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67 ABSTRACT

A monoclonal antibody that does not show a crossreactivity
with middle-molecular weight (MMW) adiponectin and spe-
cifically reacts with high-molecular weight (HMW) adi-
ponectin alone is disclosed. The monoclonal antibody of the
present invention can be produced by using HMW adiponec-
tin as an antigen. According to the monoclonal antibody of the
present invention, a convenient, high-accurate, and versatile
reagent for analyzing HMW adiponectin can be provided.
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NOVEL MONOCLONAL ANTIBODY FOR
ANALYZING HIGH-MOLECULAR WEIGHT
ADIPONECTIN AND UTILIZATION OF SAME

TECHNICAL FIELD

[0001] The present invention relates to a novel monoclonal
antibody specific to high-molecular weight adiponectin, and
a method for specifically analyzing (in particular, measuring)
the high-molecular weight adiponectin using the monoclonal
antibody.

BACKGROUND ART

[0002] Adiponectinis a secretory protein that is specifically
expressed in adipocytes, and was reported to exhibit an anti-
arteriosclerotic effect and an insulin resistance-reducing
effect. In recent years, adiponectin has been reported to be
involved in cancer, inflammation, and metabolic syndrome,
and is considered to function as a defensive factor in the living
body. Human adiponectin consists of 244 amino acid resi-
dues, and is known to have a molecular weight of approxi-
mately 28 kDa as amonomer. It was confirmed that adiponec-
tin is present in blood in forms of a trimer (LMW: Low-
molecular weight) as the basic structure, a hexamer (MMW:
Middle-molecular weight) composed of the trimer, and mul-
timers (HMW: High-molecular weight) composed of one or
more LMWs and/or MMWs.

[0003] These various forms of adiponectin exhibit different
physiological effects. For example, it was reported that HMW
and MMW activated NF-kB in a C2C12 cell line, but LMW
did not. Further, it was reported that persons deficient in
adiponectin secretion could not produce HMW adiponectin
and suffered hypoadiponectinemia and diabetes, and that the
content ratio of HMW adiponectin was decreased in patients
with coronary artery disease in comparison with healthy per-
sons. Furthermore, it was reported that adiponectin of which
the blood level changed before and after a diet was HMW.
Therefore, it is important to detect HMW adiponectin alone in
studies of adiponectin and various diseases.

[0004] In general, a protein molecule can be detected using
a monoclonal antibody that specifically recognizes the pro-
tein as an antigen. However, in the case that the antigen is a
mixture of multimers in various forms composed of single
monomers such as adiponectin, it is difficult to obtain an
antibody specific to only a molecule having a specific size.
Because an antibody usually recognizes a primary amino acid
sequence of an antigen, when an antigen is multimers, the
antibody generally recognizes a primary amino acid sequence
of'the monomer that forms the multimers. Because adiponec-
tin is composed of single monomers, an antibody that recog-
nizes the adiponectin monomer simultaneously recognizes
adiponectin multimers in any form. Even if a monoclonal
antibody recognizes a tertiary structure, the crossreactivity to
other molecules cannot be avoided in a molecule such as
HMW adiponectin in which many basic structures are poly-
merized.

[0005] Therefore, in a case of using a general antibody, it is
difficult to detect an adiponectin molecule having a specific
size alone.

[0006] To quantitatively determine adiponectin having a
specific molecular size, as conventional methods, a method in
which adiponectin is pretreated (for example, gel filtration) to
fractionate it based on its molecular weight and each peak is
detected, and a method in which a specific molecule(s) is
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digested and the remaining molecule is detected, are gener-
ally used. Further, an ELISA technique that does not need
pretreatment, such as gel filtration or a protease treatment,
was developed, but crossreactivity to MMW is observed, and
the ELISA technique is not specific to HMW. Therefore, a
technique capable of detecting adiponectin having a specific
molecular size alone, by a simple pretreatment or without
pretreatment, is desired.

[0007] As conventional methods for measuring adiponec-
tin having a specific molecular size, in addition to the above-
mentioned gel filtration method, the following two methods
are known:

(1) a method in which a pretreatment with an enzyme that
digests LMW and MMW is carried out, and the remaining
adiponectin that is not digested by the enzyme is measured to
detect HMW alone (Patent literature 1), and

(2) amethod in which an antibody that does not react with the
adiponectin monomer, but recognizes a trimer and/or its asso-
ciating molecule, high-molecular weight adiponectin, is used
to detect the high-molecular weight adiponectin antigen
alone (Patent literature 2).

[0008] However, the pretreatment with the enzyme needs
an enzyme treatment time of several tens of minutes. In addi-
tion, in the case of incubation for a long time that exceeds an
optimum time, there is a possibility that the target molecule
per se may be digested by a coexisting protease, and thus, it is
necessary to strictly select the incubation time. Further, in the
treatment with an enzyme, an optimum digestive enzyme
should be selected in accordance with the type of a target
antigen, and thus, it is not a versatile method.

