033 0.6317 S
TIA-I 66.86 (3.52) 68.00 (2.67) 1.017 0.7941 S
PHA-L 2.32 (045) 4.63 (0.59) ND ND —
ECA 5.31 (0.70) 7.64 (0.57) 1439 00104 S
RCAI120 39.80 (3.37) 4170 (2.26) 1.048 0.6412 W
PHA-E 21.39 (2.34) 21.74 (2.39)  1.016 09171 S
DSA 56.75 (2.93) 61.81 (2.93) 1.089 02287 S
GSL-II 0.58 (0.37) 0.95 (0.44) ND ND —
NPA 18.62 (1.49) 27.59 (2.22) 1482 0.0013 W
ConA 12.58 (1.53) 14.67 (1.25) 1166 0.2886 S
GNA 23.21 (2.21) 2597 (2.18) 1.162 02317 S
HHL 14.74 (1.69) 17.00 (1.24) 1.153  0.2747 S
BPL 6.51 (0.83) 15.26 (1.27) 2344 <0.0001 W
TIA-II 6.91 (0.65) 16.41 (1.49) 2375 <0.0001 W
EEL 0.73 (0.15) 4.92 (0.94) ND ND —
ABA 20.77 (1.89) 25.20 (2.39) 1.213  0.1505 W
LEL 55.85 (3.26) 49.17 (2.61) 0.880 0.0667 S
STL 73.78 (3.18) 68.42 (3.15) 0.868 02374 S
UDA 88.82 (3.17) 89.19 (2.57) 1.004 09284 S
PWM 2.88 (048] 5.67 (0.63) 1.969 0.0004 W
Jacalin 32.54 (1.70) 36.01 (2.41) 1.107 02415 W
PNA 0.37 (0.13) 1.60 (0.29) ND ND —
WFA 1.98 (0.30) 9.13 (0.88) 4.611 <0.0001 W
ACA 12.52 (1.24) 25.30 (1.78)  2.021 <0.0001 W
MPA 11.12 (0.74) 14.05 (0.99) 1263 0.0203 W
HPA 8.04 (0.89) 1240 (l1.64) 1542 00222 W
VVA 1.24 (0.37) 3.16 (0.42) ND ND —
DBA 2.77 (0.78) 5.45 (0.85) 1.968 0.0108 S
SBA 0.58 (0.20) 3.92 (0.57) ND ND —
GSL-I 2.87 (143) 3.25 (1.16) ND ND —
PTL-I 0.07 (0.07) 0.79 (0.32) ND ND —
MAH 3.36 (0.84) 6.99 (0.73) 2.080 0.0035 S
WGA 43.28 (3.01) 50.16 (3.08) 1.159 0.1177 S
GSL-1A4 1.58 (0.67) 2.80 (0.91) ND ND —
GSL-1B4 5.30 (2.97) 5.66 (2.57) 1.068 09276 S

“Average” indicates the average values for 45 cancer areas and 38 non-cancer areas. The T/N
ratio of 2 or more is shown in bold.

EXAMPLE 2

[Detection of Intrahepatic Cholangiocarcinoma Using
Intrahepatic Bile Duct]

As shown in Example 1, it is possible to find out intrahe-
patic cholangiocarcinoma in a tissue section by WFA stain-
ing. In next, surgical specimen from intrahepatic cholangio-
carcinoma patients but for lithiasis was used to perform as
follows.

(Experimental Method)

Tissue staining with WFA was carried out as follows using
a staining kit, Histo-fine (Nichirei Corporation). Formalin-
fixed and paraffin embedded materials from intrahepatic cho-
langiocarcinoma patient were sliced (5 um thick). Deparaf-
finized and rehydrated sections were washed with PBS, air-
dried, immersed in a 10 mM citrate buffer (pH 6.0), and
autoclaved at 121° C. for 15 minutes to dissociate intermo-
lecular (intramolecular) crosslinking due to formalin. The
treated section was allowed to stand for a while at room
temperature and then repeatedly immersed for 5 minutes
three times, and the tissue surface was washed. Then, the
blocking reaction for endogenous peroxidase was performed
by treatment with 0.3% H,0,-MeOH at room temperature for
10 minutes.
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After washing with PBS (5 minutes, 3 times), the blocking
reaction for suppressing the non-specific adsorption of a
biotinylated lectin was performed in 1% BSA-PBS at room
temperature for 10 minutes. After washing with PBS (5 min-
utes, 3 times), the tissue section was incubated with a bioti-
nylated WFA solution (from Vector, suspended in HEPES to
5 ng/mL) in a moisture retention box at 20° C. for 2 hours.
After washing with PBS (5 minutes, 3 times), a streptavidin
solution was added thereto, which was then reacted at room
temperature for 10 minutes. Further, after washing with PBS
(5 minutes, 3 times), a chromogenic substrate solution was
added thereto to visualize at room temperature for about 5
minutes. The resultant was immersed in Milli-Q water for 5
minutes 3 times to terminate the reaction. Finally, a nucleic
acid was stained with haematoxylin at room temperature for
1 minute, and then washed with running water.

