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Abstract

Objective

We previously reported that patients with cholesteryl ester transfer protein (CETP) defi-
ciency (CETP-D) have a higher prevalence of atherosclerotic cardiovascular disease, in
spite of increased HDL-C levels. However, characterization of HDL in CETP-D has not been
well described. Therefore, we examined HDL particle number (PN) rather than HDL-C level.

Approach and results

Nine patients with CETP-D and 9 normolipidemic subjects were enrolled. We performed gel
permeation high-performance liquid chromatography (GP-HPLC) analysis, determined the
cholesterol and triglyceride composition of all lipoprotein subclasses, and calculated the PN
of each subclass, which consisted of 3 VLDL (large, medium, and small), 4 LDL (large,
medium, small, and very small), and 5 HDL (very large, large, medium, small, and very
small) subclasses. The PNs of large and medium LDL were significantly lower in CETP-D
than that in healthy subjects (0.66- and 0.63-fold decrease, respectively; p<0.001), whereas
the PN of very small LDL, which is known to be atherogenic, was significantly higher (1.36-
fold increase, p = 0.016). The PNs of very large and large HDL in CETP-D were markedly
higher than that in healthy subjects (19.9- and 4.5-fold increase, respectively; p<0.001),
whereas the PNs of small and very small HDL, which have more potent anti-atherogenic
functions, were significantly lower (0.76- and 0.61-fold decrease, respectively; p<0.001).
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Conclusion

We have assessed the PNs of detailed subclasses of patients with CETP-D for the first time.
The PN of larger HDL was markedly increased, that of smaller HDL was decreased, and
that of very small LDL was increased, suggesting that CETP-D has pro-atherogenic lipopro-
tein properties.

Introduction

Epidemiological studies have shown that high LDL-cholesterol (LDL-C) and low HDL-choles-
terol (HDL-C) levels are positively and independently correlated with cardiovascular disease
(CVD) events[1]. Randomized controlled trials have revealed that LDL-C lowering drugs,
such as statins, are effective both for primary[2] and secondary[3] prevention. By contrast,
drugs that increase HDL-C levels, such as niacin[4] and most cholesteryl ester transfer protein
(CETP) inhibitors, have been unable to reduce CVD events. Studies of the CETP inhibitors
torcetrapib[5], dalcetrapib[6], and evacetrapib[7] were terminated because of increased mor-
tality or no significant effects on major CVD events, although these drugs increased HDL-C or
even decreased LDL-C levels. Anacetrapib has been reported to show a modest reduction of
coronary events[8], but the drug development has been discontinued recently. We previously
reported that patients with hyperalphalipoproteinemia (HALP) caused by CETP deficiency
(CETP-D), who also showed similar lipid profiles to CETP inhibitor-treated patients, were not
protected against CVD[9]. Thus, we hypothesized that inhibition or deficiency of CETP might
affect the structural alterations of lipoproteins, including lipoprotein particle distribution or
lipoprotein particle numbers (PNs).

To test this hypothesis, we performed gel permeation high-performance liquid chromatog-
raphy (GP-HPLC) analysis, which can directly determine the cholesterol (Cho) or triglyceride
(TG) composition of major lipoproteins or their subclasses. We then analyzed the lipoproteins
according to their particle size. Furthermore, we have recently developed a novel strategy to
calculate the PN of each lipoprotein subclass by GP-HPLCJ[10]. In the current study, we
applied this method to identify the lipoprotein abnormalities in more detail in patients with
CETP-D to determine whether CETP-D is atherogenic.

Materials and methods
Subjects

We enrolled 9 patients with homozygous CETP-D whose serum CETP mass was <0.1 pg/mL
as well as 9 age- and sex-matched healthy normolipidemic subjects. The investigation con-
formed to the principles outlined in the Declaration of Helsinki. All subjects provided written
informed consent, and the research protocol was approved by the Ethics Committee of Osaka
University Hospital. Venous blood was drawn after overnight fasting for 12 h. Serum was sepa-
rated by low-speed centrifugation (3000 rpm, 15 min, 4°C) and aliquots were immediately fro-
zen at -80°C until use.

