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DESCRIPTION
Title of Invention
HEMOGLOBIN ASSAY REAGENT, ASSAY KIT AND ASSAY
METHOD
Technical Field
[0001] The present invention relates to a hemoglobin measurement
reagent and a measurement method.
Background Art
[0002] Detection of blood contained in specimens such as feces, urine,
and saliva is useful for diagnosis of many diseases. For example, a
fecal occult blood test for detecting blood in feces is used for screening
for colorectal cancer. An immunological method for detecting
hemoglobin contained in occult blood in a specimen such as feces using
an anti-hemoglobin antibody is known as a method for detecting occult
blood.
[0003] A specimen to be used for an occult blood test is usually
collected by a subject in a container containing a preservation solution,
and sent to an inspection institution such as a hospital. In many cases,
a preservation solution containing a specimen is stored for several days
until it is actually used for a test, and often placed in a high temperature
environment during that period. Hemoglobin is unstable in solution,
and is particularly easily denatured and degraded under high
temperature conditions. In a case where a structure of an epitope or a
surrounding site thereof changes due to denaturation or degradation of
hemoglobin, an antibody cannot recognize hemoglobin. Accordingly,

the accuracy of detection of hemoglobin by an immunological method
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decreases.

[0004] Therefore, a method for adding haptoglobin to a specimen
preservation solution is used (for example, Patent Literature 1) for
stabilizing hemoglobin. Haptoglobin is a protein which is present in
the blood of a wide range of animals and plays a role of recovering
hemoglobin released into blood due to hemolysis of red blood cells. It
is known that haptoglobin rapidly irreversibly binds to hemoglobin to
form a stable hemoglobin-haptoglobin complex. In a case where
haptoglobin has been previously added to a preservation solution or the
like, hemoglobin contained in the specimen is stabilized by a
hemoglobin-haptoglobin complex being formed when the specimen is
added to a preservation solution or the like.

[0005] However, in the case of adding haptoglobin, especially when an
excess amount of haptoglobin with respect to free hemoglobin in the
specimen is added thereto, a decrease in a measured value of
hemoglobin is sometimes recognized (Patent Literature 1).

Citation List

Patent Literature

[0006] [Patent Literature 1] Japanese Unexamined Patent Publication
No. H10-132824

Summary of Invention

Technical Problem

[0007] An object of the present invention is to provide a hemoglobin
measurement reagent and measurement method capable of suppressing
a decrease in a measured value of hemoglobin due to addition of

haptoglobin to more accurately measure the amount of hemoglobin.
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Solution to Problem

[0008] The present inventors have conducted extensive studies in order
to solve the above-described problems of the related art. As a result,
they have found that a decrease in a measured value of hemoglobin due
to addition of haptoglobin can be suppressed by making an insoluble
carrier to which an anti-hemoglobin antibody binds and an insoluble
carrier to which an anti-haptoglobin antibody binds coexist and that the
amount of hemoglobin can be more accurately measured, and have
completed the present invention.

[0009] That is, the present invention relates to, for example, each of the
following inventions.

[1] A reagent for measuring hemoglobin, including: an insoluble
carrier immobilizing an anti-hemoglobin antibody; and an insoluble
carrier immobilizing an anti-haptoglobin antibody.

[2] The reagent according to [1], in which the number of kinds
of the anti-hemoglobin antibodies is at least two.

[3] The reagent according to [1] or [2], in which the insoluble
carriers are latex particles and/or colloidal gold particles.

[4] The reagent according to any one of [1] to [3], in which the
anti-hemoglobin antibody and the anti-haptoglobin antibody are
monoclonal antibodies.

[5] The reagent according to any one of [1] to [4], in which the
number of kinds of the anti-haptoglobin antibodies is one.

[6] A hemoglobin measurement method for measuring
hemoglobin in a specimen, the method including: a step (1) of mixing a

specimen with haptoglobin and forming a hemoglobin-haptoglobin
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complex to obtain a sample containing the hemoglobin-haptoglobin
complex; and a step (2) of bringing the sample obtained in the step (1)
into contact with the insoluble carrier immobilizing an anti-hemoglobin
antibody and the insoluble carrier immobilizing an anti-haptoglobin
antibody to cause immunoagglutination.

[7] The measurement method according to [6], in which the
number of kinds of the anti-hemoglobin antibodies is at least two.

[8] The measurement method according to [6] or [7], in which
the insoluble carriers are latex particles and/or colloidal gold particles.

[9] The measurement method according to any one of [6] to [§],
in which the anti-hemoglobin antibody and the anti-haptoglobin
antibody are monoclonal antibodies.

[10] The measurement method according to any one of [6] to [9],
in which the specimen is feces, saliva, or urine.

[11] The measurement method according to any one of [6] to
[10], in which haptoglobin is contained in a specimen preservation
solution.

[12] The measurement method according to [11], in which a
concentration of haptoglobin in the specimen preservation solution is
0.05 units/L to 50 units/L.

[13] The measurement method according to any one of [6] to
[12], in which hemoglobin in the specimen contains at least one selected
from the group consisting of free  hemoglobin, a
hemoglobin-haptoglobin complex intermediate, and a complete
hemoglobin-haptoglobin complex, and at least a part of the free

hemoglobin forms the hemoglobin-haptoglobin complex intermediate
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and/or the complete hemoglobin-haptoglobin complex together with the
haptoglobin after the step (1).

