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Abstract We previously established an analysis method for
determining the cholesterol levels of five major lipoprotein
classes [HDL, LDL, intermediate density lipoprotein (IDL),
VLDL, and chylomicrons] in serum by an anion-exchange
(AEX)-HPLC method, but lipoprotein(a) [Lp(a)]l, a well-
known risk factor for atherosclerotic diseases, was not de-
terminable. Therefore, we established new AEX-HPLC
separation conditions for analyzing the cholesterol levels of
six lipoprotein classes, including Lp(a). Serum lipoproteins
were separated by HPLC with a diethylaminoethyl-ligand
nonporous polymer-based column by elution with a stepwise
gradient of the sodium perchlorate concentration. In this
improved method, HDL, LDL, IDL, VLDL, chylomicrons,
and Lp(a) were each eluted from the column. The choles-
terol levels of the eluted lipoproteins were measured enzy-
matically by a postcolumn reaction. The within-day assay
and between-day assay coefficients of variation for the lipo-
protein cholesterol levels were in the ranges of 0.29-11.86%
and 0.57-11.99%, respectively. The Lp(a) cholesterol levels
determined by AEX-HPLC were significantly correlated with
the amounts of Lp(a) protein measured by an immunotur-
bidimetry method available commercially (r = 0.9503, P <
0.0001).HE Taken together, this AEX-HPLC method may be
effectively applied to the analysis of serum lipoproteins
with high levels of Lp(a).—Hirowatari, Y., H. Yoshida, H.
Kurosawa, Y. Shimura, H. Yanai, and N. Tada. Analysis of
cholesterol levels in lipoprotein(a) with anion-exchange
chromatography. J. Lipid Res. 2010. 51: 1237-1243.

Supplementary key words atherosclerotic risk factor ¢ high-perfor-
mance liquid chromatography e lipoprotein (a)

Lipoprotein (a) [Lp(a)] is a particular LDL particle in
which apolipoprotein B-100 (apoB-100) is linked by a
single disulfide bridge to a unique glycoprotein, apo(a)
(1). Apo(a) has a hydrophilic carbohydrate-rich structure,
which is not present in other apolipoproteins (1). More-
over, the molecular masses of apo(a) are highly varied,
ranging from 300-800 kDa, because of the heterogenous
gene structure (1-3). Previous reports have shown that the
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elevated Lp(a) level and the smaller-molecular mass of
apo(a) are risk factors for atherosclerotic deceases, i.e.,
cardiovascular disease, and peripheral arterial disease
(4-11).

ELISA or immunoturbidimetric assay for measurement
of the Lp(a) protein levels and Western blot analysis for
the molecular weight of apo(a) have been widely used
(4-11). The separation of Lp(a) by agarose gel electro-
phoresis (12, 13), gel-permeation chromatography (14),
and ultracentrifugation (15, 16) have been reported,
though Lp(a) was overlapped with VLDL on agarose gel
electrophoresis and gel permeation chromatography, and
the fraction of Lp(a) obtained by ultracentrifugation was
of the density 1.060-1.125 g/ml and contained dense LDL
and HDL2. Therefore, Lp(a) is isolated from the ultracen-
trifugated Lp(a) fraction containing dense LDL and HDL2
by using gel-permeation chromatography or immunoaf-
finity chromatography (15, 16).

In a previous article, we showed that HDL, LDL, inter-
mediate density lipoprotein (IDL), VLDL, and chylomi-
crons were effectively separated by HPLC with an
anion-exchange column, and the cholesterol levels of the
lipoprotein classes obtained by the HPLC method were
highly correlated with those measured by an ultracentrifu-
gation method (17). However, the eluted time of Lp(a)
from the column in the HPLC method was not defined.
Therefore, we attempted to separate and estimate Lp(a)
with another separation condition of anion-exchange
(AEX)-HPLC, and six lipoprotein classes, including Lp(a),
were separated and analyzed. This article reports an im-
proved AEX-HPLC method for separating and determin-
ing HDL, LDL, IDL, VLDL, chylomicrons, and Lp(a), a
method that provides precise data on the cholesterol lev-
els of these lipoproteins and a good correlation of the
Lp(a) data between the AEX-HPLC method and the im-

Abbreviations: AEX, anion-exchange; apo, apolipoprotein; Lp(a),
lipoprotein (a); IDL, intermediate density lipoprotein; TC, total choles-
terol; TG, triglyceride.
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munoturbidimetric method. This AEX-HPLC method was
verified to be suitable in the determination of the choles-
terol levels of six lipoprotein classes in human serum.

