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Significance of Measuring Serum Concentrations of Remnant
Lipoproteins and Apolipoprotein B-48 in Fasting Period
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Aim: To characterize lipid profiles conveniently in the fasting period to detect postprandial hyperlip-
idemic subjects, we measured the concentrations of lipids, including remnant lipoproteins and
apoB-48, before and after loading the test meal in 24 normolipidemic subjects.

Methods: We examined remnant-like particle-cholesterol and -triglyceride (RLP-C, RLP-TG) by the
immune adsorption method, RemL-C by the newly developed homogeneous method, and apoB-48
by chemiluminescence enzyme immunoassay.

Results: After loading, TG, RemL-C, RLP-C, RLP-TG, and apoB-48 concentrations were elevated.
Twenty subjects had only a slight elevation of TG (low TG group) after loading, while 4 subjects
showed apparent increase of TG (more than 150 mg/dL, high TG group). In the fasting period,
the high TG group had significantly higher serum concentrations of TG and RemL-C than the low
TG group. Although not significant, RLP-C, RLP-TG and apoB-48 concentrations in the high TG
group were also higher than in the low TG group. After loading, serum concentrations of TG,
Reml-C, RLP-C, RLP-TG, and apoB-48 increased significantly more in the high TG group than in
the low TG group.

Conclusion: In conclusion, TG, RemL-C, RLP-C, RLP-TG, and apoB-48 concentrations in the fast-

ing period may be suitable for detecting postprandial hyperlipidemic subjects.

J Atheroscler Thromb, 2009; 16:12-20.

Key words; Postprandial hyperlipidemia, RLP-C, RemL-C, Small, dense LDL-C

Introduction

Since Zilversmit’s proposal of the significance of
postprandial hyperlipidemia, many studies have inves-
tigated the role of remnant lipoproteins in the patho-
genesis of atherosclerosis, and have identified a delay
in their removal from blood as an independent risk
factor'®. In fact, high concentrations of remnant-like
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particle (RLP)-cholesterol (RLP-C) predict coronary
events in patients with CAD, independent of tradi-
tional coronary risk factors™.

In normal humans, the postprandial hyperlipid-
emic period is about 4-6 hours, bur in individuals
with certain dyslipidemia, this period may be increased
beyond 6 hours*¥. Of note, impaired removal of chy-
lomicron remnants in the liver potcntlally induces
longer retention times for these lipoproteins in blood
circulation. Moreover, it is lmportant to recognize that
dictary lipid is transferred to various parts of the body
via plasma lipoproteins after food ingestion.

In the postprandial period, we can observe the
clevation of triglyceride (TG)-rich lipoproteins, which

include chylomicrons, very-low-density lipoproteins
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(VLDL), and their remnants, in the blood circulation.
Nascent chylomicrons, synthesized by enterocytes, have
a high TG-to-cholesterol mass ratio, and consist pri-
marily of apolipoprotein (apo) B-48 and apoA-1'* m,
After acquiring apoC-1II and apoE, chylomicrons bmd
to lipoprotein lipase (LPL), which induces lipolysis of
TG in chylomicrons. TG depletion results in a size
reduction, and is referred to as chylomicron remnants,
or “remnants”. Finally, chylomicron remnants are cho-
lesteryl ester-rich and retain apoB-48 and apoE'* 13
VLDL produced by.hepatocytes are also hydrolyzed
by LPL like chylomicrons, and become VLDL rem-
nants containing apoB-100 and apoE.

Although it has been difficult clinically to distin-
guish exogenous lipids (chylomicrons and their rem-
nants) from endogenous lipids (VLDL and their rem-
nants), it recently became posslblc to conveniently
measure the serum B-48 concentration'. In the pres-
ent study, to characterize the lipid profiles conve-
niently in the fasting period to detect postprandial
hyperlipidemic subjects, we measured the concentra-
tions of lipids, including remnant lipoproteins and
apoB-48, before and after loading the test meal in
normolipidemic subjects.

Subjects and Methods

Subjects and Physical Examination

We recruited healthy subjects [#=24; male/
female, 11/13; mean *standard deviation (§D), 21.5%
1.2 years old] who had never been treated or taken
any drugs at least 3 months before the study. All sub-
jects gave their informed consent to participate in the
study. The study protocol was carried out according to
the Declaration of Helsinki.

