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Description
Technical Field

[0001] The present invention relates to a method of immunoassay for detecting a peptide of a molecular weight of
5,900 having an amino acid sequence as shown in SEQ ID NO: 1 (hereinafter referred to as 5.9 kDa peptide) as a
degradation product of human fibrinogen a-E chain or human fibrinogen o chain, found to be usable as a peptide marker
for hepatic disease by proteome analysis, from a sample or quantitating the concentration of the 5.9 kDa peptide in the
sample, and an immunoassay kit therefor.

Background Art

[0002] Inrecentyears, exhaustive proteome analysis has progressed on a worldwide scale, and searches for disease
markers using the proteome analysis have widely taken place (Patent Literatures 1 to 2 and Non Patent Literatures 1
to 3). Inthe proteome analysis, generally, a protein contained in a sample of biological origin or a peptide as its degradation
product is isolated; the amino acid sequence of the isolated protein or peptide is analyzed using a mass spectrometer;
the resultant amino acid sequence is compared with amino acid sequences in a database; and thereby the protein or
the peptide contained in the sample is identified. Because proteins expressed in vivo differ by the presence or absence
of disease, the protein or the peptide found to increase or decrease in expression level in a disease-specific manner by
the proteome analysis has potential to be able to be used as a marker for the disease.

[0003] Through the proteome analysis, the present inventors identified the 5.9 kDa peptide as one of new serum
peptides increasing or decreasing with the habit of drinking from serum samples collected with time from an alcoholic
patient hospitalized for the purpose of abstinence and found that this can be used as a diagnosis marker for hepatic
disease (Patent Literature 1 and Non Patent Literatures 1 to 2).

[0004] The present inventors showed that two monoclonal antibodies obtained using the full-length 5.9 kDa peptide
consisting of 54 residues as an antigen can be used to perform the immunoassay of the isolated 5.9 kDa peptide (Patent
Literature 1).

Citation List
Patent Literature
[0005]

Patent Literature 1: International Publication No. WO 2004/058966
Patent Literature 2: International Publication No. WO 2004/090550

Non Patent Literature
[0006]

Non Patent Literature 1: Nomura, F. et al., Proteomics, 4, 1187-1194, 2004
Non Patent Literature 2: Nomura, F. et al., J. Chromatogr. B., 855, 35-41, 2007
Non Patent Literature 3: Hanash, S. M. et al., Nature, 452, 571-579, 2008

Summary of Invention
Technical Problem

[0007] Many clinically useful peptides have so far been reported which were found using proteome analysis. However,
to the present inventors’ knowledge, there are almost no reports in which these candidate peptides as disease markers
are quantitatively assayed using an immunological detection method widely commonly used in the field of clinical diag-
nosis. Difficulty in the establishment of a method of immunoassay therefor has hampered the spread of peptide markers
discovered using proteome analysis.

[0008] First, the cause of the difficulty in the establishment of a method of immunoassay therefor involves the fact that
it is difficult to produce a specific antibody for a peptide. Second, it involves the fact that a peptide discovered by proteome
analysis is also often a degradation product of a mature protein present in a sample of biological origin and many
degradation products other than a desired peptide each containing the sequence of the desired peptide sequence are
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mixed therewith in the sample. In such a case, even though an antibody is produced using the desired peptide as an
immunogen, it gives rise to non-specific reactions with mixed degradation products, and thus the desired peptide cannot
be exactly quantitatively analyzed.

[0009] Particularly, human fibrinogen from which the 5.9 kDa peptide to be assayed according to the present invention
is produced by degradation is a protein involved in the coagulation/fibrinogenolysis system, and therefore many degra-
dation products thereof are present in vivo. Specifically, fibrinogen is degraded by thrombin in the coagulation system
to produce a fibrin monomer. In the fibrinogenolysis system, a fibrin polymer comprised of fibrin monomers is degraded
at a plurality of sites thereof by plasmin; thus, many fibrinogen degradation products are formed inevitably.

[0010] For example, according to build Human Plasma PeptideAtlas 2009-05 in the database PeptideAtlas (ht-
tp://www.peptideatlas.org/), 239 peptides are observed as degradation products of human fibrinogen o-E chain (protein
name in the database: ENSP00000306361).

[0011] As described above, the present inventors succeeded in preparing two monoclonal antibodies to the full-length
5.9 kDa peptide consisting of 54 residues using the 5.9 kDa peptide as an antigen and in immunoassaying the isolated
5.9 kDa peptide (Patent Literature 1). However, even when these monoclonal antibodies are used, they are found to
admit of further improvement for sufficiently exactly and quantitatively assaying the 5.9 kDa peptide in a sample potentially
containing many human fibrinogen degradation products.

[0012] With the foregoing circumstances in view, an object of the present invention is to provide a method of immu-
noassay for specifically detecting and quantitating the 5.9 kDa peptide from a sample potentially containing many human
fibrinogen a-E chain/o. chain degradation products. Another object of the present invention is to provide a kit for use in
the method of immunoassay.

Solution to Problem

[0013] Two types of fibrinogen chains containing the amino acid sequence of the 5.9 kDa peptide are known. Specif-
ically, they are human fibrinogen a-E chain (hereinafter sometimes referred to as Fa-E chain) and human fibrinogen a
chain (hereinafter sometimes referred to as Fa chain). Fo-E chain and Fa chain completely agree with each other in
the amino acid sequence of the N-terminal upstream region relative to the sequence of the 5.9 kDa peptide but are
different in the amino acid sequence of the C-terminal downstream region. As described above, degradation products
of Fa-E chain and Fa chain are present as at least 200 or more contaminating peptides besides the 5.9 kDa peptide in
a blood sample.

[0014] Thus, the present inventors initially attempted to produce a plurality of antibodies using a plurality of peptides
having several amino acid sequences in Fo-E chain and Fa chain as antigens and assay the 5.9 kDa peptide using,
among these, antibodies obtained employing regions nearest to the sequence of the 5.9 kDa peptide as antigens as
antibodies for removing contaminating peptides and using the remaining as antibodies for assaying the 5.9 kDa peptide.
In other words, the 5.9 kDa peptide in a sample was attempted to be assayed using the antibody for assaying the 5.9
kDa peptide after the operation of removing contaminating peptides using a plurality of antibodies for removing contam-
inating peptides.

[0015] Specifically, the antigen peptides used for preparing the antibodies for removing contaminating peptides were
(a1) the 7-amino acid sequence (amino acid sequence: EFPSRGK) of the N-terminal upstream region of the 5.9 kDa
peptide region in Fa-E chain or Fa chain, (a2) an antibody recognizing the 13 -amino acid sequence (amino acid
sequence: RDCDDVLQTHPSG) of the C-terminal downstream region of the 5.9 kDa peptide region in Fa-E chain, and
(a3) the 13-amino acid sequence (amino acid sequence: RGIHTSPLGKPSL) of the C-terminal downstream region of
the 5.9 kDa peptide region in Fa chain. It was finally favorable to use (b1) an antibody recognizing the N-terminal region
of the 5.9 kDa peptide and (b2) an antibody recognizing the C-terminal region of the 5.9 kDa peptide as antibodies for
assaying the 5.9 kDa peptide.

[0016] However, the present inventors have surprisingly found that an immune complex of the 5.9 kDa peptide and
two antibodies obtained by contacting the 5.9 kDa peptide, with the antibody recognizing the N-terminal region of the
5.9 kDa peptide and the antibody recognizing the C-terminal region of the 5.9 kDa peptide can be simply assayed without
going through the above operation of removing contaminating peptides to substantially assay only the 5.9 kDa peptide
from a sample potentially containing many human fibrinogen a-E chain/a. chain degradation products without being
affected by the contaminating peptides to be removed by the above contaminating peptide-removing operation despite
that contaminating peptides to which the two antibodies bind are detected in the sample by a common western blotting
method, thereby accomplishing the present invention.

[0017] Thus, the present invention relates to a method of immunoassay for a 5.9 kDa peptide in samples, and a kit
for the immunoassay as defined in the claims.
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Advantageous Effects of Invention

[0018] The method of immunoassay for a 5.9 kDa peptide according to the present invention can specifically assay
the 5.9 kDa peptide simply and exactly from a sample potentially containing many contaminating peptides. Although the
quantitative assay of the 5.9 kDa peptide using a mass spectrometer is also possible, the 5.9 kDa peptide as a peptide
marker for hepatic disease diagnosis can be quantitated using the method of immunoassay for a 5.9 kDa peptide
according to the present invention, having more simplicity, comparable accuracy, and high throughput to easily perform
diagnose the possibility for a habitual drinker or a problem drinker to develop hepatic disease, or a hepatic disease
caused by other than drinking, for example, hepatitis, hepatic cirrhosis, or fatty liver.

Brief Description of Drawings
[0019]

[Fig. 1] Fig. 1 is a graph showing a calibration curve when the concentration of a 5.9 kDa peptide in a serum is
assayed using the sandwich ELISA assay system of the present invention using anti-5.9 C as a primary antibody
and anti-5.9 N as a secondary antibody, prepared in Example 2 and the sandwich ELISA assay system using anti-
5.9 W1 as a primary antibody and anti-5.9 W2 as a secondary antibody, prepared in Comparative Example 1. The
vertical axis represents absorbance at a wavelength of 450 nm, and the horizontal axis represents the 5.9 kDa
peptide concentration (.g/ml) before being diluted 1/333.