MATERIALS AND METHODS

Materials and chemicals

Total cholesterol and triglyceride concentrations were mea-
sured enzymatically using commercially available kits (Sekisui
Medical Co., Tokyo, Japan). Lp(a) protein levels were deter-
mined by immunoturbidimetry with commercial kits (Sekisui
Medical Co.). The enzymatic cholesterol reagent for HPLC was
the commercially available TCHO-CL (Serotec Co., Hokkaido,

Japan).

Chromatography

The HPLC system reported in the previous article (17) was
modified and then used for determining the cholesterol levels of
lipoprotein classes [HDL, LDL, IDL, VLDL, chylomicrons, and
Lp(a)] in serum. The AEX column, which contained 2.5 pm of
nonporous polymer-based gel with diethylaminoethyl ligands,
was 3.0 mm inner diameter x 25 mm in size. A serum sample (4
pl) was injected into the column, and lipoprotein classes in the
sample were separated using an ordered gradient of perchlorate
ion concentrations. The system obtained three pumps (DP-8020;
Tosoh, Tokyo, Japan) for the two eluents and one enzymatic re-
agent. The two eluents used to separate the lipoproteins were el-
uent A (b0 mM TrissHCI + 1 mM EDTA, disodium salt, and

dihydrate, pH 7.5) and eluent B (50 mM Tris-HCI + 500 mM so-
dium perchlorate + 1 mM EDTA, disodium salt, and dihydrate,
pH 7.5). The two eluents used for the gradient elution, which
were delivered through pumps, were mixed on line, and the flow
rate was held constant at 0.5 ml/min. The gradient patterns for
separation of the lipoprotein classes were 20.0% eluent B for
0.0-3.5 min, 24.0% eluent B for 3.5-8.5 min, 27.0% eluent B
for 8.5-11.0 min, 32.0% eluent B for 11.0-14.5 min, 36.0% eluent
B for 14.5-17.5 min, 36.0-100.0% linear gradient of eluent B for
17.5-18.5 min, 100.0% eluent B for 18.5-21.5 min, 100.0-20.0%
linear gradient of eluent B for 21.5.0-22.5 min, and 20.0% eluent
B for 22.5-26.0 min. Therefore, it took 26 min to complete the
assay of one sample. The eluate from the column containing the
separated lipoprotein classes was mixed with an enzymatic re-
agent (flow rate, 0.2 ml/min). The mixed solution was reacted at
37°C and 2.1 min and was monitored at 600 nm.

Samples

The serum with a low Lp(a) level [Subject 1, male, age 42, total
cholesterol (TC) =5.87 mmol/l, triglyceride (TG) = 0.56 mmol/1,
Lp(a) protein = 0.02 mg/ml] and two sera with a high Lp(a) level
[Subject 2, male, age 58, TC = 4.71 mmol/l, TG = 2.01 mmol/],
Lp(a) protein = 0.84 mg/ml; Subject 3, male, age 62, TC = 7.68
mmol/l, TG = 0.81 mmol/l, Lp(a) protein = 0.90 mg/ml] were
used for the separation of the six lipoprotein fractions by
centrifugation.

The sera from 17 healthy subjects [male/female = 12/5, age =
44.8 £ 16.2, TC = 5.30 + 0.69 mmol/1, TG = 1.14 + 0.44 mmol/I,
Lp(a) protein = 0.49 + 0.60 mg/ml] and 16 dyslipidemic patients
[male/female = 11/5, age = 49.1 +11.3, TC = 6.75 + 1.04 mmol/1,
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Fig. 1.