Blood pressure was measured twice by the same
observer using a standard mercury sphygmomanomc—
ter after the subject had rested in a supine position for
30 min. Waist circumference of subjects was mea-
sured'®. Body mass index (BMI) was calculated by di-
viding body weight by the square of the height (kg/m?).

Study Protocol

We used a test meal containing carbohydrate, fat,
and protein, which was developed for the assessment
of both postprandial hyperglycemia and hyperlipid-
emia by the Japanese Diabetes Society (Test meal A).
This test meal consists of cream of chicken soup, bis-
cuit, and custard pudding. The total calories is 450
kcal, including carbohydrate 57.6 g (51.4% in energy
balance), protein 17.2 g (15.3%), fat 16.6 g (33.3%),
which is a slightly higher percentage of fat than in the
usual Japanese breakfast (20-25%). Blood samples

were obtained ar 9-10 AM after a 12-hour fast and 1,
2, 4, 6, and 8 hours after ingestion of the test meal.

Blood Sampling and Analysis

Serum concentrations of TG, total cholesterol,
high-density lipoprotein (HDL)-cholesterol (HDL-C)
and low-density lipoprotein (LDL)-cholesterol
(LDL-C) were determined by enzymatic methods
(Kyowa Medex, Tokyo, Japan): plasma oxidized LDL
concentration by enzyme-linked immunosorbent assay
(Kyowa Medex); serum concentrations of apoA-I,
apoA-1II, apoB apoC-1I, apoC-1II, and apoE by turbl-
dimetric immunoassay methods (Nittobo, Tokyo,
Japan); serum apoB48 concentration by chemilumi-
nescence enzyme immunoassay (Fujirebio, Tokyo,
Japan)™; serum small, dense-LDL-cholesterol (sd-
LDL-C) concentration by the precipitation method
(Denka Seiken, Tokyo, Japan)'9; serum concentrations
of RLP-C and RLP-TG by the immune adsorption
method (JIMRO 1, Otsuka Pharmaccutical, Tokyo,
Japan)'; serum remnant lipoprotein cholcsterol
(RemL-C) concentration by homogenenous assay
(\/IetaboLcad RemL-C, Kyovm Medex)'®; serum hlgh
sensitivity C-reactive protein (hs-CRP) concentration
by nephelometry method (Dade Behring, Deerfield,
IL); plasma glucose concentration and glycosylated

hemoglobm Aic (HbA1c) by HPLC; and serum insulin

COIICCHU‘QUODS by cnzymece lmmunoassay, l'CSpCCthCly

Agarose Gel Electrophoresis Analysis

Samples were subjected to lipoprotein analysis
using agarose gel electrophoresis (Rapid Electrophore-
sis; Helena Laboratories, Beaumont, Texas), with 15
min of electrophoresis at 400 volts and 20T. After
staining with cholesterol and TG reagent, € elution pro-
files were analyzed by an automatic densitometer,
Chol/Trig Combo™ (Helena Kcnkyusho, Saitama,
Japan)'?. Contents of cholesterol and TG in each frac-
tion were calculated with total lipids and the arca
under the curve according to the report by Kido ez
al.?®. Moreover, the ratios of cholesterol to TG in
HDL and LDL fractions were calculated and com-
pared with those in healthy volunteers reported previ-

ously (mean+SD; HDL, 58120 LDL, 4911 3)2,

Statistical Analysis

Values are expressed as the mean +8D. Stauistical
significance of data was evaluated using cither the
Mann-Whitney U-test or Welch’s z-test. Correlations
between apoB-48 and other parameters were calcu-
lated using the formula for Pearson’s correlation coef-
ficient. Responses to the test meal were compared by
analysis of variance (ANOVA) for repeated measures.
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Table 1. Glucose and lipid parameters before and after loading the test meal

