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Abstract FElectronegative LDL, a charge-modified LDL
(cm-LDL) subfraction that is more negatively charged than
normal LDL, has been shown to be inflammatory. We previ-
ously showed that pravastatin and simvastatin reduced the
electronegative LDL subfraction, fast-migrating LDL
(fLDL), as analyzed by capillary isotachophoresis (cITP). The
present study examined the effects of rosuvastatin on the more
electronegative LDL subfraction, very-fast-migrating LDL
(vfLDL), and small, dense charge-modified LDL (sd-cm-LDL)
subfractions. Patients with hypercholesterolemia or those
who were being treated with statins (n = 81) were treated
with or switched to 2.5 mg/d rosuvastatin for 3 months. Ro-
suvastatin treatment effectively reduced cITP cm-LDL sub-
fractions of LDL (vfLDL and fLDL) or sdLDL (sd-vfLDL
and sd-fLDL), which were closely related to each other but
were different from the normal subfraction of LDL [slow-
migrating LDL (sLDL)] or sdLDL (sd-sLDL) in their rela-
tion to the levels of remmantlike particle cholesterol
(RLP-C), apolipoprotein (apo) C-II, and apoE. The percent
changes in cm-LDL or sd-cm-LDL caused by rosuvastatin
were correlated with those in the particle concentrations of
LDL or sdLDL measured as LDL-apoB or sdLDL-apoB and
the levels of HDL-C, RLP-C, apoC-II, and apoE.Bl In con-
clusion, rosuvastatin effectively reduced both the vfLDL
subfraction and sd-cm-LDL subfractions as analyzed by
cITP.— Zhang, B., A. Matsunaga, D. L. Rainwater, S-i. Miura,
K. Noda, H. Nishikawa, Y. Uehara, K. Shirai, M. Ogawa, and
K. Saku. Effects of rosuvastatin on electronegative LDL as
characterized by capillary isotachophoresis: the ROSARY
Study. J. Lipid Res. 2009. 50: 1832-1841.
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Anincreased low-density lipoprotein cholesterol (LDL-C)
level is an established risk factor for cardiovascular disease.
Statins (3-hydroxy-3-methylglutaryl CoA reductase inhibi-
tors) effectively reduce LDL-C levels and the risk of cardio-
vascular events (1). Statins also diminish inflammation as
indicated by a reduction of C-reactive protein (CRP) (2, 3).
However, the mechanism by which statins exert their anti-
inflammatory action is not fully understood.

Modified forms of LDL that exist in human plasma,
including oxidized LDL (OxLDL), small, dense LDL
(sdLDL), and glycated LDL, are considered to be athero-
genic. Increased OxLDL and sdLDL levels are associated
with an increased risk of coronary heart disease (CHD) (4,
5). Various forms of modified LDL share a common char-
acteristic in that they show increased electrophoretic mo-
bility compared with normal LDL. An LDL subfraction that
is more negatively charged than normal LDL has been sep-
arated by anion-exchange chromatography and is defined
as electronegative LDL [LDL(-)] (6). The proportion of
LDL(-) in total LDL has been shown to be increased in pa-
tients with hypercholesterolemia (HC), hypertriglyceri-
demia (HTG), diabetes mellitus (DM), and CHD (7-10).

LDL(-) separated from either normal subjects or patients
with HC has been consistently shown to be inflammatory
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(8,11-13). LDL(-) in human plasma is formed from multiple
origins (6). The inflammatory marker lipoprotein-associated
phospholipase A, [also called platelet-activating factor acetyl-
hydrolase (PAF-AH)] has been shown to be associated with
LDL(-) (14). The clinical importance of LDL(-) is still un-
known, as the chromatography technique requires the isola-
tion of LDL from plasma for LDL(-) analysis and thus is labor
intensive and time-consuming (7, 8, 13), which limits its use
as a routine analytical technique. However, it may be impor-
tant to reduce plasma levels of LDL(-), an atherogenic lipo-
protein that resides in plasma longer than normal LDL due
to its lower affinity for LDL receptors (15).

Capillary isotachophoresis (cITP) is an analytical tech-
nique for analyzing charge-based lipoprotein subfractions
directly in plasma (16-18). It is advantageous to analyze LDL
subfractions in the presence of HDL and plasma proteins
because they protect LDL from artificial modification. The
cITP technique separates plasma lipoproteins into three
high-density lipoprotein (HDL) subfractions [fast-, interme-
diate-, and slow-migrating HDL (fHDL, iHDL, and sHDL)],
two triglyceride (TG)-rich lipoprotein (TRL) subfractions
[fast- and slow-migrating TRL (fTRL and sTRL)], and two
major LDL subfractions [fast- and slow-migrating LDL (fLDL
and sLDL)] according to their electrophoretic mobilities
(18, 19). The levels of cITP LDL subfractions can be deter-
mined as peak areas relative to that of an internal marker
(18-22).

We have previously shown that cITP fLDL is an electro-
negative LDL subfraction because fLLDL is increased and
sLDL is decreased when LDL is mildly oxidized (19). Our
recent study (23) showed that cITP fLDL levels were ele-
vated in patients with HC and risk factors of CHD and
were effectively reduced by low-dose pravastatin and sim-
vastatin (The SPECIAL study).

We previously found that a new electronegative LDL
subfraction that has faster electrophoretic mobility than cITP
fLLDL was increased when LDL was moderately oxidized, and
defined this more electronegative LDL subfraction as very-
fast-migrating LDL (vfLDL) (19). We observed drastically
increased cITP vfLDL in patients with extremely low levels
of HDL-C and low levels of LDL-C (19). The cITP vfLDL
comigrates with cITP sTRL in human plasma and there-
fore needs to be analyzed in plasma depleted of TRL.
It has not yet been determined whether the more electro-
negative LDL subfraction (cITP vfLDL) is increased in
patients with HC and could be effectively reduced by statin
treatment.

