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Aim: We established a method to evaluate the lipid concentrations, size and particle numbers (PNs) of
lipoprotein subclasses by gel permeation chromatography (GP-HPLC). Nuclear magnetic resonance (NMR) is
widely used to analyze these parameters of lipoprotein subclasses, but differences of the two methods are
unknown. Current study compared the PN of each lipoprotein subclass measured by GP-HPLC and NMR, and
assessed the effect of a selective PPARa modulator, pemafibrate.

Methods: Lipoprotein profiles of 212 patients with dyslipidemia who participated in the phase 2 clinical trial
of a selective PPAR« modulator, pemafibrate, were analyzed by two methods, GP-HPLC and NMR, which were
performed with LipoSEARCH (Skylight Biotech) and LipoProfile 3 (LabCorp), respectively. GP-HPLC evaluated
the PNs of 18 subclasses, consisting of CM, VLDL1-5, LDL1-6, and HDL1-6. NMR evaluated the PNs of 9
subclasses, consisting of large VLDL & CM, medium VLDL, small VLDL, IDL, large LDL, small LDL, large
HDL, medium HDL and small HDL.

Results: Three major classes, total CM&VLDL, total LDL and total HDL were obtained by grouping of
corresponding subclasses in both methods and PNs of these classes analyzed by GP-HPLC were correlated
positively with those by NMR. The correlation coefficients in total CM&VLDL, total LDL and total HDL
between GP-HPLC and NMR was 0.658, 0.863 and 0.798 (all »<0.0001), respectively. The PNs of total
CM&VLDL, total LDL and total HDL analyzed by GP-HPLC was 249.5+51.7nM, 1,679 +359 nM and
13,273 £ 1,564 nM, respectively, while those by NMR was 124.6+41.8 nM, 1,514 +386 nM and 31,161 +4,839
nM, respectively. A marked difference in the PNs between the two methods was demonstrated especially in total
HDL.

The number of apolipoprotein (Apo) B molecule per one ApoB-containing lipoprotein particle, total
CM&VLDL plus total LDL, was 1.10+0.05 by GP-HPLC, while 1.32+0.18 by NMR. The number of ApoA-I
per one HDL particle was 3.40+0.17 by GP-HPLC, but only 1.46+0.15 by NMR, much less than reported
previously.

From the phase 2 clinical trial, randomizing 212 patients to pemafibrate 0.025-0.2 mg BID, fenofibrate
100 mg QD, or placebo groups, pemafibrate reduced the PNs of CM, large VLDL1-VLDL3 and medium
VLDLA4, but not small VLDL5 by GP-HPLC. It significantly decreased the PNs of smaller LDL and larger HDL
particles, but increased those of larger LDL and smaller HDL particles. In contrast, NMR showed marked
variations in the effect of pemafibrate on lipoprotein PNs, and no significant size-dependent changes.

Conclusions: GP-HPLC evaluates the lipoprotein PNs more accurately than NMR and can be used for
assessing the effects of lipid-lowering drugs on lipoprotein subclasses.
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Introduction

Epidemiological studies have demonstrated that
serum low-density lipoprotein (LDL)-cholesterol
(LDL-C) levels are positively, while high-density
lipoprotein  (HDL)-cholesterol (HDL-C) levels are
negatively correlated with atherosclerotic cardiovascular
disease (ASCVD)V. LDL-C lowering drugs, such as
statins, were shown to be effective for primary and
secondary prevention of ASCVD??. By contrast,
HDL-targeted drugs such as niacin® and cholesteryl
ester transfer protein (CETP) inhibitors>® have failed
to reduce cardiovascular (CV) events, although they
increased HDL-C. Developments of certain HDL-
targed drugs were terminated because of drug
accumulation in adipose tissues’'?. Furthermore,
mendelian randomization analyses showed that
genetic mechanisms that raise HDL-C levels do not
lower risk of myocardial infarction'?, suggesting that
serum HDL-C levels are not causally associated with
ASCVD. The use of HDL-C levels might be limited
to assessing the CV risks and responses to therapies.
The LDL-C or HDL-C represents only total
cholesterol contents in LDL or HDL, respectively.
Although they are largely proportional to the actual
particle numbers (PNs) of LDL or HDL, more
accurate methods to measure PNs are warranted.