0 1h 2h 4h 6h 8h
Plasma glucose (mg/dL) 89.4%4.7 104.5£19.2" 89.2%11.5 853+4.8™  852%45"  85.1£50%
Insulin (£ U/mL) 6129 53.7+27.3% 24.6+16.4"* 5.1£2.2 41£13" 3.7+1.4"
TG (mg/dL) 65.6£25.5 86.9:38.2* 95.7 £ 47.4* 77.1£32.6 60.7£19.2 52.2+16.8*
TC (mg/dL) 182.6+32.2 181.533.8 179.8£32.4 181.4%£30.8  1842%317  189.5%333
LDL-C (mg/dL) 100.0£25.6 97.8£25.7 96.8+25.4 97.9%244  -101.1£252  104.3%26.2
HDL-C (mg/dL) 70.0% 14.3 67.8+14.2 67.2%13.1 68.0%14.1 70.1%14.9 72.5%15.2
RemL-C (mg/dL) 35%1.6 3.9%1.9 4.0%2.1 37+2.1 3.1%13 29+£1.1
RLP-C (mg/dL) 3112 4.4x2.0" 4726" 3.8%17 3.0%13 2.8209
RLP-TG (mg/dL) 15.8+2.6 24.8+146* 30.4+23.6" 20.1x8.7 152%0.7* 15.1£0.2*
Sd-LDL-C (mg/dL) 21.4£8.9 17.3%5.8 17.126.9 17.0%5.7 17.5%5.9 17.8%5.8
Oxidized LDL (U/mL) 6.7+4.9 6.1%4.4 6.6£5.5 6.5%4.8 6.8£4.7 7.1£4.9
ApoA-1 (mg/dL) 164.0£27.0 161.8£28.0 161.3£25.0 1625267  1655+267  168.2+28.1
ApeA-TI (mg/dL) 38.9+7.1 38.5£7.4 38.0£6.9 38.5£7.0 38.7%7.1 39.3x7.1
ApoB (mg/dL) 67.5%14.2 66.3%14.8 66.2%14.0 66.8%13.6 68.5%13.9 70.5£14.2
ApoB-48 (pg/mL) 32£2.1 6.2£3.1% 6.1x3.4*" 522.9™ 3.6%2.1 3.0%1.7
ApoC-TI (mg/dL) 3.1%1.1 32212 3.2%12 32%1.1 3.2%1.1 3211
ApoC-TI (mg/dL) 9.4£2.5 9.9%2.6 95%2.6 9.3%2.4 9.1%£2.3 9.3£2.4
ApoE (mg/dL) 46%1.0 45%1.0 44210 44%10 43%09 44209

Values are expressed as the mean £ 8D, *P< 0.05, "p< 0.01 (vs. 0 time) by Mann-Whitney U-test. TG: triglyceride, TC: total cholesterol, LDL-C:
low-density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, RemL-C: remnant lipoprotein cholesterol measured with “Metabo-
Lead RemL-C”, RLP-C: remnant-like particle-cholesterol measured with “JIMRO H”, RLP-TG: remnant-like particle-triglyceride, Sd-LDL-C:

small, dense-LDL-cholesterol, Apo: apolipoprotein.

Data under the threshold of RLP-C (< 2.0 mg/dL) or
RLP-TG (<15 mg/dL) were treated as 2.0 mg/dL or
15 mg/dL, respectively. Statistical analysis was per-
formed using Stat Flex ver.5.0 software (Artec, Osaka,
Japan). Two-tailed values of p<0.05 were considered
significant.

Results

Characteristics of Subjects

Subject characteristics are as follows (mean# SD):
BMI, 20.7%1.7 kg/m?% waist circumferences, 72.3 %
4.2 ¢cm in men and 65.724.5 cm in women; HbAc,
4.9£0.2%; hsCRP, 0.04+0.02 mg/dL.

Fasting and Postprandial Concentrations of Lipids
in Total Subjects

Table 1 shows the changes of lipid concentra-
tions before and after loading the test meal in all
subjects. In the fasting period (time 0), concentrations
of all parameters were within normal limits or low
ranges; however, there were significant correlations
between apoB-48 concentration and TG, RemL-C,
RLP-C, RLP-TG, apoC-1I, or apoC-HI concentration
(Table 2), indicating that intestine-derived lipopro-
teins were present in the circulaton and had charac-

teristics of remnants even in the fasting period in nor-
molipidemic subjects.

After loading the test meal, TG, RLP-C, RLP-
TG, and apoB-48 concentrations elevated significantly
compared with before loading (Table 1). TG, RLP-C,
and RLP-TG concentrations peaked at 2 hours, and
were restored to the bascline within 4 hours. ApoB-48
concentrations peaked at 1 hour, and returned to basal
levels at 6 hours. RemL-C concentrations also peaked
at 2 hours and were restored within 6 hours, but this
elevation had no significance. On the other hand, the
concentrations of TC, HDL-C, LDL-C, sd-LDL-C,
oxidized LDL, apoA-I, apoA-II, apoB, apoC-II,
apoC-1III, and apoE were not elevated. Sd-LDL-C con-
centrations decreased below the basal levels during the
study without statistical significance.