In the present study, we examined the effects of rosuvas-
tatin on cm-LDL subfractions of LDL (vfLLDL and fLLDL)
and sdLDL (sd-vfLDL and sd-fLDL) as analyzed by cITP
and the relation of the effects of rosuvastatin on LDL par-
ticle concentrations and HDL-C levels in HC patients with
CHD or risk factors for CHD.

METHODS

Patients

Eighty-one outpatients (32 men and 49 women) with CHD
or risk factors for CHD and HC or who were being treated with

statins were enrolled in the study. The inclusion criteria were pa-
tients who had LDL-C levels greater than 140 mg/dl and more
than one CHD risk factor, had LDL-C levels greater than 120
mg/dl and more than three CHD risk factors, or had received
pravastatin (5-10 mg/d), simvastatin (5 mg/d), fluvastatin (20
mg/d), atorvastatin (5-20 mg/d), or pitavastatin (1 mg/d) for
more than 3 months. Age (men =45 years; women =55 years),
hypertension (HT), history of CHD, DM, and smoking were con-
sidered as CHD risk factors. Patients with a history of myocardial
infarction or stable angina were considered to have CHD. Pa-
tients who were receiving antihypertensive therapy or who had
systolic blood pressure =140 mmHg and/or diastolic blood pres-
sure =90 mmHg were considered to have hypertension. Patients
who were receiving antidiabetic therapy or who had fasting blood
glucose concentrations =126 mg/dl and/or 2-h glucose concen-
tration =200 mg/dl after an oral glucose tolerance test were con-
sidered to have DM. Current smokers were considered to have
smoking as a CHD risk factor. Men had a higher prevalence of
CHD (59.4% vs. 26.5%) and a higher percentage of patients with
=3 risk factors of CHD (46.9% vs. 22.4%) than women. Exclu-
sion criteria included: a history of allergy with statin treatment;
liver diseases, including cirrhosis; severe renal disease complica-
tions, including diabetic nephropathy and renal failure; acute
myocardial infarction; unstable angina; LDL apheresis; receiving
nicotinic acid; and immunosuppressant and hormone therapy.
The study protocol was approved by the Ethics Committee of Fu-
kuoka University Hospital, and written informed consent was ob-
tained from all patients.

All of the patients were treated with low-dose (2.5 mg/d) rosu-
vastatin for 3 months, and patients who were receiving other sta-
tins (75.0% of the men and 87.8% of the women) were switched
to treatment with 2.5 mg rosuvastatin. Overnight fasting blood
was drawn at baseline and after treatment with rosuvastatin for
3 months. Plasma containing 2 mM EDTA was separated for the
measurement of lipid and lipoproteins.

Separation of plasma d>1.006 g/ml and d>1.040 g/ml
fractions by quantitative ultracentrifugation

Plasma d>1.006 g/ml fraction, which was depleted of very-low-
density lipoprotein (VLDL) and contained classically defined
LDL particles, i.e., intermediate-density lipoprotein (d 1.006-
1.019 g/ml) and the bulk of LDL (d 1.019-1.063 g/ml) (24), and
d>1.040 g/ml fraction (depleted of TRL and large, buoyant LDL)
were separated by quantitative ultracentrifugation for measure-
ment of the LDL and sdLDL compositions and cITP LDL and
sdLDL subfractions, as described previously (19).

Measurement of charge-based LDL subfractions by cITP

Lipoprotein subfractions were analyzed in EDTA plasma by
cITP on a Beckman P/ACE MDQ system (Beckman-Coulter Inc.,
Tokyo, Japan) as described previously (18, 19, 22). cITP LDL and
sdLDL subfractions were analyzed in plasma d>1.006 g/ml and
d>1.040 g/ml fractions, respectively (19). Six pl of plasma or
plasma fraction was used for routine analysis. Plasma lipopro-
teins were prestained with a lipophilic dye, NBD Cg-ceramide
(Molecular Probes, Inc., Eugene, OR), before separation. Levels
of cITP lipoprotein subfractions were expressed as the peak area
relative to that of an internal marker, 5-carboxy-fluorescein (18,
20-22).

Measurement of plasma levels of lipids, lipoproteins,
and apolipoproteins, activities of lipoprotein-associated
enzymes, the sizes of HDL and LDL, and

CRP concentrations

Plasma levels of free cholesterol (FC), TG, phospholipids
(PL), HDL-C, and LDL-C were measured by enzymatic methods
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as described previously (19). Plasma remnant-like particle choles-
terol (RLP-C) levels were measured using a Metabol.ead RemL-C
reagent kit for an autoanalyzer, kindly provided by Kyowa Medex,
Tokyo, Japan. Plasma levels of apolipoprotein (apo)A-I, apoB,
apoC-II, and apoE were measured by turbidimetric immunoassay
methods as described previously (22).

Serum basal paraoxonase (PON1) activity was measured on an
autoanalyzer (Hitachi 7600-020S; Hitachi High-Technologies,
Tokyo, Japan) with paraoxon as a substrate, as described previ-
ously (25). Plasma PAF-AH activity was measured using an Azwell
Auto PAF-AH reagent kit (Alfresa, Osaka, Japan) as described
previously (26).

ApoB-depleted plasma was separated using the phosphotung-
state-Mg% precipitation method, as described previously (27), for
measurement of HDL-FC, HDL-PL, and HDL-associated PAF-AH
(HDL-PAF-AH) activity. LDL-associated PAF-AH (LDL-PAF-AH)
activity was calculated from PAF-AH activities in whole plasma
and apoB-depleted plasma (26).

Particle concentrations of LDL and sdLDL were measured as
apoB levels in plasma d>1.006 g/ml and d>1.040 g/ml fractions.
sdLDL-C levels were measured as LDL-C levels in plasma d>1.040
g/ml fraction. Levels of LDL-FC and LDL-PL or levels of
sdLLDL-FC and sdLDL-PL were calculated from FC and PL levels
measured in plasma d>1.006 g/ml fraction or d>1.040 g/ml frac-
tion and apoB-depleted plasma.