[14] A method for measuring hemoglobin in a specimen, the
method including: a step of bringing a specimen into contact with an
insoluble carrier immobilizing an anti-hemoglobin antibody and an
insoluble carrier immobilizing an anti-haptoglobin antibody to cause
immunoagglutination.

[15] A method for suppressing a decrease in a measured value of
hemoglobin in a specimen, the method including: a step of bringing a
specimen into contact with an insoluble carrier immobilizing an
anti-hemoglobin antibody and an insoluble carrier immobilizing an
anti-haptoglobin antibody to cause immunoagglutination.

[16] A kit for measuring hemoglobin in a specimen, the kit
including: an insoluble carrier immobilizing an anti-hemoglobin
antibody; an insoluble carrier immobilizing an anti-haptoglobin
antibody; and haptoglobin.

[17] A kit for measuring hemoglobin in a specimen, the kit
including: the reagent according to any one of [1] to [5]; and
haptoglobin.

Advantageous Effects of Invention

[0010] According to the present invention, a measurement reagent and
a measurement method capable of more accurately measuring the
amount of hemoglobin is provided.

Description of Embodiments

[0011] <Definition>

[Hemoglobin-Haptoglobin Complex]
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Hemoglobin is a protein which is present in red blood cells, and
has a tetrameric structure [o232] consisting of two sets of two subunits
called an o subunit (or an o chain) and a 3 subunit (or a B chain).
Haptoglobin is a protein, which is present in plasma and binds to
hemoglobin released in blood, and has three types of structures. For
example, type 1-1 haptoglobin has a tetrameric structure [o2[32]
consisting of two sets of two subunits called an o subunit (or an a
chain) and a [3 subunit (or a 3 chain).

[0012] Hemoglobin and haptoglobin form a stable complex. In
general, one molecule of hemoglobin binds to one molecule of
haptoglobin. Such a complex is called a hemoglobin-haptoglobin
complex, and is also called a complete hemoglobin-haptoglobin
complex in the present specification.

[0013] On the other hand, in a case where a molar ratio (hemoglobin :
haptoglobin) of hemoglobin to haptoglobin becomes less than 1, that is,
in a case where haptoglobin is present in an excess amount with respect
to hemoglobin, a complex called a hemoglobin-haptoglobin complex
intermediate tends to be formed (J. V. PASTEWKA et al., Biochimica et
Biophysica Acta, 386 (1975) 530-537). When forming the
hemoglobin-haptoglobin complex intermediate, it is thought that one
molecule of tetrameric hemoglobin [o2P2] dissociates into two
molecules of dimers (of) and each a3 dimer binds to one molecule of
haptoglobin. That is, it is thought that the hemoglobin-haptoglobin
complex intermediate is a complex in which 1/2 molecule of
hemoglobin (o) binds to one molecule of haptoglobin [o232].

[0014] In the present specification, the hemoglobin-haptoglobin
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complex contains both a complete hemoglobin-haptoglobin complex
and a hemoglobin-haptoglobin complex intermediate unless otherwise
specified.

[0015] [Specimen]

The specimen in the present specification is a biological sample
which is taken from a test object and contains or may contain
hemoglobin. The specimen may be feces, saliva, or urine, and is
particularly preferably feces. In addition, whole blood, serum, plasma,
or the like can be used as a specimen, and measurement of the amount
of hemoglobin thereof can be useful as an index of, for example,
hemolysis or treatment using a haptoglobin preparation.

[0016] [Sample]

The sample in the present specification contains a specimen, and
is particularly obtained by mixing a specimen with haptoglobin. Free
hemoglobin in a specimen forms a stable hemoglobin-haptoglobin
complex by being mixed with haptoglobin.

That is, free hemoglobin which has not formed a complex with
haptoglobin, a hemoglobin-haptoglobin complex
(hemoglobin-haptoglobin complex derived from a specimen) which was
originally present in the specimen, and/or a hemoglobin-haptoglobin
complex (prepared hemoglobin-haptoglobin complex) formed by
addition of haptoglobin can be contained in the sample.

In particular, in the sample obtained by mixing a specimen with
haptoglobin, a prepared hemoglobin-haptoglobin complex is preferably
formed such that all free hemoglobin forms a complex with haptoglobin,

and the sample preferably consists of a hemoglobin-haptoglobin
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complex derived from a specimen and a  prepared
hemoglobin-haptoglobin complex, from the viewpoint of stability.
[0017] The sample is obtained such that, for example, a subject or the
like collects a specimen, the specimen being then immediately added to
a specimen preservation solution (hereinafter, referred to as a
“preservation solution” depending on the circumstances) containing
haptoglobin. The sample may be stored at normal temperature for
several days until measurement of hemoglobin, and is preferably stored
in a refrigerator at 2°C to 10°C. In a case where the specimen is feces
or the like containing a solid matter, the solid matter may be removed
by filtering the preservation solution and used as a sample.