Comparison of Fasting Lipid Concentrations
between High and Low TG Groups

In the results of the loading test, we noticed that
some subjects showed apparent increases of TG at 2
hours as peak values, and others showed only a slight
clevation. We therefore established two groups by TG
values at 2 hours, and designated subjects with <150
mg/dL of TG (n=20) as the low TG group and sub-
jects with >150 mg/dL of TG (n=4) as the high TG
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Table 2. Correlation between apoB-48 concentrarion and
other parameters in fasting period

r P
Plasma glucose (mg/dL) 0.236 0.2661
Insufin (gU/mlL) 0.042 0.8448
TG (mg/dL) 0.791 <0.0001
TC (mg/dL) 0.287 0.1743
LDL-C (mg/dL) 0.301 0.1526
. HDL-C (mg/dL) -0.081 0.7065
RemL-C (mg/dL) 0.811 <0.0001
RLP-C (mg/dL) 0.768 <0.0001
RLP-TG (mg/dL) 0.745 <0.0001
Sd-LDL-C (mg/dL) 0.367 0.0776
Oxidized LDL (mg/dL) -0.150 0.4832
ApoA-1 (mg/dL) 0.016 0.9395
ApoA-TI (mg/dL) 0.290 0.1693
ApoB (mg/dL) 0.282 0.1820
ApoC-1I (mg/dL) 0.689 0.0002
ApoC-ll (mg/dL) 0.534 0.0071
ApoE (mg/dL) 0.189 0.3764
hs-CRP (mg/L) 0.253 0.2321

Correlations between apoB-48 and other parameters were calculated
using the formula for Pearson’s correlation coefficient. TG: eriglycer-
ide, TC: wtal cholesterol, LDL-C: low-density lipoprotein-choles-
terol, HDL-C: high density lipoprotein-cholesterol, RemL-C: rem-
nant lipoprotein cholesterol measured with “Metabolead RemL-C",
RLP-C: remnant-like particle-cholesterol measured with “JIMRO 17,
RLP-TG: remnant-like particle-triglyceride, Sd-LDL-C: small, dense-
LDL-cholesterol, Apo: apolipoprotein, hs-CRP: high sensitivity-C-

reactive protein.

group. The peak concentrations of TG in the low TG
group were 78.4%27.6 mg/dL, whereas those in the
high TG group were 182.5%33.7 mg/dL.

First, we compared the profiles and lipid parame-
ters in the fasting period between the two groups
(Table 3). The high TG group had significantly higher
serum concentrations of TG and RemL-C than the
low TG group. Although not significant, RLP-C,
RLP-TG and apoB-48 concentrations in the high TG
group were also higher than in the low TG group.
There were no significant differences in the profiles,
including age, BMI, and abdominal circumference
between the two groups.

Comparison of Postprandial Concentrations
between High and Low TG Groups

Fig. 1 demonstrates the sequential changes of pa-
rameters in lipids before and after loading the test meal
in each group. Serum concentrations of TG, RemL-C,

RLP-C, RLP-TG, and apoB-48 significantly increased
more in the high TG group than in the low TG group,

Table 3. Comparison of clinical characteristics and fasting
concentrations of glucose and lipid parameters
between two groups

High TG group Low TG group

(n=4) (n=20)
Age (years old) 22025 214£09  0.6695
BMI (kg/ml) 22022 204£1.5 0.2975
Abiﬁ‘;‘;gﬁﬂgﬂ@ m)  735E57 67.8+52  0.1334
Hs-CRP (mg/dL) 0.06£0.02 0.04£0.02 0.1655
HbAic (%) 5.0x0.2 4.8+0.2 0.3018
Plasma glucose (mg/dL)  83.0+4.8 91.0£3.6  0.0719
Insulin (pU/mL) 6.3%£2.6 6.1£3.0 0.9060
TG (mg/dL) 109.5+%15.8 56,9+ 16.1 0.0044
TC {mg/dL) 196.5%14.6 1799343 0.1460
LDL-C (mg/dL) 110.3£16.6 98.0+£26.8 0.2982
HDL-C (mg/dL) 67.5%26.7 70.5x11.5 0.8477
RemL-C (mg/dL) 59+1.3 3.0+£1.2 0.0148
RLP-C (mg/dL) 49%1.4 2.8%£0.8  0.0694
RLP-TG {mg/dL) 19.5+54 15.6£2.7  0.2744
Sd-LDL-C (mg/dL) 30.7+13.0 17.9+5.6 0.1602
Oxidized LDL (U/mL) 4917 7.0£52  0.1630
ApoA-1 (mg/dL) 163.8+49.1  164.0x225 0.9930
ApoA-II (mg/dL) 44,0104 37.9£6.0  0.3609
ApoB (mg/dL) 75.8+10.2 65.8+14.5 0.1865
ApoB-48 (pg/mL) 6.1x2.6 2.6x1.5 0.0957
ApoC-TI (mg/dL) 36%1.1 29+1.1 03734
ApoC-TI (mg/dL) 113237 9.1+£2.1  0.3531
ApoE (mg/dL) 5.1+1.1 45%0.9 - 0.4477

