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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a method for quantifying cholesterol in high-density lipoprotein 2 (which may be
hereinafter referred to as "HDL2") (cholesterol in HDL2 may be hereinafter referred to as "HDL2 cholesterol"), and to the use of a
reagent kit therefor.

BACKGROUND ART

[0002] Since high-density lipoprotein (HDL) receives cholesterol from various tissues including walls of blood vessels with
arteriosclerosis, it is involved in the action of efflux of cholesterol accumulated in cells. Therefore, HDL cholesterol is also called
the reverse cholesterol transport system. High-density lipoprotein is known to have negative correlation with arteriosclerotic
diseases such as coronary arteriosclerosis. Accordingly, an HDL value lower than a predetermined lower limit is regarded as an
indication of hyperlipidemia, and the value is known to be useful as an index of arteriosclerosis.

[0003] HDL is constituted by apoprotein, phospholipid, cholesterol and neutral fat. HDL has a density of d=1.063 to 1.210 g/mL,
and can be divided into two fractions, that is, HDL2, wherein d=1.063 to 1.125g/mL, and HDL3, wherein d=1.125 to 1.210 g/mL. A
notch is found at the portion of d=1.125 g/mL in the distribution curve of lipoprotein, and the part having higher densities in the
curve corresponds to HDL3. Alternatively, HDL can be divided into subfractions based on the content of apolipoprotein E among
the apoproteins in HDL, and HDLs having higher contents of apoE are defined as apoE-rich HDLs.

[0004] Conventionally, HDL is known to function not only as a whole but also as the individual HDL2 and HDL3 subfractions
having different functions. HDL2 is known to have an antiatherogenic action. It is clinically known that CETP deficiency prevents
metabolism of HDL to LDL or IDL, leading to an increase in the HDL cholesterol level. It is also said that the HDL increased by
CETP deficiency is HDL2. Further, it is also said that CETP deficiency causes an increase in apoE-rich HDL, and that, since Apo-
E-rich HDL has a strong cholesterol-efflux ability and antiplatelet action, it is a better HDL among HDLs. Further, a decrease in the
hepatic lipase activity prevents conversion of HDL3 to HDL2, resulting in an increase in HDL3. That is, the ratios of subfractions of
HDL may vary depending on the clinical condition, and measurement of HDL alone hardly allows detection of such changes. In
view of such tendencies, it is expected that measurement of each of the HDL subfractions may contribute to judgment of whether
or not a patient is suffering from a disease such as arteriosclerosis or hyperlipidemia, and of the cause of the disease. Further, at
present, in view of these functions of HDL subfractions, manufacturers are developing therapeutic agents that inhibit the function
of CETP, decrease the LDL cholesterol level, and increase the HDL cholesterol level.

[0005] Establishment of a simple method for measuring the HDL subfractions may lead to detailed elucidation of their functions,
and to their therapeutic effects in the future.

[0006] Examples of the methods for measuring HDL subfractions that are known at present include ultracentrifugation, high-
performance liquid chromatography (HPLC), HDL3 precipitation (Patent Document 1) and NMR.

[0007] In ultracentrifugation, fractionation is carried out utilizing the difference in the density of lipoprotein. This method has
drawbacks in that the operation requires a skill; the method takes many days; and the cost is high. In the method by Okazaki et al.
wherein HPLC is used for separating HDL2 and HDL3, the operation takes a long time, and special equipment is required. HDL3
precipitation is a method wherein a reagent containing a divalent metal ion and dextran sulfate is used to aggregate lipoproteins
other than HDL3, and HDL3 in the supernatant portion is recovered by centrifugation and measured using an automatic analyzer.
This method is not widely used since the method has drawbacks in that the operation of this method also requires a skill; the
method is a manual method; the method requires an operation of sample pretreatment; and a certain length of time is required
before measurement. Further, NMR, which is a method wherein the number of particles of lipoprotein is measured by nuclear
magnetic resonance, is not commonly employed since the method requires special equipment.

[0008] There is a method for analyzing HDL subtractions (Patent Document 2). Although this method enables measurement with
a general purpose automatic apparatus, the method employs a method wherein a surfactant is used to prevent an enzyme from
acting on lipoproteins other than HDL3. By measuring HDL3 and subtracting the value of HDL3 from total HDL, HDL2 can be
measured, but the method does not directly measure HDL2.
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[0009] Thus, as an alternative to the above methods, a reagent that enables simple and more selective quantification of
cholesterol in HDL2 needs to be invented.

PRIOR ART DOCUMENTS

[Patent Documents]

[0010]
[Patent Document 1] JP 2009-207463 A

[Patent Document 2] JP 2001-346598 A

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a method for quantifying HDL2 cholesterol in a test sample without
requiring laborious operations.

PROBLEMS TO BE SOLVED BY THE INVENTION

[0012] An object of the present invention is to provide a method for quantifying HDL2 cholesterol in a test sample without
requiring laborious operations. Another object of the present invention is to provide a reagent kit for quantification of HDL2 using
the method of the present invention.

MEANS FOR SOLVING THE PROBLEMS

[0013] As a result of intensive study, the present inventors found conditions where phospholipase acts on HDL2 but hardly acts
on HDL3 among HDLs, and discovered a method in which HDL2 can be preferentially measured by utilizing phospholipase. This
was then experimentally confirmed to be realizable, to complete the present invention.