Chromatograms of lipoproteins separated from three sera by ultracentrifugation. The chromatograms a, b, ¢, d, e, f, and g are the

fractions of HDL3 (1.125 g/ml < d), HDL2 + dense LDL + Lp(a) (1.060 < d < 1.125g/ml), LDL (1.019 < d < 1.060g/ml), IDL (1.006 < d <
1.019g/ml), VLDL (d < 1.019 g/ml, and flotation rate 20-400), and chylomicrons (d < 1.019g/ml and flotation rate >400) separated from
the sera by the ultracentrifugation method and the serum, respectively. A-C show the chromatograms of Subjects 1-3, respectively. The

numbers in the parentheses are the retention time of each peak.
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TG = 1.49 + 0.88 mmol/], Lp(a) protein = 0.58 + 0.42 mg/ml]
were used for the correlation between the Lp(a) cholesterol lev-
els obtained by the HPLC method and the Lp(a) protein levels.
The 33 sera were obtained from venous blood samples drawn af-
ter a 12 h fast. Five hundred microliters of serum sample were
mixed with 250 pl of the stock solution (760 g/1 sucrose and 1.5
g/1 EDTA2K) and stored at —40°C until use. All subjects gave
informed consent to participate in this study.

Ultracentrifugation

Sequential ultracentrifugation of serum lipoproteins was per-
formed by the method reported previously (15, 16, 18, 19). The
flotation rates of chylomicrons and VLDL were set at >400, and
20-400, respectively, in a solution of 1.745 mol/1 sodium chloride
(d = 1.063 g/ml). The densities of IDL, LDL, HDL2 + dense
LDL + Lp(a), and HDL3 were set as follows: 1.006 <d < 1.019 g/ml,
1.019 <d < 1.060 g/ml, 1.060 <d < 1.125 g/ml, and 1.125 g/ml < d,
respectively. An SCP70H2 ultracentrifuge and RP55T angle rotor
(both from the Hitachi Koki Co., Tokyo, Japan) were used.

Western blot analysis

The sera from three subjects (Subjects 1 to 3) were used for
Western blot analysis. The three sera were injected into the col-
umn, and the six fractions containing the separated lipoproteins
eluted from the column were obtained (Peak 1 fraction, 2.5-4.5
min; Peak 2 fraction, 6.5-9.5 min; Peak 3 fraction, 12.0-13.5 min;
Peak 4 fraction, 14.5-16.0 min; Peak 5 fraction, 17.5-19.5 min;
Peak 6 fraction, 21.0-23.0 min). The serum and the collected
lipoprotein fractions were analyzed by Western blot analysis with-
SDS-PAGE with 2-mercaptoethanol. Two goat polyclonal anti-
bodies against apoA-1 and apoB (Rockland), a goat polyclonal

antibody against apoE (Chemicon), a goat polyclonal antibody
against apo(a) (Cortex Biochem), an alkaline-phosphatase-con-
jugated rabbit polyclonal antibody against anti-goat antibody
(Chemicon), and Western lighting chemiluminescent reagent
(CDP-Star for AP-based assays; Perkin-Elmer) were used for West-
ern blot analysis. Lp(a) isoform standard (Technoclone, Vienna,
Austria) was used for the determination of the Lp(a) molecular
mass in sera.

Linearity, precision, and recovery test

To test for linearity, a serum with a high Lp(a) level [Subject
4, female, age = 65, TC = 5.68 mmol/1, TG = 0.71 mmol/1, Lp(a)
protein = 1.21 mg/ml] was used. The samples were diluted seri-
ally with 5% BSA solution, and 8 pl aliquots were injected. For
within-day and between-day assay precision tests, the two sera
[Subject 5, male, age = 46, TC = 5.90 mmol/1, TG = 0.50 mmol/I,
Lp(a) protein = 0.02 mg/ml; Subject 6, female, age = 56, TC =
8.93 mmol/l, TG = 0.63 mmol/l, Lp(a) protein = 1.19 mg/ml]
were used. The two sera (Subjects 5 and 6) and the purified
Lp(a) from human sera (Biomedical Technologies) were used
for the recovery test. The Lp(a) was purified with ultracentrifuga-
tion and immunoaffinity chromatography. The samples were
stored at 4°C until use. The injected volume was 4 pl.