(Result)

The reaction of WFA as a convincing candidate for a intra-
hepatic cholangiocarcinoma diagnosis marker was studied in
25 cases of normal liver (metastatic liver cancer), 90 cases of
intrahepatic cholangiocarcinoma, 10 cases of mixed-type
liver cancer, and 25 cases of hepatocellular carcinoma by
immunohistochemistry. As shown in Table 2 (the results of
tissue staining), the expression of WFA ligand was observed
in the cancerous ductal epithelium of 8 cases (32%) for nor-
mal biliary epithelium, 83 cases (88%) for intrahepatic cho-
langiocarcinoma, and 8 cases (80%) for the cholangiocellular
carcinoma part of mixed-type liver cancer. The expression of
WFA ligand was not observed in the hepatocellular carci-
noma part of mixed-type liver cancer and hepatocellular car-
cinoma. From this, WFA was probably useful as a diagnosis
marker for intrahepatic cholangiocarcinoma and mixed-type
liver cancer. The presence of the WFA expression was also
compared from a standpoint of clinical classification of intra-
hepatic cholangiocarcinoma. As a result, no change in the
expression frequency of WFA ligand depending on the site
(hepatic portal type or peripheral type) or the visual type
(tumor-forming type, bile duct invasion type, mixed type, or
intrabiliary growth type) was observed.

Interestingly, the WFA-positive site is almost coincident
with the area stained using MY.1E12 (J. Cancer Res., 87:
488-496, 1999; Hepatology, 30: 1347-1355, 1999) as a
known intrahepatic cholangiocarcinoma marker antibody
(FIG. 3: Immunohistochemistry of a tissue section from an
intrahepatic cholangiocarcinoma patient: both WFA and
MY.1E12 are stained in cholangiocarcinoma). Thus, MUC1
as an antigen for MY.1E12 was shown to be one of WFA-
binding proteins.
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EXAMPLE 3

[Detection of Intrahepatic Cholangiocarcinoma Using
Cells in Bile]

Bile duct drainage was conducted to perform releasing
obstructive jaundice, and the bile collected at the time was
used as a sample for analysis. When WFA staining was per-
formed by the same procedure as in Example 2, WFA-posi-
tive cells were identified in a sample in which the presence of
cancer was confirmed by histologic diagnosis and biopsy,
resulting in cytologically determined cancer. However, no
cells stained by WFA were identified in a sample in which
histologic diagnosis and biopsy for cancer was negative (FIG.
4: the results of histochemical analysis by WFA staining in a
biopsy preparation).

EXAMPLE 4

[[dentification of Lectin WFA-Binding Glycoprotein]

(Experimental Method)

The capture of WFA-binding glycoprotein from a tissue
section and the identification of the protein were carried out
according to the following procedure. Because the difference
in the protein members that identified using a mass spectrom-
eter can occur between cases, 4 patient cases were used in this
experiment, and all of the identified proteins were designated
as WFA-binding proteins.

<1. Extraction of WFA-Positive Tissue Area-Derived Pro-
tein>

Six serial sections (10 um thick) of archival formalin-fixed,
paraffin-embedded liver tissue specimens from each intrahe-
patic cholangiocarcinoma patient were deparaffinized
according to an ordinary method. The deparaffinized tissue
section was washed with PBS and then air-dried. One ofthese
sections was stained using WFA by the same method as in
Example 2. The WFA-stained tissue section mounted on a
slide glass was confirmed under a microscope. WFA-positive
areas (about 5x5 mm square) were then scratched from 5
unstained tissue section-mounted slide glasses, and the tissue
fragments were recovered in a 1.5 mL volume microtube
containing 200 pL of 10 mM citric acid (pH 6.0).