[0009] In the case of using the conventional antibody that
recognizes high-molecular weight adiponectin, not only
high-molecular weight adiponectin (HMW) but also other
multimers (LMW and MMW) are simultaneously recog-
nized, and thus, it is not a method capable of specifically
detecting HMW alone. An antibody that specifically recog-
nizes HMW adiponectin alone is unknown.

CITATION LIST
Patent Literature

[0010]
[0011]

[Patent literature 1] WO2005/038457
[Patent literature 2] Japanese Patent No. 3624216

SUMMARY OF INVENTION
Technical Problem

[0012] In the conventional ELISA for detecting HMW
without pretreatment, there is the problem that the crossreac-
tivity to MM W is observed in a sample containing a high level
of MMW, and the HMW-specific measurement was indeed
difficult. In addition, even if an antibody shows a high selec-
tivity to HMW in ELISA, the antibody sometimes lose the
HMW selectivity by latex labeling, and thus, it was very
difficult to easily measure HMW adiponectin using latex. An
object of the present invention is to provide a monoclonal
antibody for selectively detecting or quantitatively determin-
ing HMW adiponectin alone, without showing crossreactiv-
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ity to MMW adiponectin, and a convenient, highly-accurate,
and versatile reagent for analyzing high-molecular weight
adiponectin.

Solution to Problem

[0013] The present inventors constructed a latex reagent for
analyzing high-molecular weight adiponectin capable of
more conveniently and selectively detecting or quantitatively
determining HMW adiponectin alone, and screened for a
monoclonal antibody used in the latex reagent. As a result, it
was confirmed that even when an antibody that showed a
relatively high specificity to HMW in a sandwich ELISA
system was used, the antibody did not show the HMW speci-
ficity at all when it was evaluated as a latex reagent, and thus,
the present inventors produced a novel monoclonal antibody
using the HMW fraction alone of adiponectin in human
blood. The present inventors confirmed that this monoclonal
antibody had similar reactivities in Western blotting analysis,
compared to monoclonal antibodies prepared using recombi-
nant adiponectin expressed in E. coli, but showed an
extremely high HMW specificity when evaluated by a sand-
wich ELISA system. Further, the present inventors con-
structed a latex reagent for analyzing adiponectin using the
monoclonal antibody, and found that HMW adiponectin
could be selectively measured using the latex reagent without
crossreactivity to MMW, and completed the present inven-
tion.

[0014] The present invention relates to:

[1] a monoclonal antibody characterized by specifically
reacting with high-molecular weight adiponectin,

[2] a method for producing the monoclonal antibody of [1],
characterized by using high-molecular weight adiponectin as
an antigen,

[3] a method for immunologically analyzing high-molecular
weight adiponectin, characterized by using the monoclonal
antibody of [1],

[4] the method of [3], wherein the method is a latex aggluti-
nation method,

[5] a reagent for immunologically analyzing high-molecular
weight adiponectin, comprising the monoclonal antibody of
[1], and

[6] the reagent according to claim 5, comprising latex par-
ticles carrying the monoclonal antibody of [1].

Advantageous Effects of Invention

[0015] According to the novel monoclonal antibody of the
present invention, a more convenient and accurate reagent (in
particular, a latex reagent) and method for analyzing the
high-molecular weight (HMW) adiponectin capable of selec-
tively analyzing (detecting or quantitatively measuring) the
high-molecular weight adiponectin alone can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a graph showing the results obtained by
measuring the amount of adiponectin contained in gel filtra-
tion fractions of a human serum sample (showing a low level
of MMW) using various ELISA kits using known mono-
clonal antibodies.

[0017] FIG. 2 is a graph showing the results obtained by
measuring the amount of adiponectin contained in gel filtra-
tion fractions of a human serum sample (showing a high level
of MM W) using the same ELISA kits as those used in FIG. 1.
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[0018] FIG. 3 is a graph showing the results obtained by
measuring the amount of adiponectin contained in gel filtra-
tion fractions of a human serum sample, using a latex reagent
prepared using the known monoclonal antibody ANOC9121.
[0019] FIG. 4 is a graph showing the results obtained by
measuring the amount of adiponectin contained in gel filtra-
tion fractions of a human serum sample (showing a low level
of MMW) using the ELISA kit of the present invention as
well as the same ELISA kits as those used in FIG. 1.

[0020] FIG. 5 is a graph showing the results obtained by
measuring the amount of adiponectin contained in gel filtra-
tion fractions of a human serum sample (showing a high level
of MM W) using the same ELISA kits as those used in FIG. 4.
[0021] FIG. 6 is a graph showing the results obtained by
measuring the amount of adiponectin contained in gel filtra-
tion fractions of a human serum sample, using the latex
reagent of the present invention prepared using the mono-
clonal antibody Clone8D of the present invention.