Correlation test

The Lp(a) cholesterol levels measured by HPLC method were
compared with the Lp(a) protein levels measured by immuno-
turbidimetry with commercial kits (Sekisui Medical Co.). The
correlation data were estimated in terms of Pearson product-
moment correlation coefficients. A value of P < 0.05 was con-
sidered statistically significant.
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Fig. 2. Western blot analysis for Peaks 1-6 fractionated by the HPLC method. Samples of the fractionated Peaks 1-6 were analyzed using
Western blot analysis with SDS-PAGE. Lanes 0-6 are the serum sample and Peaks 1-6, respectively. Four gels and goat polyclonal antibodies
were used against apoA-1, apoB, apoE, and apo(a) to detect the apolipoproteins in the serum and six fractionated samples. For analysis of
the apoA-1 and apoE, and apoB-100 and apo(a), 5-20% gradient gel and 5% gel were used, respectively. A: The serum of Subject 1 and the
fractionated samples were used. The 27 kDa bands (apoA-1) were detected in lanes 0 and 1 of the first gel. The 500 kDa bands (apoB-100)
were detected in lanes 0, 2, 3, 4, and 6 of the second gel. The 35 kDa bands (apoE) were detected in lanes 0-4 of the third gel. A 730 kDa
band [apo(a)] was detected in lanes 0 and 6 of the fourth gel. B: The serum of Subject 2 and the fractionated samples were used. The 27
kDa bands (apoA-1) were detected in lanes 0 and 1 of the first gel. The 500 kDa bands (apoB-100) were detected in lanes 0, 2, 3, 4, and 6
of the second gel. The 35 kDa bands (apoE) were detected in lanes 0-4 of the third gel. The 710 and 640 kDa bands [apo(a) ] were detected
in lanes 0 and 6 of the fourth gel. C: The serum of Subject 3 and the fractionated samples were used. The 27 kDa bands (apoA-1) were
detected in lanes 0 and 1 of the first gel. The 500 kDa bands (apoB-100) were detected in lanes 0, 2, 3, 4, and 6 of the second gel. The 35
kDa bands (apoE) were detected in lanes 0—4 of the third gel. The 660 and 540 kDa bands [apo(a) ] were detected in lanes 0 and 6 of the
fourth gel.
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RESULTS

Chromatogram of HDL3, HDL2 + dense LDL + Lp(a),
LDL, IDL, VLDL, and chylomicron fractions separated
by ultracentrifugation

Four, six, and five peaks were identified in the chro-
matogram of the three sera from Subjects 1, 2, and 3, re-
spectively (Fig. 1Ag, Bg, and Cg). These chromatogram
peaks, named Peaks 1-6 in order, were eluted at 20.0, 24.0,
27.0, 32.0, 36.0, and 100% eluent B, respectively (Fig. 1Ag,
Bg, and Cg).