There are several methods to assess lipoproteins.
The sequential or density gradient ultracentrifugation
of lipoproteins has been a standard for quantitative
analysis of lipoproteins for many years'*'¥. Agarose or
polyacrylamide gel (PAG) disc electrophoresis has also
been used to qualitatively analyze the abnormalities of
lipoproteins in dyslipidemic patients. Most widely
used method in recent years is nuclear magnetic
resonance spectroscopy (NMR) *#%. In NMR method
for lipoproteins, lipid methyl groups emit resonances
that are unique to the chemical environments of
lipoprotein particles, and NMR makes it possible not
only to analyze the lipid concentrations and size of
lipoprotein subclasses, but also to quantify the PNs of
lipoprotein subclasses with different size®.

Similar information of the characteristics of
lipoproteins can be obtained by gel permeation-high
performance liquid chromatography (GP-HPLC),
which was developed by Okazaki and Hara®*?.
Another HPLC method using anion-exchange column
(AEX-HPLC) is currently available for clinical use in
Japan®*3Y. The GP-HPLC method has been used

widely to comprehensively analyze the lipoprotein
abnormalities in patients with a variety of genetic
disorders®*3> as well as those in animals*>. This
system can directly determine total cholesterol (Cho),
free cholesterol (FC), triglycerides (TG), and
phospholipids (PL) concentrations in each lipoprotein
subclass, respectively, according to lipoprotein particle
size. Thus, the lipid compositions and size of
lipoprotein subclasses can be evaluated. Furthermore,
we have recently developed an analytical method to
evaluate the PNs of lipoprotein subclasses by
GP-HPLC, using a mathematical simulation model
called as “spherical particle model””. Thus far, 13
studies using this new method have been
published*'?. However, only two of them directly
compared the results of GP-HPLC with those of
NMR method“*. In particular, it remains unknown
how different the lipid concentrations, size and PN
of each lipoprotein calculated by this GP-HPLC
system are from those by NMR method.

Furthermore, this GP-HPLC analysis was
applied to elucidate the changes of size, lipid
composition and PNs of lipoproteins after the
administration of pemafibrate (K-877), a selective
PPARa modulator (SPPARMa) with extremely high
PPARa agonist activity as well as selectivicy. We
already reported the efficacy and safety of pemafibrate
compared with placebo and fenofibrate in
dyslipidemic patients with high TG and low HDL-C
levels. Pemafibrate markedly improved TG and
HDL-C levels>*®. In the first phase 2 clinical trial®?,
we further assessed the efficacy of pemafibrate on the
PNs of lipoprotein subclasses by GP-HPLC in
comparison with NMR LipoProfile3 (LP3) (LabCorp,
USA). NMR-LP3 was the system of NMR of
LabCorp, which modified the previous analysis system
of LipoProfile 2 by LipoScience (USA). The NMR
sample data were originally provided by LP2 and were
subsequently recalculated by LP3 algorithm, which is
the major system of NMR lipoprotein analysis
worldwide. From the methodological principles,
NMR and GP-HPLC were previously considered
preferable for the determination of PNs/size and lipid
levels, respectively. In the current study, we aimed to
compare the lipid concentrations, size and PNs of
each lipoprotein subclass calculated by GP-HPLC and
NMR to assess their validity.
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Materials and Methods

Study Participants

We enrolled 212 dyslipidemic patients with high
TG and low HDL-C levels, who were undertaken the
randomized, double blind, active- and placebo-
controlled phase 2 trial of pemafibrate, where the
study protocol and patient data are summarized in the
previous report®. In brief, these patients included
men and postmenopausal women aged 20 to 74 years
who had a history of documented dyslipidemia and
plasma TG of 200 mg/dL or higher as well as HDL-C
less than 50 mg/dL in men or 55 mg/dL in women.
In this double blind, placebo-controlled, parallel-
group 12-week phase 2 clinical trial, which
randomized 224 patients to pemafibrate 0.025, 0.05,
0.1, 0.2 mg BID, fenofibrate 100 mg QD, or placebo
(1:1:1:1:1:1) groups, 212 dyslipidemic patients with
data of GP-HPLC and NMR were selected. LP3 was
selected, because that LP3 has been widely used as a
second-generation NMR analysis process.