DESCRIPTION OF EMBODIMENTS

[0022] The monoclonal antibody of the present invention
specifically reacts with high-molecular weight adiponectin.
The wording “specifically react with high-molecular weight
adiponectin” as used herein means that it reacts with high-
molecular weight adiponectin, does not react with trimeric
adiponectin, and does not substantially react with hexameric
adiponectin. The high-molecular weight adiponectin, the tri-
meric adiponectin, and the hexameric adiponectin are some-
times referred to as HMW adiponectin, MMW adiponectin,
and LMW adiponectin (or simply referred to as HMW,
MMW, and LMW), respectively.

[0023] The term “high-molecular weight adiponectin™ as
used herein means multimers of which the basic structure is a
polymer of LMW and/or MMW, and which are fractionated
under nondenaturing conditions into fractions of approxi-
mately 440 kDa or more (i.e., the boundary between HMW
and MMW is approximately 440 kDa) with a peak around 670
kDa.

[0024] These molecular weights are values determined by
gel filtration carried out in Comparative Examples and
Examples described below, and the conditions for the gel
filtration are as follows:

Column: Superdex 200 prep grade (GE Healthcare Bio-
science)

Mobile phase (solvent): D-PBS

Pumping speed: 1 mI/min

Molecular weight markers:

(1) bovine serum albumin: 67,000 (da)

(2) aldolase: 158,000

(3) catalase: 232,000

(4) ferritin: 440,000

(5) thyroglobulin: 669,000

(6) Blue Dextran 2000: 2,000,000

[0025] The wording “not substantially react with hexam-
eric adiponectin (MMW)” as used herein means that it does
not react with molecules having a peak around 400 kDa and
eluted between approximately 250 to 440 kDa by fractionat-
ing a human serum under nondenaturing conditions.

[0026] The antibody specific to HMW adiponectin of the
present invention may be prepared in accordance with a con-
ventional method for preparing monoclonal antibodies,
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except that adiponectin that is directly collected from a living
body and fractionated into HMW is used as an antigen.
[0027] The biological sample derived from a living body
and used as the antigen is not particularly limited, so long as
it is a biological liquid suspected of containing HMW adi-
ponectin. Examples of the sample include a biological fluid
(for example, blood (i.e., whole blood), serum, plasma, urine,
cerebrospinal fluid, or secretory fluids) directly collected
from a living body, and a biological material-derived liquid
(for example, various extracts of organs, tissues, or cells, or
various culture liquids of tissues or cells) obtained by treating
biological materials (for example, organs, tissues, or cells)
collected from a living body.

[0028] A HMW adiponectin fraction as the antigen may be
prepared by fractionating the biological sample into a fraction
containing adiponectin with various molecular weights
including HMW adiponectin, and separating HMW adi-
ponectin from the fraction by gel filtration chromatography.
The fraction containing adiponectin with various molecular
weights including HMW adiponectin may be obtained by
affinity chromatography immobilized with an antibody that
recognizes HMW adiponectin. The antibody to be immobi-
lized is not particularly limited, so long as it can recognize at
least HMW adiponectin, and an antibody that recognizes
MMW and/or LMW adiponectin may be used. Affinity chro-
matography or gel filtration chromatography may be appro-
priately carried out in accordance with an antibody used, the
amount of a biological sample, and the like. Affinity chroma-
tography may be carried out after the separation by gel filtra-
tion chromatography.

[0029] The obtained HMW adiponectin monoclonal anti-
body may be used in a method for selectively measuring
HMW adiponectin, as an immunoglobulin molecule per se, or
as an antibody fragment (for example, Fab, Fab', F(ab'"),, or
Fv), which may be prepared in accordance with a conven-
tional method.

[0030] The assay sample to be analyzed by the present
invention is not particular limited, so long as it is a biological
liquid suspected of containing HMW adiponectin. Examples
of the sample include a biological fluid (for example, blood
(i.e., whole blood), serum, plasma, urine, cerebrospinal fluid,
or secretory fluids) directly collected from a living body, and
a biological material-derived liquid (for example, various
extracts of organs, tissues, or cells, or various culture liquids
of tissues or cells) obtained by treating biological materials
(for example, organs, tissues, or cells) collected from a living
body.

[0031] HMW adiponectin is present, for example, at a con-
centration of 1 pg/mL to several tens of ug/mL in normal
human blood. Alternatively, the concentration of HMW adi-
ponectin contained in a biological material-derived liquid
may be adjusted to 1 pg/mL to several tens of pg/ml, by
appropriately determining the amount of a treating liquid (for
example, a solution for extraction or a solution for cultiva-
tion) from a pilot test or the like.

[0032] Asabove, abiological liquid (in particular, blood) to
be analyzed by the present invention contains HMW adi-
ponectin at a concentration of 1 pg/ml to several tens of
pg/ml, and thus, may be analyzed, without predilution, by
the reagent of the present invention for analyzing HMW
adiponectin.

[0033] As the method for analyzing HMW adiponectin of
the present invention, conventional immunological measur-
ing methods may be used. Examples of the immunological
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measuring method include an ELISA method, an RIA
method, an agglutination method, and an immunochromatog-
raphy method. Hereinafter, an agglutination method using
latex will be explained more particularly.