The HDL3, HDL2 + dense LDL + Lp(a), LDL, IDL,
VLDL, and chylomicron fractions obtained by ultracen-
trifugation of the three sera were analyzed by HPLC to
identify Peaks 1-6. The HDL3 peaks derived from sera of
Subjects 1, 2, and 3 were eluted at 3.21, 3.20, and 3.23 min,
respectively (Fig. 1Aa, Ba, and Ca). The peaks of the HDL2 +
dense LDL + Lp(a) samples derived from the two sera of
Subjects 2 and 3 were eluted at 3.33, 7.23, and 21.68 min
and 3.39, 7.20, and 21.48 min, respectively (Fig. 1Bb, Cb).
The peaks eluted at 7.23 and 7.20 min were probably dense
LDL because the retention times were nearly the same as
those of the major LDL peaks derived from the two sera of
Subjects 2 and 3 (Fig. 1Bc, Cc). In the HDL2 + dense LDL +
Lp(a) in Subject 1, one peak was observed at 3.24 min
(Fig. 1Ab). The protein level of Lp(a) in the sera of Sub-
ject 1 was much lower than in the two other sera [Subject
1, Lp(a) = 0.02 mg/ml; Subject 2, Lp(a) = 0.84 mg/ml;
Subject 3, Lp(a) = 0.90 mg/ml]. Therefore, Peaks 1 and 6
in sera were likely to indicate HDL and Lp(a), respectively,
as major components (Fig. 1Ag, Bg, and Cg).

The major LDL peaks derived from the two sera of Sub-
jects 1 and 2 were eluted at 7.93 and 8.01 min, respectively,
and the LDL peak derived from the serum of Subject 3 was
eluted at 7.58 min (Fig. 1Ac, B¢, and Cc). In Fig. 1Ac and
Bc, minor peaks were eluted at 12.47 and 12.37 min, re-
spectively. The major IDL peaks derived from the two sera
samples of Subjects 1 and 2 were eluted at 12.60 and 12.47
min, respectively, and the IDL peak derived from the se-
rum of Subject 3 was eluted at 12.25 min (Fig. 1Ad, Bd,
and Cd). In Fig. 1Ad and Bd, minor peaks were eluted at
14.73 and 14.78 min, respectively. The VLDL peaks de-
rived from the two sera of Subjects 1 and 3 were eluted at
14.82 and 14.75 min, respectively (Fig. 1Ae, Ce). The ma-
jor and minor VLDL peaks derived from the serum of Sub-
ject 2were eluted at 14.85 and 18.13 min, respectively (Fig.
1Bd). Therefore, the major components of Peaks 2, 3, and
4 were LDL, IDL, and VLDL, respectively. The chylomi-
cron peak derived from the serum of Subject 2 was eluted
at 18.26 min, and chylomicron peaks were not detected in
the other sera of Subjects 1 and 3 (Fig. 1Af, Bf, and Cf).
Peak 5 was detected in only the serum of Subject 2 (Fig.
1Ag, Bg, and Cg). The result indicated that Peak 5 con-
tained predominantly chylomicrons.

In the LDL and IDL fractions of sera from Subjects 1
and 2 and a VLDL fraction of serum from Subject 2, minor
peaks were found (Peak 2 in Fig. 1Ac, Bc, Ad, Bd, and Be),
suggesting the molecular heterogeneity of LDL, IDL, and
VLDL (20-26).
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Western blot analysis of Peaks 1-6 fractionated by the
HPLC method

In the chromatograms of the fractions separated by ul-
tracentrifugation, Peaks 1-6 in sera were identified as
HDL, LDL, IDL, VLDL, chylomicron, and Lp(a), respec-
tively (Fig. 1Ag, Bg, and Cg). The HPLC samples of Peaks
1-6 in the separate sera of Subjects 1, 2, and 3 were ana-
lyzed through Western blotting using four goat polyclonal
antibodies against apoA-1, B, and E, and apo(a) to con-
firm the apolipoproteins contained in the six peaks.

In the sera of Subjects 1, 2, and 3 (Fig. 2A0, B0, and CO0),
apoA-1, apoB-100, and apoE were detected at 27, 500, and
35 kDa, respectively. On these lanes (Fig. 2A0, B0, and
C0), apo(a) proteins were detected at 730, 710, and 640
kDa, and 660 and 540 kDa, respectively. In the Peak 1
(HDL) fraction of Subjects 1, 2, and 3 (Fig. 2A1, B1, and
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Fig. 3. Linearity of the peak areas of each lipoprotein. A: The
serum with a high Lp(a) level [Subject 4, Lp(a) protein = 1.21 mg/
ml] was analyzed. The retention times of Peaks 1-6 were 3.35, 7.58,
12.38, 14.80, 18.67, and 21.68, respectively. The sample that was
diluted two times with 5% BSA solution was analyzed using an in-
jected volume of 8 pl. B: These data are the areas of Peaks 4 (trian-
gle), 5 (circle), and 6 (square) from 8 pl samples diluted up to 10
times. C: These data are the areas of Peaks 1(square), 2 (triangle),
3 (open circle), and total peaks (closed circle) from 8 pl samples
diluted up to 10 times.
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TABLE 1.