Serum lipids and lipoproteins

Serum total cholesterol (TC), TG, HDL-C, and LDL-C levels were determined by enzymatic
methods (Sekisui Medical Co., Tokyo, Japan). Serum concentrations of apoA-I, A-II, B, C-1I,
C-1II1, and E were measured by an immunoturbidimetric method (Sekisui Medical Co., Tokyo,
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Japan). Serum CETP mass levels were determined by an enzyme immunoassay (BML INC,,
Tokyo, Japan).

Calculation of lipoprotein particle number by GP-HPLC

Serum lipoproteins were analyzed using the GP-HPLC system as previously described [11],
and recently reviewed[12]. Briefly, lipoproteins in fresh-frozen serum (4 pul) were separated
with tandemly connected Skylight PakLP1-AA gel permeation columns (Skylight Biotech Inc.,
Akita, Japan, 300 mm x 4.6 mm I.D.). The column effluent was then equally split into two
lines by a micro splitter, and each effluent was allowed to react at 37°C with the Cho and TG
reagents. Absorbance at 550 nm was continuously monitored after each enzymatic reaction in
two reactor coils (PTFE; 25 m x 0.18 mm L.D.). The particle size of each lipoprotein was deter-
mined by the retention time of each peak observed on a chromatogram using a linear calibra-
tion curve. The Cho and TG levels of the 20 subclasses were defined by component peak
analyses on the basis of lipoprotein particle size with the Gaussian curve fitting technique[13]
[14]. The following definitions of lipoprotein particle sizes for the 20 lipoprotein subclasses
were used:

CM: CM1 and CM2, >90 nm and 75 nm in diameter, respectively. VLDL subclasses: large
VLDL (VLDL1, VLDL2 and VLDL3, 64, 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). LDL
subclasses: large LDL (LDLI, 28.6 nm in diameter), medium LDL (LDL2, 25.5 nm in diame-
ter), small LDL (LDL3, 23.0 nm in diameter) and very small LDL (LDL4, LDL5 and LDLS6,
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 (HDLS5, 9.8 nm in diameter) and very
small HDL (HDL6 and HDL7, 8.8 and 7.6 nm in diameter, respectively). The average particle
diameters of the major subclasses of lipoproteins were obtained by calculating the weighted
average of each fraction.

The particle number (PN) of the lipoprotein subclasses was calculated using a “spherical
particle model”. As we recently reported[10], the particle size of lipoproteins belonging to a
certain subclass is assumed to be almost constant. We focused on the sum volume of choles-
teryl ester (CE) and TG within the core of lipoprotein subclasses. The sum volume of CE and
TG in a certain subclass can be calculated from the amounts of Cho and TG without free cho-
lesterol (FC) measurement. This calculation is based on the assumption that the ratio of FC to
(CE + TG) in a certain subclass is almost constant, which we determined in the general cohort
[10]. However, the fraction of HDL7, which contains pre-beta-1 HDL, cannot be applied to
this spherical particle model because pre-beta-1 HDL consists of phospholipids, apoA-I and
FC, with no core components[10], so the PN of very small HDL was assessed only by the PN
of HDLG in this study. The PN belonging to a certain subclass can be calculated by dividing
the sum volume of CE and TG calculated from the GP-HPLC data by the core volume occu-
pied by CE and TG of one lipoprotein particle.

PN foracertainsubclass = sumof corelipid volume(V,+ V) /referencecorevolume(V

core)

Details of calculation of lipoprotein PNs can be referred to [10] and the patent by Okazaki
M. (Publication number: WO/2015/152371).
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Statistical analysis

Data were analyzed by Graphpad Prism Ver.7.01 software program (GraphPad Software, San
Diego, CA) and are expressed as the mean+SD. A two-tailed, Student’s ¢ test was used for com-
parison. Statistical significance was established at a p value of <0.05.