[Fig. 2]Fig. 2is agraph showing the correlation between the results of quantitation of the 5.9 kDa peptide concentration
in the same serum samples by the ELISA assay of the present invention and by an SI-MS method. The vertical axis
represents the 5.9 kDa peptide concentration (n.g/ml) assayed by the ELISA assay of the present invention, and
the horizontal axis represents the 5.9 kDa peptide concentration (g/ml) calculated by the SI-MS method. The white
circles represent 8 serum samples obtained from healthy subjects and the black circles represent 8 serum samples
obtained from alcoholic patients.

[Fig. 3]Fig. 3is agraph showing the correlation between the results of quantitation of the 5.9 kDa peptide concentration
in the same serum samples by the latex immunoagglutination assay (LATEX assay) of the present invention and
by the ELISA assay of the present invention. The vertical axis represents the 5.9 kDa peptide concentration (pg/ml)
assayed by the LATEX assay of the present invention, and the horizontal axis represents the 5.9 kDa peptide
concentration (.g/ml) assayed by the ELISA assay of the present invention.

Description of Embodiments

[0020] The 5.9 kDa peptide assayed by the method ofimmunoassay for a 5.9 kDa peptide and the kit forimmunoassay
according to the present invention is a peptide having the amino acid sequence consisting of 54 amino acid residues
shown in SEQ ID NO: 1 and having a theoretical molecular weight of 5,904.2. The peptide is present in the region of
576 to 629th amino acids from an N-terminal end of human fibrinogen o-E chain and human fibrinogen o chain, and is
produced by the degradation of human fibrinogen o-E chain and human fibrinogen o chain.

[0021] The 5.9 kDa peptide assayed by the method ofimmunoassay for a 5.9 kDa peptide and the kit forimmunoassay
according to the present invention is a peptide marker for hepatic disease diagnosis, whose amount detected from a
sample of biological origin decreases with a cause such as the habit of drinking.

[0022] The sample amenable to the method of immunoassay for a 5.9 kDa peptide according to the present invention
is not particularly limited provided that it is a sample of biological origin potentially containing the 5.9 kDa peptide;
examples thereof include various body fluids and cell tissue extracts; preferred is a body fluid collected from a patient
suspected of hepatic disease in view of the function of the 5.9 kDa as a clinical marker and the simplicity of sample
collection. Here, examples of the body fluid include whole blood, serum, plasma, urine, saliva, lymph fluid, cerebrospinal
fluid, or punctured fluids including ascites, pleural effusion, cardiac effusion, and joint fluid; among others, particularly
preferred are blood-derived samples having high potential to contain fibrinogen and fibrin involved in the coagulation/fi-
brinogenolysis system and multiple degradation products including the 5.9 kDa peptide produced from these proteins,
that is, whole blood, plasma, and serum. Especially, the serum collected from a patient suspected of hepatic disease is
preferable as a sample to be assayed by the method of immunoassay for a 5.9 kDa peptide according to the present
invention.

[0023] The antibody recognizing an N-terminal region of the 5.9 kDa peptide and the antibody recognizing a C-terminal
region of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit for immunoassay
according to the present invention are antibodies recognizing epitopes not overlapping with each other among several
epitopes that may be present in the 5.9 kDa peptide and not mutually interfering with binding to the 5.9 kDa peptide.
Here, the epitope recognized by the antibody recognizing the N-terminal region of the 5.9 kDa peptide used in the present
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invention is present in a region of 1 to 17th amino acids from the N-terminal end of the 5.9 kDa peptide and the epitope
recognized by the antibody recognizing the C-terminal region of the 5.9 kDa peptide used in the present invention is
present in a region of 40 to 54th amino acids from the N-terminal end of the 5.9 kDa peptide.

[0024] Here, the antibody recognizing the N-terminal region of the 5.9 kDa peptide and the antibody recognizing the
C-terminal region of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit for
immunoassay according to the present invention may each be a monoclonal antibody or a polyclonal antibody provided
that they enable immunoassay specific for the 5.9 kDa peptide. The isotypes of the antibodies are each not particularly
limited; examples thereof include 1gG1, 19G2, 1gG3, 1gG4, IgA1, IgA2, IgD, IgE, and IgM isotype antibodies; and 1gG
type antibodies are preferable in view of ease of antibody purification. The production method/production organism for
obtaining the antibodies is not particularly limited either; examples thereof include the production of the antibodies using
a mouse-derived hybridoma cell line.

[0025] For the antibody recognizing the N-terminal region of the 5.9 kDa peptide and the antibody recognizing the C-
terminal region of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit for immu-
noassay according to the present invention, the epitope refers to an amino acid region consisting typically of about 6 to
11 amino acid residues present on the molecular surface of an antigen, as a particular structural unit of the antigen
which the antibody recognizes and binds to. Typically, one antigen has a plurality of epitopes.

[0026] For the antibody recognizing the N-terminal region of the 5.9 kDa peptide and the antibody recognizing the C-
terminal region of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit for immu-
noassay according to the present invention, that the two antibodies do not mutually interfering with binding to the 5.9
kDa peptide refers to not resulting in that the binding of one antibody to the 5.9 kDa peptide obstructs the binding of the
other antibody thereto, for example, in a mode that when one antibody recognizes and binds to an epitope in the 5.9
kDa peptide, the antibody sterically covers all or part of an epitope recognized by the other antibody to inhibit the epitope
recognition of the other antibody or that when the other antibody recognizes and binds to the epitope, the two antibodies
contact each other.

[0027] Here, the spacing which two non-overlapping epitopes in the antigen should have for the antibodies recognizing
the non-overlapping epitopes not to mutually obstruct the binding of either of antigens depends on the steric structure
which the antigen can assume; however, there is preferably an amino acid region consisting of 6 or more residues, more
preferably an amino acid region consisting of 20 or more residues, between the two epitopes; and more preferably, an
amino acid region assuming a B turn structure is contained in the amino acid region between the two epitopes. The
presence of a degree of spacing between the two epitopes reduces a possibility that the two antibodies are steric
hindrances to each other. In addition, a p turn structure in which a peptide chain formed by 4 amino acid residues sharply
turns is present between the two non-overlapping epitopes to reduce a possibility that the antibodies recognizing the
respective epitopes contact each other.

[0028] As described in detail in Examples, since it has been determined that an epitope is present in the region of 1
to 17th or 40 to 54th amino acids from the N-terminal end of the amino acid sequence of the 5.9 kDa peptide shown in
SEQID NO: 1, the antibody recognizing the N-terminal region of the 5.9 kDa peptide used in the method of immunoassay
for a 5.9 kDa peptide and the kit for immunoassay according to the present invention is an antibody recognizing any
epitope present in the region of 1 to 17th amino acids from the N-terminal end of the amino acid sequence of the 5.9
kDa peptide shown in SEQ ID NO: 1.

[0029] The antibody recognizing the C-terminal region of the 5.9 kDa peptide used in the method of immunoassay for
a 5.9 kDa peptide and the kit forimmunoassay according to the present invention is an antibody recognizing an epitope
present in the region of 40 to 54th amino acids from the N-terminal end of the amino acid sequence of the 5.9 kDa
peptide shown in SEQ ID NO: 1.

[0030] Examples of the antibody recognizing an epitope present in the region of 1 to 17th or 40 to 54th amino acids
from the N-terminal end of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit
for immunoassay according to the present invention include an antibody obtained using a peptide comprising the se-
quence of 1 to 17th or 40 to 54th amino acids from the N-terminal end of the amino acid sequence of the 5.9 kDa peptide
shown in SEQ ID NO: 1 or a peptide in which one or several amino acids have at least one mutation selected from
deletion, substitution, addition, or insertion in the amino acid sequence and which has an amino acid sequence comprising
consecutive 90% or more of the amino acid sequence, as an antigen, or an antibody obtained using a complex obtained
by binding the peptide used as an antigen to a carrier, as an immunogen.

[0031] Here, the peptide used as an antigen can be obtained, for example, by chemical synthesis using a known
peptide synthesis technique.

[0032] The above carrier may use a known carrier such as keyhole limpet hemocyanin (KLH), bovine serum albumin
(BSA), human serum albumin (HSA), fowl serum albumin, poly-L-lysine, polyalanyl lysine, dipalmityl lysine, tetanus
toxoid, or polysaccharide. Here, methods for binding the peptide used as an antigen to a carrier can include, for example,
an MBS (maleimidebenzoyloxy succinimide) method which involves binding the peptide used as an antigen to the carrier
by the aid of the SH group of a Cys residue contained in the peptide used as an antigen or artificially introduced into the
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peptide used as an antigen.

[0033] The antibodies recognizing epitopes present in the regions of 1 to 17th and 40 to 54th amino acids from the
N-terminal end of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit for immu-
noassay according to the present invention may be monoclonal antibodies or polyclonal antibodies.

[0034] The antibody recognizing an epitope present in the region of 1 to 17th amino acids from the N-terminal end of
the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit for immunoassay according
to the present invention is preferably an antibody obtained using, as an immunogen, a complex of the carrier and a
peptide in which a Cys residue used for binding an antigen peptide to the carrier is introduced into the N-terminal or C-
terminal end of an antigen peptide comprising the sequence of 1 to 17th amino acids from the N-terminal end of the
amino acid sequence of the 5.9 kDa peptide shown in SEQ ID NO: 1, more preferably an antibody obtained using, as
an immunogen, a complex of KLH as a carrier and a peptide in which a Cys residue used for binding an antigen peptide
to the carrier is introduced into the C-terminal end of the antigen peptide, that is, a peptide having the amino acid
sequence shown in SEQ ID NO: 2, particularly preferably, a monoclonal antibody produced by hybridoma 5.9N-06
(International Accession No. NITE BP-797) established by the present inventors.