[0014] That is, the present invention provides a method for quantifying cholesterol of HDL2, which method comprises allowing
phospholipase to act on HDL and quantifying cholesterol. Further, the present invention provides use of a kit for quantifying
cholesterol in high-density lipoprotein 2 by the above method of the present invention, which kit comprises phospholipase C
and/or phospholipase D. Further, the present invention provides a method for quantifying high-density lipoprotein 2 cholesterol in
a test sample, which method comprises: a first step of transferring cholesterols other than high-density lipoproteins in a test
sample to the outside of the reaction system; and a second step of quantifying high-density lipoprotein 2 cholesterol among the
high-density lipoproteins remaining in the reaction system; wherein the second step is carried out by the above method of the
present invention.

EFFECT OF THE INVENTION

[0015] By the present invention, HDL2 cholesterol in a test sample can be specifically quantified with an automatic analyzer
without requirement of laborious operations such as ultracentrifugation or pretreatment. Further, quantification of the HDL3
cholesterol level can also be carried out by subtracting the HDL2 cholesterol level from the total HDL cholesterol level obtained by
a conventional method for quantifying the total HDL cholesterol in a test sample.

BEST MODE FOR CARRYING OUT THE INVENTION
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[0016] As described above, the method for quantifying HDL2 cholesterol of the present invention comprises allowing
phospholipase to act on HDL and then quantifying cholesterol. By applying this quantification method to a sample prepared by
separating a test sample from a living body and then preliminarily removing cholesterol in lipoproteins other than HDLs therefrom,
HDL2 cholesterol in the test sample can be quantified. That is, HDL2 cholesterol in a test sample can be quantified by application
of the above-described method of the present invention as the second step of a method for quantifying HDL2 cholesterol in a test
sample, which method for quantifying HDL2 cholesterol comprises: a first step of transferring cholesterols other than HDLs in a
test sample to the outside of the reaction system; and a second step of quantifying HDL 2 cholesterol among the HDLs remaining
in the reaction system. This two-step method is described below. It should be noted that, although the two-step method is
described below, the second step of this two-step method is the method of the present invention (however, the two-step method
itself is also the method of the present invention). Further, the first step described below is not necessarily required for carrying
out the method of the present invention, and HDL2 cholesterol in a test sample can also be quantified by separating a test sample
from a living body and removing only HDLs therefrom by another known method such as ultracentrifugation, followed by
application of the method of the present invention to the HDLs (the second step described below). However, in this case,
cholesterol oxidase and cholesterol esterase, which are required for quantification of cholesterol, need to be further supplied (in
the two-step method described below, the cholesterol oxidase and cholesterol esterase used in the first step can be continuously
used in the second step).

[0017] The test sample to be subjected to the method of the present invention is not limited as long as HDL2 cholesterol in the
sample is to be quantified. The sample is preferably serum or blood plasma, or a dilution thereof. Serum or a dilution thereof is
especially preferred.

[0018] The HDL2 to be measured by the present invention corresponds to larger HDL particles among the HDLs, such as the
portion having densities of d=1.063 to 1.125 g/mL or particle sizes of 12.1 to 16 nm. However, these definitions are merely
distinctions among HDLs, which have a continuous distribution, and the above-described values do not clearly limit the clinical
significance. Since some general reports also use different distinctions in terms of the density, the HDLs in the large-particle side
roughly within the above-described range are regarded as HDLZ2. In the large-particle side, apoE-rich HDLs and the like are also
included in the range of measurement of the present invention.

[0019] In the first step of the present invention, a cholesterol-reactive enzyme(s) such as cholesterol esterase, cholesterol
oxidase and/or cholesterol dehydrogenase, in addition to phospholipase, lipoprotein lipase and/or the like are added to the test
sample to allow the reaction to proceed. Each of the phospholipase and lipoprotein lipase may be added either as a single
enzyme or as a mixture of 2 or more types of the enzyme. In addition, a surfactant(s) may be used in the first step, and the above-
mentioned enzymes and the surfactant(s) may be used in combination.

[0020] In the first step of the method of the present invention, cholesterol of the lipoproteins other than HDLs are transferred to
the outside of the reaction system by the action of cholesterol esterase and/or the like. The term "transferred to the outside of the
reaction system" herein means that cholesterol and esters thereof are eliminated or protected such that the cholesterol and
esters thereof are not involved in the later steps.

[0021] The term "eliminate" herein means that cholesterol of lipoprotein in the test sample is degraded such that the cholesterol
does not act on the reaction for measurement of cholesterol in a later step. Examples of the method for eliminating lipoprotein
cholesterol include a method wherein cholesterol esterase and cholesterol oxidase are allowed to act on the cholesterol, followed
by dissociation of the produced hydrogen peroxide into water and oxygen using catalase. Alternatively, a hydrogen donor may be
reacted with the produced hydrogen peroxide using peroxidase to cause conversion to a colorless quinone. The method for
eliminating lipoprotein cholesterol is not limited to these. The method of eliminating cholesterol per se is well-known in the art.

[0022] The term "protection” means to protect lipoprotein in the test sample such that the lipoprotein does not react upon
cholesterol measurement in a later step. Examples of the method of protection of lipoprotein include, but are not limited to, a
method wherein a surfactant is used to specifically protect each lipoprotein such that cholesterol esterase and cholesterol oxidase
do not act on the lipoprotein.