Results
Lipid profile of patients with CETP-D

The lipid profile of healthy subjects and patients with homozygous CETP-D are shown in
Table 1. As we reported previously[15], serum HDL-C and apoA-I levels were markedly higher
in patients with CETP-D than in healthy subjects. Furthermore, as a characteristic profile of
CETP-D, serum apoC-III and apoE levels were also significantly higher. By contrast, serum
LDL-C and apoB levels were significantly lower in CETP-D.

GP-HPLC patterns and average particle diameters

The representative chromatographic patterns monitored by Cho (solid line) and TG (dotted
line) are shown in Fig 1, including normolipidemic subjects (Fig 1A and 1B) and CETP-D
patients (Fig 1C and 1D). In CETP-D, Cho was sparse in the LDL fraction, but was rich in the
HDL fraction. By contrast, TG was rich in the LDL fraction, but was scarce in the HDL frac-
tion in patients with CETP-D. Therefore, these data confirmed previous findings that patients
with CETP-D have extremely high levels of CE-rich HDL and reduced levels of TG-enriched
LDLI[15][16].

The average particle diameters of the major lipoprotein classes are shown in Table 2. In the
CM -VLDL subclasses, the average particle diameter was not significantly changed between
the two groups. In the LDL subclass, the average particle diameter of patients with CETP-D
was significantly decreased compared with that of normolipidemic subjects (23.3+1.3 nm vs
25.4+0.2 nm in Cho-monitoring and 25.1+0.3 nm vs 25.940.2 nm in TG-monitoring,

Table 1. Clinical characteristics and lipid profiles of healthy subjects and CETP-D patients.

healthy subjects CETP-D patients p value
Age (year) 57.6+14.8 56.7+15.5 0.90
Sex (m/f) 4/5 4/5
TC (mg/dL) 205.7£29.6 313.9+104.9 0.009
TG (mg/dL) 99.7+26.2 109.6+84.2 0.73
HDL-C (mg/dL) 60.0+8.1 162.2+44.9 <0.001
LDL-C (mg/dL) 112.7421.8 51.4+11.8 <0.001
FC (mg/dL) 50.2+8.6 82.7+24.4 0.002
PL (mg/dL) 227.1£29.1 351.6+107.6 0.004
Apolipoprotein A-I (mg/dL) 152.8+19.6 245.0£59.6 <0.001
Apolipoprotein A-II (mg/dL) 29.9£2.8 39.1+£9.9 0.016
Apolipoprotein B (mg/dL) 93.3£16.1 75.3%13.7 0.02
Apolipoprotein C-II (mg/dL) 4.4%1.0 7.6%£2.9 0.007
Apolipoprotein C-III (mg/dL) 9.9+2.2 28.2+18.1 0.009
Apolipoprotein E (mg/dL) 4.5+1.0 14.1+5.8 <0.001
CETP mass (ug/mL) 3.1+0.8 <0.1 <0.001

TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FC, free cholesterol; PL, phospholipid.

Data are shown as the mean + SD and statistical significance was calculated by unpaired Student’s T test.

https://doi.org/10.1371/journal.pone.0190875.t001
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Fig 1. Representative chromatographic patterns of normolipidemic subjects and CETP-D patients monitored by Cho (solid line) and TG (dotted
line). (A) a 24-year-old male healthy subject; serum HDL-C: 59mg/dL, LDL-C: 132mg/dL, TG: 83mg/dL. (B) a 52-year-old female healthy subject; serum

HDL-C: 69mg/dL, LDL-C: 99mg/dL, TG: 126mg/dL. (C) a 24-year-old male CETP-D patient; serum HDL-C: 138mg/dL, LDL-C: 34mg/dL, TG: 84mg/dL.
(D) a 51-year-old female CETP-D patient; serum HDL-C: 197mg/dL, LDL-C: 64mg/dL, TG: 68mg/dL.

https://doi.org/10.1371/journal.pone.0190875.9001

respectively, p<0.001). By contrast, in the HDL subclass, the average particle diameter of
patients with CETP-D was significantly increased compared with that of normolipidemic sub-
jects (12.3+0.4 nm vs 10.7£0.1 nm in Cho-monitoring and 11.6+0.2 nm vs 10.9+0.1 nm in TG-
monitoring, respectively, p<0.001), demonstrating that in patients with CETP-D, the LDL
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Table 2. Average particle diameters of lipoprotein major subclass of healthy subjects and CETP-D patients.

