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Background: Several studies have suggested that measurement of high-density lipoprotein (HDL) 2 and HDL3
subfractionsmight bemore useful for evaluating coronary risk than total HDL-cholesterol (C). However,methods
of measuring HDL2 and HDL3 are quite laborious for general clinical use. Development of a quick and easymeth-
od of measuring HDL subfractions has been long-awaited.
Methods: Triglyceride (TG) rich lipoproteins (TRLs), low-density lipoprotein (LDL), HDL2, and HDL3 were used
for screening of surfactants and enzymes to react selectively with HDL3-C and to decompose other lipoproteins.
Results: In order to develop HDL3-C homogeneous assay, polyoxyethylene styrenated phenyl ether derivative, for
which the hydrophilic lipophilic balance (HLB) value is 13.6, was adopted as the most effective and specific sur-
factant for selection of HDL3 fromHDL. Sphingomyelinase (SMase) reactedwith TRLs and LDL preferentially, and
decomposed them. HDL2-Cwas estimated by subtractingmeasuredHDL3-C from total HDL-C, directlymeasured
by homogeneous method. The homogeneous assay exhibited excellent correlations with the results of HDL3-C
and HDL2-C measured by standard ultracentrifugation (R2 = 0.848 and 0.982, respectively).
Conclusions: We established a rapid and effective, fully-automated assay for the measurement of HDL3-C. Fur-
thermore, the subtraction of HDL3-C from total HDL-C allows concurrent determination of HDL2-C.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

High-density lipoprotein (HDL) has well characterized cardio-
protective features such as its antioxidant and anti-inflammatory prop-
erties and the ability to efflux cholesterol from macrophages. HDL-
cholesterol (C) is a negative risk factor for coronary heart disease
(CHD). Low HDL-C increases the risk of CHD as powerfully as elevated
low-density lipoprotein (LDL)-C. HDL consists of two major subclasses:
large buoyant HDL2 (d = 1.063–1.125 kg/l) and small dense HDL3
(d = 1.125–1.210 kg/l). Several lines of evidence suggest that measur-
ing HDL subclasses reflects CHD risk better than measurement of total
HDL does; however, this is as yet inconclusive [1–6]. Detailed character-
ization of the subclasses, HDL2 and HDL3, is ongoing.

HDL2 and HDL3were originally measured by ultracentrifugation [7]
or gradient gel electrophoresis [8,9]. These methods are unsuitable for
routine analysis of a large number of samples since they require compli-
cated, time-consuming techniques.While recentmethods such as capil-
lary electrophoresis [10], HPLC [11], and nuclear magnetic resonance
(NMR) [12] have diagnostic utility, each is limited because of the need

for expensive equipment. Several study groups have developed an alter-
native method to measure HDL2-C and HDL3-C using precipitation
[13–17]. This method requires the precipitation of VLDL and LDL frac-
tions with heparin–manganese (Hep–Mn). The supernatant from this
reaction is treated with dextran sulfate (DS) to precipitate HDL2. We
previously developed a further simplified single-step Hep–Mn–DS pre-
cipitation method for HDL3-C, which concurrently removes HDL2 and
apolipoprotein B-containing lipoproteins [18]. Even with this simplified
method, skillful technique is required for the offline sample pretreat-
ment. Thus, there remains a strong need for an easy and rapid method
of measuring HDL2 and HDL3.

By screening surfactants and additives to react solelywithHDL3, and
by preventing triglyceride (TG) interference, we have succeeded in
establishing a fully automated homogeneous assay for HDL3-C. More-
over, this same method allows quantification of HDL2-C levels by the
subtraction of HDL3-C from total HDL-C. Hereinwe report the processes
of the screenings, their purposes, and performance data of this novel
assay.