[0035] The antibody recognizing an epitope present in the region of 40 to 54th amino acids from the N-terminal end
of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and the kit for immunoassay according
to the present invention is preferably an antibody obtained using, as an immunogen, a complex of the carrier and a
peptide in which a Cys residue used for binding an antigen peptide to the carrier is introduced into the N-terminal or C-
terminal end of an antigen peptide comprising the sequence of 40 to 54th amino acids from the N-terminal end of the
amino acid sequence of the 5.9 kDa peptide shown in SEQ ID NO: 1, more preferably an antibody obtained using, as
an immunogen, a complex of KLH as a carrier and a peptide in which a Cys residue used for binding an antigen peptide
to the carrier is introduced into the N-terminal end of the antigen peptide, that is, a peptide having the amino acid
sequence shown in SEQ ID NO: 3, particularly preferably, a monoclonal antibody produced by hybridoma 5.9C-02
(International Accession No. NITE BP-798) established by the present inventors.

[0036] In the method of immunoassay for a 5.9 kDa peptide and the kit for immunoassay according to the present
invention, antibody fragment thereof recognizing the N-terminal region of the 5.9 kDa peptide and antibody fragment
thereof recognizing the C-terminal region of the 5.9 kDa peptide can be similarly used as long as they recognize the
epitopes recognized by the respective antibodies. For the antibody recognizing an epitope present in the region of 1 to
17th amino acids from the N-terminal end of the 5.9 kDa peptide or the antibody recognizing an epitope present in the
region of 40 to 54th amino acids from the N-terminal end of the 5.9 kDa peptide used in the method of immunoassay
for a 5.9 kDa peptide and the kit for immunoassay according to the present invention, the antibody fragments thereof
are also similarly used as long as they recognize the epitopes recognized by the respective antibodies.

[0037] These antibody fragments are not particularly limited. Specific examples thereof include Fab, Fab’, F(ab’),,
scFv, Diabody, dsFV, and a peptide comprising a complementarity determining region (hereinafter sometimes referred
to as CDR).

[0038] Fab is an antibody fragment obtained by treating an IgG type antibody with a protease, papain, which has the
approximate N-terminal half of an H chain and a whole L chain bound through a disulfide (S-S) bond and has a specific
binding capacity to an antigen having a molecular weight of about 50,000 Da. According to the present invention, Fab
can be obtained, for example, by treating the antibody recognizing an epitope present in the region of 1 to 17th amino
acids from the N-terminal end of the 5.9 kDa peptide or the antibody recognizing an epitope present in the region of 40
to 54th amino acids from the N-terminal end of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa
peptide and the kit for immunoassay according to the present invention with the protease papain.

[0039] F(ab’), is an antibody fragment obtained by treating an IgG type antibody with a protease, pepsin, which is
somewhat larger than one in which Fabs are bound through the S-S bond in a hinge region and has a specific binding
capacity to an antigen having a molecular weight of about 100,000 Da. According to the present invention, F(ab’), can
be obtained, for example, by treating the antibody recognizing an epitope present in the region of 1 to 17th amino acids
from the N-terminal end of the 5.9 kDa peptide or the antibody recognizing an epitope present in the region of 40 to 54th
amino acids from the N-terminal end of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide
and the kit forimmunoassay according to the present invention with the protease pepsin. Alternatively, it can be prepared
by subjecting the following Fab’s to thioether bond or S-S bond.

[0040] Fab’is an antibody fragment obtained by breaking the S-S bond in the hinge region of the above F(ab’),, which
has a specific binding capacity to an antigen having a molecular weight of about 50,000 Da. According to the present
invention, it may be obtained by treating F(ab’), with a reducing agent, dithiothreitol.

[0041] scFv is a VH-P-VL or VL-P-VH polypeptide obtained by linking a variable region of one H chain (VH) to a
variable region of one L chain (VL) using a suitable peptide linker (P) having 12 residues or more and is an antibody
fragment having a specific binding capacity to an antigen.

[0042] Diabody is an antibody fragment in which scFVs having the same or different antigen-binding specificities form
a dimer and which has higher reactivity to the same antigen than that of scFv or has the same specific binding capacity
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to different antigens as that thereof.

[0043] dsFv is obtained by substituting one amino acid residue in each of the variable region of the H chain and the
variable region of the L chain with a Cys residue and binding the resultant polypeptides together through the S-S bond
between the Cys residues.

[0044] The peptide comprising CDR is formed by containing at least one region or more of CDR of the variable region
of the H chain or the variable region of the L chain. The peptide comprising a plurality of CDRs can be produced by
binding them together directly or through a suitable peptide linker.

[0045] Various antibodies used in the method of immunoassay for a 5.9 kDa peptide and the kit for immunoassay
according to the present invention can each be prepared or obtained, after immunizing an animal using an antigen
therefor, for example, a 5.9 kDa peptide fragment containing the epitope recognized by the respective antibody, a variant
thereof, the full-length 5.9 kDa peptide, a variant of the full-length 5.9 kDa peptide, or a complex of each of the peptides
and the above carrier as an immunogen, by a known method from the serum of the animal for a polyclonal antibody or
through recovery and purification from the hybridoma obtained by fusing antibody-producing cells derived from the spleen
or the like of the animal and myeloma cells.

[0046] Here, the peptide used as an immunogen may be obtained by purification from a sample of biological origin
such as human blood; however, it may also be obtained by chemical synthesis using a known peptide synthesis technique.
Without being limited to these, a peptide produced by a recombinant technique may also be used as an antigen.
[0047] The hybridoma producing any of various antibodies used in the method of immunoassay for a 5.9 kDa peptide
and the kit forimmunoassay according to the present invention can be prepared by a known method, for example, the
method of Kohler and Milstein (Kohler, G. & Milstein, C. Nature, 256, 495-497, 1975). Specifically, the above immunogen
is mixed with a known adjuvant; then, the prepared adjuvant solution is immunized to an animal to be immunized such
as a mouse, a rat, a hamster, or a goat as many times as required at an interval and an increase in the antibody titer is
confirmed; and thereafter, antibody-producing cells derived from the spleen or the like of the animal are fused with
myeloma cells of a mammal such as a mouse or a rat to prepare a hybridoma.

[0048] The above hybridoma 5.9N-06 producing an antibody recognizing an epitope present in the region of 1 to 17th
amino acids from the N-terminal end of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide
and the kit forimmunoassay according to the present invention and the above hybridoma 5.9C-02 producing an antibody
recognizing an epitope present in the region of 40 to 54th amino acids from the C-terminal end of the 5.9 kDa peptide
used in the method ofimmunoassay for a 5.9 kDa peptide and the kit forimmunoassay according to the present invention,
both prepared and established by the presentinventors, were deposited in National Institute of Technology and Evaluation
(NITE), Patent Microorganisms Depositary (NPMD), 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba 292-0818, Japan, on
August 19, 2009, and have been assigned the accession numbers NITE P-797 and NITE P-798, respectively. Thereafter,
requests were made for conversion of these deposits into international deposits under the Budapest Treaty, as of August
20, 2010, and they have been given the International Accession numbers NITE BP-797 and NITE BP-798, respectively,
as of September 13, 2010.

[0049] To obtain, from hybridomas, various monoclonal antibodies used in the method of immunoassay for a 5.9 kDa
peptide and the kit forimmunoassay according to the present invention, the prepared hybridomas are first selected using
a selection medium, followed by analyzing the culture supernatant of the selected hybridomas by a suitable immunoassay
method such as an ELISA method to select a hybridoma producing a desired monoclonal antibody. Then, the selected
clone is cloned by a method such as a limiting dilution method for monoclonalization. Subsequently, the cloned hybridoma
can be cultured in a medium commonly used for cell culture, for example, a-MEM, RPMI11640, ASF, or S-clone, followed
by recovering a monoclonal antibody from the culture supernatant. An animal from which the hybridoma is derived, a
nude mouse, may also be treated with pristane in advance, followed by causing ascites fluid to accumulate by intraperi-
toneally injecting the cells into the animal before recovering a monoclonal antibody from the ascites fluid. Finally, the
method for recovering the monoclonal antibody from the supernatant or the ascites fluid may use a conventional method.
Examples thereof include a salting-out method using ammonium sulfate, sodium sulfate, or the like, chromatography,
ion-exchange chromatography, and affinity chromatography typically using protein G

[0050] Various antibodies or antibody fragments used in the method of immunoassay for a 5.9 kDa peptide and the
kit for immunoassay according to the present invention can also be obtained by analyzing the DNA sequence encoding
each of these antibodies or fragments by a known method, then, preparing a recombinant vector containing the DNA
sequence, introducing the prepared recombinant vector into a suitable host, for example, Escherichia coli or yeast, and
recovering the antibody or the antibody fragment from the resultant recombinant before purification.