Cho-monitored TG-monitored
healthy subjects CETP-D patients p value healthy subjects CETP-D patients p value
CM—VLDL(nm) 39.7+1.4 40.2+2.3 n.p. 44.5%1.6 45.6+2.5 n.p.
LDL (nm) 25.4+0.2 23.3+1.3 p<0.001 25.9+0.2 25.1+£0.3 p<0.001
HDL (nm) 10.7+0.1 12.3+0.4 p<0.001 10.940.1 11.6+0.2 p<0.001

Data are shown as the mean + SD and statistical significance was calculated by Student’s T test.

https://doi.org/10.1371/journal.pone.0190875.1002

particle size is smaller whereas the HDL particle size is larger compared with that of normolipi-
demic subjects, as we reported previously[15].

Cho and TG concentrations in lipoprotein subclasses

The Cho and TG concentrations in lipoprotein subclasses are summarized in Fig 2A-2C.
Patients with CETP-D showed a significant decrease in Cho in small VLDL and large to
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Fig 2. Concentrations of A: Cho (mg/dL), B: TG (mg/dL), C: Cho/TG ratio in lipoprotein subclasses between
normolipidemic subjects (n = 9, open column) and CETP-D patients (n = 9, closed column). VL = very large;

L =large; M = medium; S = small; VS = very small. All graphs show the mean + SD. *P<0.05, **P<0.01, ***P<0.001 vs
normolipidemic subjects.

https://doi.org/10.1371/journal.pone.0190875.9002
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medium LDL subclasses, whereas TG content was unchanged in VLDL and large LDL sub-
classes or significantly increased in medium to small LDL subclasses. With regard to the Cho/
TG ratio, there was no significant change in VLDL subclasses, but the Cho/TG ratios in large
to small LDL subclasses were significantly lower, indicating that TG-rich LDL particles are
present in CETP-D. In the very small LDL subclass, the Cho and TG content were increased in
CETP-D, whereas the Cho/TG ratio was not significantly different between the two groups.
However, it should be noted that in the very small LDL subclass, there is also extremely large
HDL enriched with apoE in CETP-D[17].

In the HDL fraction, the Cho content was markedly increased in the very large and large
HDL subclasses in CETP-D, whereas it was unchanged or slightly decreased in the medium to
very small HDL subclasses. By contrast, the TG content was significantly decreased in the large
to very small HDL subclasses. The Cho/TG ratios of the HDL subclasses were markedly higher,
demonstrating that the HDL particles of CETP-D are more enriched with Cho and more TG
depleted.

Correction for the calculation of the particle number of very, very large
HDL (vl-HDL) in CETP-D

We calculated the PN of each lipoprotein subclass according to the spherical particle model
[10]. In CETP-D, a large amount of extremely large HDL components was eluted between the
LDL and HDL positions. We defined the extremely large HDL particle subclasses as very, very
large HDL (vvl-HDL), which exists in the very small LDL subclass (LDL4-LDL6). As shown in
Fig 3A, the sum of the calculated PNs of CM1-LDL6 according to the spherical particle model
(calculated PNs of CM1-LDL6) correlated well with serum apoB levels in normolipidemic sub-
jects (r = 0.92). This result is because one particle of CM1-LDL6 subclasses has just one apoB
molecule. By contrast, in CETP-D, the calculated PNs of CM1-LDL6 and serum apoB levels
did not show a linear relationship, because there were vvl-HDL particles in the very small LDL
fraction. Therefore, in patients with CETP-D, we calculated the PNs of apoB-containing lipo-
proteins (actual PNs of CM1-LDL6) by multiplying the serum apoB level by 15.6, which is the
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[<2] (<]
E o E o
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Fig 3. Correction for calculation of the PN of very very large HDL (vvl-HDL) in CETP-D. (A)The relation between
the sum of calculated PNs of CM1-LDL6 according to spherical particle model and serum apoB levels in
normolipidemic subjects (open circle) and CETP-D patients (open triangle). (B)After correction for PNs of apoB-
containing lipoproteins (actual PNs of CM1-LDL6) in normolipidemic subjects (open circle) and CETP-D patients
(open triangle).