The resultant tissue fragment-containing solution was
treated at 95° C. for 90 minutes for the dissociation of
intramolecular and intermolecular crosslinking by formalin.
After heat treatment, centrifugation was carried out at
20,000xg and 4° C. for 5 minutes, and the supernatant was
removed. 200 pl, of PBS (-) was added to the remaining
tissue fragment-containing pellet (buffer exchange step). In
addition, centrifugation was performed at 20,000xg and 4° C.
for 5 minutes, the supernatant was then removed, and 20 pLL of

TABLE 2
WTA Localization

Negative Positive Apical  Cytoplasmic Stromal
Nomal BDE* (n = 25) 17 (68%) 8 (32%) 5 (20%) 3(12%)  0(0%)
Cholangiocellular 7 (12%) 83 (88%) 45 (50%) 54 (60%) & (9%)
carcinoma (n = 90)
Hepatocellular - 10 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Cholangiocellular
carcinoma (n = 10)
Hepatocellular 2 (20%) 8 (80%) 2 (20%) 6(60%) 0 (0%)
Cholangiocellular
Hepatocellular 25 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

carcinoma (n = 25)

*BDE: Bile Duct Epithelia
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0.5% NP40-PBS was added to the pellet. The pellet was

sonicated and then reacted on ice for 60 minutes to solubilize

the membrane protein. After reaction, centrifugation was per-

formed at 20,000xg and 4° C. for 5 minutes, and the supet-

natant was recovered as a tissue-extracted protein solution.
<2. Capture of WFA-Binding Protein>

First, 25 pg of biotinylated WFA was immobilized on
streptavidin-immobilized magnetic beads (Dynabeads
MyOne Streptavidin T-1 from Dynabeads, 100 pL) to make
WFA-immobilized magnetic beads. To absorb proteins non-
specifically binding to the beads, the tissue-extracted protein
solution was preliminary reacted with the streptavidin-immo-
bilized magnetic beads for 1 hour and the obtained superna-
tant was then added to the WFA-immobilized magnetic
beads, and the mixture was subjected to shaking reaction at 4°
C. overnight. After binding reaction, beads were captured
using a magnet and washed twice with 1 mL of 1% Triton
X-100-containing PBS. 100 pL of an elution buffer (0.1%
SDS-containing PBS) was added to the washed beads and
then heat treated for 5 minutes to elute a WFA-binding pro-
tein. This elution fraction was used as a WFA-binding protein
solution.

<3. Identification of WFA-Binding Protein>

The WFA-binding protein solution obtained in the step 2
was concentrated by TCA treatment. A total amount of the
concentrated protein solution was subjected to SDS polyacry-
lamide gel electrophoresis using a 5-20% polyacrylamide
gradient gel. After separation by electrophoresis, protein-
staining bands were visualized by silver staining and cut from
the gel by an ordinary method. By an ordinary method, pro-
teins in the gel were fragmented into peptides by trypsin
treatment, and after extraction from the gel and desalting,
each peptide fragment was subjected to the protein identifi-
cation using a mass spectrometer.

(Result)

From the above experiment using 4 cases of intrahepatic
cholangiocarcinoma, 171 molecules were identified as can-
didate WFA-binding protein molecules. From their availabil-
ity of antibodies in a commercial manner, 47 molecules of
these candidate molecules were used for the subsequent
selection experiment. By using a scoring method based on
detailed information on each molecule, high-scored mol-
ecules were selected as one of the most dominant candidate
molecules.

<Scoring Method (16 Full Marks)>

(1) 3 points are added when it is expressed in intrahepatic
cholangiocarcinoma based on the expression information of
the molecule in each tissue (info).

(2) 3 points are added when it has a signal sequence
because a secretory protein is essentially targeted (S).

(3) 3 points are added when its expression in intrahepatic
cholangiocarcinoma and its expression in a hepatocellular
carcinoma tissue were confirmed in Protein Human Atlas
(HUPO) in which expression information at the protein level
was available, and 2 points are further added when it is also
not expressed in a normal tissue (Hu).

(4) 1 point is added when its glycosylation modification is
reported (Up).

(5) 2 points are added when it was reported to be a cancer-
associated molecule or a change in its expression was con-
firmed depending on cancer development. One point is fur-
ther added when the report is related to CCC and 1 point
further added when its expression in bile is also reported (J).