The study protocol and amendment were
approved by the independent ethic committee or
institutional review board before the commencement
of study. The study was conducted in accordance with
the principle of the Declaration of Helsinki, and
under the guidelines of Good Clinical Practice and the
International Conference on Harmonization. All
study participants provided written informed consent
prior to involvement. This trial was registered with
JAPIC Clinical Trials Information, number Japic CTI-
101331 °9. Venous blood was drawn after overnight
fasting for 10 h at the baseline of this trial. Serum was
separated by a low-speed centrifugation (3,000 rpm,
15 min) and aliquots were frozen at —80C until use.
The study took place between November 22, 2010
and July 7, 2011 as described®” and sample storage
time at —80C was less than 7 months untill split
samples were measured by GP-HPLC and NMR-LP2.
Furthermore, the study protocol of comparison of
GP-HPLC and NMR methods in the Japic CTI-
101331 Study was approved by the Ethical
Committee of Osaka University Hospital.

Evaluation of Plasma Lipids, Lipoproteins and
Apolipoproteins

Lipoprotein levels were measured by direct
enzymatic methods. Apolipoprotein levels were
measured by immunoturbidity methods. Other
laboratory parameters were analyzed by standardized
laboratory methods. All measurements were
performed by LSI Medience Corporation (Tokyo,
Japan) or its affiliates as described previously*" >%.
Serum concentrations of LDL-C and HDL-C were
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measured by homogeneous assays, using Determiner L
HDL-C and LDL-C kits from Kyowa Medex Co.,
Ltd. (currently Hitachi Chemical Diagnostics Systems
Co.,Ltd.), Japan.

Analysis of Plasma Lipoproteins by GP-HPLC

The assessment for the size and lipid
concentrations of serum lipoproteins by GP-HPLC
was performed at Skylight Biotech Inc. (Akita, Japan)
as described previously66'67>. Furthermore, the PNs of
each lipoprotein subclass were evaluated by GP-HPLC
as described previously“*4" . Serum samples were
obtained and aliquots were frozen at =80T for both
GP-HPLC and NMR analysis. For GP-HPLC
analysis, the fresh-frozen serum samples were sent to
Akita, Japan, for analysis. In brief, lipoproteins in
serum aliquots (4 pl) after thawing were separated
with tandemly connected Skylight PakLP1-AA gel
permeation columns (Skylight Biotech Inc., Akita,
Japan, 300 mm % 4.6 mm 1.D.). The lipoproteins were
separated into 20 subclasses based upon Gaussian
approximation, as shown in Step 2 of Supplementary
Fig.1, and the lipid concentration, size and PNs of
lipoproteins were analyzed. The particle size of each
lipoprotein was determined by the retention time of
each peak observed on a chromatogram using a linear
calibration curve®. The cholesterol and TG levels of
20 subclasses were defined by component peak
analyses on the basis of lipoprotein particle size with
the Gaussian curve fitting technique. The following
definitions of lipoprotein particle sizes are shown in
Table 1.

Chylomicrons (CM) subclasses: CM1 and CM2,
>90 nm and 75 nm in diameter, respectively.

VLDL subclasses: large VLDL (VLDL1, VLDL2
and VLDL3, 64.0, 53.6 and 44.5 nm in diameter,
respectively), medium VLDL (VLDL4, 36.8 nm in
diameter), and small VLDL (VLDL5, 31.3 nm in
diameter), respectively.