[0018] [Preservation Solution]

The preservation solution means a specimen preservation
solution for preserving a specimen and preferably contains haptoglobin.
[0019] It is preferable that the preservation solution further contains a
buffer solution or the like. The preservation solution or the like may
be a buffer solution containing a good buffer agent such as
2-morpholinoethanesulfonic acid (MES),
2-[4-(2-hydroxyethyl)-1-piperazinyl-ethanesulfonic acid (HEPES), or
piperazine-1,4-bis(2-ethanesulfonic acid) (PIPES), or may be a
phosphate buffer solution, a tris buffer solution, or a glycine buffer
solution. The pH of a preservation solution may be 5 to 10, or 6 to 8.
[0020] The concentration of haptoglobin in the preservation solution
depends on the type and amount of specimen, and examples thereof
include 0.05 units/L to 50 units/L, 0.1 units/L to 10 units/L, or 0.2

units/L to 2 units/L. Here, one unit means an amount of haptoglobin
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binding to 1 mg of hemoglobin. The concentration of haptoglobin in
the above-described ranges is a concentration sufficient for making all
hemoglobin in a specimen form a complex with haptoglobin.

[0021] For example, in a case where feces are suspended in a
preservation solution such that the concentration of feces becomes
0.05% to 25% (W/V%) with respect to 0.2 to 20 mL of the preservation
solution, the proportion of the amount of haptoglobin in a specimen may
be 0.075 g/unit to 5,000 g/unit.

[0022] Haptoglobin of the present invention is not particularly limited
as long as it combines with hemoglobin to be assayed to generate a
hemoglobin-haptoglobin complex. Since species specificity of the
binding of hemoglobin to haptoglobin is low, a wide range of
haptoglobin can be used. When human hemoglobin is a measurement
target, haptoglobin derived from humans, horses, pigs, monkeys, dogs,
rabbits, and rats can be used. It is unnecessary to use highly purified
haptoglobin.

[0023] Well-known additives, for example, antibacterial agents such as
sodium azide (NaN3), pH adjusters, and salts for adjusting ionic strength,
which can be used when preserving hemoglobin may be further added
to a preservation solution. An antibacterial agent includes antibiotics
and lytic enzymes. Examples of additives include well-known
components, for example, amino acids such as lysine and histidine,
albumin, a protease inhibitor, a water-soluble complex of transition
metal ions, and ethylenediamine tetraacetic acid (EDTA), which are
known to have a stabilizing effect on hemoglobin. Examples of

albumin include serum albumin such as bovine serum albumin (BSA)
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and albumin (ovalbumin) derived from egg white.
[0024] <Hemoglobin Measurement Reagent>

The hemoglobin measurement reagent of one embodiment of the
present invention includes: an insoluble carrier immobilizing an
anti-hemoglobin antibody; and an insoluble carrier immobilizing an
anti-haptoglobin antibody. An immunological method is used as a
measurement method in which the reagent of the present invention is
used. The immunological method may be a well-known
immunological method using an anti-hemoglobin antibody, and
examples thereof include an immunoagglutination method (for example,
a latex agglutination method or a colloidal gold agglutination method),
immunochromatography, and an ELISA method. In particularly, the
reagent of the present invention is suitably used for an
immunoagglutination method and more preferably for a latex
agglutination method.
[0025] A hemoglobin measurement reagent of one embodiment of the
present invention measures the total amount of hemoglobin using both
free hemoglobin and a hemoglobin-haptoglobin complex as an
measurement target during measurement The reagent of the present
invention exhibits almost the same reactivity as hemoglobin to each
antigen of free hemoglobin, a complete hemoglobin-haptoglobin
complex, and a hemoglobin-haptoglobin complex intermediate in an
immunological measurement method (particularly an
immunoagglutination method). In particular, due to coexistence of the
anti-haptoglobin antibody bound to an insoluble carrier, an excellent

effect of showing the same reactivity (“equivalent reactivity to
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hemoglobin”) to both antigens of a complete hemoglobin-haptoglobin
complex and a hemoglobin-haptoglobin complex intermediate as
hemoglobin is exhibited.

[0026] The “same reactivity as hemoglobin” means that, in a case
where each antigen of free hemoglobin, a complete
hemoglobin-haptoglobin complex, a hemoglobin-haptoglobin complex
intermediate, or a mixture thereof is present in a sample as hemoglobin
at equal concentrations, the concentrations of hemoglobin measured
through an immunoagglutination reaction of insoluble carriers are
substantially equal in each antigen. Here, when the concentrations of
hemoglobin measured through an immunoagglutination reaction of
insoluble carriers are “substantially equal”, this means that, in a case
where a measured value of free hemoglobin is 100%, a lower limit of a
measured value of the concentration of hemoglobin when various other
antigens having an identical concentration of hemoglobin are measured
is greater than or equal to 80%, preferably greater than or equal to 90%,
and more preferably greater than or equal to 95%, and an upper limit
value of the measured value is less than or equal to 120%, preferably
less than or equal to 110%, and more preferably less than or equal to
105%.