HDL and LDL particle sizes were measured by composite gra-
dient gel electrophoresis as described previously (19, 28-30).

Serum CRP concentrations were measured in a ‘high-sensitivity’
assay using particle-enhanced immunonephelometry with
N-latex CRPII (Dade Behring Marburg GmbH, Marburg,
Germany).

Statistical analysis

All of the data analyses were performed using the SAS (Statisti-
cal Analysis System) Software Package (Ver. 9.1.3, SAS Institute
Inc.., Cary, NC) at Fukuoka University (Fukuoka, Japan). The
normality of the distribution of continuous variables was exam-
ined by the Shapiro-Wilk test. Changes in continuous variables
during the study period were examined by the Wilcoxon signed-
rank test. Data are presented as mean + standard error (SE) and
median values are given for percentage changes. The Spearman
correlation was used to examine the correlation among continu-
ous variables. Significance was considered to be a Pvalue of less
than 0.05 unless indicated otherwise.

RESULTS

Effects of rosuvastatin on the compositions of HDL,
LDL, and sdLDL and plasma levels of TG, RLP-C,
apolipoproteins, and inflammatory markers

As shown in Table 1, treatment with 2.5 mg rosuvastatin
for 3 months increased plasma levels of HDL-C, HDL-FC,
HDL-PL, apoA-I, and HDL-PAF-AH activity in all of the
patients without significantly affecting serum PONI activ-
ity or the size of HDL. Rosuvastatin decreased plasma
levels of LDL-C, LDL-FC, LDL-PL, and LDL-apoB,
LDL-PAF-AH activity, and levels of sdLDL-C, sdLDL-FC,
sdLDL-PL, and sdLDL-apoB without affecting the size of
LDL. Rosuvastatin also significantly decreased the ratio of
LDL-C to HDL-C (LDL-C/HDL-C), plasma levels of TG,
RLP-C, apoB, apoC-II, and apoE, and plasma PAF-AH ac-
tivity without significantly affecting serum CRP concentra-
tionsin all of the patients (Table 1). Therefore, rosuvastatin
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treatment increased lipid and protein contents in HDL
and decreased those in LDL and sdLDL. Particle concen-
trations of LDL and sdLDL, measured as LDL-apoB and
sdLDL-apoB concentrations, were reduced similarly in
men and women (LDL-apoB, —17% and —16%; sdLDL-
apoB, —21% and —19%).

Distribution of charge-based LDL and sdLDL
subfractions as analyzed by cITP in HC patients with
similar LDL-C and sdLDL-C levels

Figure 1 shows typical lipoprotein subfractions in plasma
from a normolipidemic (NL) volunteer subject (TG,
HDL-C, and LDL-C, 49, 60, and 91 mg/dl, respectively), a
patient with HC (139, 51, and 146 mg/dl), and a diabetic
patient with HTG and HC (355, 54, and 147 mg/dl), as
analyzed by cITP. As shown, the HC patient (Fig. 1B.a)
and the HTG-HC patient (Fig. 1C.a) had increased cITP
fLDL (peak 6) in plasma compared with the NL subject
(Fig. 1A), and the HTG patient had apparently increased
cITP fTRL and sTRL (peaks 4 and 5) compared with the
HC patient, as expected. However, although the HC and
HTG-HC patients had similar LDL-C levels (146 and 147
mg/dl, respectively), they had apparently different distri-
butions of cITP LDL subfractions (Figs. 1B.b, C.b). The
cITP vfLDL (peak 5) was the minor LDL subfraction and
sLDL (peak 7) was the major LDL subfraction in plasma
d>1.006 g/ml fraction from the HC patient (Fig. 1B.b),
but cITP vfLDL was drastically increased and the three
cITP LDL subfractions, vfiLDL, fLDL, and sLDL, were
evenly distributed in plasma d>1.006 g/ml fraction from
the HTG-HC patient (Fig. 1C.b).

The distributions of cITP sdLDL subfractions as ana-
lyzed in plasma d>1.040 g/ml fraction were similar to
those of LDL subfractions in the same patients except that
the proportion of sd-fLDL was greater than that of fLDL
(Figs. 1.B, C). However, the distributions of cITP sdLDL
subfractions in the HC and HTG-HC patients (Figs. 1B.c,
C.c) were drastically different despite similar sdLDL-C
levels (67 and 74 mg/dl, respectively).

Therefore, the levels of cITP vfLLDL and fLLDL subfrac-
tions and cITP sd-vfLDL and sd-fLDL could not be pre-
dicted based on LDL-C and sdLDL-C levels.

Effects of rosuvastatin on charge-based LDL and sdLDL
subfractions as analyzed by cITP

In all of the patients, the proportions of cITP vfLDL
and fLDL in total LDL as measured in plasma d>1.006
g/ml fraction were 8.4 + 0.6% and 25.0 + 0.8%, respec-
tively. As shown in Table 2, rosuvastatin treatment signifi-
cantly decreased cITP fLDL and sLDL subfractions in
whole plasma, viLDL, fLDL, and sLDL subfractions in
plasma d>1.006 g/ml fraction, and sd-vfLDL, sd-fLDL,
and small, dense, slow-migrating LDL (sd-sLDL) subfrac-
tions in both men and women. The proportion of fLDL or
sd-fLDL was not significantly affected (data not shown).
Rosuvastatin caused similar reductions in vfLDL and fL.LDL
subfractions (—18% and —22%) and reductions in sd-
vfLDL and sd-fLDL subfractions (—24% and —20%) in all
of the patients.