[0034] Aslatex particles used in the present invention, con-
ventional latex particles, such as latex particles made of poly-
styrene, a styrene-styrene sulfonate copolymer, or the like,
may be used. The average particle size of latex particles
carrying the antibody specific to HMW adiponectin may be
appropriately selected from the range of 0.05 to 1.0 um in
general, in accordance with, for example, the type of a bio-
logical fluid used as a sample, the concentration of HMW
adiponectin contained, or the measuring apparatus.

[0035] For example, in a case of analyzing HMW adi-
ponectin in blood, since HMW adiponectin is present in a
normal human sample at a high concentration of 1 pg/mlL to
several tens of ug/mlL, the measuring range of an assay system
for HMW adiponectin in blood can be guaranteed by appro-
priately selecting the particle size of latex. More particularly,
when the particle size is 0.1 pm or less, the accuracy in
measuring concentrations of 5 pg/mL or less that are clini-
cally significant is sometimes not guaranteed. When the par-
ticle size is 0.5 pm or more, a normal sample with a high level
can sometimes not be measured. Therefore, as the assay sys-
tem for HMW adiponectin in blood, latex particles having an
average particle size of 0.1 to 0.5 um are preferable.

[0036] The latex reagent for analyzing HMW adiponectin
of the present invention may be in any form, so long as it
contains a suspension liquid of latex particles carrying the
monoclonal antibody specific to HMW adiponectin. The
latex reagent may be in various forms, for example, a one-
liquid-component reagent containing a buffer and latex par-
ticles sensitized with the antibody specific to HMW adi-
ponectin; a two-liquid-component reagent composed of a
buffer as the first reagent component and latex particles sen-
sitized with the antibody specific to HMW adiponectin as the
second reagent component; or the like.

[0037] In the method for analyzing HMW adiponectin of
the present invention, a biological fluid suspected of contain-
ing adiponectin may be collected; the obtained biological
fluid may be regarded as a sample without predilution and/or
pretreatment (i.e., while being maintained in the original
state), or alternatively, the obtained sample may be appropri-
ately treated to prepare a sample; and the sample may be
brought into contact with the suspension liquid of latex par-
ticles carrying the antibody specific to HMW adiponectin of
the present invention (preferably the latex reagent for analyz-
ing HMW adiponectin of the present invention).

[0038] Forexample, a preferred embodiment of the method
of the present invention, a method for analyzing HMW adi-
ponectin using an automated analyzing apparatus, includes:
(1) collecting a biological fluid suspected of containing adi-
ponectin; and

(2) preparing a sample from the biological fluid obtained in
the previous step by maintaining the original state, or by
carrying out an appropriate predilution and/or pretreatment,
bringing the sample into contact with a suspension liquid of
latex particles carrying an antibody specific to HMW adi-
ponectin in an automated analyzing apparatus, and optically
analyzing the degree of agglutination of the latex particles.
[0039] Inthecasethat HMW adiponectin contained in vari-
ous biological fluids, such as blood, is measured using a
conventional measuring method such as a radioimmunoassay
or an enzyme immunoassay, for example, a step of diluting a
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sample 500to 5000-fold is needed. By contrast, in the method
for analyzing HMW adiponectin of the present invention, a
latex agglutination reaction can be carried out using an origi-
nal biological fluid as a sample, without predilution or pre-
treatment of the biological fluid, for example, by appropri-
ately selecting the particle size of latex particles (for example,
in a case of HMW adiponectin in blood, a particle size 0of 0.1
to 0.5 um is preferable).

[0040] In the method for analyzing HMW adiponectin of
the present invention, an agglutination reaction is carried out
using latex particles carrying an antibody specific to HMW
adiponectin (for example, the latex reagent for analyzing
HMW adiponectin of the present invention), and the degree of
agglutination generated is optically analyzed (in particular,
measured) to analyze (in particular, measure) the amount of
HMW adiponectin contained in a biological fluid (for
example, blood). The degree of agglutination of latex par-
ticles may be optically analyzed, for example, by visual
observation, or using an optical device for measuring scat-
tered light intensity, absorbance, or transmitted light inten-
sity. The measuring wavelength is preferably 300 to 800 nm.
The measurement may be carried out, in accordance with a
conventional method, by selecting the average particle size or
the concentration of latex particles used, or a reaction time,
and measuring an increase or a decrease in scattered light
intensity, absorbance, or transmitted light intensity. These
methods may be used in an appropriate combination thereof.
[0041] In general, the concentration of the latex sensitized
with an antibody specific to HMW adiponectin, which is
contained in the system for measuring a latex agglutination
reaction, may be appropriately selected in accordance with
the concentration of a coexisting additive, such as salts, pro-
teins, or sugars. In general, as the concentration in the final
liquid volume of the reaction system, the latex sensitized with
an antibody specific to HMW adiponectin may be adjusted to
preferably 0.05 to 10 mg/mL, more preferably 0.1 to 2
mg/mL. When the concentration of the latex sensitized with
an antibody specific to HMW adiponectin is too low, the
measurement of an agglutination reaction at a low level is
sometimes difficult, and when it is too high, the measurement
of an agglutination reaction at a high level is sometimes
difficult, and the reproducibility sometimes becomes poor.
[0042] In the present invention, the agglutination reaction
of latex particles can be measured more accurately, and the
measurable range in a low level area and a high level area can
be further expanded, by controlling other factors that influ-
ence the agglutination reaction of the latex sensitized with an
antibody specific to HMW adiponectin. Examples of the
other factors that influence the latex agglutination reaction
include the concentration of the latex particles, the amount of
the antibody sensitized on the latex particles, and the particle
size of the latex particles.