[0051] The immune complex generated in the method of immunoassay for a 5.9 kDa peptide according to the present
invention is a complex of the 5.9 kDa peptide and two antibodies or antibody fragments, formed by the simultaneous
contact/ binding of both the antibody or antibody fragment thereof recognizing the N-terminal end of the 5.9 kDa peptide
and the antibody or antibody fragment thereof recognizing the C-terminal end of the 5.9 kDa peptide used in the method
of immunoassay for a 5.9 kDa peptide and the kit forimmunoassay according to the present invention with the 5.9 kDa
peptide, or by the contact/binding of a complex of the 5.9 kDa peptide with one of the antibodies or antibody fragments
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formed by the contact/binding of the 5.9 kDa peptide and the antibody or the antibody fragment and further with the
other antibody or antibody fragment thereof. Here, the formed complex may be a trimer or larger multimer.

[0052] Inthe immune complex generated in the method of immunoassay for a 5.9 kDa peptide according to the present
invention, one of the antibody or antibody fragment thereof recognizing the N-terminal end of the 5.9 kDa peptide and
the antibody or antibody fragment thereof recognizing the C-terminal end of the 5.9 kDa peptide used in the method of
immunoassay for a 5.9 kDa peptide and the kit forimmunoassay according to the present invention, forming the complex,
may bind to a solid phase, that is, a base material using a raw material such as polystyrene, polypropylene, polycarbonate,
polyethylene, nylon, or polymethacrylate, for example, a plastic tube or a microtiter plate by use of direct or indirect,
physical or chemical binding, affinity, or the like in a mode of maintaining their antigen-recognizing ability. The other
antibody or antibody fragment thereof not binding to the solid phase may be labeled with a marker, for example, a marker
enzyme such as HRP, a marker metal such as colloidal gold or europium, any of various chemical or biological fluorescent
substances such as FTTC, rhodamine, Texas Red, Alexa, or GFP, or a radioactive substance such as 32P or 51Crin a
mode of maintaining their antigen-recognizing ability.

[0053] Alternatively, in the immune complex generated in the method of immunoassay for a 5.9 kDa peptide according
to the present invention, both of the antibody or antibody fragment thereof recognizing the N-terminal end of the 5.9 kDa
peptide and the antibody or antibody fragment thereof recognizing the C-terminal end of the 5.9 kDa peptide used in
the method of immunoassay for a 5.9 kDa peptide and the kit forimmunoassay according to the present invention may
bind to insoluble carrier particles, for example, a latex of an organic polymer such as polystyrene or styrene-butadiene
copolymer, an inorganic oxide such as silica, alumina, or the like by use of direct or indirect, physical or chemical binding,
affinity, or the like in a mode of maintaining their antigen-recognizing ability.

[0054] Means for assaying the immune complex generated in the method of immunoassay for a 5.9 kDa peptide
according to the present invention can include, for example, an enzyme-linked immunosorbent assay method (ELISA
method), a turbidimetric immunoassay method (TIA method), a latex immunoagglutination assay method (LATEX meth-
od), an electrochemiluminescence method, and a fluorescence method. An immunochromatography method and a
method using a test paper are also useful.

[0055] The mean for assaying the immune complex generated in the method of immunoassay for a 5.9 kDa peptide
according to the present invention is preferably an ELISA method, more preferably a sandwich ELISA method in view
of having excellent sensitivity and quantitativity.

[0056] The mean for assaying the immune complex generated in the method of immunoassay for a 5.9 kDa peptide
according to the present invention is also preferably a latex immunoagglutination assay in view of being simple and rapid.
[0057] The assay by a sandwich ELISA method performed in the method of immunoassay for a 5.9 kDa peptide
according to the present invention uses a labeled antibody or a labeled antibody fragment in which one of the antibody
or antibody fragment thereof recognizing the N-terminal end of the 5.9 kDa peptide and the antibody or antibody fragment
thereof recognizing the C-terminal end of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide
and the kit for immunoassay according to the present invention is labeled with a marker, for example, a marker enzyme
such as HRP, a marker metal such as colloidal gold or europium, any of various chemical or biological fluorescent
substances such as FTTC, rhodamine, Texas Red, Alexa, or GFP, or a radioactive substance such as 32P or 5'Crin a
mode of maintaining their antigen-recognizing ability. In addition, the assay by a sandwich ELISA method performed in
the method of immunoassay for a 5.9 kDa peptide according to the present invention uses a solid phase-bound antibody
or a solid phase-bound antibody fragment in which the other antibody or the antibody fragment not used in the above
labeled antibody or the labeled antibody fragment binds to a solid phase, that is, a base material using a raw material
such as polystyrene, polypropylene, polycarbonate, polyethylene, nylon, or polymethacrylate, for example, a plastic tube
or a microtiter plate by use of direct or indirect, physical or chemical binding, affinity, or the like in a mode of maintaining
their antigen-recognizing ability.

[0058] The assay by a sandwich ELISA method performed in the method of immunoassay for a 5.9 kDa peptide
according to the present invention can be carried out by a known method using the labeled antibody or the labeled
antibody fragment and the solid phase-bound antibody or the solid phase-bound antibody fragment. Specifically, a
sample is first added to the solid phase-bound antibody or the solid phase-bound antibody fragment for reaction; after
reaction for a set time, the solid phase is washed; and the labeled antibody or the labeled antibody fragment is further
added thereto for a second-order reaction. Then, the solid phase is again washed, and a chromogenic substrate or the
like is added for reaction. Here, the chromogenic substrate may use DAB, TMB, or the like which is known when HRP
is used as a marker for the labeled antibody or the labeled antibody fragment.

[0059] The kit for 5.9 kDa peptide immunoassay by a sandwich ELISA method provided by the present invention
includes the labeled antibody or the labeled antibody fragment and the solid phase-bound antibody or the solid phase-
bound antibody fragment used in the assay by a sandwich ELISA method performed in the method of immunoassay for
a 5.9 kDa peptide according to the present invention. In addition, the kit for 5.9 kDa peptide immunoassay by a sandwich
ELISA method provided by the present invention may comprise a substrate, a sample diluent, a wash solution, a positive
control, a negative control, and the like. Here, to simply and rapidly assay many samples, it is preferably formed as an
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immunoassay kit enabling assay using an automated ELISA device.

[0060] The assay by a latex immunoagglutination assay performed in the method of immunoassay for a 5.9 kDa
peptide according to the present invention uses insoluble carrier particles sensitized with the antibody or antibody
fragment thereof recognizing the N-terminal end of the 5.9 kDa peptide and the antibody or antibody fragment thereof
recognizing the C-terminal end of the 5.9 kDa peptide used in the method of immunoassay for a 5.9 kDa peptide and
the kit for immunoassay according to the present invention. Here, the sensitization of insoluble carrier particles with the
antibody or antibody fragment thereof refers to binding the antibody or antibody fragment thereof to the insoluble carrier
particles by use of direct or indirect, physical or chemical binding, affinity, or the like in a mode of maintaining their
antigen-recognizing ability. Examples of the insoluble carrier particles include a latex of an organic polymer such as
polystyrene or styrene-butadiene copolymer and an inorganic oxide such as silica, alumina.

[0061] As to the mode of using insoluble carrier particles sensitized with the two antibodies or antibody fragments, an
insoluble carrier particle obtained by sensitizing the particle with both of the two antibodies or antibody fragments may
be used, or a mixture of two insoluble carrier particles obtained by sensitizing each of the two particles with either of the
antibodies or antibody fragments and the other antibody or antibody fragment separately may be used or a mixture of
the three insoluble carrier particles may be used.

[0062] The assay by a latex immunoagglutination assay performed in the method of immunoassay for a 5.9 kDa
peptide according to the present invention may be carried out by a known method using the two insoluble carrier particles.
Specifically, the two insoluble carrier particles are added to a sample for reaction, and after reaction for a set time, the
formed agglutination is assayed.

[0063] Thekitfor5.9 kDa peptideimmunoassay by alateximmunoagglutination assay provided by the presentinvention
includes the antibody or antibody fragment thereof recognizing the N-terminal end of the 5.9 kDa peptide and the antibody
or antibody fragment thereof recognizing the C-terminal end of the 5.9 kDa peptide sensitized to insoluble carrier particles
used in the assay by a latex immunoagglutination assay performed in the method of immunoassay for a 5.9 kDa peptide
according to the present invention. In addition, the kit for 5.9 kDa peptide immunoassay by a latex immunoagglutination
assay provided by the present invention may comprise a sample diluent, a positive control, a negative control, and the
like. Here, to simply and rapidly assay many samples, it is preferably formed as an immunoassay kit enabling assay
using an automated latex immunoagglutination assay device.

[0064] The present invention will be described below in further detail with reference to Examples. However, this
invention is not intended to be limited to these Examples in any manner.

Example 1

Preparation of Antibody Recognizing N-Terminal Region of 5.9 kDa Peptide and Antibody Recognizing C-terminal Region
of 5.9 kDa Peptide and Identification of Characteristic Thereof

(1) Preparation of Immunogen

[0065] To prepare an antibody recognizing an N-terminal region of a 5.9 kDa peptide and an antibody recognizing a
C-terminal region of the 5.9 kDa peptide, an immunogen was prepared which comprises a peptide comprising an N-
terminal or C-terminal amino acid sequence of the 5.9 kDa peptide.