(Result)

The results are shown in Table 3. The 6 molecules of
CA125, N-CAM-L1, Maspin, Lactoferrin, Collagen IV, and
Cathepsin W got total scores of 8 points or more (out of 16);
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thus, in addition to MUC1, these were determined to be most
dominant candidate molecules for WFA-binding proteins
specifically expressed in intrahepatic cholangiocarcinoma.

TABLE 3

Scoring Result

Protein name N— O— info § Hu Up I score
CA125 69 — 3+2 1 2+1+1 10
collagen type 1 12 3 3 2 8
v

cathepsin W 1 3 3 3+2 8
N-CAM L1 6 15 3 3 342 1 241+1 15
lactotransferrin 2 0 3 3 2+1+1 9
maspin 4 0 3 3+2 2+1+1 11

EXAMPLE 5

[Selection of Candidate WFA-Binding Protein Molecule]

At this time point, although the candidates were confirmed
to distinguish between cancer and non-cancer sites, their
expression in the interstitial tissue and liver parenchyma was
not investigated. Accordingly, the localization of a marker
was determined by tissue staining to attempt further selection.

(Tissue Staining)

A formalin-fixed, paraffin-embedded tissue section (5 pm
thick) from an intrahepatic cholangiocarcinoma patient was
first deparaffinized. The deparaffinized tissue section was
washed with PBS, and then autoclaved in a 10 mM citrate (pH
6.0) buffer at 121° C. for 15 minutes for antigen activation
treatment. After washing with PBS, the resultant was
immersed in 0.3% hydrogen peroxide-added methanol to
inactivate endogenous peroxidases. After washing with PBS,
the resultant was subjected to blocking with normal rabbit
serum, followed by adding each antibody (MY. 1E12; 0.5
mg/mL, anti-CA125; 1 mg/mL, anti-Maspin; 2 mg/mL, anti-
N-CAM-L1; 1 mg/mL, anti-Cathepsin W; 5 mg/mL, anti-
Collagen 1V; 5 mg/mL, or anti-Lactoferrin; 1 mg/mL, all of
these were mouse IgG antibodies) thereto for reaction at room
temperature for 1 hour. After washing with PBS, chromoge-
nic was performed using the Histofine simple stain kit
(Nichirei Corporation). After washing with sterilized water, a
nucleic acid was stained with hematoxylin and the resultant
was then mounted.

(Result)

Typical examples of the tissue staining of the candidate
molecules are shown in FIG. 5. The expression patterns
thereof are also shown in Table 4. Staining observed (+),
slight but identifiable staining (—/+), and no staining observed
(-) are shown. The patterns observed can be differentiated
into: a most dominant candidate group (MUCI1, CA125,
N-CAM-L1, and Maspin) of which staining is observed spe-
cifically in cholangiocarcinoma and which seem to have the
possibility of providing markers in the tissue or markers in the
bile and serum; and a candidate group (Lactoferrin, Collagen
1V, and Cathepthin W) which are not cholangiocarcinoma-
specific markers but seem to have the possibility of providing
markers in the bile or serum in combination with WFA. The
former was taken to consist of final dominant candidate mol-
ecules as markers in the bile and serum as well as the tissue,
and the latter, final dominant candidate molecules as markers
in the bile and serum.



US 8,557,602 B2

TABLE 4
Normal
Biliary Interstitial Liver
Cholangiocarcinoma  Epithelium Tissue  Cell
MUCIT + - - -
CA125 + - - -
N-CAM-L1 + -+ - -
Maspin + - - -
Lactoferrin + - + +
Collagen IV + + + +
Cathepsin W -/+ - —/+ -/+
EXAMPLE 6

[Detection of Intrahepatic Cholangiocarcinoma Using Bile
1

As the best mode for using a glycan biomarker consisting
of a WFA-binding glycoprotein derived from intrahepatic
cholangiocarcinoma as a cancer marker to detect the intrahe-
patic cholangiocarcinoma-specific glycan structure in the
glycan biomarker, a method is contemplated for detecting a
glycan biomarker in a tissue lysate or bile and distinguishing
intrahepatic cholangiocarcinoma by a clinically applicable
and simple device having clinically acceptable performance.
The results of the sandwich detection analysis of the
MY.1E12 antibody-binding MUC1 molecule, which was
identified as a candidate molecule in Example 2 among the 7
selected intrahepatic cholangiocarcinoma-specific candidate
marker molecules, using an MY.1E12 antibody and WFA-
coated well plate (see FIG. 1) for the bile of a intrahepatic
cholangiocarcinoma patient are shown below as one of the
examples.