[0023] In the first step, by preliminarily adding, individually or at the same time, an enzyme system and a surfactant for
transferring the cholesterol to the outside of the reaction system, both steps can be carried out at the same time as a single step.

[0024] In the first step, in cases where cholesterol esterase and cholesterol oxidase are used, the concentration (the
concentration means the final concentration unless otherwise specified in the present specification) of cholesterol esterase is
preferably about 0.1 to 10.0 U/mL, more preferably about 0.2 to 2.0 U/mL. The concentration of cholesterol oxidase is preferably
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about 0.05 to 10.0 U/mL, more preferably about 0.1 to 1.0 U/mL. The cholesterol esterase is not restricted as long as it acts on
ester-type cholesterol, and examples of the cholesterol esterase which may be used include commercially available products such
as cholesterol esterase (CEBP, CEN) manufactured by Asahi Kasei Corporation, cholesterol esterase (COE-311, COE-313)
manufactured by Toyobo Co., Ltd., and cholesterol esterase (CHE-XE) manufactured by Kikkoman Co., Ltd. The cholesterol
oxidase is not restricted as long as it acts on free cholesterol, and examples of the cholesterol oxidase which may be used include
commercially available products such as cholesterol oxidase (CONIl) manufactured by Asahi Kasei Corporation, cholesterol
oxidase (COO-311, CO0-321, CO0O-331) manufactured by Toyobo Co., Ltd., and cholesterol oxidase (CHO-CE, CHO-PEWL,
CHO-BS) manufactured by Kikkoman Co., Ltd.

[0025] In cases where cholesterol dehydrogenase is used, it is used at a concentration of preferably 0.01 to 200 U/mL, more
preferably 0.1 to 100 U/mL. The cholesterol dehydrogenase is not restricted as long as it is an enzyme having an ability to oxidize
cholesterol and to reduce an oxidized coenzyme. Examples of the cholesterol dehydrogenase that may be used include
commercially available products such as cholesterol dehydrogenase (CHDH-5) manufactured by Amano Enzyme Inc.

[0026] Phospholipase and/or lipoprotein lipase may be further added, and, in such a case, the enzyme is used at a
concentration of preferably about 0.01 to 0.5 U/mL, more preferably 0.02 to 0.5 U/mL. Examples of the lipoprotein lipase or
phospholipase that may be used include commercially available products such as lipoprotein lipase (LPL-311 and LPL-314)
manufactured by Toyobo Co., Ltd., lipoprotein lipase (LPL-3 and the like) manufactured by Amano Enzyme Inc., and lipoprotein
lipase (LPBP, LP and the like) manufactured by Asahi Kasei Corporation. Examples of the phospholipase that may be used
include sphingomyelinase (SPC), and phospholipase A2 (PLA2L), phospholipase D (PLD or PLDP or PLDPV) and phospholipase
C (PLC), which are phospholipases, manufactured by Asahi Kasei Corporation. However, in cases where sphingomyelinase is
used, the final concentration of sphingomyelinase is preferably about 0.05 to 50 U/mL, more preferably 0.1 to 30 UmL. The
sphingomyelinase is not limited as long as it acts on sphingomyelin, and may also have activities on components constituting
phospholipids other than sphingomyelin, such as phosphatidyl inositol. Since phospholipase has only a small influence on HDL2
but can act on lipoproteins other than HDLs under the conditions in the first step including the phospholipase concentration, it
allows easy transfer of lipoproteins other than HDLs to the outside of the reaction system.

[0027] In cases where a surfactant is added, it is added at a concentration of preferably 0.001 to 5.0% by weight, more
preferably 0.002 to 3.0% by weight. Examples of the surfactant include, but are not limited to, anionic surfactants such as
polyoxyethylene alkyl ether sodium sulfate; and nonionic surfactants such as polyoxyethylene-polyoxypropylene condensates,
amide nonions, polyoxyethylene nonylphenyl ether, and polyoxyethylene polycyclic phenyl ether having an HLB value of 14 to 17.
Specific examples of the surfactant include Pluronic P123 (ADEKA), Pluronic F68 (ADEKA), Pluronic F88 (ADEKA), Levenol WX
(Kao Corporation), Nonion HS220 (NOF Corporation), Nymid MT-215 (NOF Corporation), Newcol-723 (Nippon Nyukazai Co., Ltd.),
Newcol-2614 (Nippon Nyukazai Co., Ltd.) and Newcol-714 (Nippon Nyukazai Co., Ltd.).

[0028] As the reaction liquid to be used in the first step, various buffers used in normal biochemical reactions may be used, and
the pH is preferably 5 to 8. The solution is preferably Good's, Tris, phosphate or glycine buffer solution, and is preferably a
Good's buffer bis(2-hydroxyethyl)iminotris(hydroxyethyl)methane (Bis-Tris), piperazine-1,4-bis(2-ethanesulfonic acid) (PIPES),
piperazine-1,4-bis(2-ethanesulfonic acid) 1.5 sodium salt monohydrate (PIPES 1.5Na), 2-hydroxy-3-morpholinopropanesulfonic
acid (MOPSO), N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES), 2-[4-(2-hydroxyethyl)- 1-piperaznyl]ethanesulfonic acid
(HEPES) or piperazne-1,4-bis(2-hydroxy-3-propanesulfonic acid) (POPSO).