[0027] Due to incorporation of an insoluble carrier immobilizing an
anti-haptoglobin antibody in addition to an insoluble carrier
immobilizing an anti-hemoglobin antibody in the related art into the
reagent of the present invention, the decrease in a measured value of
hemoglobin caused by the addition of haptoglobin in the related art can

be suppressed. In particular, even in a case where the molar ratio
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(hemoglobin / haptoglobin) of free hemoglobin in a specimen to
haptoglobin to be added is less than 1, that is, in a case where a
hemoglobin-haptoglobin complex intermediate is present, the decrease
in a measured value of hemoglobin can be suppressed, and hemoglobin
in the specimen can be accurately detected and measured.
Furthermore, in a case where haptoglobin is not added to a specimen,
even if haptoglobin (regardless of free haptoglobin, a
hemoglobin-haptoglobin complex intermediate, or a
hemoglobin-haptoglobin complex) was originally present in the
specimen, the decrease in a measured value of hemoglobin can be
suppressed, and hemoglobin in the specimen can be accurately detected
and measured.

[0028] The present inventors consider that the existence of a
hemoglobin-haptoglobin complex intermediate is one of the causes of
the decrease in a measured value of hemoglobin caused by the addition
of haptoglobin in the related art and have solved this problem by adding
an insoluble carrier immobilizing an anti-haptoglobin antibody.

[0029] An insoluble carrier that can immobilize an anti-hemoglobin
antibody or an anti-haptoglobin antibody may be used. Insoluble
particles that can be used for an immunological method are preferable,
and examples thereof include colloidal metal particles such as colloidal
gold particles, latex particles, silica particles, magnetic particles,
fluorescent particles, and red blood cells, but the present invention is not
limited thereto.  As the insoluble particles, latex particles are
preferable, and polystyrene latex particles are more preferable. The

insoluble carriers are preferably in the form of particles. An average
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particle diameter thereof is preferably 5 to 1,000 nm, more preferably
30 to 500 nm, and still more preferably 75 to 350 nm, but the insoluble
carriers can be used without being particularly limited to these ranges.
[0030] Immobilizing an antibody means that an antibody is bound
(immobilized) through physical adsorption or chemical bonding to the
surface of an insoluble carrier. As the immobilizing method (binding
method), for example, antibodies can be mixed with insoluble carrier
particles and can be physically adsorbed onto the surfaces of the
insoluble carrier particles to bind the antibodies on the insoluble carrier
particles, which is well-known technology. In addition, in a case of
using insoluble carrier particles into which an amino group or a
carboxyl group is introduced on the surfaces, antibodies can be bound
on the surfaces of the insoluble carrier particles through chemical
bonding in which a glutaraldehyde or carboxyimide reagent is used.
[0031] The amount of antibodies immobilized is not particularly limited,
but may be 0.5 to 2,000 pg/mg latex, and may be 1 to 1,000 pg/mg latex
or 2 to 500 pg/mg latex. The amount of antibodies immobilized can be
calculated with an amount obtained by subtracting the amount of
antibodies after binding from the amount of antibodies before binding
on insoluble carriers.

[0032] Although not particularly limited, an anti-hemoglobin antibody
can recognize an epitope of hemoglobin in a hemoglobin-haptoglobin
complex, and preferably does not cross-react with haptoglobin. An
anti-hemoglobin antibody may be a polyclonal antibody or a
monoclonal antibody, but is preferably a monoclonal antibody or an

anti-human hemoglobin monoclonal antibody from the viewpoint of
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specificity. The number of kinds of the anti-hemoglobin antibodies
contained in a measurement reagent is at least one and preferably at
least two.

[0033] On the other hand, although not particularly limited, an
anti-haptoglobin antibody can recognize an epitope of haptoglobin in a
hemoglobin-haptoglobin complex, and preferably does not cross-react
with hemoglobin. In particular, an anti-haptoglobin antibody

preferably does not agglutinate with free haptoglobin at an insoluble

carrier on which the anti-haptoglobin antibody is immobilized, at least

in the range of the amount of free haptoglobin used for forming a
hemoglobin-haptoglobin complex. Furthermore, an anti-haptoglobin
antibody preferably does not agglutinate at all with free haptoglobin at

an insoluble carrier on which the anti-haptoglobin antibody is

immobilized. An anti-haptoglobin antibody may be a polyclonal
antibody or a monoclonal antibody, but is preferably a monoclonal
antibody or an anti-haptoglobin monoclonal antibody. In the case
where an anti-haptoglobin antibody is a monoclonal antibody, a
recognition site thereof may be an o chain (o chain recognition
antibody) or a [} chain (B chain recognition antibody) of haptoglobin.
The number of kinds of the anti-haptoglobin antibodies contained in a
measurement reagent is at least one.

[0034] Animal species from which the above-described antibodies that
can be used in the present invention are derived are not particularly
limited, but examples thereof include antibodies derived from animals
such as rabbits, goats, mice, rats, horses, and sheep. Both a polyclonal

antibody obtained from the serum of an animal immunized with a
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measurement target and a monoclonal antibody obtained by cell fusion
of the spleen of an animal immunized with a measurement target with
myeloma cells through a well-known method may be used. In addition,
fragments thereof [for example, F(ab’)2, Fab, Fab’, or Fv] can be used.
[0035] The number of kinds of insoluble carriers used for immobilizing
anti-hemoglobin antibodies is at least one, but may be at least two.
One or more kinds of anti-hemoglobin antibodies may be immobilized
on one kind of insoluble carrier. In addition, one kind of
anti-hemoglobin antibody may be immobilized on one or more kinds of
insoluble carriers.