TABLE 1. Changes in the compositions of HDL, LDL, and sdLLDL, plasma levels of TG, RLP-C, and apolipoproteins, serum CRP concentrations,
and activities of plasma and lipoprotein-associated PAF-AH activity
Overall Women Men
Period of
treatment Mean + SE Median % A Mean + SE Median % A Mean + SE Median % A
HDL-C (mg/dl) Baseline 59+ 1 62 + 2 54 +2
3 Mo. 62 + 2 5%* 64 + 2 2% 58 +2 9%*
HDL-FC (mg/dl) Baseline 13+0 14 +1 12+1
3 Mo. 26+ 1 94%* 26 + 1 81%* 26 + 2 111%*
HDL-PL (mg/dl) Baseline 103 +2 108 +3 96 + 4
3 Mo. 113+ 2 8%* 116 + 3 7%* 107 + 4 12%*
ApoA-I (mg/dl) Baseline 144 + 2 150 + 3 135 +4
3 Mo. 149 + 2 3%* 153+ 3 3% 142 + 4 7%*
PONT1 activity (IU/L) Baseline 329 + 12 331+15 326 + 20
3 Mo. 331 +12 2% 333 + 16 0.5% 328 +19 2%
HDL-PAF-AH activity Baseline 35+1 35+2 34+2
(IU/L) 3 Mo. 38+ 1 8%* 39 +2 8%* 38 +2 9%*
HDL size (nm) Baseline 9.20 £ 0.06 9.28 + 0.07 9.08 £ 0.10
3 Mo. 9.24 + 0.05 0.3% 9.29 + 0.07 0.0% 9.15 + 0.09 0.8%
LDL-C (mg/dl) Baseline 132+ 4 134+ 5 129+ 6
3 Mo. 105+ 3 —18%* 109 + 4 —18%* 99 +5 —20%*
LDL-FC (mg/dl) Baseline 90 + 2 92 +2 88+3
3 Mo. 66 + 2 —28%%* 69 + 2 —25%%* 61+3 —32%*
LDL-PL (mg/dl) Baseline 95 + 2 98+ 3 92+ 3
3 Mo. 76 £ 2 —20%* 80+3 —19%* 71+3 —22%%*
LDL-apoB (mg/dl) Baseline 94+ 2 95+ 3 92+ 3
3 Mo. 78 +2 —16%* 81+3 —16%* 73+3 —17%*
LDL-PAF-AH activity Baseline 335+ 17 327 £ 21 347 + 27
(IU/L) 3 Mo. 265 + 14 —22%%* 267 + 19 —19%* 263 + 20 —24%%*
LDL size (nm) Baseline 26.32 + 0.06 26.38 + 0.07 26.22 +0.10
3 Mo. 26.29 + 0.05 -0.2% 26.36 + 0.07 —0.2% 26.18 + 0.08 -0.1%
sdLDL-C (mg/dl) Baseline 61 +2 60 + 3 62+3
3 Mo. 46+ 2 —26%* 47+3 —25%%* 45+ 2 —29%%*
sdLDL-FC (mg/dl) Baseline 23 +1 23 +1 23 +1
3 Mo. 6=+1 —=70%%* 7+1 —68%* 5+2 —77%*
sdLDL-PL (mg/dl) Baseline 52+ 2 52+ 2 51 +2
3 Mo. 39+1 —23%* 41 +2 —22%%* 37+2 —24%%*
sdLDL-apoB (mg/dl) Baseline 53+2 53+3 54+2
3 Mo. 43+ 2 —20%%* 44 +2 —19%* 41 +2 —21%*
LDL-C/HDL-C Baseline 24 +0.1 2.3+0.1 2.6 £0.2
3 Mo. 1.8+0.1 —21%* 1.8+0.1 —18%* 1.8+0.2 —22%%*
TG (mg/dl) Baseline 121+ 7 129 + 10 109 +9
3 Mo. 113+ 7 —10%* 114+ 8 —13%* 112 £ 10 5%
RLP-C (mg/dl) Baseline 6.8+ 0.5 7.3+0.7 6.0 +0.5
3 Mo. 5.4+0.4 —20%* 5.6 +0.5 —26%* 5.2+0.6 —20%*
ApoB (mg/dl) Baseline 99 + 2 101 +4 96 + 3
3 Mo. 83 +2 —15%%* 86+ 3 —15%* 78+3 —16%*
ApoC-II (mg/dl) Baseline 5.2+0.2 5.6 0.3 4.7+0.2
3 Mo. 4.8+0.2 —6%* 5.0+0.3 —5%* 4.5+0.2 9%
ApoE (mg/dl) Baseline 4.5+0.1 48+0.2 4.1+0.1
3 Mo. 4.3 +0.1 —7%%* 4.5+0.1 —7%* 3.9+0.1 —9%*
CRP (mg/dl) Baseline 0.12+0.03 0.08 +0.01 0.19 +0.08
3 Mo. 0.09 +0.01 —-3% 0.08 +0.01 2% 0.09 + 0.02 —21%*
Plasma PAF-AH Baseline 366 + 18 354 + 23 382 + 28
activity (IU/L) 3 Mo. 300 + 15 —19%* 300 + 21 —17%* 300 + 21 —19%*

* P<0.05, significant changes during the study as assessed by the Wilcoxon signed-rank test.

Figure 2 shows box-and-whisker plots of the percentage
changes in the cITP LDL subfraction in whole plasma and
the plasma d>1.006 g/ml fraction and cITP sdLDL sub-
fraction in the d>1.040 g/ml fraction caused by rosuvasta-
tin. As shown, the median percentage changes in the
three subfractions of LDL (vfLDL, fLLDL, and sLDL) or
sdLDL (sd-vfLLDL, sd-fLLDL, and sd-sLLDL) were similar in
all of the patients and in female and male patients, respec-
tively, but the percentage changes in cITP vfLDL or sd-
vifLDL for all of the patients varied to a greater extent
compared with fLDL and sLDL or sd-fLDL and sd-sLDL
due to the relatively low levels of cITP viLDL and sd-vfLDL
(Table 2).