https://doi.org/10.1371/journal.pone.0190875.9003
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numeric constant obtained from controls as an average ratio of calculated PNs of CM1-LDL6
(nM) to apoB level (mg/dl) (Fig 3B). The PN of vvl-HDL in patients with CETP-D was calcu-
lated by subtracting the calculated PNs of CM1-LDL6 by the actual PNs of CM1-LDL6. Thus,
the PN of the very small LDL subclass is calculated by subtracting the sum of the PN of
LDL4-LDL6 by the PN of vvl-HDL.

Particle numbers of lipoprotein subclasses in CETP-D

As shown in Fig 4, the PN of each VLDL subclass showed no significant difference between
normolipidemic subjects and patients with CETP-D. In the LDL fraction, the PNs of large and
medium LDL in CETP-D were significantly lower compared with normolipidemic subects
(158.3+36.4 nM vs 240.6+51.1 nM, 349.1+69.9 nM vs 557.3+94.8 nM, 0.66- and 0.63-fold
decrease, respectively; p<0.001), whereas the PN of very small LDL, which is also termed small
dense LDL and known to be atherogenic, was significantly higher (233.2+64.8 nM vs 171.4
+22.1 nM, 1.36-fold increase, p = 0.016). In the HDL fraction, very, very large (vvl-)HDL was
identified only in CETP-D. The PNs of very large and large HDL were markedly higher in
patients with CETP-D (4237.3+2353.4 nM vs 213.4+55.7 nM, 7672.2+1368.3 nM vs 1720.2
+536.6 nM, 19.9- and 4.5-fold increase, respectively; p<0.001), whereas the PNs of small and
very small HDL were significantly lower (4339.1+937.4 nM vs 5690.3+467.8 nM, 1999.4+514.8
nM vs 3256.5+294.0 nM, 0.76- and 0.61-fold decrease, respectively; p<0.001) compared with
normolipidemic subjects. These data suggest that the deficiency of CETP causes marked alter-
ations in the PNs of a variety of LDL and HDL subpopulations in addition to the changes in
their lipid composition and size. Interestingly, the increased number of small dense LDL parti-
cles may suggest atherogenicity in CETP-D. Furthermore, the marked accumulation of the
number of very, very large and very large HDL particles may indicate that apoE and choles-
terol-rich HDL particles exhibit delayed catabolism in CETP-D.
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Fig 4. Comparison of particle number of each lipoprotein subclass between normolipidemic subjects (n = 9, open
column) and CETP-D patients (n =9, closed column). (A) VLDL to LDL fraction, (B) HDL fraction. VVL = very
very large; VL = very large; L = large; M = medium; S = small; VS = very small. * PN of very small HDL is assessed only
by the PN of HDL6, because HDL7 contains pre-beta-1. HDL for which spherical particle model cannot be applied. All
graphs show the mean + SD. *P<0.05, **P<0.01, *** P<0.001 vs normolipidemic subjects.

https://doi.org/10.1371/journal.pone.0190875.9004
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Discussion

We previously reported a case of marked HALP associated with premature corneal opacity
and an additional case with coronary artery disease[18]. These cases showed reduced plasma
CETP activity, and the composition, size and function of their lipoproteins were abnormal.
We also reported that in the Omagari area (Akita Prefecture, Japan), where HALP patients are
very frequent, a U-shape relationship was observed between serum HDL-C levels and the inci-
dence of ischemic ECG changes[9], suggesting that patients with HALP due to CETP defi-
ciency were not protected against CVD. Thus, we proposed that HALP is a disorder of reverse
cholesterol transport and that CETP-D is an atherogenic HALP[15].