[0029] In the first step, a monovalent and/or divalent cation(s) and/or a salt(s) thereof may be added in order to easily distinguish
the lipoproteins other than HDLs. Specific examples thereof that may be used include sodium chloride, potassium chloride,
manganese chloride, calcium chloride, ammonium chloride, magnesium sulfate, potassium sulfate, lithium sulfate, ammonium
sulfate and magnesium acetate. The concentration is preferably 1 to 50.0 g/L, more preferably 5 to 30 g/L.

[0030] The reaction temperature in the first step is preferably about 25 to 40°C, more preferably 35 to 38°C, most preferably
37°C. The reaction time is not restricted, and is usually about 2 to 10 minutes.

[0031] Although the first step may be carried out in the absence of a surfactant, an enzyme such as sphingomyelinase may be
used in combination with a surfactant.

[0032] Also in cases where the first step is carried out in the presence of a surfactant, the reaction conditions (reaction
temperature, time, buffer and the like) are as described above.

[0033] In the subsequent second step, cholesterol in HDL2 among the HDLs remaining in the reaction system is quantified. This
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is carried out by allowing phospholipase to act on the HDLs remaining in the reaction system to preferentially measure the
cholesterol in HDL2.

[0034] The phospholipase used in the second step acts on at least glycerophospholipid, and further preferably has activity on
phosphatidyl choline. The phospholipase may also have activity on lysophospha ethanolamine and the like other than
phosphatidyl chaline, and/or sphingomyelin, ceramide and the like other than glycerophospholipids. As the phospholipase, a
commercially available product may be used, and specific examples of the phospholipase that may be used include
phospholipase A2 (PLA2L), phospholipase C (PLC), phospholipase D (PLD or PLDP or PLDPV) and lysophospholipase (LYPL)
manufactured by Asahi Kasei Corporation. Phospholipase C and phospholipase D are especially preferred.

[0035] In cases where phospholipase is used in the second step, either a single type or a combination of a plurality of types of
phospholipase may be allowed to act in the step. The concentration of phospholipase (final concentration, in cases where two or
more types of phospholipase are used in combination) is preferably 0.5 to 200 U/mL, more preferably 1.0 to 100 U/mL, still more
preferably 3.0 to 50 U/mL. In cases where phospholipase is used in the first step, the concentration of phospholipase used in the
second step is higher than that in the first step.

[0036] In the second step, cholesterol is quantified utilizing the action of phospholipase and/or the like. Methods of quantification
itself of cholesterol are well known, and any of the well known methods may be used. A specific description is also given in the
Examples below. For example, ester-type cholesterol in lipoprotein is hydrolyzed with cholesterol esterase to produce free
cholesterol and a fatty acid, and the produced free cholesterol and free cholesterol inherently existing in the lipoprotein are
converted using cholesterol oxidase to generate cholestenone and hydrogen peroxide. A quinone pigment is then formed in the
presence of peroxidase, and quantified. Examples of the compounds that generate a quinone pigment include HDAOS (N-(2-
hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline), DAOS (N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline) or TOOS (N-ethyl-
N-(2-hydroxy-3-sulfopropyl)-3-methylaniline) and 4-aminoantipyrine, but the compound is not restricted as long as the
combination allows generation of a quinone pigment. In cases where cholesterol esterase and cholesterol oxidase are used in the
first step, the cholesterol esterase and cholesterol oxidase used in the first step may be used as they are in the second step,
without further addition thereof.

[0037] In cases where cholesterol esterase and cholesterol oxidase are used as enzymes reactive with cholesterol for measuring
cholesterol, the enzymatic reaction generates hydrogen peroxide. By measuring the absorbance, at a wavelength of 400 to 700
nm, of the pigment formed from the generated hydrogen peroxide by coupling reaction between a hydrogen donor and a
hydrogen receptor in the presence of peroxidase, cholesterol in HDL2 can be quantified.

[0038] In cases where cholesterol esterase and cholesterol dehydrogenase are used as enzymes reactive with cholesterol for
measuring cholesterol, the enzymatic reaction generates NAD(P)H from NAD(P). By measuring the absorbance of the generated
NAD(P)H at a wavelength of 330 to 400 nm, cholesterol in HDL2 can be quantified.

[0039] The concentration of the compound for generation of a quinone pigment is preferably about 0.5 to 2.0 mmol/L in the case
of HDAOS, or 0.1 to 2.0 mmol/L in the case of 4-aminoantipyrine. The concentration of peroxidase is preferably 0.4 to 5.0 U/mL.
In the process wherein hydrogen peroxide produced in the first step is decomposed using catalase, a catalase inhibitor sodium
azide is used in the second step by inclusion in the reaction liquid. The concentration of sodium azde in this case is usually about
0.1 g/Lto 1.0 g/L.

[0040] In cases where peroxidase is used in the first step, the concentration of peroxidase is preferably about 2.0 to 5.0 U/mL,
more preferably about 3.0 to 4.0 UmL. In cases where a compound that is converted to colorless quinone is used, the
concentration of the compound is preferably about 0.4 to 0.8 mmol/L.

[0041] The second step does not necessarily require the presence of a surfactant, and a surfactant may be either added or not
added. In cases where a surfactant is added, a surfactant that can be used in the first step is added at a concentration which is

the same as, or lower than, the concentration in the first step.