Pathophysiological relevance of the different LDL and
sdLDL subfractions as analyzed by cITP

Table 3 shows the relation between levels of cITP LDL
and sdLDL subfractions and the compositions of HDL,
LDL, and sdLDL or plasma levels of TG, RLP-C, apolipo-
proteins, and inflammatory markers in all of the patients
at baseline. Levels of cITP fLDL and sLDL analyzed in
whole plasma and in plasma d>1.006 g/ml fraction were
strongly correlated (r=0.95 and 0.95, respectively), as ex-
pected (Table 3). cITP fLDL and vfLDL subfractions of
LDL or sdLDL, as measured in plasma d>1.006 g/ml or
d>1.040 g/ml fractions, were strongly correlated with each
other (r=0.93 or 0.93), but were not correlated with the
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Fig. 1. A: Typical plasma lipoprotein subfractions
as characterized by capillary isotachophoresis (cITP)
in a normolipidemic subject (TG, HDL-C, and
LDL-C: 49, 60, and 91 mg/dl, respectively). B and C:
cITP lipoprotein subfractions in a patient with hyper-
cholesterolemia (HC) (TG, HDL-C, and LDL-C: 139,
51, and 146 mg/dl, respectively) and a patient with
both hypertriglyceridemia (HTG) and HC (TG,
HDL-C, and LDL-C: 355, 54, and 147 mg/dl, respec-
tively) in whole plasma (a) and plasma d>1.006 g/ml
(b) and d>1.040 g/ml (c) fractions. Peaks 1-3, fast-,
intermediate-, and slow-migrating HDL (fHDL,
iHDL, and sHDL) subfractions ; peaks 4 and 5, fast-
and slow-migrating TRL (fTRL and sTRL) subfrac-
tions; peak 5 in b and c, veryfast-migrating LDL
(VfLDL) subfraction; peaks 6 and 7, fast- and slow-
migrating LDL (fLDL and sLDL) subfractions; peak
8, a minor LDL subfraction.

sLDL subfraction of LDL (r= —0.03) or sdLDL (r= 0.22).
Therefore, the two cm-LDL subfractions of LDL and
sdLDL were closely related to each other but were not re-
lated to the normal subfraction (sLDL) of LDL or sdLLDL.

cITP cm-LDL subfractions of LDL (viLDL, fLLDL) and
sdLDL (sd-vfLDL, sd-fLLDL) were negatively correlated
with HDL-PAF-AH activity, and all of the three cITP sdLDL
subfractions (sd-vfLDL, sd-fLLDL, and sd-sLDL) were nega-
tively correlated with HDL-C, HDL-FC, and HDL-PL levels
and HDL size (Table 3).

Both cITP fLDL and sLDL subfractions of LDL or sdLLDL
were positively correlated with cholesterol, FC, PL, and
apoB concentrations of LDL or sdLDL (Table 3). How-
ever, whereas cITP cm-LDL subfractions (vfLDL and
fLDL) and sd-cm-LDL subfractions (sd-vfLDL and sd-
fLLDL) were negatively correlated with the size of LDL (r=
—0.34, —0.29, —0.51, and —0.51), cITP sLDL was posi-
tively correlated with LDL size (r= 0.27) and sd-sLDL was
not correlated with LDL size (r= —0.02) (Table 3).

Also, cITP vfLDL and fLDL subfractions and sd-vfLLDL
and sd-fLDL subfractions were positively correlated with
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levels of TG, RLP-C, apoC-II, and apoE, whereas sLDL and
sd-sLLDL. were not related to these TRL-related variables
(Table 3).

Therefore, cITP cm-LDL subfractions of LDL (vfL.DL
and fLLDL) and sdLDL (sd-vfLDL and sd-fLLDL) were
closely related to each other, but were different from the
normal LDL subfraction of LDL (sLDL) and sdLDL (sd-
sLDL) with regard to LDL size and TG-related variables.
Accordingly, the vfLDL and fLDL subfractions were com-
bined in the following statistical analyses.

Relation between the effects of rosuvastatin on cITP
cm-LDL and sd-cm-LDL subfractions and HDL-C levels,
LDL particle concentrations, and TRL-related variables
Table 4 shows the relation between the percentage
changes in cITP cm-LDL (vfLDL + fLDL) and sLLDL subfrac-
tions of LDL and sdLDL and those in the compositions of
HDL, LDL, and sdLDL and plasma levels of TG, RLP-C,
and apolipoproteins in all of the patients during the study.
The percentage changes in cm-LDL and sd-cm-LDL were
negatively correlated with those in HDL-C (r= —0.25 and



TABLE 2. Changes in cITP LDL subfractions measured in whole plasma and plasma d>1.006 g/ml fraction and cITP sdLDL subfraction
measured in d>1.040 g/ml fraction

X Opverall ‘Women Men
Period of
treatment Mean + SE Median %A Mean + SE Median %A Mean + SE Median %A
Whole plasma
cITP sTRL/vfLLDL Baseline 0.52 £ 0.04 0.57 +0.05 0.44 + 0.04
3 Mo. 0.44 £ 0.03 —11%* 0.45 + 0.04 —21%* 0.41 + 0.04 —8%
cITP fLLDL Baseline 0.80 + 0.04 0.84 + 0.05 0.75 + 0.05
3 Mo. 0.67 +0.03 —17%* 0.70 + 0.04 —14%%* 0.63 + 0.05 —17%*
cITP sLDL Baseline 1.85 £ 0.06 1.80 + 0.06 1.93+0.11
3 Mo. 1.58 £ 0.05 —16%* 1.58 £ 0.05 —14%%* 1.57 £ 0.09 —17%*
Plasma d>1.006 g/ml fraction
cITP vfLDL Baseline 0.25 + 0.02 0.28 £ 0.03 0.20 £ 0.03
3 Mo. 0.18 £ 0.01 —18%* 0.20 £ 0.02 —17%* 0.15+0.02 —23%%*
cITP fLLDL Baseline 0.72 + 0.03 0.75 +0.05 0.66 + 0.04
3 Mo. 0.56 + 0.03 —22%%* 0.59 + 0.04 —19%* 0.50 + 0.04 —25%%*
cITP sLDL Baseline 1.87 £ 0.06 1.80 + 0.06 1.97 £0.11
3 Mo. 1.58 + 0.05 —17%* 1.58 +0.05 —15%* 1.57 £ 0.09 —20%*
Plasma d>1.040 g/ml fraction
cITP sd-vfLDL Baseline 0.17 +0.02 0.18 £ 0.02 0.16 £ 0.02
3 Mo. 0.12 £ 0.01 —24%* 0.13 £ 0.02 —22%%* 0.11 £ 0.01 —26%%*
cITP sd-fLLDL Baseline 0.47 £ 0.03 0.46 + 0.04 0.47 £ 0.04
3 Mo. 0.36 + 0.02 —20%* 0.36 + 0.03 —22%%* 0.34 + 0.03 —20%*
cITP sd-sLDL Baseline 1.13 +0.04 1.04 + 0.06 1.26 +0.07
3 Mo. 0.90 + 0.04 —20%* 0.88 + 0.04 —15%* 0.95 + 0.06 —25%%*