LDL subclasses: large LDL (LDL1, 28.6 nm in
diameter), medium LDL (LDL2, 25.5 nm in
diameter), small LDL (LDL3, 23.0 nm in diameter)
and very small LDL (LDL4, LDL5 and LDL6, 20.7,
18.6 and 16.7 nm in diameter), respectively.

HDL subclasses: very large HDL (HDL1 and
HDL2, 15.0 and 13.5 nm in diameter, respectively),
large HDL (HDL3, 12.1 nm in diameter), medium
HDL (HDL4, 10.9 nm in diameter), small HDL
(HDL5, 9.8 nm in diameter) and very small HDL
(HDL6 and HDL7, 8.8 and 7.6 nm in diameter),
respectively.

The PNs of the lipoprotein subclasses were
calculated using a “spherical particle model”*”. We
focused on the sum volume of cholesteryl ester (CE)
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Table 1.
GP-HPLC NMR LipoProfile 3 (LP3)
Major class ~ Particle  Major subclass ~ Subclass  Particle Particle number| | Major class  Particle Subclass Particle Particle number
number diameter (nM) number diameter (nM)
(nM) (nm) (nM) (nm)
Total 249.5 Chylomicron CM 82.4 42%33 Total 124.6  Large VLDL &  >60.0 14.8+11.9
CM & VLDL + Large VLDL  VLDL1  64.0 9.8+4.4 CM & VLDL + Chylomicron
51.7 VLDL2 53.6 29.4%10.1 41.8
VLDL3 445 66.9+15.4
Medium VLDL VLDL4  36.8 82.2£17.7 Medium VLDL 42.0-60.0  68.1%32.8
Small VLDL  VLDL5 31.3 57.0+14.1 Small VLDL ~ 29.0-42.0 41.6=32.0
Total LDL 1,679 Large LDL LDL1 28.6 201.0%51.0 Total LDL 1,514 IDL 23.0-29.0 235.0%150.0
+ Medium LDL ~ LDL2 25.5 631.0£154.0 + Large LDL 20.5-23.0 215.0%£211.0
359 Small LDL LDL3 23.0 516.4%124.0 386 Small LDL 18.0-20.5 1,064£297
Very Small LDL  LDL4 20.7  200.3%52.4
LDL5 18.6 60.1+20.6
LDL6 16.7 70.2%+15.8
Total HDL 13,273 Very Large HDL HDLI1 15.0 59.7+16.4 Total HDL 31,161 Large HDL 9.4-14.0 2,963+1,483
£ HDL2 13.5 135.8+28.2 &
1,564 Large HDL ~ HDL3 121  706.0286.5 4,839
Medium HDL HDL4 109  3,190£594 Medium HDL  8.2-9.4  7,796%3,550
Small HDL HDL5 9.8 5,584 £ 844 Small HDL 7.3-8.2 20,405 4,067
Very Small HDL HDL6 8.8 3,597 £586

Particle numbers (nM) are shown as mean = SD.

HDL7 was excluded from the analysis because of inaccuracy due to its discoidal shape.

and TG within the core of lipoprotein. We
demonstrated the ratio of FC to (CE+TG) in a
certain subclass is almost constant, except HDL7
fraction, which includes discoidal pre-beta 1 HDL.
The PNs of lipoproteins were calculated, using the
formula as described previously*”. Two subclasses of
CMs were mixed into one, so the PNs of 19 subclasses
were calculated. There is a possibility that the HDL7
subclass is the smallest discoidal HDL and it may not
fit the spherical core model. So, HDL7 was excluded
from this analysis. Supplementary Fig.1 shows the
schematic principle of GP-HPLC method from two
chromatograms directly detecting cholesterol and TG
concentrations as well as the PNs calculation of
lipoprotein subclasses for representative individual
sample.