(Experimental Method)

<1. Preparation of WFA-Coated Well Plate>

100 pL of WFA dissolved in a PBS buffer (from Vector, 2.5
pg/ml) was added to each well of a microtiter plate (a 96-well
flat bottom high-binding plate from Greiner) and kept at room
temperature for 2 hours to immobilize WFA on the plate.
Unbound WFA was washed twice with 0.1% Tween 20-con-
taining PBS (200 ul) as a wash solution, and 200 pL. of a 1%
BSA-containing wash solution as a blocking agent was
added. After reaction at room temperature for 2 hours, the
plate was washed twice with 0.1% Tween 20-containing PBS
(200 pL) to complete a WFA-coated well plate.

<2. Binding and Detection Reaction>

Protein amount in bile was first measured using a micro
BCA protein quantification kit (from PIERCE). Each sample
was diluted to 200 pg/ml in the above wash solution and 100
pL thereof was added to the WFA-coated well plate prepared
in 1, which was then subjected to binding reaction at room
temperature for 2 hours. After reaction, each well was washed
5 times with 200 uLL of the above wash solution to remove
unbound protein. Thereto was added 100 pL/well of a detec-
tion reagent (an MY.1E12 antibody solution) adjusted to 0.5
pg/mL in advance, which was then subjected to an antigen-
antibody reaction at room temperature for 2 hours.

To remove the unbound antibody, the resultant was washed
with 200 uL. of the wash solution, and 100 pL/well of an
anti-mouse 1gG antibody-HRP solution (from Jackson
immuno Research) 1:4,000 diluted in the wash solution was
then added thereto, which was then incubated at room tem-
perature for 1 hour. After washing each well 5 times with 200
pL of the wash solution, 100 pL. of ULTRA-TMB solution
(from Thermo) as a chromogenic substrate solution was
added to each well, which was then subjected to a chromoge-
nic reaction for 10 minutes. The reaction was terminated by
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adding 100 pL/well of a 1 M H,SO, solution, followed by
absorbance determination at 450 nm using a plate reader. The
resultant signals (S) were digitalized in the form of S/N ratios
using healthy individual serum containing no MY.1E12-bind-
ing MUCI as a negative control (N) and used in subsequent
analysis.

(Result)

In addition to 30 cases of bile derived from intrahepatic
cholangiocarcinoma patients, 22 cases of bile derived from
intrahepatic lithiasis patients were analyzed. The results are
shown in FIG. 6a. The S/N value is found to clearly increase
in intrahepatic cholangiocarcinoma patients compared to that
in intrahepatic lithiasis patients. The significance level was
P=0.0016 in t-test. Accordingly, ROC curves were prepared
with the intrahepatic cholangiocarcinoma patients as positiv-
ity and with the intrahepatic lithiasis patients as negativity.
The results are shown in FIG. 6. The sensitivity for distin-
guishing between cancer and lithiasis was 90% and the speci-
ficity therefor was 60%. This result is superior to the results
obtained using any marker previously reported as shown in
Table5 (comparison between the WFA-MY.1E12 sandwich
ELISA method and the reported methods: italic indicates
Example of the present invention; literature data are shown
for a test using each existing marker). Particularly, the result-
ant sensitivity, i.e., the ability to detect cancer, is 90%, that is
conspicuously superior to the highest value (71%) for the
existing method. It is necessary that intrahepatic cholangio-
carcinoma can be early detected with low false negativity, by
its characteristics. That is, a high-sensitivity marker is impor-
tant. In that sense, the method now developed is shown to be
based on a most excellent intrahepatic cholangiocarcinoma
marker.

TABLE 5

Comparison between WFA-MY.1E12 Sanwich
ELISA Method and Reported Method

Sensitivity (%) Specificity (%)
CA19-9%! 64.5 (£3.2) 63.9 (£3.5)
CEA*!'2 432 45.8
CAl125%! 380 (£6.3) 90.2 (12.8)
Fibronectin*? 57.0 79.0
K-RAS* 31.4 98,0
MUC5ACH* 68.8 90.0
Mac2-BP*6 69.0 67.0
WFA-sTMUC 90.0 59.9

(Italic: Example of Present Invention.)