* P<0.05, significant changes during the study as assessed by the Wilcoxon signed-rank test.

—0.28), and the percentage changes in cITP sd-cm-LDL
were also negatively correlated with those in HDL-PL and
apoA-I (Table 4).

The percentage changes in both cm-LDL and sLDL
were positively correlated with those in LDL-related vari-
ables (LDL-C, LDL-FC, LDL-PL, LDL-apoB, and LDL-
PAF-AH) and LDL-C/HDL-C, and the percentage changes
in both sd-cm-LDL and sd-sLDL were positively correlated
with those in sdLDL-C, sdLDL-PL, and sdLDL-apoB
(Table 4).

Although the percentage changes in cm-LDL and sd-
cm-LDL were also positively correlated with those in TG,
RLP-C, apoC-I, and apoE, the percentage changes in
sLDL and sd-sLDL were not correlated with those in TRL-
related variables (Table 4).

Therefore, the reducing effects of rosuvastatin on both
cm-LDL and normal LDL subfractions were related to the
reduction in LDL particle concentrations. However, the
reducing effects of rosuvastatin on cm-LDL were also re-
lated to changes in HDL-C and TRL-related variables.

DISCUSSION

An increased LDL-C level is an established risk factor
for CHD. Although the ability of LDL-C to predict the
risk for CHD is moderate, the reduction of LDL-C levels
by lipid-lowering drugs (statins) has consistently been
shown to reduce cardiovascular events in primary and
secondary prevention. Inflammatory processes play a
central role in the progression of atherosclerosis and
plaque rupture (31). Statins have been shown to decrease
CRP (2, 3) and improve the antiinflammatory potential
of HDL (32, 33).

LDL(-), a cm-LDL subfraction in human plasma, has
been shown to be inflammatory due to its increased con-
tent of lysophosphatidylcholine and nonesterified fatty

acid (34). This atherogenic lipoprotein is formed from
multiple origins (6) and resides in plasma longer than
normal LDL due to its lower affinity for LDL receptors
(15). Although the clinical significance of LDL(-) is still
not clear, it may be important to examine the effects of
statins on the levels of LDL(-), an integrated index for
various forms of atherogenic modified LDL in plasma
including OxLDL, sdLDL, and glycated LDL.

Normally, fLDL subfraction in human plasma is ana-
lyzed by cITP as LDL(-) (18, 19, 22). Our previous study
(23) showed that two commonly used statins, pravastatin
and simvastatin, effectively reduced cITP fLLDL in patients
with HC and risk factors of CHD (the SPECIAL study).
However, when plasma d>1.006 g/ml fraction (depleted
of TRL) and d>1.040 g/ml fraction (contains sdLLDL)
from a patient with HDL deficiency were analyzed, we
found that a new LDL(-) subfraction that had faster elec-
trophoretic mobility than fLLDL, i.e., vfLDL, was drastically
increased (19). This more electronegative LDL subfrac-
tion, vfLLDL, was also observed in patients with HC (Fig. 1).
Since the cITP vfLLDL subfraction had the same electro-
phoretic mobility as the sSTRL subfraction in plasma, the
vfLDL subfraction cannot be measured in whole plasma
but needs to be analyzed in plasma depleted of TRL
(Fig. 1). The present study examined the effects of rosu-
vastatin on the levels of cITP vfLDL subfraction and
sd-cm-LDL subfractions, which are the presumably most
atherogenic modified LDL, and examined the relation
among the three charge-based subfractions of LDL (vfLDL,
fLDL, and sLDL) and sdLDL (sd-vfLDL, sd-fLDL, and
sd-sLLDL).

We demonstrated that the distribution of charge-based
LDL subfractions could not be predicted from the LDL-C
level because the two HC patients who had similar LDL-C
levels had drastically different distributions of charge-
based subfractions of LDL (Fig. 1). We showed that sdLLDL,
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cITP LDL subfractions in whole plasma

Fig. 2. Box-and-whisker plots showing the mean
(m), median (middle bar in the rectangle), and 10th
(bottom bar), 25th (bottom of rectangle), 75th (top

of rectangle), and 90th (top bar) percentiles of per-

centage changes in LDL subfractions measured in
whole plasma (A) and the plasma d>1.006 g/ml frac-
tion (B) and the small-dense (sd)LDL subfraction
measured in the plasma d>1.040 g/ml fraction (C) by
cITP in all of the patients and in female and male

patients during the period of rosuvastatin treatment.
F, female; M, male; sTRL, slow-migrating triglyceride-
rich lipoprotein; vfLDL, veryfast-migrating LDL;
fLDL, fast-migrating LDL; sLDL, slow-migrating LDL

as measured by cITP. * P < 0.05, significant changes
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caused by rosuvastatin treatment as assessed by the
Wilcoxon signed-rank test.

cITP sdLDL subfractions in plasma d>1.040 g/ml fraction

sd-vfLDL

sd-fLDL

sd-sLDL

1L

0

Percentage changes (%)

similar to plasma LDL, also contained LDL subfractions
that had different electrophoretic mobilities (cITP sd-
viLDL, sd-fLDL, and sd-sLDL) (Fig. 1), and that the distri-
bution of charge-based sdLDL subfractions could also not
be predicted from the sdLDL-C level.