[0042] The other reaction conditions for the second step (reaction temperature, time, buffer, pH and the like) may be the same
as the reaction conditions for the first step described above.

[0043] The above-described methods for measuring HDL2 cholesterol by the first step and the second step may be combined to
provide a reagent kit comprising the reagents described above.

[0044] Further, it is also possible to determine the HDL3 cholesterol level in the test sample by subtracting the HDL2 cholesterol
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level obtained by the first step and the second step, from the HDL cholesterol level in the test sample. Since the method for
determining the HDL cholesterol level in a test sample is well known (for example, JP 2001-103998 A), and kits for the method are
commercially available, the HDL cholesterol level can be easily quantified using these.

[0045] The present invention will now be described more concretely by way of Examples below. However, the present invention is
not limited to the Examples below.

EXAMPLE 1

[0046] HDL2 and HDL3 were recovered by ultracentrifugation, and Formulated Reagent A described below as the first step and
Formulated Reagent | as the second step were used in combination to allow the reaction to proceed, to see whether the reaction
occurs more specifically to HDL2 than HDL3 by use of phospholipase D in the second step. That is, more specifically, this method
was carried out as follows. Ultracentrifugation is a method to prepare the fractions of CM, LDL, HDL2, HDL3 and the like based on
the difference in the density of lipoprotein in a test sample such as serum, using a sodium bromide solution or the like. In the
Examples of the present patent, the HDL2 fraction is a fraction comprising lipoproteins having densities of d=1.063 to 1.125 g/mL,
and the HDL3 fraction is a fraction comprising lipoproteins having densities of d=1.125 to 1.210 g/mL. In the measurement, 150
uL of the formulated reagent for the first step is mixed with 2 pL of the ultracentrifugation fraction, and the reaction was allowed to
proceed at 37°C for 5 minutes, followed by mixing 50 pL of the formulated reagent for the second step therewith and allowing the
reaction to proceed at 37°C for 5 minutes. In terms of the wavelengths, a primary wavelength of 600 nm and a secondary
wavelength of 700 nm were used.

[0047] By dividing the measured absorbance for HDL2 by the absorbance for HDL3, the ratio of reactivity between HDL2 and
HDL3 was calculated, and the ratio was compared to that in a case where an HDL reagent was used in the test. The results are
shown in Table 1. As the HDL reagent, HDL-EX, manufactured by Denka Seiken Co., Ltd., was used in the present Example.

Formulated Reagent A

[0048]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/mL
Cholesterol oxidase 0.8 U/mL

Pluronic F68 0.2 g/L

Formulated Reagent |

[0049]

BES buffer 100 mmol/L pH7.0
Sodium azide 0.1%
4-Aminoantipyrine 4.0 mmol/L
Peroxidase 2.4 U/mL

Phospholipase D (PLDP) 1.0 U/mL
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[Table 1]

Absorbance (mAbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 60.5 60.0 1.0
Formulated Reagent A, Formulated Reagent | 55.2 7.0 79

[0050] The ratio observed with the formulated reagents was higher than that observed with the HDL reagent, and the results
indicate that use of phospholipase D allows more preferential measurement of HDL2 than use of the HDL reagent.

EXAMPLE 2

[0051] In the same manner as in Example 1, HDL2 and HDL3 were recovered by ultracentrifugation, and Formulated Reagent B
or C described below as the first step and Formulated Reagent | as the second step were used in combination to allow the
reaction to proceed. By dividing the measured absorbance for HDL2 by the measured absorbance for HDL3, the ratio of reactivity
between HDL2 and HDL3 was calculated, and the obtained ratio was compared to that in a case where an HDL reagent was used
in the test. The results are shown in Table 2. As the HDL reagent, HDL-EX, manufactured by Denka Seiken Co., Ltd., was used in

the present Example.

Formulated Reagent B

[0052]
BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/'mL
Cholesterol oxidase 0.8 U/mL
Pluronic F68 0.25 g/L

Sphingomyelinase 0.5 U/mL

Formulated Reagent C

[0053]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/mL
Cholesterol oxidase 0.8 U/mL

Pluronic F68 0.25 g/L
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Sphingomyelinase 1.0 U/mL

Formulated Reagent |

[0054]
BES buffer 100 mmol/L pH7.0
Sodium azide 0.1%
4-Aminoantipyrine 4.0 mmol/L
Peroxidase 2.4 U/mL

Phospholipase D (PLDP) 1.0 U/mL

[Table 2]

Absorbance (mAbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 60.5 60.0 1.0
Formulated Reagent B, Formulated Reagent | 62.5 8.2 7.6
Formulated Reagent C, Formulated Reagent | 63.1 8.4 7.5

[0055] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use of sphingomyelinase in the first step, followed by use of phospholipase D in the second step, allows more
preferential measurement of HDL2 than use of the HDL reagent.

EXAMPLE 3

[0056] In the same manner as in Example 1, HDL2 and HDL3 were recovered by ultracentrifugation, and Formulated Reagent D,
E or F described below as the first step and Formulated Reagent | as the second step were used in combination to allow the
reaction to proceed, to see whether the reaction occurs more specifically to HDL2 than HDL3 by use of phospholipase D in the
first step at a lower concentration than in the second step, followed by use of phospholipase D also in the second step. After
obtaining the results, the absorbance for HDL2 was divided by the absorbance for HDL3 to calculate the ratio of reactivity
between HDL2 and HDL3, and the obtained ratio was compared to that in a case where an HDL reagent was used in the test. The
results are shown in Table 3. As the HDL reagent, HDL-EX, manufactured by Denka Seiken Co., Ltd., was used in the present
Example.