Precision data for cholesterol levels of assayed sera

Cholesterol Concentrations

Between Assay (n = 10)

Within Assay (n = 10)

Mean SD CV Mean SD ()%
Lipoproteins (mmol/1) (mmol/1) (%) (mmol/1) (mmol/1) (%)
Subject 5 HDL 2.07 0.012 0.57 2.08 0.006 0.29
LDL 2.88 0.038 1.31 2.90 0.018 0.64
IDL 0.33 0.019 5.77 0.31 0.011 3.47
VLDL 0.14 0.004 2.87 0.14 0.002 1.42
Chylomicrons 0.00 — — 0.00 — —
Lp(a) 0.02 0.002 8.85 0.02 0.001 6.40
Total 5.45 0.032 0.59 5.45 0.012 0.22
Subject 6 HDL 2.82 0.122 4.32 2.87 0.022 0.75
LDL 4.90 0.194 3.96 4.93 0.061 1.24
IDL 0.44 0.053 11.99 0.51 0.021 4.11
VLDL 0.22 0.021 9.73 0.23 0.028 11.86
Chylomicrons 0.03 0.003 9.68 0.03 0.002 8.25
Lp(a) 0.60 0.027 4.38 0.62 0.009 1.50
Total 9.02 0.361 4.00 9.20 0.106 1.16

Cl), apoA-1 and E were detected, and apoB-100 and
apo(a) were not detected. In the Peak 2 (LDL) fraction,
Peak 3 (IDL) fraction, and Peak 4 (VLDL) fraction of Sub-
jects 1, 2, and 3 (Fig. 2A2-4, B2—4, and C2-4), apoB-100
and E were detected, and apoA-1 and apo(a) were not. In
the Peak 5 (chylomicron) fraction of Subjects 1, 2, and 3
(Fig. 2Ab5, B5, and C)), apoA-1, B-48, E, and apo(a) were
not detected because of the trivial amounts of chylomi-
crons in sera (Fig. 1Ab, Bg, and Cg). In the Peak 6 [Lp(a)]
fraction of Subjects 1, 2, and 3 (Fig. 2A6, B6, and C6),
apo(a) was detected as one band (730 kDa), two bands
(710 and 640 kDa), and two bands (660 and 540 kDa), re-
spectively. In the Peak 6 [Lp(a)] fraction of Subjects 1, 2,
and 3 (Fig. 2A6, B6, and C6), apoB-100 was also detected.

Linearity, precision, and recovery tests

The serum with a high Lp(a) level [Subject 4, Lp(a)
protein = 1.21 mg/ml] and the two sera with a low Lp(a)
level [Subject 5, Lp(a) protein = 0.02 mg/ml] and high
Lp(a) level [Subject 6, Lp(a) protein = 1.19 mg/ml] were
subjected to linearity, precision, and recovery tests, respec-
tively, as follows.

Figure 3A shows a chromatogram of the serum from
Subject 4. Linear relationships were found between the
peak area of each lipoprotein class (Peaks 1-6) and the
total peak area and dilution ratio in a range of up to 10
times (Fig. 3B, C). Tables 1 and 2 show the precision data
of the sera of Subjects 5 and 6 applied to the AEX-HPLC
method. The values of within-assay and between-assay co-
efficients of variation of the cholesterol concentration of
each lipoprotein class were 0.29-11.86% and 0.57-11.99%,
respectively (Table 1). The values of within-assay and
between-assay coefficients of the variation in retention
time of each lipoprotein class were 0.021-0.22% and
0.22-1.04%, respectively (Table 2). The replicability was
satisfactory.