#1], Gastroenterol Hepatol. (1991), Hepatogastroenterology. (2002), Cancer. (2004)
*2Am, I. Surg. (1995)

#3Hepato gastroenterology. (2003)

#Clin, Chemistry. (2004), Gtn. (2008)

*Cancer Letter (2007)

“SCancer (2004)

EXAMPLE 7

[Detection of Intrahepatic Cholangiocarcinoma Using Bile
2]

Aiming for an enhancement in detection sensitivity and a
decrease in background noise, the method for immobilizing
lectin was changed from the direct method to an indirect
method as shown in FIG. 7 (improved sandwich ELISA).
Among the candidate molecules, the MY.1E12 antibody-
binding MUC1 molecule and CA125 were investigated.
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(Experimental Method)

<1. Preparation of WFA-Coated Well Plate>

50 uL of biotinylated WFA (from Vector, 20 pg/mL) was
added to each well of a streptavidin-coated microtiter plate (a
96-well flat bottom plate from NUNC) and kept at room
temperature for 1 hour to immobilize WFA on the plate.
Unbound biotinylated WFA was washed twice with 0.1%
Tween 20-containing PBS (300 pl) as a wash solution to
complete a WFA-coated well plate.

<2. Binding and Detection Reaction>

Protein amount in bile was first measured using a micro
BCA protein quantification kit (from PIERCE). Each sample
was diluted to 400 pg/mL in the above wash solution and 50
uL thereof was added to the WFA-coated well plate prepared
in 1, which was then subjected to binding reaction at room
temperature for 2 hours. After reaction, each well was washed
5 times with 300 uLL of the above wash solution to remove
unbound protein. Thereto was added 50 pl/well of a detec-
tion reagent (an MY.1E12 antibody solution) adjusted to 0.5
pg/mL using the wash solution or a detection reagent (an
anti-CA1235 antibody solution) adjusted to 1.0 pg/mL using
the wash solution in advance, which was then subjected to an
antigen-antibody reaction at room temperature for 2 hours.

To remove the unbound antibody, the resultant was washed
with 300 uL, of the wash solution, and 50 pl/well of an
anti-mouse 1gG antibody-HRP solution (from Jackson
immuno Research) 1:4,000 diluted in the wash solution was
then added thereto, which was then incubated at room tem-
perature for 1 hour. After washing each well 5 times with 300
pL of the wash solution, 100 pL. of ULTRA-TMB solution
(from Thermo) as reagent chromogenic substrate solution
was added to each well, which was then subjected to a chro-
mogenic reaction for 10 minutes. The reaction was termi-
nated by adding 100 pL/well of a 1 M H,SO,, solution, fol-
lowed by absorbance determination at 450 nm using a plate
reader. The resultant signals (S) were digitalized in the form
of S/N ratios using healthy individual serum containing no
MY.1E12-binding MUC1 as a negative control (N) and used
in subsequent analysis.

(Result)

In addition to 30 cases of bile derived from intrahepatic
cholangiocarcinoma patients, 22 cases of bile derived from
intrahepatic lithiasis patients were analyzed. The results are
shown in FIG. 8a. The S/N value is found to clearly increase
in intrahepatic cholangiocarcinoma patients compared to that
in intrahepatic lithiasis patients. The significance level was
P=0.0015 in t-test. Accordingly, ROC curves were prepared
with the intrahepatic cholangiocarcinoma patients as positiv-
ity and with the intrahepatic lithiasis patients as negativity.
The results are shown in FIG. 8b. The sensitivity for distin-
guishing between cancer and lithiasis was 90% and the speci-
ficity therefor was 76%, showing a drastically increased
specificity compared to that for the direct immobilization of
lectin. As shown in FIG. 8 ¢ and d, for the WEA-CA125
sandwich ELISA, the significant difference between the lithi-
asis and cholangiocarcinoma patients was 57% in sensitivity
and 64% in specificity.