[0066] Specifically, at the C-terminal end of an antigen peptide consisting of 17 amino acid residues, of 1 to 17th amino
acid residues from the N-terminal end of the amino acid sequence of the 5.9 kDa peptide shown in SEQ ID NO: 1
(hereinafter referred to as 5.9 N) was first synthesized a peptide in which a Cys residue used for binding the antigen
peptide to a carrier was introduced, that is, a peptide having the amino acid sequence shown in SEQ ID NO: 2. At the
N-terminal end of an antigen peptide consisting of 15 contiguous residues from the C-terminal end of the 5.9 kDa peptide,
that is, consisting of 15 amino acid residues, of 40 to 54th amino acid residues from the N-terminal end of the amino
acid sequence of the 5.9 kDa peptide shown in SEQ ID NO: 1 (hereinafter referred to as 5.9 C) was also synthesized
a peptide in which a Cys residue used for binding the antigen peptide to the carrier was introduced, that is, a peptide
having the amino acid sequence shown in SEQ ID NO: 3.

[0067] Then, keyhole limpethemocyanin (KLH) as a carrier was conjugated to the N-terminal Cys residue or C-terminal
Cys residue of these peptides by an MBS (maleimidebenzoyloxy succinimide) method to prepare a complex used as
an immunogen.

(2) Immunization of Mouse

[0068] The immunogen obtained in (1) above was administered to mice to provide immunized mice.
[0069] Specifically, the immunogen comprising 5.9 N or 5.9 C prepared in (1) above was first dissolved in PBS to 1
mg/ml. Then, 50 pl (50 p.g) thereof was taken, and well mixed to emulsification with 50 .l of Freund’s complete adjuvant
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(Wako Pure Chemical Industries). Subsequently, each prepared suspension was intraperitoneally administered to 6-
week-old Balb/c6 female mice (Clea Japan, Inc.) under diethyl ether anesthesia. After 2 weeks, the same amount of the
immunogen comprising 5.9 N or 5.9 C was mixed with Freund’s incomplete adjuvant (Wako Pure Chemical Industries)
to make an emulsified suspension by just the same operation as that for Freund’s complete adjuvant, and the suspension
was administered to mice. Thereafter, the same operation was performed every two weeks, and in the fourth round, 50
wl (50 pg) of theimmunogen comprising 5.9 N or 5.9 C was administered to mice by tail vein injection for finalimmunization.

(3) Establishment of Hybridoma

[0070] Spleen cells of the immunized mice obtained in (2) above were fused with myeloma cells to prepare hybridomas.
[0071] Specifically, 3 days after the finalimmunization of the immunogen comprising 5.9 N or 5.9 C, the spleen surgically
removed from each mouse under diethyl ether anesthesia was first aseptically dispersed to prepare spleen cells. The
cell fusion was carried out according to the method of Kohler and Milstein (Kohler, G & Milstein, C. Nature, 256, 495-497,
1975); the spleen cells were fused with the myeloma cells P3-X63-Ag8-U1 (P3U1) using polyethylene glycol (PEG4000)
(Merck). The fusion ratio was 8x107 spleen cells to 2x 107 myeloma cells (P3-X63-Ag8-U1 (P3U1)) and about 4:1. The
fused cells were dispersed in a 10% FCS (INVITROGEN) a-MEM (IRVINE) HAT (Cosmo Bio) medium, which was then
dispensed into a 96-well microtiter culture plate (Sumitomo Bakelite) and cultured under conditions of 37°C and 5% CO,.

(4) Screening of Colony

[0072] About 2 weeks after the hybridoma establishment of (3) above, the growth of colonies was confirmed and
hybridomas producing the antibodies were selected through screening.

[0073] Specifically, to prepare a plate for screening, the 5.9 N or 5.9 C synthesized in (1) above was first dissolved in
PBS, which was then dispensed into a 96-well microtiter plate (Nunc) to 2 .g/100 pl/well. Next, the plate was allowed
to stand at 4°C for two nights, and then washed three times with PBS containing 0.05% Tween 20 (PBS-T) (Wako Pure
Chemical Industries); to inhibit non-specific reaction, 200 pl of an N-102 (NOF Corporation) solution diluted 4-fold in
PBS was dispensed thereinto, which was further allowed to stand at 4°C overnight. Subsequently, after washing the
completed plate once with PBS-T, 100 pl of the culture supernatant of the hybridoma obtained in (3) above was reacted
therewith; after further washing, an HRP-labeled anti-mouse immunoglobulin antibody (Zymed) as a secondary antibody
was added thereto for reaction. After washing, 100 pl of a TMB solution (Kainos) as a chromogenic substrate for HRP
was added thereto and color-developed for a set time, followed by further adding 100 .l of 1N sulfuric acid (Wako Pure
Chemical Industries) as a stop solution thereto and assaying absorbance at an assay wavelength of 450 nm.

[0074] Clones determined to be positive through the above screening were each recloned by a limiting dilution method,
and the supernatant was again confirmed.

[0075] As a result, a hybridoma, 5.9 N-06, reacting with the plate sensitized with 5.9 N and a hybridoma, 5.9 C-02,
reacting with the plate sensitized with 5.9 C were obtained. The culture supernatant of each of the hybridomas obtained
completely failed to react with a BSA plate as a control.

[0076] The hybridomas 5.9 N-06 and 5.9 C-02 were deposited in National Institute of Technology and Evaluation
(NITE), Patent Microorganisms Depositary (NPMD), 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba 292-0818, Japan, on
August 19, 2009, and have been assigned the accession numbers NITE P-797 and NITE P-798, respectively. Thereafter,
requests were made for conversion of these deposits into international deposits under the Budapest Treaty, as of August
20, 2010, and they have been given the International Accession numbers NITE BP-797 and NITE BP-798, respectively,
as of September 13, 2010.

(5) Isotype ldentification of Antibody

[0077] The isotypes of monoclonal antibodies, anti-5.9 N and anti-5.9 C, produced by the hybridoma 5.9 N-06 and the
hybridoma 5.9 C-02, respectively, obtained in (4) above were identified.

[0078] Specifically, the isotype of the antibody produced by each hybridoma was checked using a monoclonal antibody-
typing kit (Amersham Pharmacia) according to the appended instructions.

[0079] As aresult, the monoclonal antibodies anti-5.9 N and anti-5.9 C were determined to belong to the isotype shown
in Table 1.
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[Table 1]
Isotype of Monoclonal Antibody

Monoclonal Antibody Name | Antibody Class | Antibody Subclass | Light Chain Type
anti-5.9N 1gG 1gG1 K
anti-5.9C 1gG 1gG1 K

(6) Purification of Antibody

[0080] The culture supernatants of the hybridoma 5.9 N-06 and the hybridoma 5.9 C-02 were purified using Protein
G Sepharose Fast Flow (GE Healthcare) according to the appended instructions to provide the monoclonal antibodies
anti-5.9 N and anti-5.9 C.

Example 2

Construction of 5.9 kDa Peptide Assay System Using ELISA Method and Assay of 5.9 kDa Peptide in Specimen

(1) Confirmation of Reactivity of Antibody with 5.9 kDa Peptide by Western Blotting Method

[0081] Using a western blotting method, the two antibodies binding to the N-terminal and C-terminal ends of the 5.9
kDa peptide prepared in Example 1 were confirmed to bind to the full-length 5.9 kDa peptide by a method as specifically
described below.

(1-1) SDS-PAGE/Blotting

[0082] Under non-reduction, 0.5 g each of aliquots of the synthesized 5.9 kDa peptide was subjected to SDS-PAGE.
Thereafter, they were each transferred to PVDF membrane (Millipore) and subjected to blocking for 1 hour.

(1-2) Primary Antibody Response

[0083] The two antibodies (a PBS-T containing 0.05 mg/ml of anti-5.9 N and a PBS-T containing 0.005 mg/ml of anti-
5.9 C) purified in (6) of Example 1 were each reacted with the membrane having the 5.9 kDa peptide transferred thereto
prepared in (1-1) above for 1 hour.

(1-3) Secondary Antibody Response

[0084] After washing the membrane with PBS-T, an HRP-labeled anti-mouse immunoglobulin antibody (Zymed) was
reacted as a secondary antibody therewith for 30 minutes.

(1-4) Color Development

[0085] After washing with PBS-T, detection was carried out using a TMB solution for membranes (Wako Pure Chemical
Industries).

(1-5) Result
[0086] Both the two antibodies prepared were confirmed to recognize the 5.9 kDa peptide.

(2) Construction of 5.9 kDa Peptide Assay System Using ELISA Method

[0087] A sandwich ELISA assay system was prepared which uses the antibodies prepared in Example 1, and it was
confirmed by a method as specifically described below that an antigen-antibody reaction was assayed in a concentration-
dependent manner by the prepared ELISA assay system.

1"
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(2-1) Preparation of Antibody-Bound Plate

[0088] AMaxiSorp plate (Nunc) was sensitized overnight with the monoclonal antibody anti-5.9 C purified in (6) of
Example 1 in a concentration of 0.5 wg/100 wl/well. After washing 3 times with PBS, blocking was carried out using N-
102 (NOF Corporation) diluted 5-fold in distilled water.

(2-2) Preparation of HRP-Labeled Antibody

[0089] The monoclonal antibody anti-5.9 N purified in (6) of Example 1 was HRP-labeled using Peroxidase Labeling
Kit-NH, (Dojindo Molecular Technologies). Here, the labeled antibody concentration was set to 1 pg/pl.

(2-3) Evaluation of ELISA Assay System

[0090] The effectiveness of the sandwich ELISA assay system was evaluated using the plate and the labeled antibody
prepared in (2-2) above.