[0043] The conditions for the latex agglutination reaction
in the method for analyzing HMW adiponectin of the present
invention may be the ordinary conditions, and various buffers
may be approximately selected as a reaction medium in
accordance with the analysis for HMW adiponectin in various
biological fluids. In the case of analyzing HMW adiponectin
in blood, the buffer is not particularly limited, so long as it has
anion strength and pH that do not inactivate HMW adiponec-
tin in blood and that do not inhibit the latex agglutination
reaction. Examples of the buffer include Good’s buffers, a
glycine buffer, and a Tris buffer. The pH in the reaction is
preferably 5 to 10, more preferably 6 to 8. The reaction
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temperature is preferably 0 to 50° C., more particularly 20 to
40° C. The reaction time may be appropriately selected.

EXAMPLES

[0044] The present invention now will be further illustrated
by, but is by no means limited to, the following Examples.

Comparative Example 1

Conventional Monoclonal Antibodies

[0045] For comparison with the monoclonal antibody of
the present invention, two monoclonal antibodies
ANOC9121 and Clone5A, which was prepared by immuniz-
ing mice with a recombinant adiponectin antigen expressed in
E. coli, were used as conventional monoclonal antibodies.
The reactivities of these monoclonal antibodies against
human adiponectin in blood are summarized in Table 1. Both
antibodies were able to equally detect MMW and HMW in
blood by Western blotting under nonreduced conditions.
However, in sandwich ELISAs using a single antibody,
Clone5A recognized all molecules in blood, and ANOC9121
slightly crossreacted with MMW.

TABLE 1

Western blotting Sandwich ELISA using

Antibody Reduced Nonreduced single antibody
ANOC9121 Monomer was MMW and larger High specific to HMW
detected molecules were Slightly crossreacted
detected with MMW
Clone5A Not reacted MMW and larger All molecules were
molecules were  detected
detected

Problems of Conventional Monoclonal Antibodies (1):
Crossreactivity with MMW

[0046] The previously prepared sandwich ELISA kit using
ANOC9121 alone, and a commercially available high-mo-
lecular weight adiponectin ELISA kit (FUJIREBIO Inc.),
which does not need pretreatment, were used to measure gel
filtration fractions from two human sera. Total adiponectin
was measured using a human adiponectin ELISA kit (Otsuka
Pharmaceutical Co., Ltd.).

[0047] Unless otherwise specified, the conditions for gel
filtration carried out in the Comparative Examples and
Examples of the specification are as follows:

Column: Superdex 200 prep grade (GE Healthcare Bio-
science)

Mobile phase (solvent): D-PBS

Pumping speed: 1 mI/min

Molecular weight markers:

(1) bovine serum albumin: 67,000 (da)

(2) aldolase: 158,000

(3) catalase: 232,000

(4) ferritin: 440,000

(5) thyroglobulin: 669,000

(6) Blue Dextran 2000: 2,000,000

[0048] The results obtained by using a serum sample with a
low content ratio of MMW are shown in FIG. 1, and the
results obtained by using a serum sample with a high content
ratio of MMW are shown in FIG. 2. In FIG. 1 and FIG. 2, A
shows the results of the sandwich ELISA using ANOC9121,
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B shows the results of the commercially available high-mo-
lecular weight adiponectin ELISA kit (FUJIREBIO Inc.), and
C shows the results of the human adiponectin ELISA kit
(Otsuka Pharmaceutical Co., Ltd.) for measuring total adi-
ponectin.

[0049] As aresult, both the ANOC9121 ELISA kit and the
commercially available high-molecular weight adiponectin
ELISA kit were able to specifically measure the high-molecu-
lar weight adiponectin (H), in the case of the sample with a
low level of MMW as shown in FIG. 1. By contrast, the
crossreactivity with MMW was observed in both the kits, in
the case of the sample with a high level of MMW as shown in
FIG. 2, and this result indicates the difficulty of a specific
measurement of HMW.

[0050] In this regard, the HMW fraction, the MMW frac-
tion, and the LMW fraction are, respectively: a fraction with
molecular weights higher than approximately 440 kDa, a
fraction with molecular weights between 250 kDa and 440
kDa, and a fraction with molecular weights lower than
approximately 250 kDa, under the above-mentioned gel fil-
tration conditions.