Fig. 4A and B shows a chromatogram of the purified
Lp(a) and a Western blot with a goat polyclonal antibody
against apo(a). The peak of Lp(a) appeared at 21.60 min
(Fig. 4A). The apo(a) protein was detected at 580 kDa
(Fig. 4B). The purified Lp(a) was added to the sera of
Subjects 5 and 6, and these samples were analyzed by the
AEX-HPLC method for estimation of recovery. The recov-
ery rates of Lp(a) were 95-113% (Table 3).

TABLE 2. Precision data for retention times of lipoprotein peaks

Retention Times

Between Assay (n = 10)

Within Assay (n = 10)

Mean SD (6)% Mean SD CvV
Lipoproteins (min) (min) (%) (min) (min) (%)
Subject 5 HDL 3.41 0.032 0.93 3.40 0.0032 0.093
LDL 7.41 0.032 0.43 7.40 0.0032 0.043
IDL 12.31 0.032 0.26 12.30 0.0032 0.026
VLDL 14.71 0.032 0.22 14.70 0.0032 0.021
Chylomicrons — — — — — —
Lp(a) 21.99 0.057 0.26 21.97 0.048 0.22
Subject 6 HDL 3.49 0.032 0.91 3.50 0.032 0.090
LDL 7.62 0.079 1.04 7.70 0.016 0.21
IDL 12.38 0.042 0.34 12.40 0.017 0.13
VLDL 14.77 0.048 0.33 14.80 0.0032 0.021
Chylomicrons 18.40 0.067 0.36 18.42 0.035 0.19
Lp(a) 21.46 0.052 0.24 21.49 0.032 0.15
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Fig. 4. Chromatogram and Western blotting pattern of the puri-
fied Lp(a) sample for the recovery test. A: The Lp(a) sample was
analyzed by HPLC. The retention time was 21.60 min. B: The Lp(a)
sample was analyzed by Western blot analysis using a goat poly-
clonal antibody against apo(a) with a 5% gel of SDS-PAGE. One
band of 580 kDa was detected.

These results indicate that the cholesterol levels of the
six lipoprotein classes can be accurately determined by the
AEX-HPLC method.

Comparison of the Lp(a) cholesterol levels estimated
by the AEX-HPLC method with Lp(a) protein levels
measured by immunoturbidimetric assay

The correlation between the Lp(a) cholesterol levels es-
timated by the AEX-HPLC method and the Lp(a) protein
levels measured by an immunoturbidimetric assay in 17
healthy subjects and 16 dyslipidemic patients are shown in
Fig. 5. The correlation coefficient was 0.9503 (P < 0.0001,
n = 33). This satisfactory correlation supports the useful-
ness of the AEX-HPLC method for the determination of
cholesterol levels in Lp(a).

DISCUSSION

In our previously established HPLC method (17) for de-
termining the cholesterol levels of HDL, LDL, IDL, VLDL,
and chylomicrons, the inquiry focused on how Lp(a) is
eluted and whether Lp(a) can be measured. Therefore,
we established another AEX-HPLC method for the deter-
mination of cholesterol levels in six major lipoprotein
classes, including Lp(a). This report shows a satisfactory
separation of the six lipoprotein classes [HDL, LDL, IDL,
VLDL, chylomicrons, and Lp(a)] using the AEX-HPLC
and good correlation of the Lp(a) cholesterol levels

TABLE 3. Recovery data of Lp(a)