[0036] In the case where two or more kinds of anti-hemoglobin
antibodies are contained in a measurement reagent, the two or more
kinds of anti-hemoglobin antibodies may be immobilized on an
identical insoluble carrier. Alternatively, plural kinds of insoluble
carriers on which one kind of anti-hemoglobin antibody is immobilized
on one kind of insoluble carrier can be combined and used. At this
time, the insoluble carriers used for immobilizing different kinds of
anti-hemoglobin antibodies may be the same kinds of insoluble carriers,
or may be different kinds of insoluble carriers having different materials,
particle diameters, or the like.

[0037] The number of kinds of insoluble carriers used for immobilizing
anti-haptoglobin antibodies is at least one, but may be at least two.
One or more kinds of anti-haptoglobin antibodies may be immobilized
on one kind of insoluble carrier. In addition, one kind of
anti-haptoglobin antibody may be immobilized on one or more kinds of

insoluble carriers. In the case where two or more kinds of
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anti-haptoglobin antibodies are contained in a measurement reagent, the
same applies to the above-described case where two or more kinds of
anti-hemoglobin antibodies are contained in a measurement reagent.
[0038] The form of measurement reagent is not particularly limited, but
may be, for example, a two-reagent system consisting of a reagent (first
reagent) containing no insoluble carrier and a reagent (second reagent)
containing an insoluble carrier (antibody-immobilizing insoluble
carrier) immobilizing an antibody, or may be a one-reagent system
consisting of only a reagent containing an antibody-immobilizing
insoluble carrier.

[0039] The first reagent can be used so as to adjust a measurement
environment, for example, can be used as a diluent from the viewpoints
of, for example, adjusting the concentration of a measurement target or
a contaminant or adjusting the reaction rate in a reaction system. The
second reagent contains an antibody-immobilizing insoluble carrier, and
is mixed with the first reagent and a sample to cause an
immunoagglutination reaction. The first and second reagents can
appropriately contain a pH buffer agent, a salt, a surfactant, an
aggregation accelerator, a preservative, and the like. The pH thereof at
the time of an agglutination reaction is preferably 5 to 9.

[0040] In addition, a measurement reagent is mixed with a preservation
solution to obtain a reaction solution. The concentration of insoluble
carriers in the reaction solution can be appropriately selected from a
range of, for example, 0.0001 mg/mL to 10 mg/mL according to the
particle diameters of insoluble carriers to be used or the design of the

entire measurement system. The concentration of insoluble carriers
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immobilizing anti-hemoglobin antibodies in a measurement reagent
may be 0.01 to 20 mg/mL or 0.05 to 1 mg/mL, and the concentration of
insoluble carriers immobilizing anti-haptoglobin antibodies may be 0.01
to 20 mg/mL or 0.05 to 1 mg/mL.

[0041] The concentration of insoluble carriers in a second reagent is
diluted by mixing with a preservation solution or mixing a first reagent
with a preservation solution when in use. Therefore, the concentration
of the insoluble carriers in the second reagent can be appropriately
selected depending on the dilution magnification. For example, the
concentration can be appropriately adjusted so as to be 0.004 mg/mL to
80 mg/mL in a case of 2-fold dilution and 0.06 mg/mL to 120 mg/mL in
a case of 3-fold dilution.

[0042] <Hemoglobin Measurement Method>

[Step (1)]

In a step (1), a specimen is mixed with haptoglobin and a
hemoglobin-haptoglobin complex is formed to obtain a sample
containing the hemoglobin-haptoglobin complex.

[0043] The mixing of a specimen with haptoglobin is as described in
the item of the above-described [Sample]. Here, the
hemoglobin-haptoglobin complex contained in the sample can contain
both a complete hemoglobin-haptoglobin complex and a
hemoglobin-haptoglobin complex intermediate. The sample can also
contain free hemoglobin derived from a specimen, a
hemoglobin-haptoglobin complex derived from a specimen, and other
components derived from a specimen, and can further contain free

haptoglobin which does not form a complex with hemoglobin.

17



10

15

20

25

Haptoglobin to be mixed with a specimen may be contained in a
specimen preservation solution, and in a case where haptoglobin is
added to a specimen in a form that haptoglobin is contained in a
specimen preservation solution, the sample can also contain other
components of a preservation solution in addition to free haptoglobin
which does not form a complex with hemoglobin. Since it is
preferable that all free hemoglobin derived from a specimen form a
complex with haptoglobin, the amount of haptoglobin to be mixed with
a specimen may be an excess amount with respect to the free
hemoglobin in a specimen.

[0044] [Step (2)]

In a step (2), the sample obtained in the step (1) is brought into

contact with the insoluble carrier immobilizing an anti-hemoglobin
antibody and the insoluble carrier immobilizing an anti-haptoglobin
antibody to cause an immunoagglutination reaction.
[0045] The anti-hemoglobin antibody recognizes hemoglobin in the
sample due to the above-described contact, whereby the insoluble
carrier immobilizing an anti-hemoglobin antibody binds to hemoglobin
or a hemoglobin-haptoglobin complex, and the insoluble carriers further
agglutinate each other. The turbidity of a solution changes due to the
agglutination of the insoluble carriers. Therefore, the change in
turbidity of a solution can be assayed to obtain the concentration of
hemoglobin in a sample using a calibration curve created using
hemoglobin or a hemoglobin-haptoglobin complex with a known
hemoglobin concentration.