[0091] The serum used as a sample was used by being anonymized in an unlinkable fashion after obtaining informed
consent. The concentration of the 5.9 kDa peptide in the sample was calculated by an SI-MS method as described below.
[0092] The serum in which the concentration of the 5.9 kDa peptide contained was calculated by the SI-MS method
was used as a sample and assayed using the sandwich assay system; as a result, it was determined that absorbance
was increased in a manner dependent on the concentration of the 5.9 kDa peptide.

SI-MS Method

[0093] The concentration of the 5.9 kDa peptide in the sample was calculated using ClinProt (TM) system (Bruker
Daltonics) in which magnetic beads and MALDI-TOF/TOF MS were combined.

[0094] Specifically, a certain amount of a stable isotope peptide (SI-5.9 kDa) corresponding to the 5.9 kDa peptide
was first added as an internal standard to the serum. The resultant was then bound to cation-exchange magnetic beads
(WCX) (Bruker Daltonics) and eluted. Subsequently, the eluted sample was directly adjusted for AnchorChip (Bruker
Daltonics) and then assayed using AutoFlex (R) Il (MALDI-TOF/TOF).

[0095] Here, analysis was carried out by performing baseline correction and smoothing treatment using FlexAnalysis
(TM) software 2.4 (Bruker Daltonics) and calculating the 5.9 kDa peptide concentration in the serum based on the amount
of the SI-5.9 kDa added, from the ratio of the peak intensity corresponding to the SI-5.9 kDa to the peak intensity
corresponding to the 5.9 kDa peptide in the serum.

(3) Assay of 5.9 kDa Peptide in Human Serum

[0096] The 5.9 kDa peptide in human serum was assayed using the sandwich ELISA assay system prepared in (2)
above, and itwas determined by a method as specifically described below that an antigen-antibody reaction was observed
in a manner dependent on the 5.9 kDa peptide concentration.

[0097] The serum used was used by being anonymized in an unlinkable fashion after obtaining informed consent.

(3-1) Primary Antibody Response

[0098] The human serum in which the concentration of the 5.9 kDa peptide contained was calculated by the SI-MS
method was diluted with PBS to prepare samples having 5.9 kDa peptide concentrations of 0 wg/ml, 0.65 pg/ml, 1.30
prg/ml, 3.89 pg/ml, 7.12 png/ml, and 10.36 pg/ml. These samples were diluted 1/333 with PBS, and 100 .l each thereof
was reacted with the antibody-bound plate prepared in (2-1) above for 1 hour.

(3-2) Secondary Antibody Response

[0099] The plate was washed three times with PBS-T and then reacted with the HRP-labeled antibody (one diluted
1/4,000 with PBS-T) prepared in (2-2) above for 30 minutes.

(3-3) Color Development

[0100] After washing the plate, 100 wl of a TMB solution (Kainos) as a chromogenic substrate for HRP was added
and color-developed for a set time, followed by further adding 100 p.l of 1N sulfuric acid (Wako Pure Chemical Industries)
as a stop solution thereto and assaying absorbance at a assay wavelength of 450 nm.
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(3-4) Assay

[0101] Absorbance assay was carried out at a wavelength of 450 nm using an assay microplate reader. A calibration
curve obtained by the absorbance assay is shown in Fig. 1.

[0102] As shown in Fig. 1, the sandwich ELISA assay system using anti-5.9 N and anti-5.9 C detected the 5.9 kDa
peptide contained in the serum with high sensitivity, confirming an increase, dependent on the 5.9 kDa peptide concen-
tration, in absorbance.

Comparative Example 1

Assay of 5.9 kDa Peptide in Human Serum by ELISA Assay System Using Antibody Recognizing Full-Length 5.9 kDa
Peptide

[0103] The same assay as in (3) of Example 2 was carried out using a sandwich ELISA assay system constructed
using an antibody recognizing the full-length 5.9 kDa peptide, anti-5.9 W1 (extracted and purified from the hybridoma
CN-2 described in International Publication No. WO 2004/058966 (Accession Number: IPOD FERM BP-08565)), in
place of anti-5.9 C in (2-1) of Example 2 and an antibody recognizing the full-length 5.9 kDa peptide, anti-5.9 W2
(extracted and purified from the hybridoma CN-1 described in International Publication No. WO 2004/058966 (Accession
Number: IPOD FERM BP-08564)), in place of anti-5.9 N in (2-2) of Example 2.

A calibration curve obtained by the assay is shown in Fig. 1.

[0104] As shown in Fig. 1, for the sandwich ELISA assay system using anti-5.9 W1 as a primary antibody and anti-
5.9 W2 as a secondary antibody, an increase in absorbance was not observed, dependent on the concentration of the
5.9 kDa peptide contained in a low concentration in the serum.

[0105] In addition, the same behavior was also confirmed for a sandwich ELISA assay system using anti-5.9 W1 as
a primary antibody and the monoclonal antibody anti-5.9 C of the present invention as a secondary antibody, a sandwich
ELISA assay system using anti-5.9 W1 as a primary antibody and the monoclonal antibody anti-5.9 N of the present
invention as a secondary antibody, and a sandwich ELISA assay system using the monoclonal antibody anti-5.9 C of
the present invention as a primary antibody and 5.9 W2 as a secondary antibody.

Example 3

Confirmation of Correlation between SI-MS Method and ELISA Assay

[0106] The correlation was confirmed between the results of assay of the 5.9 kDa peptide concentration in the human
serum by a quantitative assay method using the SI-MS method and the results of quantitative assay thereof using the
ELISA assay system prepared in Example 2, determining that the ELISA assay system specifically quantitated the full-
length 5.9 kDa peptide among many fibrinogen-related peptides contained in the serum.

[0107] The samples used were 8 serum samples obtained from healthy subjects and 8 serum samples obtained from
alcoholic patients, and used by being anonymized in an unlinkable fashion after obtaining informed consents.

[0108] Specifically, using the ELISA assay system prepared in (3) of Example 2, the concentration of the 5.9 kDa
peptide in the 16 serum samples in which the concentration of the 5.9 kDa peptide contained was calculated by the SI-
MS method was quantitated based on the calibration curve prepared from the assay results of (3) of Example 2.
[0109] The results of the comparison between the results of quantitating the 5.9 kDa peptide based on the SI-MS
method and the results of the quantitation based on the ELISA assay in the same samples are shown in Fig. 2.

[0110] Asshown in Fig. 2, the quantitation results by the SI-MS method showed a clear correlation with the quantitation
results by the ELISA assay. These results suggest that the sandwich ELISA system prepared in Example 2 specifically
quantitates the 5.9 kDa peptide among many peptides present in the serum.

[0111] The 5.9 kDa peptide quantitation results by the ELISA assay could be completely separated in the 8 serum
samples obtained from the healthy subjects and the 8 serum samples obtained from the alcoholic patients by applying
the threshold value of 6.8 pg/ml. The 5.9 kDa peptide quantitation results by the ELISA assay showed a significant
difference at a significance level of 1% or less by analysis of variance between the group consisting of the 8 serum
samples obtained from the healthy subjects and the group consisting of the 8 serum samples obtained from the alcoholic
patients.
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Example 4

Construction of 5.9 kDa Peptide Assay System Using Latex Particle and Assay of 5.9 kDa Peptide in Specimen

(1) Preparation of Latex Particle Sensitized to Anti-5.9 kDa Antibody

[0112] Anti-5.9 kDa antibody-sensitized latex particles were prepared by preparing two types of latex particles to which
the two monoclonal antibodies (anti-5.9 N and anti-5.9 C) prepared in Example 1 were bound and mixing the resultant
particles, according to a method as specifically described below.

[0113] The reagent composition used here was as follows.

BSA Coat Solution

HEPES 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid 25 mM, pH 7.5
Sodium Chloride 150 mM
Disodium Ethylenediaminetetraacetate 1.0 mM
Sodium Azide 0.05%

Bovine Serum Albumin (BSA) 1.0%

Buffer for Dilution

HEPES 25 mMpH 7.5
Disodium Ethylenediaminetetraacetate 1.0 mM
Sodium Azide 0.05%

Buffer for Dispersion

HEPES 25 mMpH 7.5
Sodium Chloride 150 mM
Disodium Ethylenediaminetetraacetate 1.0 mM
Sodium Azide 0.05%

(1-1) Preparation of Anti-5.9 N-Sensitized Latex Particle

[0114] To 100 ml of a solution of latex particles of 120 nm in diameter adjusted to a concentration of 1% using the
buffer for dilution was added 100 ml of a solution in which anti-5.9 N was dissolved in the buffer for dilution to 3 mg/ml,
which was then stirred at room temperature for 1 hour. Thereafter, the resultant was centrifuged at 20,000 rpm for 1
hour, followed by discarding the supernatant to recover the precipitate. To the precipitate was added 100 ml of the BSA
coat solution to suspend the precipitate, and the suspension was completely dispersed by ultrasonication, followed by
stirring at room temperature for 1 hour. Then, the resultant was centrifuged, and 500 ml of the buffer for dispersion was
added to the resulting precipitate to suspend, which was then subjected to ultrasonication for complete dispersion to
provide anti-5.9 N-sensitized latex particles in a concentration of 0.2%.