The current study focused on lipoprotein PNs rather than the HDL-C or LDL-C concentra-
tion. First, we would like to discuss the accuracy of this GP-HPLC methodology. There have
been two primary methods for measuring the PN of HDL[19] other than this GP-HPLC
method. The most widely used method is proton nuclear magnetic resonance (NMR) spec-
trometry[20]. In NMR, lipid methyl groups emit resonances that are unique to the chemical
environments of lipoprotein particles of different diameters, with the signal intensity being
proportional to their abundance, which makes it possible to quantify not only the PNs of over-
all HDL but also those of differently sized subspecies. Another method for measuring the PN
of HDL is ion mobility (IM) spectrometry, whereby ionized lipoproteins are separated by size
and charge in a flow of inert gas subjected to modulated electric fields[21]. After an ultracentri-
fugation step to remove albumin, the size distributions are presented as PN and mass in eleven
lipoprotein subclasses. Although these methods enable the PN measurement of HDL, some
issues should be discussed about the accuracy of these methods. The NMR method routinely
reports PNs of HDL concentrations to be in the range of 32-34 micro mol/L[22][23], whereas
the IM methods reports 5-6 micro mol/L[24][25] in normolipidemic subjects. The NMR data
suggest that each HDL particle averages 1.3-1.5 copies of apoA-I. By contrast, the IM data sug-
gest that each HDL particle averages 13-20 copies of apoA-I. This result is apparently discor-
dant with the fact that one HDL particle has 2-5 apoA-I molecules[26]. Calibrated ion
mobility (CIM) method, which is an improved method from IM, was recently reported[27].
This CIM method exhibits each HDL particle averages 3-4 copies of apoA-I, in agreement
with the current structural model. According to our GP-HPLC and “spherical particle model”
method, the average apoA-I molecular number in one HDL particle was 3.062+0.242 in gen-
eral subjects, as we recently reported[10]. Furthermore, in the same cohort, a very high corre-
lation between the apoB molecular number and the apoB-containing lipoprotein PN was
obtained (r = 0.964); an apoB molecule number of 1.041+0.078 was confirmed to be contained
per particle, indicating that our methodology seems to be reliable.

A notable finding in the current study is that the PN of larger sized HDL were markedly
increased, whereas those of smaller sized HDL were significantly reduced in patients with
CETP-D. We have previously reported that large and CE-rich HDL-2 in patients with
CETP-D was not able to prevent macrophages from accumulating cholesterol[28]. Further-
more, Gomaraschi M et al.[29] reported that HDL promotes the production of nitric oxide
(NO) in endothelial cells, but the HDL and the subfraction from patients with CETP-D was
less effective in stimulating NO production, indicating that these larger HDLs are dysfunc-
tional. The increase of larger size HDLs in CETP-D is mainly owing to the disorder of transfer-
ring HDL CE to apoB-containing lipoproteins. Another possible mechanism for the increase
of larger HDLs may be the delayed catabolism of HDL apoA-I and apoA-II, but not due to the
enhanced production rate of these apolipoproteins in CETP-D, as shown by stable isotope
studies[30]. In terms of the urinary excretion of HDL particles, smaller HDL-3 filters through
the glomerulus into renal tubules. The clearance rate of smaller HDL-3 is regulated by cubilin,
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which is expressed by absorptive cells, including proximal tubule cells, and mediates the endo-
cytosis of HDL into these cells. By contrast, larger HDL-2 cannot filter through the glomerulus,
which results in a different catabolic rate between HDL-2 and HDL-3[31]. The other possible
mechanism may be a reduction in the hepatic scavenger receptor BI (SR-BI) in CETP-D.
Accordingly, Huang Z et al.[32] previously demonstrated that CETP inhibition leads to
reduced hepatic SR-BI in vitro. SR-BI is the major receptor for the selective uptake of HDL
cholesteryl ester (HDL-CE) and a key receptor for reverse cholesterol transport[33]. The
reduction in hepatic SR-BI due to CETP inhibition or deficiency may lead to both impaired
selective uptake of SR-BI-mediated HDL-CE and the delayed catabolism of HDL apoA-I.
Delayed catabolism of these large HDL particles may result in compositional changes in lipids,
proteins, and enzymes associated with HDL, resulting in a variety of alterations in the anti-ath-
erogenic and anti-inflammatory functions of HDL. By contrast, the PN of smaller size HDL
particles was significantly reduced in CETP-D. Small HDLs are known to have a potent ather-
oprotective function, and their concentration is associated with a reduced risk of atheroscle-
rotic diseases[34][35]. The atherogenicity of patients with CETP-D may be attributable to
these lipoprotein subclass alterations.

