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(57) ABSTRACT

Regardless of the type of specimen, such as a serum or
heparinized plasma containing different anticoagulants,
which are widely used in general, when a substance to be
measured (for example, sIL-2R) in a biological sample is
immunologically detected, a measuring method and a kit
capable of stably obtaining with high accuracy, unaffected
by interfering substances in the specimen, are provided. An
immunocomplex between the substance to be measured and
an antibody that specifically binds to the substance to be
measured is formed in the presence of a sulfated polysac-
charide. The kit comprises an antibody that specifically
binds to the substance to be measured, and a buffer contain-
ing a sulfated polysaccharide.
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IMMUNOASSAY EMPLOYING SULFATED
POLYSACCHARIDE

TECHNICAL FIELD

[0001] The present invention relates an immunological
measuring method and a kit capable of inhibiting a differ-
ence in measurement values between different test samples,
using a sulfated polysaccharide.

BACKGROUND ART

[0002] In an immunological measuring method in which
an analyte is optically measured by an antigen-antibody
reaction, a phenomenon in which measured values are
different, for example, between a serum test sample and a
plasma test sample, due to the difference of blood collection
tubes used, is confirmed, and it sometimes becomes a
problem. The cause of difference varies depending on the
items to be measured, and as one of the known findings, the
influence of insolubilization of fibrinogen contained in
plasma on the measurement value of a plasma test sample
can be mentioned. It is known that the influence is avoided
by adding a chelating agent with a coordination number of
3 or less to a reaction system containing a surfactant (Patent
literature 1).

[0003] Further, a blood sample (a serum, plasma, or whole
blood) is generally used for evaluating, for example, various
cardiac troponins. However, this selection is limited depend-
ing on a method used, for example, because it is known that
a serum is an inappropriate biological sample for the method
of quickly evaluating cardiac troponin, and that whole blood
makes a quantitative assay difficult to perform. In an immu-
nological measurement using heparinized plasma or hepa-
rinized whole blood, even when the performance of the
method used is very high, unreliable results are often
obtained. In general, if the cardiac troponin concentration in
plasma is not very high, such a problem occurs (Non-patent
literature 1). Indeed, it is known that the presence of heparin
in a blood sample interferes during various immunological
measurements, and affects the measurement results, and as
a result, the physician’s clinical diagnosis may be modified.

[0004] Until now, with respect to a method of avoiding the
influence of interfering substances contained in a specimen
in a cardiac troponin assay, an immunological measuring
method characterized in that it is carried out against a
heparin-containing biological sample in the presence of
hexadimethrine bromide (polybrene) is disclosed (Patent
literature 2). However, it was insufficient to stably measure
clinical specimens.
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SUMMARY OF INVENTION

Technical Problem

[0008] As described in detail in the Examples below, the
present inventors attempted to measure a soluble interleu-
kin-2 receptor (hereinafter sometimes abbreviated as sIL-
2R) in biological samples (a serum and heparinized plasma),
and noticed a difference in the measured values, caused by
the different types of test samples for measurement (here-
inafter sometimes referred to as specimens) prepared from
the biological samples.

[0009] The object of the present invention is, regardless of
the type of test samples, such as a serum or heparinized
plasma containing different anticoagulants, which are gen-
erally widely used, when a substance to be measured (for
example, sIL-2R) in a biological sample is immunologically
detected, to provide a measuring method and a kit capable
of stably obtaining with high accuracy, unaffected by inter-
fering substances in the test sample.

Solution to Problem

[0010] Under these circumstances, the present inventors
conducted intensive studies, and found that, in a method of
immunologically measuring sIL-2R in a serum and hepa-
rinized plasma, regardless of the type of test samples, it was
possible to stably obtain measurement values with high
accuracy, unaffected by interfering substances in the test
samples, by measuring sIL-2R under conditions where a
sulfated polysaccharide was added to a reaction solution,
and the present invention was completed. In particular, it
was unexpected results that such effects could not be
obtained in the coexistence of a polysaccharide without a
sulfate group and a compound without a polysaccharide but
having a sulfate group, but could be obtained in the presence
of the sulfated polysaccharide. Further, although B/F sepa-
ration was carried out, when the sulfated polysaccharide did
not coexist, the measurement was affected by interfering
substances contained in the test sample. It was considered
from the results that the interfering substances were not
insolubilization of fibrinogen, the influence of hemoglobin,
or the like, which was previously known.

[0011] The present invention can be exemplified as fol-
lows:
[0012] 1. a method of immunologically measuring a sub-

stance to be measured in a biological sample, characterized
in that an immunocomplex between the substance to be
measured and an antibody that specifically binds to the
substance to be measured is formed in the presence of a
sulfated polysaccharide,

[0013] 2.amethod of reducing a difference in a method of
immunologically measuring a substance to be measured in a
biological sample, said difference being the difference
between a measurement value when using a blood sample to
which heparin is added as an anticoagulant and a measure-
ment value when using a serum, characterized in that an
immunocomplex between the substance to be measured and
an antibody that specifically binds to the substance to be
measured is formed in the presence of a sulfated polysac-
charide,

[0014] 3. the method of [1] or [2], wherein the sulfated
polysaccharide is dextran sulfate or B-cyclodextrin sulfate,
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[0015] 4. the method of any one of [1] to [3], wherein the
sulfated polysaccharide is contained in a solution for dilut-
ing specimen and/or an antibody solution,