(1-2) Preparation of Anti-5.9 C-Sensitized Latex Particle

[0115] To 100 ml of a solution of latex particles of 120 nm in diameter adjusted to a concentration of 1% using the
buffer for dilution was added 100 ml of a solution in which anti-5.9 C was dissolved in the buffer for dilution to 3 mg/ml,
which was then stirred at room temperature for 1 hour. Thereafter, the resultant was centrifuged at 20,000 rpm for 1
hour, followed by discarding the supernatant to recover the precipitate. To the precipitate was added 100 ml of the BSA
coat solution to suspend the precipitate, and the suspension was completely dispersed by ultrasonication, followed by
stirring at room temperature for 1 hour. Then, the resultant was centrifuged, and 500 ml of the buffer for dispersion was
added to the resulting precipitate to suspend, which was then subjected to ultrasonication for complete dispersion to
provide anti-5.9 C-sensitized latex particles in a concentration of 0.2%.

(1-3) Preparation of Anti-5.9 kDa Antibody-Sensitized Latex Particle (LA Reagent)

[0116] A mixture of the latex particle solutions prepared in (1-1) and (1-2) above at a ratio of 1:1 was prepared as a
second reagent for the LATEX method.
[0117] The buffer for dispersion was used as a first reagent for the LATEX method.
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(2) Assay of 5.9 kDa Peptide in Human Serum

[0118] It was confirmed that the LA reagent prepared in (1-3) above could be used to quantitate the 5.9 kDa peptide
in the human serum by latex immunoagglutination assay (LATEX assay).

[0119] Specifically, 100 pl of the first reagent and 100 .l of the second reagent were reacted with 10 pl of a human
serum sample in which the concentration of the 5.9 kDa peptide contained was calculated using the SI-MS method, and
the amount of change in absorbance was assayed by a two-point end method between 19 to 34 assay points (corre-
sponding to from about 1 minute to 5 minutes after adding the second reagent) at a dominant wavelength of 570 nm
and a secondary wavelength of 800 nm using Hitachi Model 7180 Autoanalyzer.

[0120] As a result, as shown in Table 2, an increase in absorbance dependent on the 5.9 kDa peptide concentration
was confirmed.

[Table 2]
5.9kDa Peptide Concentration (n.g/ml) | Absorbance
0.00 -0.0080
2.59 0.0112
5.18 0.0393
10.36 0.1582

(3) Confirmation of Correlation between ELISA Assay and LATEX Assay

[0121] The correlation was confirmed between the ELISA assay suggested to specifically detect the 5.9 kDa peptide
in the serum from the correlation with the SI-MS method in Example 3 and the LATEX assay, determining that the LATEX
assay specifically detected the 5.9 kDa peptide in the serum.

[0122] Specifically, the 5.9 kDa peptide concentration in the serum was quantitated based on the calibration curve
prepared from the assay results of (2) above. The 5.9 kDa peptide concentration in the same sample was quantitated
by the ELISA assay as described in (2-3) of Example 3, and the correlation with the quantitation results by the LATEX
assay are shown in Fig. 3.

[0123] Asaresult, as showninFig. 3, the LATEX assay and the ELISA assay showed high correlation with each other,
suggesting that the LATEX assay also specifically detected the 5.9 kDa peptide in the serum.

Industrial Applicability

[0124] The method of immunoassay for a 5.9 kDa peptide according to the present invention enables the simple and
exact quantitation of the 5.9 kDa peptide as a peptide marker for hepatic disease diagnosis from a sample. The 5.9 kDa
peptide can be used for the diagnosis of the possibility for a habitual drinker or a problem drinker to develop hepatic
disease or the diagnosis of a hepatic disease caused by other than drinking, for example, hepatitis, hepatic cirrhosis,
or fatty liver, and the method of immunoassay for a 5.9 kDa peptide according to the present invention is probably of
high significance as a method for clinically diagnosing these diseases from a preventive medicine viewpoint, in view of
current hepatic disease population.

Sequence Listing Free Text

[0125]

SEQ ID NO: 2: Description of Artificial Sequence: Synthetic Peptide
SEQ ID NO: 3: Description of Artificial Sequence: Synthetic Peptide

SEQUENCE LISTING
[0126]
<110> Nitto Boseki Co., Ltd.

<120> Method of immunologically measuring 5.9 kDa peptide
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<160> 3

<170> PatentIn version 3.5
<210> 1

<211> 54

<212> PRT

<213> Homo sapiens

<400> 1

Ser Ser Ser Tyr Ser Lys

1

5

Gly Asp Ser Thr Phe Glu

20

Gly Ser Glu Ala Asp His

35

Ala Lys Ser Arg Pro Val

50

<210> 2

<211> 18

<212> PRT

<213> Atrtificial Sequence

<220>
<223> synthetic peptide

<400> 2
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Gln Phe Thr Ser Ser Thr Ser Tyr Asn Arg
10 15

Ser Lys Ser Tyr Lys Met Ala Asp Glu Ala
25 30

Glu Gly Thr His Ser Thr Lys Arg Gly His
40 45

Ser Ser Ser Tyr Ser Lys Gln Phe Thr Ser Ser Thr Ser Tyr Asn Arg

1

Gly Cys

<210> 3

<211> 16

<212> PRT

<213> Atrtificial Sequence

<220>
<223> synthetic peptide

5

10 15

16



10

15

20

25

30

35

40

45

50

55

EP 2 495 564 B1

<400> 3

Cys Gly Thr His Ser Thr Lys Arg Gly His Ala Lys Ser Arg Pro Val
1 5 10 15

Claims

A method of immunoassay for a 5.9 kDa human fibrinogen degradation peptide having an amino acid sequence
shown in SEQ ID NO. 1, comprising contacting said peptide in a sample, with an antibody or antibody fragment
thereof recognizing an N-terminal region of the 5.9 kDa peptide and an antibody or antibody fragment thereof
recognizing a C-terminal region of the 5.9 kDa peptide to form an immune complex of the 5.9 kDa peptide and the
two antibodies or antibody fragments thereof and assaying the resultant immune complex, wherein

the antibody recognizing the N-terminal region of the 5.9 kDa peptide is an antibody recognizing an epitope present
in a region of 1 to 17th amino acids from the N-terminal end of the 5.9 kDa peptide; and

the antibody recognizing the C-terminal region of the 5.9 kDa peptide is an antibody recognizing an epitope present
in a region of 40 to 54th amino acids from the N-terminal end of the 5.9 kDa peptide.

The method of immunoassay according to claim 1, wherein the immune complex is assayed by a sandwich ELISA
method.

The method of immunoassay according to any of claims 1 to 2, wherein the immune complex is assayed by a latex
immunoagglutination assay.

The method of immunoassay according to any of claims 1 to 3, wherein the sample is whole blood, serum, plasma,
urine, saliva, cerebrospinal fluid, pleural effusion, ascites, cardiac effusion, joint fluid, or lymph fluid and has potential
to contain the 5.9 kDa peptide.

A kit for immunoassay for a 5.9 kDa human fibrinogen degradation peptide having an amino acid sequence shown
in SEQ ID NO. 1, comprising an antibody or antibody fragment thereof recognizing an N-terminal region of the 5.9
kDa peptide and an antibody or antibody fragment thereof recognizing a C-terminal region of the 5.9 kDa peptide,
wherein

the antibody recognizing the N-terminal region of the 5.9 kDa peptide is an antibody recognizing an epitope present
in a region of 1 to 17th amino acids from the N-terminal end of the 5.9 kDa peptide; and

the antibody recognizing the C-terminal region of the 5.9 kDa peptide is an antibody recognizing an epitope present
in a region of 40 to 54th amino acids from the N-terminal end of the 5.9 kDa peptide.

The kit for immunoassay according to claim 5 for assaying the 5.9 kDa peptide by a sandwich ELISA method,
comprising the antibody or antibody fragment recognizing the N-terminal region of the 5.9 kDa peptide and the
antibody or antibody fragment recognizing the C-terminal region of the 5.9 kDa peptide, wherein either of the anti-
bodies or antibody fragments is a labeled antibody or a labeled antibody fragment and the other antibody or antibody
fragment is a solid phase-bound antibody or a solid phase-bound antibody fragment.

The kit for immunoassay according to claim 5 for assaying the 5.9 kDa peptide by a latex immunoagglutination
assay, comprising an insoluble carrier particle sensitized with an antibody or antibody fragment thereof recognizing
the N-terminal region of the 5.9 kDa peptide and an insoluble carrier particle sensitized with an antibody or antibody
fragment thereof recognizing the C-terminal region of the 5.9 kDa peptide.

The kit for immunoassay according to claim 7, comprising an insoluble carrier particle obtained by sensitizing the
particle with both two of the antibody or antibody fragment recognizing the N-terminal region of the 5.9 kDa peptide
and the antibody or antibody fragment recognizing the C-terminal region of the 5.9 kDa peptide; two insoluble carrier
particles obtained by sensitizing each of the two particles with either of the antibodies or antibody fragments and
the other antibody or antibody fragment separately; or a mixture of these three insoluble carrier particles.
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Patentanspriiche

1.