(Discussion: Comparison with Cytology)

Table 6 (comparison between the WFA-MY.1E12 sand-
wich ELISA method and the bile biopsy: italic indicates
Example ofthe present invention) shows that the results of the
method for detecting and distinguishing intrahepatic cholan-
giocarcinoma according to the present invention is superior to
the results of the diagnosis by bile biopsy conventionally
performed using bile. The resultant sensitivity, 1.e., the ability
to detect cancer, is 83% (15/18) superior to 22% (4/18) for the
bile biopsy. It is necessary that intrahepatic cholangiocarci-
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noma can be early detected with low false negativity, by its
characteristics. That is, a high-sensitivity marker is impor-
tant. In that sense, the method now developed is shown to be
based on a most excellent intrahepatic cholangiocarcinoma
marker.

In contrast, it was shown that WFA-CA125 sandwich
ELISA was inferior in sensitivity to WFA-MY.1E12 sand-
wich ELISA but showed an increased positive rate depending
on the biopsy class. Thus, WFA-CA125 sandwich ELISA
was suggested to have the possibility of being suitable for
differentiating cancer at a later progression stage than WFA-
MY.1E12 sandwich ELISA.

TABLE 6
Biopsy

Biopsy Diagnosis WFEA-MY.1E12 WEFA-CA125
Class n Result Positive Rate Positive Rate

Ma 8 Negative 6/8 (75%) 1/8 (13%)
Ib-1v 6 Suspect 5/6 (83%) 4/6 (67%)

A% 4 Positive 4/4 (100%) 4/4 (100%)

EXAMPLE 8

[Detection of Intrahepatic Cholangiocarcinoma Using
Blood]

Because the high-sensitive detection system could be
established as described above, detection was subsequently
attempted using blood.

(Experimental Method)

<1. Preparation of WFA-Coated Well Plate>

50 L of biotinylated WFA (from Vector, 20 ug/mL) was
added to each well of a streptavidin-coated microtiter plate (a
96-well flat bottom plate from NUNC) and kept at room
temperature for 1 hour to immobilize WFA on the plate.
Unbound biotinylated WFA was washed twice with 0.1%
Tween 20-containing PBS (300 ul) as a wash solution to
complete a WFA-coated well plate.

<2. Binding and Detection Reaction>

Each serum sample was diluted to 4 uI./100 uL in the above
wash solution and 50 pL thereof was added to the WFA-
coated well plate prepared in 1, which was then subjected to
binding reaction at room temperature for 2 hours. After reac-
tion, each well was washed 5 times with 300 ulL of the above
wash solution to remove unbound protein. Thereto was added
50 pL/well of a detection reagent (an MY.1E12 antibody
solution) adjusted to 0.5 ng/ml using the wash solution in
advance, which was then subjected to an antigen-antibody
reaction at room temperature for 2 hours.

To remove the unbound antibody, the resultant was washed
with 300 pL. of the wash solution, and 50 pl/well of an
anti-mouse 1gG antibody-HRP solution (from Jackson
immuno Research) 1:4,000 diluted in the wash solution was
then added thereto, which was then incubated at room tem-
perature for 1 hour. After washing each well 5 times with 300
uL, of the wash solution, 100 uL, of ULTRA-TMB solution
(from Thermo) as reagent chromogenic substrate solution
was added to each well, which was then subjected to a chro-
mogenic reaction for 10 minutes. The reaction was termi-
nated by adding 100 plL/well of a 1 M H,SO, solution, fol-
lowed by absorbance determination at 450 nm using a plate
reader.

In addition to 5 cases of sera derived from cholangiocarci-
noma patients, 3 cases of sera derived from primary biliary
cirrhosis (PBC) patients, 5 cases of sera derived from intra-
hepatic lithiasis patients, and 6 cases of sera from healthy
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individuals were analyzed. The results are shown in FIG. 9. It
is shown that the value clearly increases in cholangiocarci-
noma patients (a) compared to those in PBC patients (b),
intrahepatic lithiasis patients (¢), and healthy individuals (d).

The invention claimed is:

1. A method for detecting intrahepatic cholangiocarcinoma
in a subject undergoing testing or screening for liver carci-
noma, the method comprising;

a) contacting a clinical specimen obtained from the subject
with Wisteria floribunda Agglutinin (WFA) lectin, under
conditions in which the WFA lectin specifically binds a
WFA-binding glycoprotein expressed by intrahepatic
cholangiocarcinoma cells to form a WFA lectin-glyco-
protein complex, wherein the WFA-binding glycopro-
tein is a cancer marker specific for intrahepatic cholan-
giocarcinoma and wherein one or more antibodies
obtained using MUCI, CA125, or maspin as antigens
recognize and bind to the WFA-binding glycoprotein;
and

b) detecting the presence of the WFA lectin-binding gly-
coprotein complex, thereby detecting intrahepatic cho-
langiocarcinoma in the subject.