[0016] 5. the method of any one of [1] to [4], comprising
the step of B/F separation of the formed immunocomplex,
[0017] 6. the method of any one of [1] to [5], comprising
bringing the substance to be measured into contact with a
first antibody and a second antibody that specifically bind to
the substance to be measured, and measuring the immuno-
complex formed by an antigen-antibody reaction,

[0018] 7. the method of any one of [1] to [6], wherein the
substance to be measured is soluble interleukin-2 receptor or
prostate specific antigen,

[0019] 8. a kit for measuring a substance to be measured,
for the method of any one of 1 to 7, said kit comprising an
antibody that specifically binds to the substance to be
measured, and a buffer containing a sulfated polysaccharide,
[0020] 9. the kit of 8, comprising an antibody carried on a
magnet patrticle, as the antibody that specifically binds to the
substance to be measured, and

[0021] 10. the kit of [8] or [9], wherein the substance to be
measured is soluble interleukin-2 receptor or prostate spe-
cific antigen.

Advantageous Effects of Invention

[0022] Regardless of the type of test samples (a serum and
heparinized plasma), which are generally widely used, a
substance to be measured (for example, sIL-2R) in a bio-
logical sample can be stably measured with high accuracy
by using the method and the reagent kit of the present
invention, unaffected by interfering substances in the test
sample.

DESCRIPTION OF EMBODIMENTS

[0023] The biological sample in the present invention is a
sample collected from a human being or the like, and is
suspected of containing a substance to be measured (for
example, sIL-2R). As the biological sample, blood samples,
such as whole blood, a serum, plasma, and the like, may be
exemplified, and in particular, it is preferable that a serum
and heparinized plasma are included in the test samples.

[0024] The test sample (specimen), which can be used in
the present invention, is not particularly limited, so long as
it is a sample for measurement that can be prepared from the
above-mentioned biological sample. When a blood sample
is targeted, specimens obtained using an anticoagulant, such
as whole blood, a serum, plasma, and the like, may be
exemplified. As the anticoagulant, heparin, EDTA, citric
acid, and the like, may be exemplified. Preferably, the
anticoagulant can be used by adding it to a blood collection
tube or the like in advance, when collecting blood from a
subject to be measured, such as a human. In particular, when
a serum and heparinized plasma are targeted in parallel, it is
preferable because the effect of the present invention is high.
[0025] The substance to be measured, which is targeted in
the present invention, is not particularly limited, so long as
it is a substance capable of being measured by an immuno-
logical measuring method. For example, a protein, a glyco-
protein, a lipid protein, a receptor, an enzyme, a viral
antigen, an antiviral antibody, and the like, may be exem-
plified, and more particularly, soluble interleukin-2 receptor
(sIL-2R), prostate specific antigen (PSA), hepatitis B virus
surface antigen (HBsAg), hepatitis C virus (HCV) antibody

May 16, 2019

and antigen, human immunodeficiency virus (HIV) anti-
body, human T cell leukemia virus-1 (HTLV-1) antibody,
Treponema pallidum (TP) antibody, and the like; various
myocardial markers (creatine kinase (CKMB), myoglobin,
troponin); various hormones, and the like. The soluble
interleukin-2 receptor is preferable. The soluble interleu-
kin-2 receptor is a receptor involved in the immune
response, for example, it is mainly present on the membrane
of T cells, which are immune cells, and promotes the
activation of T cell function by forming a complex with
interleukin-2 as its ligand. The interleukin-2 receptor has
three subtypes, and it is known that an o subunit therein is
isolated from the cell membrane, and is present in blood.
Since the soluble interleukin-2 receptor maintains a binding
property with interleukin-2, it is considered that it is also
involved in immune regulation of a living body, and it is
mainly used as a marker for acute leukemia in clinical
practice.

[0026] The immunological measuring method, which can
be used in the present invention, is not particularly limited,
so long as it is a known method using an antibody specific
to a substance to be measured. For example, a turbidimetric
immunoassay (T1A), an enzyme immunoassay (EIA), a
radioimmunoassay (RIA), a latex agglutination method, a
fluorescent immunoassay, an immunochromatography, and
the like, may be exemplified. More particularly, it is a
method in which an immunocomplex of a substance to be
measured contained in a test sample with an antibody
specific to the substance to be measured is formed in a
reaction solution, and the presence of the substance to be
measured is detected by appropriately detecting a signal
caused by the formation. Although the antibody may be
determined depending on the measurement system, a sand-
wich immunological measuring method (a sandwich immu-
noassay) using two or more antibodies may be selected for
a quantitative measurement with high sensitivity. The sand-
wich immunological measuring method may be carried out
in one or more stages (two stage, three stage, or the like). For
example, a method comprising the step of forming an
immunocomplex of a substance to be measured with an
antibody that specifically binds to the substance to be
measured and that is carried on an insoluble carrier for B/F
separation, the step of B/F separation of the immunocom-
plex, and the step of measuring the separated immunocom-
plex, may be exemplified.

[0027] For example, when sIL-2R contained in a biologi-
cal sample is targeted as the substance to be measured, the
measurement of sIL-2R may be carried out by preparing a
specimen from the biological sample, as described above;
preparing a specimen for measurement from the specimen
using a specimen dilution solution; forming an immuno-
complex by mixing an insoluble carrier on which an anti-
body that specifically binds to sIL-2R (a first antibody), and
another sIL-2R-specific antibody that is different from the
first antibody and labeled with a substance for labeling (a
second antibody); removing an unreacted antibody and
sIL-2R by washing (B/F separation); and measuring the
amount of the labeled substance bound to the insoluble
carrier.