Comparative Example 2

Problems of Conventional Monoclonal Antibodies (2): Prob-
lem in Preparing Latex Reagent

[0051] Monoclonal antibody ANOC9121, which has a
reactivity to MMW and a high specificity for HMW in
ELISA, was used to attempt to prepare a latex reagent.

(1) Preparation of Latex Reagent Sensitized with Monoclonal
Antibody ANOC9121

[0052] To 9 mL of a liquid that was prepared by dissolving
monoclonal antibody ANOC9121 at a concentration of 0.5
mg/mL in a 0.01 mol/L Tris buffer (pH 8.0), 1 mL of poly-
styrene latex (solid content: 10 wt %) having an average
particle size of 0.2 pm was added, and stirred at room tem-
perature for 60 min. A Tris buffer (pH 8.0) containing 0.5 wt
% of bovine serum albumin was further added to the liquid,
and the mixture was stirred at room temperature for 60 min,
and centrifuged at 20000 rpm. The latex was suspended by
adding 10 mL of a Tris buffer (pH 8.0) to the obtained pre-
cipitate, to prepare a liquid containing latex sensitized with
monoclonal antibody ANOC9121.

(2) Preparation of Buffer

[0053] A buffer was prepared by adding sodium chloride at
concentration of 0.9% (wt %) to a 0.1 mol/LL Tris buffer
(pH8.0) containing bovine serum albumin at a concentration
0f 0.5% (wt %).

(3) Latex Reagent for Analyzing HMW Adiponectin

[0054] A reagent for measuring a human adiponectin anti-
gen used in this Comparative Example was prepared as a
two-liquid-component reagent composed of the buffer pre-
pared in (2) as the first reagent and the latex sensitized with
monoclonal antibody ANOC9121 prepared in (1) as the sec-
ond reagent.

Measurement of Adiponectin
(1) Measurement of Adiponectin Fractions

[0055] To 35 uL of adiponectin fractions from a human
serum (a sample with a low level of MMW), 90 uL of the
buffer prepared in (2) was added, and the mixtures were
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allowed to stand at 37° C. for a predetermined period of time.
To each of the mixtures, 90 ul, of the liquid containing latex
sensitized with monoclonal antibody ANOC9121 prepared in
(1) was further added and stirred. After 5 min. had passed, the
absorbance at a wavelength of 570 nm was measured. A
variation in absorbance during this period is regarded as the
variation in absorbance (AAbs). A standard adiponectin anti-
gen liquid was used to prepare a calibration curve, based on
the AAbs values and the antigen concentrations. The adi-
ponectin value was calculated from the AAbs of each fraction
sample using this calibration curve. This measurement was
carried out using a HITACHI automated analyzer type 7170.
[0056] Simultaneously with this measurement, total adi-
ponectin was measured using a commercially available
human adiponectin latex kit (Mitsubishi Kagaku Iatron, Inc.).
With respect to the absorbance values measured, for the com-
parison between the peaks obtained by both reagents, the
absorbance values measured using the latex reagent sensi-
tized with monoclonal antibody ANOC9121 were compen-
sated so that the absorbance values from the No. 109 fraction
accorded with each other.

[0057] The results of the evaluation for adiponectin frac-
tions from a human serum using the latex reagent containing
ANOC9121 for analyzing HMW adiponectin are shown in
FIG. 3 (E in FIG. 3).

[0058] From the comparison with the results of the com-
mercially available latex reagent for analyzing total adi-
ponectin (D in FIG. 3), it was found that the latex reagent
using ANOC9121 for analyzing adiponectin did not react
with the fractions corresponding to LMW, but reacted with
HMW and MMW like the latex reagent for analyzing total
adiponectin. This result shows that the latex reagent using
ANOC9121 reacts with MMW even in the case of a sample
with a low level of MMW, and the same performance as that
of the ELISA could not be attained.

[0059] As areason that the latex reagent did not exhibit the
same performance as that of the ELISA, it is considered to be
caused by the difference in reaction mechanisms, that is to
say, the first antibody is reacted, and then, the second anti-
body is reacted in ELISA, whereas agglutination simulta-
neously starts in a latex reagent. It is further considered to be
caused by a low specificity and a low affinity for HMW.

Example 1

(1) Preparation of Immunogen and Novel Monoclonal Anti-
body

[0060] The inventors concluded that it was difficult to
obtain a monoclonal antibody with a high specificity for
HMW by the previously attempted antibody production
method using a recombinant adiponectin expressed in E. coli,
and thus, the HMW fraction alone was isolated from adi-
ponectin in human blood, and was used to prepare the mono-
clonal antibody. Total adiponectin in human blood was puri-
fied using an above-mentioned ANOC9121-bound column.
This column was prepared by coupling 3 to 10 mg/mL of
purified ANOC9121 with 4 g of CNBr-activated Sepharose
4B. The column was washed with a phosphate buffer, and 5 to
20 mL of a human serum was applied to the column. The
column was washed with a phosphate buffer to remove excess
serum components, and human adiponectin in blood was
eluted from the column with an eluent. As the eluent, a protein
denaturing agent such as several mol/L urea, a chaotropic ion,
or a several mol/L sodium chloride solution may be used, and
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6 mol/L urea was used in this Example. The eluted adiponec-
tin was further applied to gel filtration purification to purify
the HMW of human adiponectin in blood by collecting, not
all fractions containing HMW, but the early fractions alone
before the HMW peak, i.e., only fractions having molecular
weights higher than that of the HMW peak.