2. The method for detecting intrahepatic cholangiocarci-
noma according to claim 1, wherein the detection of intrahe-
patic cholangiocarcinoma using the lectin WFA-binding gly-
coprotein as a cancer marker involves using the lectin WFA-
binding glycoprotein as a glycan biomarker to detect an
intrahepatic cholangiocarcinoma-specific glycan structure in
the glycan biomarker.

3. The method for detecting intrahepatic cholangiocarci-
noma according to claim 1, wherein the detection of the
presence of the cancer marker of the lectin WFA-binding
glycoprotein in a test specimen is carried out by a sandwich
method which detects binding of the lectin WFA, the lectin
WFA-binding glycoprotein as a cancer marker, and an anti-
body recognizing and binding to the lectin WFA-binding
glycoprotein, wherein the antibody recognizing and binding
to the lectin WFA-binding glycoprotein is one or more anti-
bodies obtained using MUCI, CA125, or Maspin as antigens.

4. The method for detecting intrahepatic cholangiocarci-
noma according to claim 3, wherein the sandwich method
which detects binding of the lectin WFA, the lectin WFA-
binding glycoprotein as a cancer marker, and the antibody
recognizing and binding to the lectin WFA-binding glycopro-
tein is carried out by using a labeled lectin WFA, or a labeled
antibody recognizing and binding to the lectin WFA binding
glycoprotein, wherein the antibody recognizing and binding
to the lectin WFA-binding glycoprotein is one or more anti-
bodies obtained using MUCI, CA125, or Maspin as antigens.

5. The method for detecting intrahepatic cholangiocarci-
noma according to claim 3, wherein the detection of intrahe-
patic cholangiocarcinoma by the sandwich method which
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detects binding of the lectin WFA, the lectin WFA-binding
glycoprotein as a cancer marker, and the antibody recogniz-
ing and binding to the lectin WFA-binding glycoprotein,
wherein the antibody recognizing and binding to the lectin
WFA-binding glycoprotein is one or more antibodies
obtained using MUCI, CA125, or Maspin as antigens, is
carried out by

(a) providing the antibody recognizing and binding to the
lectin WFA-binding glycoprotein immobilized on a
solid support;

(b) contacting a sample containing the WFA-binding gly-
coprotein with the solid support comprising the immo-
bilized antibody recognizing and binding to the lectin
WFA-binding glycoprotein;

(c) binding the antibody on the solid support with the lectin
WFA-binding glycoprotein in the sample;

(d) overlaying the antibody bound to the lectin WF A-bind-
ing glycoprotein with the labeled lectin WFA; and

(e) detecting the presence of the lectin WFA-binding gly-
coprotein cancer marker by detecting binding of the
antibody recognizing and binding to the lectin WFA
binding glycoprotein and the lectin WFA-binding gly-
coprotein and the labeled lectin WFA; or by

(a") providing the lectin WFA immobilized on a solid sup-
port;

(b") contacting a sample containing the WFA-binding gly-
coprotein with the lectin WFA immobilized on the solid
support;

(¢") binding the lectin WFA immobilized on the solid sup-
port with the lectin WFA-binding glycoprotein in the
sample;

(d') overlaying the lectin WFA bound to the lectin WFA-
binding glycoprotein with a labeled antibody recogniz-
ing and binding to the lectin WFA-binding glycoprotein;
and

(") detecting the presence of the lectin WFA-binding gly-
coprotein cancer marker by detecting the binding of the
WFA lectin immobilized on the solid support and the
lectin WFA-binding glycoprotein and the labeled anti-
body recognizing and binding to the lectin WFA-binding
glycoprotein.

6. The method for detecting intrahepatic cholangiocarci-
noma according to claim 5, wherein the detection of intrahe-
patic cholangiocarcinoma by antibody overlay or lectin WFA
overlay is carried out by a lectin microarray detection means
or an antibody microarray detection means using a microat-
ray.

7. The method for detecting intrahepatic cholangiocarci-
noma according to claim 1, wherein the test specimen for
detecting intrahepatic cholangiocarcinoma in vitro is a clini-
cal sample consisting of bile, or blood, or a clinical section.
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