[0028] As the insoluble carrier, a carrier generally used in
the art may be used. As a material of the insoluble carrier, for
example, polymer materials, such as latex, rubber, polyeth-
ylene, polypropylene, polystyrene, styrene-butadiene copo-
lymer, polyvinyl chloride, polyvinyl acetate, polyacrylam-
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ide, polymethacrylate, styrene-methacrylate copolymer,
polyglycidyl methacrylate, acrolein-ethylene glycol dimeth-
acrylate copolymer, polyvinylidene difluoride (PVDF), sili-
cone, or the like; agarose; gelatin; erythrocyte; inorganic
materials, such as silica gel, glass, inert alumina, magnetic
material, or the like; or the like, may be exemplified. These
materials may be used alone, or as a combination of two or
more.

[0029] As the form of the insoluble carrier, a microtiter
plate, a test tube, beads, particles, nanoparticles, or the like,
may be exemplified. As the particles, magnetic particles,
hydrophobic particles such as polystyrene latex, copolymer
latex particles having hydrophilic groups, such as an amino
group, a carboxyl group, and the like, on the surface,
erythrocytes, gelatin particles, or the like, may be exempli-
fied. Among them, magnetic particles are particularly pre-
ferred from the viewpoint of rapid and convenient B/F
separation, and more particularly, magnetic particles of
microparticles or the like, made of metals, such as ferric
oxide (Fe;0,), diiron trioxide (Fe,0,), various ferrites, iron,
manganese, nickel, cobalt, chromium, or the like; or alloys,
such as cobalt, nickel, manganese, or the like, may be
preferably used. Further, these magnetic particles in the form
that they are contained inside polymer latex such as poly-
styrene or the like, gelatin, liposomes or the like, or in the
form that they are immobilized on the surface, may be
preferably used.

[0030] The method of immobilizing the first antibody on
these insoluble carriers is known in the art. The immobili-
zation may be carried out by, for example, a physical
adsorption method, a covalent bonding method, an ionic
bonding method, or combinations thereof.

[0031] The substance for labeling is not particularly lim-
ited, so long as it is a substance for labeling that may be used
in a conventional immunological measuring method. For
example, an enzyme, a fluorescent substance, a radioactive
isotope, an insoluble particulate substance, or the like, may
be exemplified. As the enzyme for labeling, alkaline phos-
phatase, peroxidase, glucose oxidase, tyrosinase, acid phos-
phatase, or the like, may be exemplified. As the fluorescent
substance, fluorescein isothiocyanate (FITC), green fluores-
cent protein (GFP), luciferin, or the like, may be exempli-
fied. As the radioactive isotope, '*°1, 1*C, *2P, or the like,
may be exemplified.

[0032] In the case that the substance for labeling is an
enzyme, the substance for labeling can be measured by
carrying out a luminescence, fluorescence, or coloring reac-
tion using a substrate for the enzyme. In the case that the
enzyme is alkaline phosphatase, as the substrate, a chemi-
luminescent substrate, such as CDP-star (registered trade-
mark)(disodium 4-chloro-3- (methoxyspiro{1,2-dioxetane-
3,2' -(5'-chloro)tricyclo[3.3.1.1> 7]decan}-1-4-yl)phenyl
phosphate), CSPD (registered trademark)(disodium 3-(4-
methoxyspiro{1,2-dioxetane-3,2-(5"-chloro)tricyclo[3.3.1.
1** 7]decane}-4-yl)phenylphosphate), AMPPD (registered
trademark)(adamantyl methoxyphenyl phosphoryl dioxyc-
etane), APS-5, or the like; a fluorescent substrate, such as
4-methylumbelliferylphosphate or the like; a chromogenic
substrate, such as p-nitrophenyl phosphate, BCIP (5-bromo-
4-chloro-3-indolyl-phosphoric acid), NBT (4-nitro blue tet-
razolium chloride), INT (iodo-nitrotetrazolium), or the like,
may be used.

[0033] As the antibody that specifically binds to a sub-
stance to be measured, which may be used in the present
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invention, those skilled in the art may appropriately select
and use a known antibody. For example, an antibody that
specifically binds to sIL-2R is not particularly limited, so
long as it is a monoclonal antibody or polyclonal antibody
that recognizes the amino acid sequence, the three-dimen-
sional structure, or the like of sIL-2R as its epitope. For
example, antibody AM92.3 (manufactured by Pierce),
monoclonal antibody 7G7/B6 (manufactured by Pierce),
MAB223 (manufactured by R&D Systems), MAB623
(manufactured by R&D Systems), MAB1020 (manufac-
tured by R&D Systems), YNRhIL2R (manufactured by
SANTA CRUZ BIOTECHNOLOGY), IL2R.1 (manufac-
tured by Abcam), B-B10 (manufactured by Lifetechnolo-
gies), EPR6452 (manufactured by Genetex), OAPA00004
(manufactured by AVIVA system biology), DM254-05
(manufactured by Acris antibodies), or the like, may be
exemplified.