[0061] Thepurified human HMW adiponectin in blood was
used, together with Freund’s complete adjuvant or Freund’s
incomplete adjuvant, to immunize Balb/C mice in an amount
of 1 to 10 pg/body several times every other week. The
spleens were removed from the mice, and the spleen cells
were fused with mouse myeloma cell line P3U1 by the poly-
ethylene glycol method, in accordance with a conventional
method, to produce hybridomas.

[0062] To screen obtained hybridomas for a monoclonal
antibody with a high specificity for more native adiponectin,
adiponectin contained in blood was used as adiponectin that
was not denatured at all. More particularly, the Fc portion of
ANOC9121 was digested to prepare ANOC9121 F(ab'),, and
a plate to which ANOC9121 F(ab'), was immobilized was
prepared. To this F(ab'), plate, a human serum that had been
appropriately diluted was reacted, and then, the culture super-
natants of the hybridomas were reacted. An anti-mouse IgG
Fc antibody labeled with horse radish peroxidase (HRP) was
further added to the plate, and the plate was incubated. After
the incubation, the strength of development of 3,3',5,5'-tet-
ramethylbenzidine was measured to obtain mouse-mouse
hybridoma Clone8D that produced monoclonal antibody
Clone8D having a high specificity and a high affinity for
native adiponectin.

(2) Evaluation for Newly Produced Monoclonal Antibody by
Western Blotting

[0063] The anti-human adiponectin monoclonal antibody
Clone8D, which was prepared using the HMW adiponectin
fraction purified from blood, was used to analyze adiponectin
in human blood by Western blotting. As samples, human
blood was electrophoresed under nonreduced and unheated
conditions and under reduced conditions with 2-mercaptoet-
hanol, and these samples were reacted with the above-men-
tioned three antibodies ANOC9121, Clone5A, and Clone8D,
and were stained. Human adiponectin in blood is present in
various forms such as HMW, MMW, and LMW under non-
reduced and unheated conditions, but under reduced condi-
tion, the trimer and higher multimers disappear and adiponec-
tin is present in the monomer form with approximately
28,000 Da or as a molecule corresponding to the dimer.
Monoclonal antibody ANOC9121 recognized all of these
forms under nonreduced and unheated conditions and under
reduced conditions. By contrast, monoclonal antibody
Clone5A, and monoclonal antibody Clone8D prepared using
human adiponectin in blood did not recognize the monomer
denatured by reduction, but recognized a plurality of macro-
molecules under nonreduced and unheated conditions. How-
ever, so long as it was evaluated by Western blotting, signifi-
cant differences were not observed among the three
monoclonal antibodies with respect to reactivity to the mac-
romolecules.

Example 2

Evaluation of Newly Produced Monoclonal Antibody by
ELISA

[0064] A sandwich ELISA using CloneS8D was con-
structed, and compared with conventional sandwich ELISAs
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with respect to their HMW specificity. More particularly,
Clone8D that had been diluted to a concentration of 5 to 10
ng/ml with a phosphate buffer was added to a commercially
available 96-well ELISA plate, and an immobilization reac-
tion was carried out overnight. This antibody-immobilized
plate was blocked with a phosphate buffer containing 0.1 to
1% bovine serum albumin. In the antibody-immobilized
plate, human serum fractions that had been HPLC-fraction-
ated using a Superdex 200 column (GE Healthcare) were
reacted, and after washing, Clone8D labeled with biotin was
reacted. HRP-conjugated streptavidin was further added to
the plate, and the plate was incubated. After the incubation,
excess HRP-conjugated streptavidin was removed by wash-
ing. The strength of development obtained by the addition of
3,3',5,5'-tetramethylbenzidine was measured to determine the
amount of adiponectin in each fraction.

[0065] Further, the same fractions were measured using the
ELISA kits used in Comparative Example 1, i.e., the sand-
wich ELISA kit using ANOC9121 alone, and the commer-
cially available high-molecular weight adiponectin ELISA
kit (FUJIREBIO Inc.) that does not need pretreatment, to
confirm the crossreactivity with HMW. Furthermore, the
human adiponectin ELISA kit (Otsuka Pharmaceutical Co.,
Ltd.) was used to measure total adiponectin.

[0066] The results are shown in FIG. 4 and FIG. 5. The
sandwich ELISA using Clone8D (F in FIG. 4 and FIG. 5) was
able to carry out a HMW-specific measurement without
crossreactivity with MMW, not only in the case of a sample
with a low level of MMW as shown in FIG. 5, but also in the
case of a sample with a high level of MMW as shown in FIG.
6, in contrast to the other ELISA methods.