[0046] Examples of measurement methods for the change in turbidity

18
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include a method for measuring an absorbance, scattered light, or the
like of an immunoreaction solution through an optical technique. As
the optical technique, for example, a general-purpose optical assay
device may be used. For example, the assay can be performed using a
biochemical automated clinical analyzer “JCA-BM2250” (manufactured
by JEOL Ltd.) or “JCA-BM6070” (manufactured by JEOL Ltd.)

[0047] By bringing an insoluble carrier immobilizing an
anti-haptoglobin antibody in addition to an insoluble carrier
immobilizing an anti-hemoglobin antibody in the related art into contact
with the sample in the measurement method of the present invention,
the decrease in a measured value of hemoglobin caused by the addition
of haptoglobin in the related art can be suppressed and hemoglobin in a
specimen can be more accurately detected and measured. In a case
where haptoglobin is not added to a specimen during measurement of
hemoglobin in the specimen (that is, in a case where the step (1) is not
performed), even if haptoglobin (regardless of free haptoglobin, a
hemoglobin-haptoglobin complex intermediate, or a complete
hemoglobin-haptoglobin complex) is originally present in the specimen,
the specimen can be brought into contact with an insoluble carrier
immobilizing an anti-hemoglobin antibody and an insoluble carrier
immobilizing an anti-haptoglobin antibody and immunoagglutination
can be caused (that is, only the step (2)) to suppress the decrease in a
measured value of hemoglobin and accurately detect and measure
hemoglobin in the specimen.

[0048] The present invention further provides a kit that can be used

when detecting hemoglobin in a specimen by the above-described
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method. The kit may include a measurement reagent containing an
anti-hemoglobin antibody-immobilizing insoluble carrier and an
anti-haptoglobin antibody-immobilizing insoluble carrier, haptoglobin
(preferably a preservation solution containing haptoglobin), a calibrator,
a control, and the like, and may include a tool and a container for
collecting a specimen, a preservation solution for preserving a specimen,
and the like.

[Examples]

[0049] <Examples 1-1 to 4-2 and Comparative Example 1>

[Preparation of Measurement Reagents]

First and second reagents were prepared as measurement
reagents.

A 50 mM HEPES buffer solution (pH of 7.4) was used as the
first reagent.

The 50 mM HEPES buffer solution (pH of 7.4), polystyrene
latex particles immobilizing respective antibodies of plural kinds of
anti-hemoglobin monoclonal antibodies (anti-Hb antibodies), and
polystyrene latex particles immobilizing anti-haptoglobin monoclonal
antibodies were mixed at concentrations shown in Table 1 to prepare
reagents for measuring immunoagglutination reaction of Examples 1-1
to 1-4 and Comparative Example 1 having final latex concentrations
shown in Table 1, as the second reagent. Similarly, substances were
mixed with each other at predetermined concentrations to prepare
reagents for measuring immunoagglutination reaction of Examples 2-1
to 2-3, Examples 3-1 to 3-3, and Examples 4-1 to 4-2 having final latex

concentrations shown in Table 2, as the second reagents.
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[0050] AO-53 (o chain recognition), AO-27 (o chain recognition),
AO-35 (a chain recognition), or AN12-8 (3 chain recognition) was used
as an anti-haptoglobin monoclonal antibody.  Anti-haptoglobin
antibodies in which it was confirmed that the amounts of free
haptoglobin added as in the item of [Preparation of Samples] below did
not agglutinate with insoluble carriers immobilizing the
anti-haptoglobin antibodies were used.

[0051] Antibody-immobilizing polystyrene latex particles were
prepared through a well-known method. That is, each anti-hemoglobin
monoclonal antibody or anti-haptoglobin monoclonal antibody was
mixed with polystyrene latex particles (average particle diameter of 200
nm) and immobilized on the surfaces of the polystyrene latex particles

to prepare antibody-immobilizing polystyrene latex particles.

[Table 1]
Antibody Latex concentration (mg/mL) in second reagent
Comparative | Example Example Example Example
Example 1 1-1 1-2 1-3 1-4
Anti-Hb 0.69 0.69 0.69 0.69 0.69
antibody
AO-53 0.08 0.15 0.23 0.31
[Table 2]
Antibody Latex concentration (mg/mL) in second reagent
Example | Example | Example | Example | Example | Example | Example | Example
2-1 2-2 2-3 3-1 3-2 3-3 4-1 4-2
Anti-Hb 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69
antibody
AO-27 0.08 0.15 0.31
AO-35 0.08 0.15 0.31
AN12-8 0.08 0.15

[0052] [Preparation of Samples]

Human hemoglobin (hHb) purified from human blood and

human haptoglobin (hHp) (Haptoglobin Human Phenotype 1-1
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(manufactured by SIGMA Corporation)) were mixed with an Hb
calibrator diluent ‘Eiken’ (manufactured by Eiken Chemical Co., Ltd.)
so as to have concentrations shown in Table 3 to prepare samples Nos. 0
to 6. In No. 3, 0.8 units/LL of human haptoglobin is mixed with 800
ng/L of human hemoglobin, and all of hemoglobin and haptoglobin
form complete hemoglobin-haptoglobin complexes.
[0053] [Immunoagglutination]