[0034] These antibodies may be prepared in accordance
with a known method. For example, in the case of sIL-2R,
an animal is immunized with sIL-2R purified from human T
cells, recombinant sIL-2R prepared in vitro, or the like, as an
antigen, to prepare an antibody, and further, its epitope may
be determined. The epitope means not only the minimum
region recognized by an antibody, but also a region identi-
fied as the recognizable region by an antibody. Further, an
antibody fragment such as Fab or the like, which may be
prepared by a known method, may be used. These antibodies
may be appropriately purchased from Genway Biotech,
Diaclone, Santa Cruz, R&D Systems, or the like.

[0035] In the case that two types of antibodies are used in
the measurement of the present invention, the antibodies are
not limited, so long as they can form an immunocomplex
with the substance to be measured (for example, sIL-2R)
contained in a biological sample, but it is preferable that the
epitopes recognized by the first antibody and the second
antibody are different from each other. Further, a monoclo-
nal antibody and a polyclonal antibody may be used as an
appropriate combination thereof. Further, each of the first
antibody and the second antibody is not limited to one kind
of antibody, and two or more antibodies may be used as each
thereof.

[0036] In the immunological measuring method described
above, the addition of a sulfated polysaccharide in the
present invention may be carried out so that the sulfated
polysaccharide is present at least during the first immuno-
complex formation (in the reaction solution) of the sub-
stance to be measured (for example, sIR-2R) and the anti-
body that specifically binds to the substance to be measured
(for example, sIR-2R). More particularly, the sulfated poly-
saccharide may be added simultaneously at the time of the
immunocomplex formation (in the reaction solution), or
may be added to the specimen before the immunocomplex
formation (before contact between the antibody and the
specimen containing the substance to be measured).

[0037] The sulfated polysaccharide to be added may be
prepared as a solution by dissolving it in a known buffer.
Besides the buffer, it may be prepared alone, or it may be
prepared together with a known substance(s) required in a
pretreatment of the specimen, or at the reaction. Since the
sulfated polysaccharide may be added at least during the
immunocomplex formation (in the reaction solution), as
described above, it may be contained in a buffer or the like
that can be present at that time. The buffer or the like that can
be present at the immunocomplex formation may be appro-



US 2019/0145965 A1l

priately selected depending on a measuring method and an
instrument used, but a specimen dilution solution, an anti-
body solution (a solution of antibody-immobilized particles,
a labeled-antibody solution, or the like), or the like, may be
exemplified. Further, the sulfated polysaccharide may be
added to multiple buffers.

[0038] As the sulfated polysaccharide in the present inven-
tion, dextran sulfate, f-cyclodextrin sulfate, N-acetyl hepa-
rin (NAH), N-acetyl-de-O-sulfated-heparin (NA-de-0-SH),
de-N-sulfated-heparin (De-NSH), de-N-sulfated-acetylated-
heparin (De-NSAH), periodic acid-oxidized heparin (POH),
chemical sulfated laminarin (CSL), chemical sulfated alg-
inic acid (CSAA). chemical sulfated pectin (CSP), heparin-
derived oligosaccharide (HDO), pentosan polysulfate (PPS),
fucoidan, and the like, may be exemplified. Preferably,
dextran sulfate and p-cyclodextrin sulfate may be exempli-
fied. The sulfated polysaccharide may be added in any form,
if it is provided so that it can exist as ions in the reaction
solution. For example, polysaccharide of sulfated chloride or
polysaccharide of sulfated bromide may be exemplified, and
more particularly, the coexistence with lithium chloride,
sodium chloride, potassium chloride, calcium chloride, mag-
nesium chloride, ammonium chloride, lithium bromide,
sodium bromide, potassium bromide, calcium bromide,
magnesium bromide, ammonium bromide, or the like, may
be exemplified, and sodium chloride is preferable.

[0039] The concentration of the sulfated polysaccharide in
the present invention, as the concentration at the time of the
immunocomplex formation, may be selected as an appro-
priately combination from the group consisting of more than
0.0000004%, 0.000004% or more, preferably 0.00004% or
more, more preferably 0.0004% or more, still more prefer-
ably 0.004% or more, still more preferably 0.04% or more,
still more preferably 0.01% or more, and still more prefer-
ably 0.02% or more; and 1% or less, preferably 0.4% or less,
and more preferably 0.04% or less. In the present invention,
regardless of the presence of sulfated polysaccharides in a
biological sample (for example, heparin in heparinized
plasma), the sulfated polysaccharide in the reaction solution
is allowed to exist in the above concentration range. In
connection with this, care must be taken, because if the
sulfated polysaccharide in the reaction solution is increased
too much, the antigen-antibody reaction is suppressed (in-
hibited) and desired measurement cannot be performed with
high accuracy. In order to stably measure sIL-2R in a
biological sample with high accuracy regardless of the type
of specimen in accordance with the present invention, it is
arange of design to determine the concentration to be added
depending on the amount of the substance to be measured
(for example, sIL-2R) contained in the specimen, and the
sulfated polysaccharide used. For example, 0.000004% or
more and 0.04% or less for dextran sulfate (molecular
weight: 20,000), 0.0004% or more and 0.04% or less for
dextran sulfate (molecular weight: 4,000), 0.02% or more
and 0.4% or less for p-cyclodextrin sulfate, and the like, may
be exemplified.