Analysis of Plasma Lipoproteins by NMR

The fresh-frozen samples on dry ice were sent to
the United States for NMR analysis. NMR spectra of
thawed serum were originally obtained at the LabCorp
(LP2) and the digitized data were subsequently
analyzed for lipoprotein particle concentration and
size reanalyzed by LP3 system of LipoScience using
LP-3 spectral deconvolution algorithm”®7". The

following subclass categories were investigated: large
VLDL and CM (>60 nm), medium VLDL (42—-60
nm), small VLDL (29-42 nm), IDL (23-29 nm),
large LDL (20.5-23 nm), small LDL (18-20.5 nm),
large HDL (9.4-14 nm), medium HDL (8.2-9.4
nm), and small HDL (7.3-8.2 nm), respectively as
shown in Table 1.

Comparison of the Effects of a Selective PPAR«a
modulator (SPPARMa) on Plasma Lipoproteins
between GP-HPLC and NMR

To further investigate the differences between
GP-HPLC and NMR, we utilized these methods for
detailed analysis of the effect of lipid-lowering drugs
on the lipoprotein subclasses. We compared the effect
of a SPPARMua, pemafibrate (K-877), developed by
Kowa Company, Ltd. (Tokyo, Japan), on the PNs of
lipoproteins between GP-HPLC and NMR analysis.
For comparison of GP-HPLC and NMR analyses of
lipoproteins in dyslipidemic patients, the data of 212
dyslipidemic patients before the administration of
pemafibrate, who were assigned to pemafibrate 0.025,
0.05, 0.1, 0.2 mg BID, fenofibrate 100 mg QD, or
placebo (1:1:1:1:1:1) groups, were combined and
analyzed (Supplementary Fig.2).
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Statistical Analysis

Data were expressed as the mean+SD. The
differences of the mean values were analyzed by
Student #test. Correlations between various variables
were presented as the Spearman correlation coefficient
(r-value) with a P-value <0.05 considered to be
statistically different. One sample #-test was used to

assess the difference from the baseline to the endpoint
(week 12).

Results

1. Comparison between GP-HPLC and NMR in
Particle Number and Size of Lipoproteins and
Their Subclasses

The PNs of lipoproteins of 212 samples were
evaluated by GP-HPLC and NMR analysis, both of
which separated lipoproteins according to their
particle size. Correlations between GP-HPLC and
NMR analysis of PNs of major classes and subclasses
of lipoproteins are shown in Fig. 1. Fig. 1-A compares
the PNs of major lipoprotein classes. In GP-HPLC
analysis, CM and subclasses of VLDLI-5, LDL1-6
and HDL1-6 were grouped and compared as total
CM & VLDL, total LDL and total HDL, respectively.
In NMR analysis, 1) total CM & VLDL (CMs and
large VLDL, medium VLDL and small VLDL), 2)
total LDL (IDL, large LDL and small LDL), and 3)
total HDL (large HDL, medium HDL and small
HDL) were grouped and compared as total CM &
VLDL, total LDL and total HDL, respectively (Table
1). The correlation coefficients in total CM&VLDL,
total LDL and total HDL at the baseline (»=212)
between GP-HPLC and NMR were 0.658, 0.863 and
0.798 (all P<0.0001), respectively. The correlation
coefficients in total CM&VLDL, total LDL and total
HDL at the endpoint (z=212) between GP-HPLC
and NMR were 0.748, 0.832 and 0.852 (all P<
0.0001), respectively. These three major lipoprotein
classes in dyslipidemic patients analyzed by GP-HPLC
correlated positively with those by NMR in both
baseline and endpoint data.

As shown in Table 1, the PNs of these major
classes, total CM&VLDL, total LDL and total HDL
analyzed by GP-HPLC were 249.5+51.7 nM,
1,679 %359 nM and 13,273 1,564 nM, respectively,
while those by NMR were 124.6+41.8 nM, 1,514+
386 nM and 31,161%4,839 nM, respectively. The
PNs of total HDL measured by NMR were 2-fold
higher than those by GP-HPLC. In contrast, the PNs
of CM&VLDL measured by GP-HPLC were 2-fold
higher than those by NMR.