Immunassayverfahren fiir ein 5,9 kDa humanes Fibrinogen-Degradationspeptid mit einer Aminosauresequenz ge-
mal SEQ ID NO. 1, umfassend das Kontaktieren des Peptids in einer Probe mit einem Antikérper oder Antikorper-
fragment hiervon, der/das einen N-terminalen Bereich des 5,9 kDa Peptids erkennt, und einem Antikérper oder
Antikdrperfragment hiervon, der/das einen C-terminalen Bereich des 5,9 kDa Peptids erkennt, um einen Immun-
komplex aus dem 5,9 kDa Peptid und den zwei Antikérpern oder Anikérperfragmenten hiervon zu bilden und Ana-
lysieren des resultierenden Immunkomplexes,

wobei der Antikorper, der den N-terminalen Bereich des 5,9 kDa Peptids erkennt, ein Antikorper ist, der ein Epitop,
dasineinem Bereichvonder1.biszur 17. Aminosaure vom N-terminalen Ende des 5,9 kDa Peptids liegt, erkennt; und
der Antikorper, der den C-terminalen Bereich des 5,9 kDa Peptids erkennt, ein Antikorper ist, der ein Epitop, das
in einem Bereich von der 40. bis zur 54. Aminosaure vom N-terminalen Ende des 5,9 kDa Peptids liegt, erkennt.

Immunassayverfahren gemafR Anspruch 1, wobei der Immunkomplex durch ein Sandwich-ELISA-Verfahren analy-
siert wird.

Immunassayverfahren gemaf einem der Anspriiche 1 bis 2, wobei der Immunkomplex durch ein Latex-Immunag-
glutinationsassay analysiert wird.

Immunassayverfahren gemaf einem der Anspriiche 1 bis 3, wobei die Probe Vollblut, Serum, Plasma, Urin, Speichel,
Zerebrospinalflissigkeit, Pleuraerguss, Aszites, kardialer Erguss, Gelenkflissigkeit oder Lymphflissigkeit ist und
Potential hat das 5,9 kDa Peptid zu enthalten.

Immunassaykit fiir ein 5,9 kDa humanes Fibrinogen-Degradationspeptid mit einer Aminosauresequenz gemaf SEQ
ID NO. 1, umfassend einen Antikdrper oder ein Antikdrperfragment hiervon, der/das einen N-terminalen Bereich
des 5,9 kDa Peptids erkennt, und einen Antikdrper oder ein Antikdrperfragment hiervon, der/das einen C-terminalen
Bereich des 5,9 kDa Peptids erkennt,

wobei der Antikorper, der den N-terminalen Bereich des 5,9 kDa Peptids erkennt, ein Antikérper ist, der ein Epitop,
dasineinem Bereichvonder1.biszur 17. Aminosaure vom N-terminalen Ende des 5,9 kDa Peptids liegt, erkennt; und
der Antikorper, der den C-terminalen Bereich des 5,9 kDa Peptids erkennt, ein Antikorper ist, der ein Epitop, das
in einem Bereich von der 40. bis zur 54. Aminosaure vom N-terminalen Ende des 5,9 kDa Peptids liegt, erkennt.

Immunassaykit gemafl Anspruch 5 zum Analysieren des 5,9 kDa Peptids durch ein Sandwich-ELISA-Verfahren,
umfassend den Antikérper oder das Antikérperfragment, der/das den N-terminalen Bereich des 5,9 kDa Peptids
erkennt, und den Antikorper oder das Antikérperfragment, der/das den C-terminalen Bereich des 5,9 kDa Peptids
erkennt, wobei einer von den beiden Antikérpern oder Antikérperfragmenten ein markierter Antikérper oder ein
markiertes Antikdrperfragment ist und der andere Antikorper oder das andere Antikérperfragment ein festphasen-
gebundener Antikdrper oder ein festphasengebundenes Antikdrperfragment ist.

Immunassaykit gemal Anspruch 5 zum Analysieren des 5,9 kDa Peptids durch ein Latex-Immunagglutinationsas-
say, umfassend ein unlésliches Tragerpartikel, sensibilisiert mit einem Antikdrper oder Antikorperfragment hiervon,
der/das den N-terminalen Bereich des 5,9 kDa Peptids erkennt, und ein unldsliches Tragerpartikel, sensibilisiert mit
einem Antikorper oder Antikdrperfragment hiervon, der/das den C-terminalen Bereich des 5,9 kDa Peptids erkennt.

Immunassaykit gemafl Anspruch 7, umfassend ein unlésliches Tragerpartikel, erhalten durch Sensibilisieren des
Partikels mit beiden zwei des Antikdrpers oder Antikdrperfragments, der/das den N-terminalen Bereich des 5,9 kDa
Peptids erkennt, und des Antikérpers oder Antikérperfragments, der/das den C-terminalen Bereich des 5,9 kDa
Peptids erkennt; zwei unldsliche Tragerpartikel, erhalten durch separates Sensibilisieren jedes der zwei Partikel mit
einem der beiden Antikdrper oder Antikdrperfragmenten und dem anderen Antikdrper oder Antikdrperfragment;
oder eine Mischung dieser drei unléslichen Tragerpartikel.

Revendications

Procédé de dosage immunologique d’un peptide de dégradation du fibrinogéne humain de 5,9 kDa possédant une
séquence d’acides aminés montrée dans SEQ ID NO:1, comprenant la mise en contact dudit peptide dans un
échantillon, avec un anticorps ou un fragment d’anticorps de celui-ci reconnaissant une région N-terminale du
peptide de 5,9 kDa et un anticorps ou un fragment d’anticorps de celui-ci reconnaissant une région C-terminale du
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peptide de 5,9 kDa pour former un complexe immun entre le peptide de 5,9 kDa et les deux anticorps ou fragments
d’anticorps de ceux-ci, et le dosage du complexe immun résultant, dans lequel

I'anticorps reconnaissant la région N-terminale du peptide de 5,9 kDa est un anticorps reconnaissant un épitope
présent dans une région du 1€" au 17¢€ acide aminé a partir de I'extrémité N-terminale du peptide de 5,9 kDa ; et
I'anticorps reconnaissant la région C-terminale du peptide de 5,9 kDa est un anticorps reconnaissant un épitope
présent dans une région du 40 au 54¢€ acide aminé a partir de I'extrémité N-terminale du peptide de 5,9 kDa.

Procédé de dosage immunologique selon la revendication 1, dans lequel le complexe immun est dosé par un
procédé ELISA en sandwich.

Procédé de dosage immunologique selon I'une quelconque des revendications 1 a 2, dans lequel le complexe
immun est dosé par un test d'immunoagglutination au latex.

Procédé de dosage immunologique selon I'une quelconque des revendications 1 a 3, dans lequel I'échantillon est
du sang total, du sérum, du plasma, de I'urine, de la salive, du liquide céphalo-rachidien, un épanchement pleural,
des ascites, un épanchement cardiaque, du liquide articulaire, ou du liquide lymphatique, et a le potentiel de contenir
le peptide de 5,9 kDa.

Kit de dosage immunologique d’un peptide de dégradation du fibrinogéne humain de 5,9 kDa possédant une sé-
quence d’acides aminés montrée dans SEQ ID NO: 1, comprenant un anticorps ou un fragment d’anticorps de celui-
ci reconnaissant une région N-terminale du peptide de 5,9 kDa et un anticorps ou un fragment d’anticorps de celui-
ci reconnaissant une région C-terminale du peptide de 5,9 kDa, dans lequel

I'anticorps reconnaissant la région N-terminale du peptide de 5,9 kDa est un anticorps reconnaissant un épitope
présent dans une région du 1€ au 17¢€ acide aminé a partir de I'extrémité N-terminale du peptide de 5,9 kDa ; et
I'anticorps reconnaissant la région C-terminale du peptide de 5,9 kDa est un anticorps reconnaissant un épitope
présent dans une région du 40® au 54¢€ acide aminé a partir de I'extrémité N-terminale du peptide de 5,9 kDa.

Kit de dosage immunologique selon la revendication 5 destiné au dosage du peptide de 5,9 kDa par un procedé
ELISA en sandwich, comprenant I'anticorps ou le fragment d’anticorps reconnaissant la région N-terminale du
peptide de 5,9 kDa et I'anticorps ou le fragment d’anticorps reconnaissant la région C-terminale du peptide de 5,9
kDa, ou I'un des anticorps ou fragments d’anticorps est un anticorps marqué ou un fragment d’anticorps marqué et
l'autre anticorps ou fragment d’anticorps est un anticorps li¢ a une phase solide ou un fragment d’anticorps li¢ a
une phase solide.

Kit de dosage immunologique selon la revendication 5 destiné au dosage du peptide de 5,9 kDa par un test d'im-
munoagglutination au latex, comprenant une particule porteuse insoluble sensibilisée avec un anticorps ou un
fragment d’anticorps de celui-ci reconnaissant la région N-terminale du peptide de 5,9 kDa et une particule porteuse
insoluble sensibilisée avec un anticorps ou un fragment d’anticorps de celui-ci reconnaissant la région C-terminale
du peptide de 5,9 kDa.

Kit de dosage immunologique selon la revendication 7, comprenant une particule porteuse insoluble obtenue par
la sensibilisation de la particule avec a la fois I'anticorps ou le fragment d’anticorps reconnaissant la région N-
terminale du peptide de 5,9 kDa et I'anticorps ou le fragment d’anticorps reconnaissant la région C-terminale du
peptide de 5,9 kDa ; deux particules porteuses insolubles obtenues par la sensibilisation de chacune des deux
particules avec I'un des anticorps ou fragments d’anticorps et I'autre anticorps ou fragment d’anticorps séparément ;
ou un mélange de ces trois particules porteuses insolubles.
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