[0040] As shown in the Examples below, the concentra-
tion and the kind of the sulfated polysaccharide in the
present invention may be easily determined for those skilled
in the art, by preparing a blood sample to which heparin is
added (heparinized plasma) and other samples (a serum);
measuring the substance to be measured (for example,
sIL-2R) in each blood sample in the presence of several
different concentrations of sulfated polysaccharide; and
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determining the concentration range of the sulfated poly-
saccharide where measured values of both samples are
consistent with each other. That is to say, the concentration
and the kind of the sulfated polysaccharide in the present
invention may be selected from the concentration range
where a measured value obtained when using a blood
sample to which heparin as an anticoagulant is added
(heparinized plasma) is consistent with a measured value
obtained when using other samples (a serum). The fact that
measured values are consistent with each other means
concretely that the measured value (an optical count pro-
vided with a measurement instrument, a concentration cal-
culated using a standard, or the like) is within the range
between -10% and +10%. In general, it can be considered
clinically useful, if it is within the range.

[0041] The kit of the present invention may be used for
carrying out the method of the present invention, and
comprises an antibody that specifically binds to a substance
to be measured (for example, sIL-2R), and a buffer contain-
ing a sulfated polysaccharide.

[0042] As the antibody that specifically binds to a sub-
stance to be measured, a known antibody described above
may be used, and either a monoclonal antibody or a poly-
clonal antibody may be used. Further, an antibody fragment
maintaining a binding property specific to cardiac troponin,
for example, Fab, Fab', F(ab'),, or Fv, may be used in the kit.
[0043] Further, the antibody may be used in the kit as it is,
or in a form suitable for an immunological method used. For
example, it may be used in the kit, in a state of being
immobilized to a latex carrier, when using a latex aggluti-
nation method; in a state of being immobilized to magnetic
particles, when using a high sensitivity measuring method
using magnetic particles or the like; in a state of being
immobilized to a substrate, when using an immunochro-
matography or the like using a substrate; or in a state of
being labeled, when labeling with a labeling substance (an
enzyme, a fluorescent substance, a chemiluminescent sub-
stance, a radioactive isotope, biotin, or avidin) is necessary.
[0044] As mentioned above, as the buffer containing the
sulfated polysaccharide, for example, a specimen dilution
solution, an antibody solution (a solution of antibody-im-
mobilized particles or a labeled-antibody solution), or the
like, may be exemplified. The specimen dilution solution is
preferred.

[0045] The kit of the present invention can comprise an
instruction manual, in which explanation on the procedures
of the immunological measuring method using the kit of the
present invention, precautions concerning storage, handling,
and the like of the kit per se, or the like, are stated.

EXAMPLES

[0046] The present invention will now be further illus-
trated by, but is by no means limited to, the following
Examples.

[0047] Referential Example 1: Preparation of reagent for
measuring soluble interleukin-2 receptor and measurement.
[0048] Referential Example 1-1: Preparation of reagent
for measuring soluble interleukin-2 receptor and samples to
be measured.

[0049] A reagent for measuring a soluble interleukin-2
receptor (sIL-2R) was prepared.

[0050] Specimen dilution solution: A buffer containing 0.1
mol/L HEPES (8.0), 0.15 mol/L NaCl, and 0.05% Tween20
was used.
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[0051] First antibody solution: A magnetic-particle solu-
tion containing magnetic latex particles (JSR) on which a
mouse monoclonal antibody (manufactured by R&D Sys-
tems) that recognized sIL-2R was immobilized was used.
[0052] Second antibody solution: A labeled-antibody solu-
tion containing another mouse monoclonal antibody (manu-
factured by R&D Systems) that recognized sIL-2R and was
labeled with alkaline phosphatase (ALP) by a maleimide
method was used.

[0053] Luminescent substrate solution: CDP-star (manu-
factured by Applied Biosystems) was used.

[0054] B/F washing solution: A buffer containing 0.01
mol/l, MOPS (7.5), 0.15 mol/L NaCl, and 0.05% Triton
X-100 was used.

[0055] Samples to be measured (specimens): A serum and
heparinized plasma obtained from a healthy person in accor-
dance with a conventional method were used.

[0056] Referential Example 1-2: Measurement with
reagent for measuring soluble interleukin-2 receptor.
[0057] Measurement using automated clinical testing sys-
tem (STACIA: manufactured by LSI Medience Corpora-
tion).

[0058] STACTA special bottles were individually filled
with the above-prepared specimen dilution solution, first
antibody solution (magnetic latex reagent), and second
antibody solution (enzyme-labelled antibody reagent), and
were set in the instrument. The measurement was carried out
in accordance with the operation method of the instrument
as follows:

[0059] More particularly, 50 pL of the specimen dilution
solution was added to 5 puL. of a specimen, and heated at 37°
C. for 3.5 minutes, and then, 25 uL of the first antibody
solution (magnetic latex reagent) was added thereto, and
heated at 37° C. for 4.2 minutes. sIL-2R in the specimen was
reacted with the first antibody (magnetic latex) to form a
magnetic latex-sIL-2R complex. Next, 50 uL, of the second
antibody solution (enzyme-labelled antibody reagent) was
added thereto, and heated at 37° C. for 4.4 minutes. When
the second antibody solution (ALP-labeled antibody) was
added thereto, the ALP-labeled antibody was reacted with
the magnetic latex-sIL-2R complex to form a magnetic
latex-sIL-2R-ALP-labeled antibody complex. After unre-
acted antibodies and sIL-2R were removed by washing (B/F
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without polysaccharide but having sulfate group to reaction
solution on reactivity of sIL-2R.