Formulated Reagent D

[0057]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/mL

Cholesterol oxidase 0.8 U/mL



Pluronic F68 0.25 g/L

Phospholipase D (PLDP) 0.1 U/mL

Formulated Reagent E

[0058]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/'mL
Cholesterol oxidase 0.8 U/mL
Pluronic F68 0.25 g/L

Phospholipase D (PLDP) 0.3 U/mL

Formulated Reagent F

[0059]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/mL
Cholesterol oxidase 0.8 U/mL
Pluronic F68 0.25 g/L

Phospholipase D (PLDP) 0.5 U/mL

Formulated Reagent |

[0060]

BES buffer 100 mmol/L pH7.0
Sodium azide 0.1 %
4-Aminoantipyrine 4.0 mmol/L

Peroxidase 2.4 U/mL
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Phospholipase D (PLDP) 1.0 U/mL
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[Table 3]

Absorbance (mAbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 60.5 60.0 1.0
Formulated Reagent D, Formulated Reagent | 51.2 6.8 7.5
Formulated Reagent E, Formulated Reagent | 43.8 6.7 6.5
Formulated Reagent F, Formulated Reagent | 40.2 6.3 6.4

[0061] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the

results indicate that use of phospholipase D in the first step at a lower concentration than in the second step, followed by use of

phospholipase D also in the second step, allows more preferential measurement of HDL2 than use of the HDL reagent

EXAMPLE 4

[0062] In the same manner as in Example 1, HDL2 and HDL3 were recovered by ultracentrifugation, and Formulated Reagent G
or H described below as the first step and Formulated Reagent | as the second step were used in combination to allow the
reaction to proceed, to see whether the reaction occurs more specifically to HDL2 than HDL3 by use, in the first step, of
sphingomyelinase, and phospholipase D at a lower concentration than in the second step, followed by use of phospholipase D
also in the second step. After obtaining the results, the absorbance for HDL2 was divided by the absorbance for HDL3 to
calculate the ratio of reactivity between HDL2 and HDL3, and the obtained ratio was compared to that in a case where an HDL
reagent was used in the test. The results are shown in Table 4. As the HDL reagent, HDL-EX, manufactured by Denka Seiken

Co., Ltd., was used in the present Example.

Formulated Reagent G

[0063]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/mL
Cholesterol oxidase 0.8 U/mL
Pluronic F68 0.25 g/L
Sphingomyelinase 0.5 U/mL

Phospholipase D (PLDP) 0.1 U/mL

Formulated Reagent H

[0064]

BES buffer 100 mmol/L pH 6.6
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HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/mL
Cholesterol oxidase 0.8 U/mL
Pluronic F68 0.25 g/L
Sphingomyelinase 0.5 UmL

Phospholipase D (PLDP) 0.3 U/mL

Formulated Reagent |

[0065]

BES buffer 100 mmol/L pH 7.0
Sodium azide 0.1%
4-Aminoantipyrine 4.0 mmol/L
Peroxidase 2.4 U/mL

Phospholipase D (PLDP) 1.0 U/mL

[Table 4]
Absorbance (mAbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 60.5 60.0 1.0
Formulated Reagent G, Formulated Reagent | 51.6 76 6.8
Formulated Reagent H, Formulated Reagent | 26.4 7.3 3.6

[0066] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use, in the first step, of sphingomyelinase, and phospholipase D at a lower concentration than in the second
step, followed by use of phospholipase D also in the second step, allows more preferential measurement of HDL2 than use of the
HDL reagent.

EXAMPLE 5

[0067] In the same manner as in Example 1, the HDL2 and HDL3 fractions were recovered by ultracentrifugation, and
Formulated Reagent B described below as the first step and Formulated Reagent J or K described below as the second step were
used in combination to allow the reaction to proceed, to see whether the reaction occurs more specifically to HDL2 than HDL3 by
use of sphingomyelinase in the first step, followed by use of phospholipase C in the second step. After obtaining the results, the
absorbance for HDL2 was divided by the absorbance for HDL3 to calculate the ratio of reactivity between HDL2 and HDL3, and
the obtained ratio was compared to that in a case where an HDL reagent was used in the test. The results are shown in Table 5.
As the HDL reagent, HDL-EX, manufactured by Denka Seiken Co., Ltd., was used in the present Example.

Formulated Reagent B
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[0068]
BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/'mL
Cholesterol oxidase 0.8 U/mL
Pluronic F68 0.25 g/L

Sphingomyelinase 0.5 U/mL

Formulated Reagent J

[0069]
BES buffer 100 mmol/L pH 7.0
Sodium azide 0.1 %
4-Aminoantipyrine 4.0 mmol/L
Peroxidase 2.4 U/mL

Phospholipase C 1.0 U/mL

Formulated Reagent K

[0070]

BES buffer 100 mmol/L pH7.0
Sodium azide 0.1%
4-Aminoantipyrine 4.0 mmol/L
Peroxidase 2.4 U/mL

Phospholipase C 2.0 U/mL

DK/EP 2682476 T3

[Table 5]

Absorbance (mAbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 73.6 71.2 1.0
Reagent composition B, Reagent composition J 735 16.0 46
Reagent composition B, Reagent composition K 75.9 27.7 2.7

[0071] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use of sphingomyelinase in the first step, followed by use of phospholipase C in the second step allows more

12



DK/EP 2682476 T3

preferential measurement of HDL2 than use of the HDL reagent.