Regarding the LDL fraction, the average particle diameter of patients with CETP-D was
23.3 nm in Cho-monitoring, and 25.1nm in TG-monitoring. This dissociation indicates the
polydispersity of LDL in CETP-D, as we reported previously[15]. We also demonstrated that
the decreased serum LDL-C level in CETP-D was due to the decreased PNs of large and
medium LDL. By contrast, the PN of very small LDL was significantly higher in patients with
CETP-D. Very small LDL, namely, small dense LDL, is a small and TG-rich lipoprotein that
has a reduced affinity for the LDL receptors of fibroblasts[36] and is well known to be athero-
genic due to an increased susceptibility to oxidation[37]. We confirmed the increased PN of
this atherogenic very small LDL in patients with CETP-D. Thus, an evaluation of the PNs of
LDL subfractions beyond LDL-C would provide additional information about lipoprotein
atherogenicity.

Finally, the results of this study for patients with CETP-D may have clinical implications. In
patients with CETP-D or those receiving CETP inhibitors, serum HDL-C levels are increased
while LDL-C levels are decreased, which seems to be a beneficial lipid profile. However, torce-
trapib[5], dalcetrapib[6], and evacetrapib[7] did not demonstrate beneficial cardiovascular
outcomes. Anacetrapib has been reported to show a modest reduction of coronary events[8],
but the drug development has been discontinued recently. Of course, there may be a large gap
between these two conditions, CETP-D and CETP inhibitors plus statins. However, the cur-
rent extensive analyses of lipoprotein subclasses in CETP-D provide insight into the underly-
ing molecular mechanisms, which help better explain the atherogenic conditions of CETP-D.

There are several limitations in the present study. First, the PNs of chylomicrons or chylo-
micron remnants cannot be evaluated by this GP-HPLC spherical particle model. This is
because chylomicrons are too large, and chylomicron remnants, which have been regarded as
an important atherogenic risk factor[38], are as large as VLDL or LDL. The second limitation
is that this “spherical particle model” cannot be applied to pre-beta-1 HDL, because pre-beta-1
HDL consists of phospholipids, apoA-I and FC, with no core components. Pre-beta-1 HDL is
recognized as the primary acceptor of cholesterol via the ABCAL1 transporter. Some studies
have shown an association between high levels of this particle and the risk of globally defined
coronary artery disease[39]. The trial for the CETP inhibitor evacetrapib was terminated in
2015 because of the absence of beneficial effects on cardiovascular outcomes and increased
pre-beta-1 HDL[40]. The third limitation is that we did not analyze the lipoproteins in patients
treated with CETP inhibitors, although these two conditions, CETP-D and CETP inhibitors
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plus statins, show similar lipid profiles. A further investigation of the lipoprotein PN of CETP
inhibitor-treated patients should be performed in future studies.

In conclusion, the analysis of lipoprotein PNs in the subclasses of patients with CETP-D
has revealed that the PN of larger HDL was markedly increased, that of smaller HDL was
decreased, and that of very small LDL was increased in patients with CETP-D, suggesting that
CETP-D may have pro-atherogenic lipoprotein properties.
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