[0061] The measurement was carried out in accordance
with Referential Example 1, except that any one of sulfated
polysaccharides, polysaccharides without a sulfate group, or
compounds without a polysaccharide but having a sulfate
group was added to the specimen dilution solution so as to
be the following concentrations in the reaction solution.

[0062] Sulfated polysaccharides: Dextran sulfate (molecu-
lar weight: 4000) was added to the specimen dilution
solution so as to be 0.04%. p-Cyclodextrin sulfate was
added to the specimen dilution solution so as to be 0.04%.

[0063] Polysaccharides without a sulfate group: Dextran
was added to the specimen dilution solution so as to be
0.04%. Cyclodextrin was added to the specimen dilution
solution so as to be 0.04%.

[0064] Compounds without a polysaccharide but having a
sulfate group: CHAPSO was added to the specimen dilution
solution so as to be 0.04%. Sodium octanoate was added to
the specimen dilution solution so as to be 0.04%. The
measurement was carried out in accordance with Referential
Example 1, except for the above.

[0065] The results are shown in Table 1. The value
obtained by dividing the count of the heparinized plasma by
the count of the serum and then multiplying it by 100 was
shown as heparinized plasma/serum. In the case of no
addition, it was found that the reactivity of the soluble
interleukin-2 receptor was different from each other,
between the serum and the heparinized plasma. Further, in
the case of polysaccharides having sulfate groups (sulfated
polysaccharides), such as dextran sulfate (molecular weight:
4000), (B-cyclodextrin sulfate, or the like, the reactivity in
the serum was consistent with that in the heparinized plasma
(heparinized plasma/serum was 99% or 100%), but in the
case of only polysaccharides without a sulfate group, such as
dextran, cyclodextrin, or the like, or compounds without a
polysaccharide but having a sulfate group, such as
CHAPSO, sodium octanoate, or the like, the reactivity in the
serum was inconsistent with that in the heparinized plasma
(heparinized plasma/serum was 130% to 138%). It was
shown that the addition of a polysaccharide having sulfate
groups was necessary to make the reactivity in the serum
consistent with that in the heparinized plasma.

TABLE 1

No  Dextran sulfate p-Cyclodextrin Dextran

Sodium

addition (4,000) sulfate (2,000) Cyclodextrin  CHAPSO  octanoate
Serum sample (count) 15544 21591 21328 16183 16156 15508 16224
Heparinized plasma serum 20779 21462 21310 21112 22316 20981 21349
(count)
heparinized plasma/serum 134% 99% 100% 130% 138% 135% 132%
separation), 100 uL of the luminescent substrate solution [0066] Example 2: Effect of addition of various sulfated

was added thereto. After a reaction at 37° C. for 2.7 minutes,
the amount of luminescence was measured. When CDP-Star
was added, CDP-Star was hydrolyzed by ALP contained in
the complex to emit light. In the detection, the luminescence
count of the chemiluminescent substrate detected by a
photomultiplier tube (PMT) was regarded as the measure-
ment result.

[0060] Example 1: Effect of addition of sulfated polysac-
charide, polysaccharide without sulfate group, or compound

polysaccharides to reaction solution on reactivity of soluble
interleukin-2 receptor.

[0067] The measurement was carried out in accordance
with Referential Example 1, except for the following
description.

[0068] Specimen dilution solution: A buffer containing 0.1
mol/L HEPES (8.0), 0.15 mol/LL NaCl, 0.05% Tween20, and
0.4 mmol/LL ethylenediaminetetraacetic acid was used.
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[0069] Dextran sulfate (molecular weight: 20,000) was
added to the specimen dilution solution so as to be each
concentration (0.0000004, 0.000004, 0.00004, 0.0004,
0.004, 0.04%) in the reaction solution.

[0070] Dextran sulfate (molecular weight: 4,000) was
added to the specimen dilution solution so as to be each
concentration (0.000004, 0.00004, 0.0004, 0.004, 0.04%) in
the reaction solution.

[0071] p-Cyclodextrin sulfate was added to the specimen
dilution solution so as to be each concentration (0.004, 0.01,
0.02, 0.04, 0.08, 0.2, 0.4%) in the reaction solution.
[0072] Standard: A dilution series obtained by diluting
recombinant sIL-2R so as to be 100000, 40000, 2500, 500,
and 0 U/mL was used. In this dilution, a buffer containing
0.05 mol/LL PBS (7.4), 0.05% Tween20, 0.1% BSA, and
0.05% sodium azide was used. The standard was used to
calculate each concentration (U/mL) from each lumines-
cence count in accordance with a known method.

[0073] The results are shown in Table 2. The value
obtained by dividing the concentration of the heparinized
plasma by the concentration of the serum and then multi-
plying it by 100 was shown as heparinized plasma/serum. In
the case of no addition, it was found that the reactivity of the
soluble interleukin-2 receptor was different from each other,
between the serum and the heparinized plasma.

[0074] As a result, when the range that was considered to
be consistent was defined as —10% to +10%, it was con-
firmed that the reactivity of the soluble interleukin-2 recep-
tor in the serum was consistent with that in the heparinized
plasma by adding 0.000004% or more of dextran sulfate
(molecular weight: 20,000), 0.0004% or more of dextran
sulfate (molecular weight: 4,000), or 0.004% or more of
[-cyclodextrin sulfate.

TABLE 2
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[0075] Comparative Example 1: Effect of addition of
polysaccharides without a sulfate group and compounds
without a polysaccharide but having a sulfate group to
reaction solution on reactivity of sIL-2R.