The PNs of each lipoprotein subclass were
further analyzed. Fig.1-B compares the PNs of CM
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& VLDL subclasses. In GP-HPLC analysis, CM and
VLDL1-VLDL3 subclasses were grouped as CM &
large VLDL and compared with NMR. The
correlation coefficients of CM & Large VLDL,
medium VLDL and small VLDL at the baseline
(n=212) between GP-HPLC and NMR were 0.568,
0.341 and 0.467 (all 2<0.0001), respectively. The
correlation coefficients of CM & Large VLDL,
medium VLDL and small VLDL at the endpoint
(n=212) between GP-HPLC and NMR were 0.723 (P
<0.0001), 0.671 (£<0.0001) and 0.142 (P<0.05),
respectively. These correlations between GP-HPLC
and NMR were not so good, and marked variations
especially small VLDL were demonstrated. The PNs
of CM & large VLDL were calculated much lower in
NMR compared with GP-HPLC.

Fig. 1-C compares the PNs of each LDL subclass
between GP-HPLC and NMR. In GP-HPLC analysis,
LDLI1 was described as large LDL, LDL2 as medium
LDL, and LDL3 as small LDL, while LDL4-LDL6
were grouped and described as very small LDL. In
NMR analysis, IDL and large LDL were described as
large LDL and medium LDL, respectively. In order to
compare three LDL subclasses of NMR with
GP-HPLC, small LDL and very small LDL in
GP-HPLC were combined and compared with small
LDL in NMR. The correlation coefficients in large
LDL, medium LDL and small LDL at the baseline
between GP-HPLC and NMR were 0.347, 0.578 and
0.620 (all P<0.0001), respectively. The correlation
coefficients in large LDL, medium LDL and small
LDL at the endpoint between GP-HPLC and NMR
were 0.191 (£<0.01), 0.601 (2<0.0001) and 0.630
(P<0.0001), respectively. The absolute PNs of
medium LDL by GP-HPLC analysis showed markedly
higher value compared to those by NMR. The
absolute PNs of large LDL were much less than those
of medium LDL and small LDL in both GP-HPLC
and NMR analysis.

Fig.1-D compares the PNs of each HDL
subclass (large HDL, medium HDL and small HDL)
between GP-HPLC and NMR. In subclasses of
GP-HPLC analysis, HDL1-HDL3 and HDL5-
HDLG6 were grouped and described as large HDL and
small HDL, respectively. HDL4 was named medium
HDL in GP-HPLC analysis. The correlation
coefficients in large HDL, medium HDL and small
HDL at the baseline between GP-HPLC and NMR
were 0.551, 0.407 and 0.588 (all P<0.0001),
respectively. The correlations were generally good for
large HDL and small HDL, but not so good for
medium HDL. The correlation coefficients in large
HDL, medium HDL and small HDL at the endpoint
between GP-HPLC and NMR were 0.617, 0.644 and
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Fig. 1. Comparison of PNs in major lipoprotein classes and their subclasses between GP-HPLC and NMR (closed circle: baseline
data =212, open circle: endpoint data n=212)

The horizontal axis is the data by GP-HPLC and vertical axis shows those by NMR, respectively. The r values were calculated by Spearman
correlation. All p values are p<0.0001 except for small VLDL and large LDL at the endpoint.

1-A: Correlation of PNs in major lipoprotein classes between GP-HPLC and NMR.

1-B: Correlation of PNs in total CM & VLDL subclasses between GP-HPLC and NMR. In GP-HPLC analysis, CM and VLDL1-VLDL3
subclasses were grouped and compared as CM & large VLDL.

1-C: Correlation of PNs in LDL subclasses between GP-HPLC and NMR. In GP-HPLC analysis, LDL1 was described as large LDL, LDL2
was described as medium LDL and LDL3-LDL6 were grouped and described as small LDL. IDL and large LDL by NMR were described as
large LDL and medium LDL, respectively, in order to compare three LDL subclasses by NMR.