Measurement reagents of Examples 1-1 to 1-4, Examples 2-1 to
2-3, Examples 3-1 to 3-3, Examples 4-1 and 4-2, and Comparative
Example 1 were respectively added to the samples Nos. 0 to 6, and the
turbidity was measured using an automated clinical analyzer BM2250 to
calculate hemoglobin concentration conversion values based on the
calibration curve which has been created in advance. Furthermore,
relative values (%) of hemoglobin with respect to No. 0 (sample
containing no human haptoglobin) were also calculated. The results
are shown in Table 3.
[0054] The measurement conditions in JCA-BM2250 are as follows.

Amount of specimen: 2.0 puL

First reagent: 60 pL

Second reagent: 30 uL.

Measurement wavelength: 658 nm
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[0055] It became clear from Table 3 that, each of the examples, in
which latex immobilizing an anti-haptoglobin antibody was added
together with latex immobilizing an anti-hemoglobin antibody and
which was a case where haptoglobin was added when measuring
hemoglobin, can suppress decrease in a hemoglobin assay value due to
the addition of haptoglobin, that is, can obtain a measured value closer
to the actual value compared to Comparative Example 1 in which only
latex immobilizing an anti-hemoglobin antibody is added but no latex
immobilizing an anti-haptoglobin antibody is added. These results
were obtained using either the anti-haptoglobin antibody which was a
chain recognition or [} chain recognition, demonstrating that the results
did not depend on the subunits recognized by the anti-haptoglobin
antibodies.
[0056] <Comparative Examples 2-1 to 2-3, 3-1 to 3-3, and 4 to 7>
Reagents obtained by mixing free anti-haptoglobin antibodies
which were not immobilized on latex instead of the anti-haptoglobin
antibody-immobilizing latex of Example 1-1 with anti-hemoglobin
antibody-immobilizing latex were prepared and added to the samples
Nos. 0 to 6 to similarly cause agglutination reactions, and hemoglobin
concentration conversion values and relative values (%) of hemoglobin
were calculated. The compositions of the reagents of each of the
comparative examples are shown in Table 4, and the results are shown
in Table 5. Anti-haptoglobin antibodies AN11-2 and AN12-3 were 3
chain recognition anti-haptoglobin monoclonal antibodies and prepared
through a well-known method.
[0057] From Table 5, even if free anti-haptoglobin antibodies which
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have not been bound to latex were added, it was impossible to suppress
the decrease in a measured value of hemoglobin due to the addition of
haptoglobin. Rather, it showed a tendency that the values became
lower. It is assumed that this is probably because bonding between
anti-hemoglobin antibodies bound to latex and hemoglobin-haptoglobin

complexes was inhibited by the excess anti-haptoglobin antibodies.
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[0058] <Examples 5-1 to 5-5 and Comparative Example 8>
[Preparation of Measurement Reagents|]

A first and second reagents were prepared as measurement
reagents.

A 50 mM HEPES buffer solution (pH of 7.4) was used as the
first reagent.

The 50 mM HEPES buffer solution (pH of 7.4), polystyrene
latex particles immobilizing respective antibodies of plural kinds of
anti-hemoglobin monoclonal antibodies (anti-Hb antibodies), and
polystyrene latex particles immobilizing anti-haptoglobin monoclonal
antibodies were mixed at concentrations shown in Table 6 to prepare
reagents for measuring immunoagglutination reaction of Examples 5-1
to 5-5 and Comparative Example 8 having final latex concentrations
shown in Table 6, as the second reagent.

AO-53 (a chain recognition) or AN12-8 (B chain recognition)
was used as an anti-haptoglobin  monoclonal antibody.
Anti-haptoglobin antibodies in which it was confirmed that the amounts
of free haptoglobin added as in the item of [Preparation of Samples]
below did not agglutinate with insoluble carriers immobilizing the
anti-haptoglobin antibodies were used.

[0059] The confirmation method was performed in the same manner as
in preparation of samples and an immunoagglutination method to be
described below except that 1.0 mg/mL of polystyrene latex on which
AO-53 (a chain recognition) or AN12-8 (3 chain recognition) were
immobilized was used as a second reagent and that samples (containing

no hemoglobin) obtained by adding free haptoglobin to a preservation
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solution (Hb calibrator diluent °‘Eiken’ (manufactured by Eiken
Chemical Co., Ltd.)) so as to have a concentration of 0 ng/mL or 24.5
pmol/mL were used. The haptoglobin concentration of 24.5 pmol/mL
corresponds to a free haptoglobin addition concentration of 1.2 units/L.
[0060] Antibody-immobilizing polystyrene latex particles were
prepared by a well-known method. That is, each anti-hemoglobin
monoclonal antibody or anti-haptoglobin monoclonal antibody was
mixed with polystyrene latex particles (average particle diameter of 200
nm) and immobilized on the surfaces of the polystyrene latex particles
to prepare antibody-immobilizing polystyrene latex particles.