Example 3

Preparation of Latex Reagent for Analyzing High-Molecular
Weight Adiponectin Using Novel Monoclonal Antibody

[0067] (1) Preparation of Reagent Containing Latex Sensi-
tized with Monoclonal Antibody Clone8D

[0068] To 9 mL of aliquid that was prepared by dissolving
monoclonal antibody Clone8D at a concentration of 0.5
mg/mL in a 0.01 mol/L Tris buffer (pH 8.0), 1 mL of poly-
styrene latex (solid content: 10 wt %) having an average
particle size of 0.2 um was added, and stirred at room tem-
perature for 60 min. A Tris buffer (pH 8.0) containing 0.5 wt
% of bovine serum albumin was further added to the liquid,
and the mixture was stirred at room temperature for 60 min,
and centrifuged at 20000 rpm. The latex was suspended by
adding 10 mL of a Tris buffer (pH 8.0) to the obtained pre-
cipitate, to prepare a liquid containing latex sensitized with
monoclonal antibody Clone8D.

(2) Preparation of Buffer

[0069] A buffer was prepared by adding sodium chloride at
concentration of 0.9% (wt %) to a 0.1 mol/LL Tris buffer
(pH8.0) containing bovine serum albumin at a concentration
0f 0.5% (wt %).

(3) Latex Reagent for Analyzing HMW Adiponectin

[0070] A reagent for measuring a human adiponectin anti-
gen used in this Example was prepared as a two-liquid-com-
ponent reagent composed of the buffer prepared in (2) as the
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first reagent and the latex sensitized with monoclonal anti-
body Clone8D prepared in (1) as the second reagent.

Measurement of Adiponectin
(1) Measurement of Adiponectin Fractions

[0071] To 35 uL of adiponectin fractions from a human
serum, 90 uL. of the buffer prepared in (2) was added, and the
mixtures were allowed to stand at 37° C. for a predetermined
period of time. To each of the mixtures, 90 pL of the liquid
containing latex sensitized with monoclonal antibody
Clone8D prepared in (1) was further added and stirred. After
5 min had passed, the absorbance at a wavelength of 570 nm
was measured. A variation in absorbance during this period is
regarded as the variation in absorbance (AAbs). A standard
adiponectin antigen liquid was used to prepare a calibration
curve, based on the AAbs values and the antigen concentra-
tions. The adiponectin value was calculated from the AAbs of
each fraction sample using this calibration curve. This mea-
surement was carried out using a HITACHI automated ana-
lyzer type 7170.

[0072] Simultaneously with this measurement, total adi-
ponectin was measured using the commercially available
human adiponectin latex kit (Mitsubishi Kagaku Iatron, Inc.).
With respect to the absorbance values measured, for the com-
parison between the peaks obtained by both reagents, the
absorbance values measured using the latex reagent sensi-
tized with monoclonal antibody Clone8D were compensated
so that the absorbance values from the No. 109 fraction
accorded with each other.

[0073] The results are shown in FIG. 6. In FIG. 6, D shows
the results of the commercially available human adiponectin
latex kit (Mitsubishi Kagaku Iatron, Inc.), and G shows the
results of the latex reagent sensitized with antibody Clone8D
of the present invention. A latex agglutination reaction spe-
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cific to HMW was confirmed by measuring the gel filtration
fractions of human serum adiponectin using the reagent of the
present invention.

INDUSTRIAL APPLICABILITY

[0074] The monoclonal antibody of the present invention
can be used for the analysis of adiponectin.

[0075] Although the present invention has been described
with reference to specific embodiments, various changes and
modifications obvious to those skilled in the art are possible
without departing from the scope of the appended claims.

DEPOSIT NUMBER

[0076] Mouse-mouse hybridoma Clone8D was deposited
in an International Depositary Authority, the International
Patent Organism Depositary National Institute of Advanced
Industrial Science and Technology (Address: AIST Tsukuba
Central 6, 1-1, Higashi 1-chome Tukuba-shi, Ibaraki-ken
305-8566 Japan), on Mar. 5, 2009. The deposit number is
FERM BP-11106.

1. A monoclonal antibody characterized by specifically
reacting with high-molecular weight adiponectin.

2. A method for producing the monoclonal antibody
according to claim 1, characterized by using high-molecular
weight adiponectin as an antigen.

3. A method for immunologically analyzing high-molecu-
lar weight adiponectin, characterized by using the mono-
clonal antibody according to claim 1.

4. The method according to claim 3, wherein the method is
a latex agglutination method.

5. A reagent for immunologically analyzing high-molecu-
lar weight adiponectin, comprising the monoclonal antibody
according to claim 1.

6. The reagent according to claim 5, comprising latex par-
ticles carrying the monoclonal antibody, which monoclonal
antibody, is characterized by specifically reacting with high-
molecular weight adiponectin.

* * #* ok %
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