1-D: Correlation of PNs in HDL subclasses between GP-HPLC and NMR. In subclasses of GP-HPLC analysis, HDL1-HDL3 and HDL5-
HDLG6 were grouped, described and compared as large HDL and small HDL, respectively.
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Fig.2. Correlations of average particle sizes of total CM & VLDL, total LDL and total
HDL between GP-HPLC and NMR (baseline data n=212)

0.472 (all P<0.0001), respectively. The correlations
were generally good for large HDL and medium
HDL, but not so good for small HDL. The absolute
PNs of each HDL subclass, large, medium and small
HDL, by NMR was about 2-3-fold of that by
GP-HPLC, respectively.

Correlations among major classes and subclasses
by GP-HPLC and NMR analysis are shown in
Supplementary Table 1. The average PNs of 18
subclasses consisting of CM, VLDL1-VLDLS5,
LDL1-LDL6, and HDL1-HDL6 by GP-HPLC and
9 subclasses consisting of large VLDL & CM,
medium VLDL, small VLDL, IDL, large LDL, small
LDL, large HDL, medium HDL and small HDL by
NMR are shown in Table 1.

The NMR algorithm LP3 was used in the
current study to compare the PNs with GP-HPLC,
but we also compared the PNs in each subclass
between NMR algorithm LP2 and LP3. As shown in
Supplementary Fig.3, the PNs of large VLDL &
CM, medium VLDL, small VLDL, small LDL and
small HDL by NMR algorithm LP2 were well
correlated with those by NMR algorithm LP3.
However, these correlations were not so good in IDL,
large LDL, large HDL and medium HDL. Especially
in IDL and medium HDL subclass, NMR algorithm
LP2 showed many zero values. However, the number
of these zero values was decreased in NMR algorithm
LP3.

The correlations of average particle sizes of total
CM & VLDL, total LDL and total HDL between
GP-HPLC and NMR are shown in Fig.2, where the
horizontal axis exhibits the data by GP-HPLC and the
vertical axis shows those by NMR, respectively. The
correlation coefficients between GP-HPLC and NMR
in each major class were 0.777, 0.436 and 0.531 (all P
<0.0001), respectively. A good correlation between
GP-HPLC and NMR was observed in total CM &
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VLDL, while a moderate correlations were observed
in total LDL and total HDL. The average particle size
of total CM & VLDL, total LDL and total HDL
analyzed by GP-HPLC was 41.37 £1.55 nm, 23.91 +
6.27 nm and 9.97+0.09 nm, respectively, while that
by NMR was 54.60+8.84 nm, 19.97+0.39 nm and
8.83+0.34 nm, respectively.

2. Comparison of the Distribution of Lipoprotein
Subclasses between GP-HPLC and NMR

The distribution of each lipoprotein subclass was
compared between GP-HPLC and NMR. As shown
in Fig.3, the distribution of total CM & VLDL
subclasses was markedly different between GP-HPLC
and NMR. CM & large VLDL were dominant in
GP-HPLC analysis (44%), while medium VLDL was
the major subclass of lipoproteins in NMR analysis
(55%). Furthermore, the PNs of small LDL were
markedly dominant (71%) within total LDL by NMR
analysis, whereas it was 50% by GP-HPLC analysis.
The PNs of medium LDL was 38% by GP-HPLC
analysis, whereas it was very low (14%) by NMR
analysis. The distribution of HDL subclasses was
comparable between GP-HPLC and NMR analysis.

3. Comparison of Lipid Concentrations in
Lipoproteins between GP-HPLC and NMR
GP-HPLC can measure the cholesterol and TG
concentrations in total serum, major classes of
lipoproteins and their subclasses. In contrast, NMR
can evaluate the concentrations of only total TG,
CM&VLDL-TG and HDL-C. Therefore, we could
only focus on the difference between GP-HPLC and
NMR in the concentrations of only total TG,
CM&VLDL-TG and HDL-C. As shown in Fig.4,
the correlation coefficients between GP-HPLC and
NMR in total TG (Fig.4-A), CM&VLDL-TG
(Fig.4-B) and HDL-C (Fig. 4-C) were 0.937, 0.954