[Table 6]

Latex concentration (mg/mL) in second reagent
Antibody | Comparative | Example | Example | Example | Example | Example
Example 8 5-1 5-2 5-3 5-4 5-5
Anti-Hb | 0.69 0.69 0.69 069 | 069
antibody
AO-53 0.08 0.15 0.23 0.31
AN12-8 0.08

[0061] [Preparation of Samples]

Two fecal specimens (fecal specimens 1 and 2) were collected
from a healthy person. Each of the fecal specimens, human
hemoglobin (hHb) purified from human blood, and human haptoglobin
(hHp) (Haptoglobin Human Phenotype 1-1 (manufactured by SIGMA
Corporation)) were mixed with a preservation solution (Hb calibrator
diluent ‘Eiken’ (manufactured by Eiken Chemical Co., Ltd.)) so as to
respectively have a fecal concentration of 0.5% (W/V%) and
concentrations shown in Tables 7 and 8 to prepare samples Nos. 0 to 5.
In No. 3, 0.6 units/L of human haptoglobin is mixed with 600 pg/L. of

human hemoglobin, and all of hemoglobin and haptoglobin form
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complete hemoglobin-haptoglobin complexes.
[0062] [Immunoagglutination]

Measurement reagents of Examples 5-1 to 5-5 and Comparative
Example 8 were respectively added to the samples Nos. 0 to 5 of the
fecal specimens 1 and 2, and the turbidity was measured using an
automated clinical analyzer JCA-BM6070 to calculate hemoglobin
concentration conversion values based on the calibration curve which
has been created in advance. Furthermore, relative values (%) of
hemoglobin with respect to No. 0 (sample containing no human
haptoglobin) were also calculated. The results are shown in Tables 7
and 8.

[0063] The measurement conditions in JCA-BM6070 are as follows.

Amount of specimen: 2.0 uLL

First reagent: 60 pL

Second reagent: 30 pul

Measurement wavelength: 658 nm
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CLAIMS
[Claim 1]

A reagent for measuring hemoglobin, comprising:

an insoluble carrier immobilizing an anti-hemoglobin antibody;
and

an insoluble carrier immobilizing an anti-haptoglobin antibody.
[Claim 2]

The reagent according to claim 1,

wherein the number of kinds of the anti-hemoglobin antibodies
is at least two.
[Claim 3]

The reagent according to claim 1 or 2,

wherein the insoluble carriers are latex particles and/or colloidal
gold particles.
[Claim 4]

The reagent according to any one of claims 1 to 3,

wherein the anti-hemoglobin antibody and the anti-haptoglobin
antibody are monoclonal antibodies.
[Claim 5]

The reagent according to any one of claims 1 to 4,

wherein the number of kinds of the anti-haptoglobin antibodies
is one.
[Claim 6]

A hemoglobin measurement method for measuring hemoglobin
in a specimen, the method comprising:

a step (1) of mixing a specimen with haptoglobin and forming a
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hemoglobin-haptoglobin complex to obtain a sample containing the
hemoglobin-haptoglobin complex; and

a step (2) of bringing the sample obtained in the step (1) into
contact with the insoluble carrier immobilizing an anti-hemoglobin
antibody and the insoluble carrier immobilizing an anti-haptoglobin
antibody to cause immunoagglutination.
[Claim 7]

The measurement method according to claim 6,

wherein the number of kinds of the anti-hemoglobin antibodies
is at least two.
[Claim &]

The measurement method according to claim 6 or 7,

wherein the insoluble carriers are latex particles and/or colloidal
gold particles.
[Claim 9]

The measurement method according to any one of claims 6 to §,

wherein the anti-hemoglobin antibody and the anti-haptoglobin
antibody are monoclonal antibodies.
[Claim 10]

The measurement method according to any one of claims 6 to 9,

wherein the specimen is feces, saliva, or urine.
[Claim 11]

The measurement method according to any one of claims 6 to
10,

wherein haptoglobin is contained in a specimen preservation

solution.
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[Claim 12]

The measurement method according to claim 11,

wherein a concentration of haptoglobin in the specimen
preservation solution is 0.05 units/L to 50 units/L.

[Claim 13]

The measurement method according to any one of claims 6 to
12,

wherein hemoglobin in the specimen contains at least one
selected from the group consisting of free hemoglobin, a
hemoglobin-haptoglobin complex intermediate, and a complete
hemoglobin-haptoglobin complex, and

wherein at least a part of the free hemoglobin forms the
hemoglobin-haptoglobin complex intermediate and/or the complete
hemoglobin-haptoglobin complex together with the haptoglobin after
the step (1).

[Claim 14]

A method for measuring hemoglobin in a specimen, the method
comprising:

a step of bringing a specimen into contact with an insoluble
carrier immobilizing an anti-hemoglobin antibody and an insoluble
carrier immobilizing an anti-haptoglobin antibody to cause
immunoagglutination.

[Claim 15]

A method for suppressing a decrease in a measured value of

hemoglobin in a specimen, the method comprising:

a step of bringing a specimen into contact with an insoluble
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carrier immobilizing an anti-hemoglobin antibody and an insoluble
carrier immobilizing an anti-haptoglobin antibody to cause

immunoagglutination.
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