To clarify whether the cm-LDL and normal LDL subfrac-
tions may have different physiological relevance, we exam-
ined therelation among the three charge-based subfractions
of LDL and sdLLDL and their relation to plasma lipid-
related variables at baseline (Table 3). All of the three cITP
subfractions of LDL (vfLDL, fLDL, and sLDL) or sdLDL
(sd-vfLDL,, sd-fLLDL, and sd-sLLDL) were correlated with
cholesterol content and particle concentrations of LDL or
sdLDL (Table 3), as expected. However, our findings indi-
cates that cm-LDL and normal LDL are discrete LDL sub-
fractions, because charge-modified subfractions of LDL
(viLDL and fLLDL) and sdLDL (sd-vfLDL and sd-fL.LDL)
were very closely related to each other but were apparently
different from the normal LDL subfraction of LDL (sLLDL)
or sdLDL (sd-LDL) with regard to their relation to LDL
size, TG, RLP-C, apoC-II, and apoE (Table 3).
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We observed strong correlations between cITP fLDL
measured in whole plasma and plasma d>1.006 g/ml frac-
tion (Table 3, r=0.95) and between cITP vfLLDL and fL.LDL
measured in plasma d>1.006 g/ml fraction (Table 3, r =
0.93). Therefore, the measurement of cITP fLDL in plasma
should be sufficient in routine clinical practice, also con-
sidering that changes in physicochemical properies may
occur during the ultracentrifugation of lipoproteins.

This study is the first to show that low-dose rosuvastatin
effectively and similarly reduced both cITP vfLDL and fLDL
subfractions of LDL and sdLDL in HC patients with CHD
and risk factors of CHD (Table 2). Although the reduction
of cm-LDL and sd-cm-LDL may represent a novel pleiotro-
pic effect of rosuvastatin, the mechanism for these effects is
still not clear. It is possible that the clearance of cm-LDL via
LDL receptor may be increased. It is well known that statins
up-regulate the number of LDL receptors due to the inhibi-
tion of cellular cholesterol synthesis. Simvastatin has been
shown to increase the affinity of LDL(-) for LDL receptors
in patients with familial hypercholesterolemia (35). In the
present study, we found that the percentage changes in



TABLE 3. Relations between cITP LDL and sdLLDL subfractions and plasma lipid variables at baseline

Whole plasma

Plasma d>1.006 g/ml fraction

Plasma d>1.040 g/ml fraction

cITP STRL/VLDL ~ cITPfLDL  cITPSLDL  cITPVLDL  cITPfLDL  cITPsLDL  cITPsdvfLDL  cITPsdfLDL  cITP sd-sLDL
Whole plasma

fLDL 0.88*

sLDL -0.07 0.03
Plasma d>1.006 g/ml fraction

viLDL 0.79* 0.86* —0.21

fLDL 0.78% 0.95% —0.05 0.93%*

sLDL —0.14 0.02 0.95% —-0.21 -0.03
Plasma d>1.040 g/ml fraction

sd-vfLDL 0.82% 0.87% —0.11 0.89%* 0.87% —0.11

sd-fLLDL 0.78% 0.88% —0.01 0.80* 0.86* 0.01 0.93%

sd-sLDL 0.00 0.03 0.78% -0.17 —0.06 0.78% 0.06 0.22
HDL-C —0.35* —0.32% —0.27* —-0.12 —0.19 —0.26%* —0.31* —0.36%* —0.33%
HDL-FC 0.38% —0.34* —0.32% —0.13 —0.20 —0.31% —0.32% —0.38% —0.40*
HDL-PL —0.23* —0.25% —0.35% -0.07 —-0.14 —0.37* —0.25% —0.30% —0.41%
ApoA-1 -0.18 —0.22 —0.33% —0.02 —0.12 —0.34* —0.19 —0.27% —0.36*
PONTI activity —0.01 —0.06 —0.05 —0.02 —0.06 —0.09 —0.02 0.02 0.09
HDL-PAF-AH —0.34* —0.26%* 0.13 —0.28% —0.23* 0.07 —0.29* —0.31* -0.07

activity
HDL size —0.41* —0.29* —0.14 —0.12 —0.16 —0.12 —0.30%* —0.34* —0.28%
LDL-C 0.32% 0.49* 0.69* 0.31* 0.47%* 0.70% 0.33* 0.44%* 0.64*
LDL-FC 0.13 0.32% 0.66%* 0.21 0.36* 0.65* 0.15 0.25% 0.54*
LDL-PL 0.22% 0.41* 0.57* 0.31* 0.44* 0.57% 0.23* 0.31* 0.45*
LDL-apoB 0.38%* 0.54%* 0.60%* 0.41%* 0.55% 0.61%* 0.43%* 0.52% 0.59%
LDL-PAF-AH 0.32% 0.39* 0.50* 0.20 0.32* 0.40* 0.33* 0.35% 0.38*