Lipoprotein Analysis by GP-HPLC and NMR

Total CM&VLDL Total LDL Total HDL
160 1200 12000
o 1000 10000
= 120
0 v
E o s 600 6000
m II & 400 4000
H a
c O » 200 2000
©
[7] 0 0 0
= CM& Medium Small Large Medium Small& Very Medium  Small&
- Large VLDL VLDL LDL LDL Very Small Large HDL Very
e VLDL LDL &Large Small
-g HDL HDL
E 120 1600 30,000
= 00
100 25,000
c m 200
o o « 20,000
o 1000
£ x 800 15,000
g s . 600 10,000
z . ’_L‘ w0 FH H_‘ ol
200
v 0 0
CM& Medium Small IDL Large Small Large Medium Small
Large VLDL VLDL LDL LDL HDL HDL HDL
VLDL

Fig. 3.
NMR (baseline data z=212)

A TG

=
S

@
3
S

o
=
S

o r=0.937
0 P <0.0001
0 100 200 300 400 500 600 700

Measured concentration (GP-HPLC), mg/dL

HDL-C

Calculated concentration (NMR), mg/dL
3
E

r=0.488

P <0.0001
10 20 30 40 50 60 70
Measured concentration (GP-HPLC), mg/dL

Calculated concentration (NMR), mg/dL

0
0

O

Concentration measured by GP-HPLC (@)

and calculated by NMR (O), mg/dL.

Calculated concentration (NMR), mg/dL

Comparison of lipoprotein particle distribution by size between GP-HPLC and

CM&VLDL-TG

500

r=0.954
P < 0.0001
100 200 300 400 500 600
Measured concentration (GP-HPLC), mg/dL

0

0

HDL-C

-@--r=0.968, P <0.0001
. ~O-r= 0_,437_, P < 0.0_001
0 10 20 30 40 50 60 70

by
method, mg/dL
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and 0.488 (all £<0.0001), respectively. Very good
correlations between GP-HPLC and NMR were
observed in total TG and CM&VLDL-TG, whereas a
less good correlation between GP-HPLC and NMR
was demonstrated in HDL-C. The HDL-C
concentration by GP-HPLC was highly correlated
with that by homogeneous HDL-C assay (r=0.968, P
<0.0001), however the HDL-C concentration
determined by NMR was not so well correlated with
that assay (r=0.437, P<0.0001) (Fig.4-D).

4. Correlations of Serum Apolipoprotein (Apo)B
and ApoA-1 Levels to the Particle Numbers of
ApoB-containing Lipoproteins and HDL

We next evaluated the correlations of serum
ApoB and ApoA-1 levels to the PNs of ApoB-
containing lipoproteins and HDL and compared these
correlations between GP-HPLC and NMR. The
horizontal axis in Fig.5-A depicts the PNs of ApoB-
containing lipoproteins, while the vertical axis shows
serum ApoB concentration in nM, where we used the
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Table 2. Comparison of the Calculated Numbers of ApoB and ApoA-1 Molecule in One Lipoprotein Particle

GP-HPLC NMR (LP3)
Mean (SD) [95% CI] Mean (SD) [95% CI]
Number of ApoB Molecule in One ApoB-containing Lipoprotein Particle  1.10 (0.05)  1.09 —1.11 1.32(0.18)  1.29-1.34
Number of ApoA-1 Molecule in One HDL Particle 3.40(0.17)  3.38-3.42 1.46 (0.15) 1.44 —1.48

value of 550,000 as a molecular weight of ApoB. The
correlations of serum ApoB molecules and the PNs of
ApoB-containing lipoproteins were evaluated. The
correlation coefficient was very good in GP-HPLC
analysis (r=0.966, P<0.0001), however it was slightly
reduced in NMR analysis (r=0.855, 7<0.0001). The
slope of the regression line indicates the number of
ApoB molecule per one particle of ApoB-containing
lipoprotein. The slope was approximately 1.0 in
GP-HPLC analysis, however it was definitely larger
than 1.0 in NMR analysis. The slope