EXAMPLE 6

[0072] In the same manner as in Example 1, the HDL2 and HDL3 fractions were recovered by ultracentrifugation, and
Formulated Reagent B as the first step and Formulated Reagent L or M described below as the second step were used in
combination to allow the reaction to proceed, to see whether the reaction occurs more specifically to HDL2 than HDL3 by use of
phospholipase C or D in the second step. After obtaining the results, the absorbance for HDL2 was divided by the absorbance for
HDL3 to calculate the ratio of reactivity between HDL2 and HDL3, and the obtained ratio was compared to that in a case where an
HDL reagent was used in the test. The results are shown in Table 6. As the HDL reagent, HDL-EX, manufactured by Denka
Seiken Co., Ltd., was used in the present Example.

Formulated Reagent L

[0073]

BES buffer 100 mmol/L pH7.0
Sodium azide 0.1%
4-Aminoantipyrine 4.0 mmol/L
Peroxidase 2.4 U/mL

Phospholipase D (PLDP) 2.0 U/mL

Formulated Reagent M

[0074]

BES buffer 100 mmol/L pH7.0
Sodium azde 0.1%
4-Aminoantipyrine 4.0 mmol/L
Peroxidase 2.4 U/mL

Pluronic F68 0.25 g/L

Phospholipase C 1.0 U/mL

[Table 6]
Absorbance (mAbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 736 712 1.0
Reagent composition B, Reagent composition L 69.5 126 55
Reagent composition B, Reagent composition M 69.6 126 55

[0075] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use of phospholipase C or D in the second step allows more preferential measurement of HDL2 than use of
the HDL reagent.

EXAMPLE 7
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[0076] In the same manner as in Example 1, the HDL2 and HDL3 fractions were recovered by ultracentrifugation, and
Formulated Reagent N described below as the first step and Formulated Reagent J or K as the second step were used in
combination to allow the reaction to proceed, to see whether the reaction occurs more specifically to HDL2 than HDL3 by use of
phospholipase C in the second step. After obtaining the results, the absorbance for HDL2 was divided by the absorbance for
HDL3 to calculate the ratio of reactivity between HDL2 and HDL3, and the obtained ratio was compared to that in a case where an
HDL reagent was used in the test. The results are shown in Table 7. As the HDL reagent, HDL-EX, manufactured by Denka
Seiken Co., Ltd., was used in the present Example.

Formulated Reagent N

[0077]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/mL

Cholesterol oxidase 0.8 U/mL

[0078]
[Table 7]

Absorbance (MmADbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 138.8 54.0 26
Formulated Reagent N, Formulated Reagent J 91.7 101 9.1
Formulated Reagent N, Formulated Reagent K 984 17.9 55

[0079] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use of phospholipase C in the second step allows more preferential measurement of HDL2 than use of the
HDL reagent.

EXAMPLE 8

[0080] In the same manner as in Example 1, the HDL2 and HDL3 fractions were recovered by ultracentrifugation, and
Formulated Reagent N as the first step and Formulated Reagent L or M as the second step were used in combination to allow the
reaction to proceed, to see whether the reaction occurs more specifically to HDL2 than HDL3 by use of phospholipase C or D in
the second step. After obtaining the results, the absorbance for HDL2 was divided by the absorbance for HDL3 to calculate the
ratio of reactivity between HDL2 and HDL3, and the obtained ratio was compared to that in a case where an HDL reagent was
used in the test. The results are shown in Table 8. As the HDL reagent, HDL-EX, manufactured by Denka Seiken Co., Ltd., was
used in the present Example.

[Table 8]
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Absorbance (mAbs) Ratio
Sample HDL2 HDL3 HDL2/HDL3
HDL reagent 138.8 54.0 26
Formulated Reagent N, Formulated Reagent L 350 54 6.5
Formulated Reagent N, Formulated Reagent M 40.0 56 71

[0081] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use of phospholipase C or D in the second step allows more preferential measurement of HDL2 than use of

the HDL reagent.

EXAMPLE 9

[0082] The HDL2 and HDL3 fractions were recovered by ultracentrifugation, and Formulated Reagent V described below as the

first step and Formulated Reagent J or K as the second step were used in combination to allow the reaction to proceed, to see
whether the reaction occurs more specifically to HDL2 than HDL3 by use of lipoprotein lipase in the first step, followed by use of
phospholipase C in the second step. After obtaining the results, the absorbance for HDL2 was divided by the absorbance for
HDL3 to calculate the ratio of reactivity between HDL2 and HDL3, and the obtained ratio was compared to that in a case where an
HDL reagent was used in the test. The results are shown in Table 9. As the HDL reagent, HDL-EX, manufactured by Denka

Seiken Co., Ltd., was used in the present Example.