[0076] A polysaccharide without a sulfate group and a
compound without a polysaccharide but having a sulfate
group were simultaneously added to the reaction solution in
order to examine whether or not they exhibited reactivity
similar to sulfated polysaccharides. The measurement was
carried out in accordance with Referential Example 1,
except that a polysaccharide without a sulfate group and a
compound without a polysaccharide but having a sulfate
group were added to the specimen dilution solution so as to
be the following concentrations.

[0077] Compounds without a polysaccharide but having a
sulfate group: NDSB-195, NDSB-201, and NDSB-256 were
individually added to the specimen dilution solution so as to
be 0.385 mmol/L and 3.85 mmol/L.

[0078] Mixing of a compound without a polysaccharide
but having a sulfate group and a polysaccharide without a
sulfate group: NDSB-195 and dextran (molecular weight:
2000) were added to the specimen dilution solution so as to
be 3.85 mmol/LL and 0.19%, respectively.

[0079] The results are shown in Table 3. The value
obtained by dividing the concentration of the heparinized
plasma by the concentration of the serum and then multi-
plying it by 100 was shown as heparinized plasma/serum. As
a result, it was found that the measured value of the serum
was inconsistent with that of the heparinized plasma in the
case of the compounds without a polysaccharide but having
a sulfate group, and that the measured values were incon-
sistent with each other when the polysaccharide without a
sulfate group was further added thereto.

Dextran sulfate (molecular weight: 20,000)

Concentration of sulfated polysaccharide (%)

0 0.0000004%  0.000004%  0.00004% 0.0004% 0.004% 0.04%
Serum sample 119 185 224 259 259 270 271
(U/mL)
Heparinized plasma 142 223 223 247 252 266 267
serum (U/mL)
heparinized 119% 121% 100% 95% 97% 99% 99%
plasma/serum
Dextran sulfate (molecular weight: 4,000)
Concentration of sulfated polysaccharide (%)
0 0.000004%  0.00004% 0.0004%  0.004% 0.04%
Serum sample (U/ml.) 119 175 176 217 259 262
Heparinized plasma serum 142 217 217 235 245 249
(U/mL)
heparinized plasma/serum 119% 124% 123% 108% 95% 95%
p-Cyclodextrin sulfate
Concentration of sulfated polysaccharide (%)
0.000% 0.004% 0.01% 002% 0.04% 0.08% 0.2% 04%

Serum sample (U/ml.)
Heparinized plasma serum
(U/mL)

heparinized plasma/serum

119 147 161 173 170 180 192 191
142 149 174 175 168 162 174 189

119%  101%  108%  101% 99% 90%  91% 99%
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[0080] 1In the case of the coexistence of the polysaccharide
without a sulfate group and the compound without a poly-
saccharide but having a sulfate group, the effects similar to
those of the polysaccharides having sulfate groups in
Examples 1 and 2 were not obtained. It was an unexpected
result, because such high effects could be obtained in the
presence of the polysaccharide having sulfate groups, and
could not be obtained in the coexistence of the sulfate group
and the polysaccharide.
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[0094] The results are shown in Table 4. The value
obtained by dividing the concentration of the heparinized
plasma by the concentration of the serum and then multi-
plying it by 100 was shown as heparinized plasma/serum. In
the case of no addition, it was found that the reactivity of the
total PSA was different from each other, between the serum
and the heparinized plasma. Further, when the range that
was considered to be consistent was defined as -10% to
+10%, it was confirmed that the reactivity of the total PSA

TABLE 3
Compound
NDSB-195 +
No dextran
addition NDSB-195 NDSB-201 NDSB-256 (2000)
Concentration

— 3.8 mM 038 mM 3.8 mM 0385 mM 3.8 mM 038 mM 3.85 mM +0.19%
Serum sample (count) 5352 5476 5388 5317 3352 5390 5200 5822
Heparinized plasma serum 6619 6943 7173 6678 7143 7115 7055 7617
(count)
heparinized plasma/serum 124% 127% 133% 126% 133% 132% 136% 131%

[0081] Example 3: Effect of addition of sulfated polysac-
charide to reaction solution on reactivity of total PSA.
[0082] Example 3-1: Preparation of reagent for measuring
total PSA and samples to be measured.

[0083] A reagent for measuring total PSA was prepared.
[0084] Specimen dilution solution: A buffer containing 0.1
mol/L HEPES (8.0), 0.15 mol/L NaCl, and 0.05% Tween20
was used.

[0085] First antibody solution: A magnetic-particle solu-
tion containing magnetic latex particles (JSR) on which a
mouse monoclonal antibody (manufactured by Biospacific)
that recognized PSA was immobilized was used.

[0086] Second antibody solution: A labeled-antibody solu-
tion containing another mouse monoclonal antibody (manu-
factured by Biospacific) that recognized PSA and was
labeled with alkaline phosphatase (ALP) by a maleimide
method was used.

[0087] Luminescent substrate solution: CDP-star (manu-
factured by Applied Biosystems) was used.

[0088] B/F washing solution: A buffer containing 0.01
mol/l, MOPS (7.5), 0.15 mol/L, NaCl, and 0.05% Triton
X-100 was used.

[0089] p-Cyclodextrin sulfate was added to the specimen
dilution solution so as to be each concentration (0.002,
0.004, 0.008, and 0.031%) in the reaction solution.

[0090] Samples to be measured (specimens): A serum and
heparinized plasma obtained from a healthy person in accor-
dance with a conventional method were used.