2. Materials and methods

2.1. Materials

Cholesterol esterase from Asahi Kasei Pharma, cholesterol oxidase
from Kikkoman Biochemifa, peroxidase from Toyobo, and catalase
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from Roche Diagnostics were used. N-Ethyl-N-(2-hydroxy-3-sulfo-
propyl)-3-methylaniline, sodium salt, dihydrate (TOOS) and N,N-
Bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (Good's buffer (BES))
were fromDojindo Laboratories, 4-Aminoantipyrine (4-AA) fromNittobo,
and sodium azide from Nacalai Tesque. We obtained sphingomyelinase

(SMase) derived from Streptomyces sp. from Asahi Kasei Pharma
and surfactants from following manufactures: Nippon Nyukazai,
Kao, Aoki Oil Industrial, Dai-ichi Kogyo Seiyaku, Adeka, NOF, and
Nacalai Tesque.

2.2. Measurements

Total-C and HDL-C were measured with commercially available test
kits (T-CHO and HDL-EX, respectively; Denka Seiken). HDL3-C was
measured using our previous method: combined single precipitation
using Hep–Mn–DS and homogeneous HDL-C assay [18]. HDL2-C levels
were determined by subtracting HDL3-C from HDL-C.

2.3. Separation of lipoproteins: TRL, LDL, HDL2 and HDL3 by
ultracentrifugation

TG-rich lipoproteins (TRLs) (density b 1.019 kg/l), LDL (d = 1.019–
1.063 kg/l), HDL2 (d = 1.063–1.125 kg/l), and HDL3 (d = 1.125–
1.210 kg/l) were separated from serum by sequential flotation in an
ultracentrifuge (Himac CS120GX, Hitachi Koki) and S100AT6 rotor
(Hitachi Koki) according to the method of Havel et al. [19].
Lipoprotein-C from ultracentrifugation fractions was measured using
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Fig. 1. Screening for HDL3 specific surfactant. A: Primary screening for HDL3 specific
surfactants with polyoxyethylene alkyl ether (A), polyoxyethylene alkylene alkyl
ether (B), polyoxyethylene alkyl phenyl ether (C), polyoxyethylene polycyclic phe-
nyl ether (D), polyoxyethylene alkyl amine (E), polyoxyethylene polyoxypropylene
block polymer (F), other non-ionic surfactants (G), anionic surfactants (H), ampho-
teric surfactants (I), and cationic surfactant (J). HDL3-C/HDL2-C ratio was calculated
as the quotient of reactivity of HDL3-C (mAbs) by reactivity of HDL2-C (mAbs). High
HDL3-C/HDL2-C ratio indicates that the HDL3 reacts superior to the HDL2 (n = 2).
B: Reactivity of polyoxyethylene polycyclic phenyl ether derivatives with the range
of hydrophilic lipophilic balances (HLB) 12.0–18.0 to reactivity of HDL2-C (mAbs),
reactivity of HDL3-C (mAbs), or the HDL3-C/HDL2-C ratio (n = 2). C: Dose–response
curve of the polyoxyethylene styrenated phenyl ether derivative with HLB 13.6 (sur-
factant) on the HDL3-C/HDL2-C ratio (n = 3).
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Fig. 2. The reactivity of the polyoxyethylene styrenated phenyl ether derivative to HDL2
and HDL3. The optimized polyoxyethylene styrenated phenyl ether derivative (B) selec-
tively reacts with HDL3, whereas the polyoxyethylene benzylphenyl ether derivative
(A) used as a total HDL-C assay (HDL-EX) reacts equally with both HDL2 and HDL3. Reac-
tivity (%) was calculated as the quotient of reactivity of each fraction (mAbs) by reactivity
of HDL3-C (mAbs) (n = 5).
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Fig. 3. The effect of sphingomyelinase (SMase) on the reactivity to TRLs and LDL with the
polyoxyethylene styrenelphenyl ether derivative. Additional SMase minimizes the cross-
reaction between TRLs and LDL to b5%. Reactivity (%) was calculated as the quotient of re-
activity of each fraction (mAbs) by reactivity of HDL3-C (mAbs) (n = 5).
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