Original Added Amount
Concentration Amount Found Recovery
(mmol/1) (mmol/1) (mmol/1) Rate (%)
Subject 5 0.02 0.10 0.09 95
0.20 0.20 100
0.40 0.44 110
Subject 6 0.59 0.13 0.14 109
0.25 0.29 113
0.51 0.55 109
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Cholesterol levels of lipoprotein(a)
by HPLC method (mmol/L)
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Fig. 5. Correlation of Lp(a) cholesterol values obtained by the
HPLC method with the Lp(a) protein values obtained by immuno-
turbidimetric reagent. Aliquots of 4 pl of 17 healthy sera and 16
dyslipidemic sera were analyzed by the HPLC method, and the cho-
lesterol concentrations of Lp(a) were determined. Lp(a) protein
values in the sera were determined using a commercial immuno-
turbidimetry kit (Sekisui Medical Co.). The linear regression equa-
tion, correlation coefficient, and Pvalue were y = 0.3427x+0.0112,
r=10.9503, and P < 0.0001 respectively.

between this HPLC method and commercially available
immunoassay (Fig. 5).

The apo(a) protein is heterogeneous in molecular mass
because of the different gene sizes. Utermann et al. (2)
have shown that apo(a) has six phenotypes with molecular
masses ranging from 400-700 kDa: F, B, S1, S2, S3, and S4.
Another study reported 11 apo(a) phenotypes with mo-
lecular masses ranging from 419-838 kDa (3). Moreover,
these previous reports indicated that one or two pheno-
types of the apo(a) protein in a single subject can be de-
tected (2, 3). In this article, the apo(a) in the three sera
from Subjects 1, 2, and 3 was found to have one phenotype
(730 kDa), two phenotypes (710 and 640 kDa), and two
phenotypes (660 and 540 kDa), respectively (Fig. 2A1, B1,
and C1). All of the apo(a) were found in the Peak 6
[Lp(a)] fraction separated by the AEX-HPLC method
(Fig. 2A7, B7, and C7). These results indicate that all of
the Lp(a) isoforms containing the different phenotypes of
apo(a) may be eluted from the AEX column. The Lp(a)
peaks (Peak 6) in Subjects 2 and 3 had slightly different
retention times, at 21.75 and 21.42 min, respectively (Fig.
1Bg, Cg). This difference in the retention time may be at-
tributed to the different molecular masses of apo(a) con-
tained in the Lp(a) of Subjects 2 and 3, but this remains to
be determined.

Berneis et al. (20) have reported that LDLs are heterog-
enous in relation to different subtypes of VLDL and IDL in
lipoprotein metabolism. The LDL and IDL fractions in
sera obtained from Subjects 1 and 2 contained minor
peaks (Fig. 1Ac, Ad, Bc, and Bd). The VLDL fraction in
sera obtained from Subject 2 contained minor peaks (Fig.
1Be). This finding may be relevant to the heterogeneity of
the LDL, IDL, and VLDL particles.

It is generally established that HDL, LDL, IDL, VLDL,
chylomicrons, and Lp(a) are composed of apoA-I, A-II, Cs
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(I-III), D, and E; apo B-100, C-II, and E; apoB-100, Cs (I-
III), and E; apoB-100, Cs (I-III), and E; apoB-48, A-l, and
ATy and apo B-100 and apo (a), respectively (1, 27). ApoA-1
and E, apoB-100 and E, apoB-100 and E, apoB-100 and E,
and apoB-100 and apo(a) were detected in the HDL, LDL,
IDL, VLDL, and Lp(a) fractions using the AEX-HPLC
method, respectively (Fig. 2). In Fig. 2B, apoB-48 and A-1 in
the chylomicron fraction of Subject 2 were not detected.
The failure in detection might be attributed to the low con-
centration of the lipoprotein or insufficient sensitivity.

In conclusion, this study shows that six major lipopro-
tein classes in human sera can be separated using AEX-
HPLC, and the cholesterol level of each lipoprotein can
be determined. We validated the HPLC method by exam-
ining its linearity, precision, and recovery and by the cor-
relation of the values obtained by the HPLC method with
data obtained by commercially available immunoassay.
These results suggest that this improved HPLC method is
suitable for the convenient and accurate evaluation of
cholesterol levels of six lipoprotein classes, including
Lp(a), in human sera il

The authors thank Ms. Mika Kon, Ms. Akiko Isobe, and Ms.
Erika Suzuki for their excellent technical assistance.
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