[0091] Standard: A dilution series obtained by diluting
recombinant PSA so as to be 100, 50, 10, 1, and 0 ng/mL was
used. In this dilution, a buffer containing 0.01 mol/L, MOPS
(7.0), 0.15 mol/LL NaCl, 0.05% TritonX, and 0.05% Pro-
clin300 was used. The standard was used to calculate each
concentration (ng/ml) from each luminescence count in
accordance with a known method.

[0092] Example 3-2: Measurement with reagent for mea-
suring total PSA and results.

[0093] The measurement was carried out in a similar
fashion to Referential Example 1-2, expect that the subject
to be measured was total PSA.

in the serum was consistent with that in the heparinized
plasma by adding 0.002% or more of f-cyclodextrin sulfate.

TABLE 4

B-Cyclodextrin sulfate

Concentration of sulfated polysaccharide (%)

0.000% 0.031% 0.008% 0.004% 0.002%

Serum sample (ng/mL} 0.48 0.54 0.54 0.58 0.53
Heparinized plasma 0.56 0.58 0.58 0.59 0.54
serum (ng/mL)

heparinized plasma/ 116%  107%  106%  101%  103%
serum

INDUSTRIAL APPLICABILITY

[0095] According to the present invention, when a sub-
stance to be measured (for example, sIL-2R) is detected, in
particular, regardless of the type of specimen generally used
(a serum and heparinized plasma), it is possible to stably
obtain the measurement result with high accuracy, unaf-
fected by interfering substances in the specimen. Clinical
tests need to be measured conveniently and quickly, and they
are also measured not only in the laboratory but also in the
POCT field and the like. For example, when targeting blood
samples, considering the possibility of being able to be
measured under various circumstances, since the containers
used to collect the samples are diverse, regardless of the type
of obtained specimen, in particular, when a generally used
serum or heparinized plasma is used, the present invention
in which the measurement result can be stably obtained with
high accuracy is particularly useful.
[0096] Although the present invention has been described
with reference to specific embodiments, various changes and
modifications obvious to those skilled in the art are possible
without departing from the scope of the appended claims.

1. (canceled)

2. A method of reducing a difference in a method of
immunologically measuring a substance to be measured in a
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biological sample, said difference being the difference
between a measurenient value when using a blood sample to
which heparin is added as an anticoagulant and a measure-
ment value when using a serum, characterized in that an
immunocomplex between the substance to be measured and
an antibody that specifically binds to the substance to be
measured is formed in the presence of a sulfated polysac-
charide.

3. The method according to claim 2, wherein the sulfated
polysaccharide is dextran sulfate or B-cyclodextrin sulfate.

4. The method according to claim 2, wherein the sulfated
polysaccharide is contained in a solution for diluting speci-
men and/or an antibody solution.

5. The method according to claim 2, comprising the step
of B/F separation of the formed immunocomplex.

6. The method according to claim 2, comprising bringing
the substance to be measured into contact with a first
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antibody and a second antibody that specifically bind to the
substance to be measured, and measuring the immunocom-
plex formed by an antigen-antibody reaction.

7. The method according to claim 2, wherein the sub-
stance to be measured is soluble interleukin-2 receptor or
prostate specific antigen.

8. A kit for measuring a substance to be measured, for the
method according to claim 2, said kit comprising an anti-
body that specifically binds to the substance to be measured,
and a buffer containing a sulfated polysaccharide.

9. The kit according to claim 8, comprising an antibody
carried on a magnet particle, as the antibody that specifically
binds to the substance to be measured.

10. The kit according to claim 8, wherein the substance to
be measured is soluble interleukin-2 receptor or prostate
specific antigen.



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH %5
CPCHRF
£ 54X
SNEREESE

BEGF)

ERABREAL SR RN EE

US20190145965A1 K (nE)R
US16/092684 g H
=EFEERHKRI a4t

LSI MEDIENCE CORPORATION

LSI MEDIENCE CORPORATION

SHIMIZU RYUHEI
SHOJI KEIICHI
ZHANG XU

SHIMIZU, RYUHEI
SHOJI, KEICHI
ZHANG, XU

GO1N33/53

patsnap

2019-05-16

2017-04-12

GO01N33/5306 GO1N33/54333 GO1N2400/18 GO1N2400/22 GO1N2400/40

2016080660 2016-04-13 JP

Espacenet USPTO

FRAMEENIRA , flMEE RO S MERFRLMmRE , —
MSTZER  HEMHE RPN (W, sIL-2R ) HWERNET
NEFERRARET —HRBUSEERELRENANZ  EFR
HEPHNTHYROEE, ERBRICSENFETERSUIRNER
HEEFNNRNRECANERESY. ZRF SRR MEEE

AR TEN S BERERAL S R B R

[*R%

[ABLET
Vo Desnmstie fCdodeton Dntrn Suftm
il A0 e 00 Oulodern CHSO. e
Sk lon) UMM W WE % 1 16
Rewnmedpsmesenm 209 0480 W0 W M M I
ol
e D% W% R Bh D% % 1%



https://share-analytics.zhihuiya.com/view/856fc8f6-467c-4e2a-9858-20ed6dda6e22
https://worldwide.espacenet.com/patent/search/family/060042142/publication/US2019145965A1?q=US2019145965A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190145965%22.PGNR.&OS=DN/20190145965&RS=DN/20190145965