Formulated Reagent V

[0083]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/'mL
Cholesterol oxidase 0.8 U/mL

Lipoprotein lipase (LPL-311) 0.1 U/mL

[Table 9]
Absorbance (mAbs) Ratio
HDL2 HDL3 HDL2/HDL3
HDL reagent 228.9 68.8 3.3
Formulated Reagent V Formulated Reagent J 63.6 106 6.0
Formulated Reagent V Formulated Reagent K 75.0 1341 57

[0084] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use of lipoprotein lipase in the first step, followed by use of phospholipase C in the second step allows more

preferential measurement of HDL2 than use of the HDL reagent.

EXAMPLE 10
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[0085] In the same manner as in Example 1, the HDL2 and HDL3 fractions were recovered by ultracentrifugation, and
Formulated Reagent W described below as the first step and Formulated Reagent | or L as the second step were used in
combination to allow the reaction to proceed. By this, whether the reaction occurs more specifically to HDL2 than HDL3 by use of
lipoprotein lipase in the first step, followed by use of phospholipase D in the second step was observed. After obtaining the
results, the absorbance for HDL2 was divided by the absorbance for HDL3 to calculate the ratio of reactivity between HDL2 and
HDL3, and the obtained ratio was compared to that in a case where an HDL reagent was used in the test. The results are shown
in Table 10. As the HDL reagent, HDL-EX, manufactured by Denka Seiken Co., Ltd., was used in the present Example.

Formulated Reagent W

[0086]

BES buffer 100 mmol/L pH 6.6
HDAOS 0.7 mmol/L

Catalase 600 U/mL

Sodium chloride 1 g/L
Cholesterol esterase 1.4 U/'mL
Cholesterol oxidase 0.8 U/mL
Sphingomyelinase 0.5 U/mL

Lipoprotein lipase (LPL-311) 0.1 U/mL

[Table 10]
Absorbance (mAbs) Ratio
HDL2 HDL3 HDL2/HDL3
HDL reagent 228.9 68.8 3.3
Formulated Reagent W Formulated Reagent | 75.0 11.5 6.5
Formulated Reagent L 62.8 13.7 4.6

[0087] The ratios observed with the formulated reagents were higher than the ratio observed with the HDL reagent, and the
results indicate that use of lipoprotein lipase in the first step, followed by use of phospholipase C or D in the second step allows
more preferential measurement of HDL2 than use of the HDL reagent.

EXAMPLE 11

[0088] The CM/VLDL fraction and the LDL fraction were recovered by ultracentrifugation, and Formulated Reagent B as the first
step and Formulated Reagent J, K, | or L as the second step were used in combination to allow the reaction to proceed, to confirm
that, by use of sphingomyelinase in the first step, followed by use of phospholipase in the second step, lipoproteins other than
HDLs are eliminated in the first step and that the reaction is not influenced by such lipoproteins. The influence of lipoproteins
other than HDLs on the measurement was studied by calculating the relative ratio based on comparison with the influence
observed with an HDL reagent that generally has only small influence on lipoproteins other than HDLs. The results are shown in

Table 11. As the HDL reagent, HDL-EX, manufactured by Denka Seiken Co., Ltd., was used in the present Example.
Relative ratio = absorbance obtained with the reagents tested / absorbance obtained

with the HDL reagent x 100
[Table 11]

16



DK/EP 2682476 T3

CM//LDL fraction LDL fraction
Absorbance (mAbs) {Relative Absorbance (mAbs) {Relative
ratio ratio

HDL reagent 29 16.8
Formulated Reagent B Formulated 24 82.8% 17.2 102.4%
Reagent J
Formulated Reagent B Formulated 25 86.2% 171 101.8%
Reagent K
Formulated Reagent B Formulated 24 82.8% 14.2 84.5%
Reagent |
Formulated Reagent B Formulated 20 69.0% 14.3 85.1%
Reagent L

[0089] In terms of the CM/VLDL fraction and the LDL fraction, the formulated reagents showed almost the same or lower values
as compared to the values observed with the general HDL reagent, indicating that lipoproteins other than HDL did not influence
the measurement.
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Patentkrav

1. Fremgangsmade til kvantificering af kolesterol i hgjdensitetslipoprotein 2,
hvilken fremgangsmade omfatter at lade phospholipase indvirke pa hojdensi-
tetslipoprotein og at kvantificere kolesterol, hvor phospholipasen er phospho-
lipase C og/eller phospholipase D.

2. Fremgangsmade ifolge krav 1, hvor phospholipasen er reaktiv med mindst
phosphatidylcholin.

3. Fremgangsmade ifalge krav 1 eller 2, hvor koncentrationen af phospholip-
asen er 0,1 til 200 U/ml.

4. Anvendelse af et kit omfattende phospholipase C og/eller phospholipase D
til kvantificering af kolesterol i hgjdensitetslipoprotein 2 ved hjeelp af frem-
gangsmaden ifglge et hvilket som helst af kravene 1 til 3.

5. Fremgangsmade til kvantificering af hgjdensitetslipoprotein 2 kolesterol i
en testprove, hvilken fremgangsmade omfatter: et forste trin med at overfore
kolesteroler, som ikke er hgjdensitetslipoproteiner, i en testprave til ydersiden
af reaktionssystemet; og et andet trin med at kvantificere hgjdensitetslipopro-
tein 2 kolesterol blandt de hgjdensitetslipoproteiner, der er tilbage i reakti-
onssystemet; hvor det andet trin udfgres ved hjeelp af fremgangsméden ifgl-
ge et hvilket som helst af kravene 1 til 3.
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