activity
LDL size —0.51* —0.37%* 0.24% —0.34* —0.29* 0.27% —0.51%* —0.51% —0.02
sdLLDL-C 0.42* 0.46* 0.57% 0.30* 0.40* 0.56%* 0.48% 0.60%* 0.79%
sdLDL-FC 0.27* 0.32% 0.61%* 0.20 0.29% 0.60%* 0.35% 0.45* 0.80%*
sdLLDL-PL 0.43* 0.46* 0.44* 0.36* 0.42* 0.44* 0.45% 0.52% 0.62%
sdLDL-apoB 0.51% 0.55% 0.46* 0.42% 0.49%* 0.44* 0.59* 0.68%* 0.69%*
LDL-C/HDL-C 0.46% 0.55% 0.59% 0.33% 0.47% 0.60%* 0.44%* 0.54%* 0.59%*
TG 0.85% 0.67%* 0.07 0.48%* 0.49%* —0.03 0.56* 0.57% 0.14
RLP-C 0.85% 0.73% 0.19 0.56%* 0.59* 0.09 0.61* 0.62% 0.21
ApoB 0.49%* 0.62% 0.55% 0.48* 0.60* 0.54%* 0.51* 0.58%* 0.55%
ApoC-I 0.60%* 0.47% —0.01 0.36* 0.36* —0.06 0.36* 0.39* 0.04
ApoE 0.50% 0.55% —0.03 0.58%* 0.60* -0.07 0.48%* 0.46%* —0.12
CRP 0.00 0.03 0.15 —0.05 —0.02 0.15 0.00 —0.05 0.06
Plasma PAF-AH 0.30%* 0.37%* 0.44* 0.19 0.30% 0.35% 0.32% 0.34* 0.32

activity

Data are presented as correlation coefficient.* P< (.05, as assessed by the Spearman correlation.

cm-LDL and sd-cm-LDL were correlated with the particle
concentrations of LDL and sdLDL, measured as LDL-apoB
and sdLDL-apoB, respectively (Table 4).

It is also possible that cm-LDL derived from VLDL rem-
nant particles may be reduced by rosuvastatin. Pitavastatin,
another strong statin, has been shown to decrease the se-
cretion of apoB from HepG2 cells (36) and to reduce
VLDL secretion in Watanabe heritable hyperlipidemic
rabbits (37), an animal model of familial hypercholester-
olemia. We showed that both the common statins pravasta-
tin and simvastatin (23), and rosuvastatin (Table 1)
effectively reduced RLP-C levels. We consistently found an
association between cITP fLDL and RLP-C in patients with
HC in our previous studies (22, 23) and in the present
study (Table 3). Other authors have shown that LDL(-)
had increased contents of TG, apoE, and apoC-III (8). In
the present study, we also found that the percent reduc-
tions in cm-LDL and sd-cm-LDL subfractions caused by
rosuvastatin treatment were correlated with those in TG,
RLP-C, apoC-II, and apoE. Therefore, it is clear that a link
exists between cm-LDL and TRL.

Another possible mechanism by which rosuvastatin
reduces cm-LDL and sd-cm-LDL may be related to its
effects on HDL. Simvastatin has been shown to improve
the antiinflammatory potential of HDL (32, 33). In the
present study, we showed that rosuvastatin not only sig-
nificantly increased HDL-C levels but also increased
plasma levels of apoA-I, the major protein of HDL, by
about 3% and HDL-PL by about 8% (Table 1). Our previous
in vitro experiments showed that pitavastatin drastically
reduces cellular free cholesterol and increases mRNA
apoA-I levels in HepG2 cells (38). Therefore, it is possi-
ble that rosuvastatin may increase the secretion of
nascent HDL, which is lipid poor and contains apoA-I
and PL. Our previous in vitro experiment showed that
apoA-I/phosphatidylcholine discs reduce cm-LDL as an-
alyzed by cITP (19). Nascent HDL may remodel LDL by
causing the movement of lipid, lipid peroxides, enzyme,
and/or protein from LDL to HDL (19, 39), thus reducing
sd-cm-LDL.

In conclusion, rosuvastatin effectively reduced both the
fLLDL and vfLDL subfractions of LDL and sdLDL. Further
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TABLE 4. Relation between percentage changes in cITP LDL and
sdLDL subfractions and percentage changes in plasma lipid variables
that were significantly affected by rosuvastatin treatment

Plasma d>1.006 g/ml fraction Plasma d>1.040 g/ml fraction

% changes in % changesin % changesin % changes in

cm-LDL sLDL sd-cm-LDL sd-sLDL

% changesin  —0.25% —0.01 —0.28% —0.02
HDL-C

% changesin ~ —0.06 0.16 -0.12 0.09
HDL-FC

% changesin ~ —0.13 —-0.08 —0.22% —0.11
HDL-PL

% changesin  —0.18 —-0.10 —0.25% —-0.07
apoA-I

% changesin ~ —0.01 0.15 —-0.14 0.03
HDL-PAF-
AH

% changes in 0.61* 0.78% 0.50%* 0.60%*
LDL-C

% changes in 0.33% 0.46%* 0.26%* 0.37%
LDL-FC

% changes in 0.47* 0.61* 0.30* 0.41%
LDL-PL

% changes in 0.66* 0.69* 0.55* 0.58%
LDL-apoB

% changes in 0.71% 0.60* 0.62%* 0.48%
LDL-PAF-
AH

% changes in 0.48% 0.60* 0.59* 0.82%
sdLDL-C

% changesin ~ —0.03 —-0.01 0.02 0.10
sdLDL-FC

% changes in 0.43* 0.43* 0.45% 0.47%
sdLDL-PL

% changes 0.52% 0.46* 0.64* 0.70%
in sdLLDL-
apoB

% changes 0.69* 0.63* 0.62* 0.50%
in LDL-C/
HDL-C

% changes in 0.55% —0.03 0.46* 0.02
TG

% changes in 0.64* 0.10 0.51%* 0.09
RLP-C

% changes in 0.71%* 0.67* 0.61* 0.58%
apoB

% changes in 0.41% 0.17 0.33% 0.13
apoC-II

% changes in 0.69%* 0.17 0.58* 0.10
apokE

Data are presented as correlation coefficient. ¥ P< (.05, as assessed
by the Spearman correlation.

studies are needed to investigate whether increased sd-cm-
LDL may improve the ability of LDL-C to predict the risk
of CHD and be a potential therapeutic target for treating
CHD Ei
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