Values are expressed as the mean 5D, Welch’s £ test. High group: the
peak triglyceride (TG) concentration 2150 mg/dL, low group: peak
TG concentration <150 mg/dL, BMI: body mass index, HbAic:
glycosylated hemoglobin Aic, TC: total cholesterol, RemL-C: rem-
nant lipoprotein cholesterol measured with “MetaboLead RemL-C”,
RLP-C: remnant-like partide-cholesterol measured with “JIMRO 17,
RLP-TG: remnant-like particle-triglyceride, Sd-LDL-C: small, dense-
LDL-cholesterol, Apo: apolipoprotein.

especially from 1 to 4 hours. In contrast, although sd-
LDL-C concentrations were significantly higher in the
high TG group, they gradually decreased after loading.
There were no significant differences in serum concen-
trations of TC, LDL-C, HDL-C, and other 1pollpo-

proteins. Concentrations of glucose, insulin, and oxi-

dized LDL also did nor alter (data not shown).,

Analysis of Lipid by Electrophoretogram

Fig.2 demonstrates representative cases of densi-
tometric scanning patterns of clectrophoretogmm and
lipid data before and after loading the test meal in the
high and low TG groups. Sample A belongs to the
high TG group. Fractions of chylomicrons and VLDL

— 163 —



16 Satoet al.
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Fig. 1.

Changes in the levels of glucose and lipid parameters in subjects with <150 mg/dL (low TG group) and >150 mg/dL triglyceride concentra-
tion (high TG group) before and after loading the test meal. Responses o the test meal were compared by analysis of variance (ANOVA) for
repeated measures. Open circle and broken line: low TG group, closed circle and black line: high TG group, TG: triglyceride, RemL-C: rem-
nant lipoprotein cholesterol measured with “MetaboLead RemL-C”, RLP-C: remnant-like particle-cholesterol measured with “JIMRO 1",
RLP-TG: remnant-like particle-triglyceride, TC: rotal cholesterol, HDL-C: high-density lipoprotein-cholesterol, LDL-C: low-density lipopro-

tein-cholesterol, sd-LDL-C: small, dense-LDL-cholesterol.

increased 1 hour after loading, peaked at 2 hours, and
gradually decreased. Sample B belongs to the low TG
group. We observed a slight increase of the chylomi-
cron fraction 2 hours after loading. Thus, the peak
values of TG and lipoprotein profiles in the postpran-
dial period were different between the two cases,
although fasting TG concentrations in both cases were
around 80 mg/dL.

Fig.3 shows the changes in TG concentrations of
chylomicrons and VLDL, and the ratios of cholesterol
to TG in HDL and LDL before and after loading the
test meal. In the left panel of sample A, the higher the
TG concentrations of chylomicrons and VLDL, the
lower the ratios of cholesterol to TG in HDL and
LDL decreased to levels around the mean-25D of
normal subjects (1.8, 2.3, respectively), as previously
reported?’. In the right panel of sample B, TG con-
tents of chylomicrons and VLDL did not increase,
and the ratios of cholesterol to TG in HDL and LDL

decreased slightly.

Discussion

In this study we analyzed serum lipids and apoli-
poproteins in fasting and postprandial periods among
24 young normolipidemic subjects. When we divided
subjects into two groups according to the peak values
of TG after loading, we found that the high TG group
showed higher concentrations of TG, RemL-C,
RLP-C, RLP-TG, and apoB-48 in the fasting period,
although some parameters did not show significant
differences. These concentrations were obviously ele-
vated after loading in the high TG groups.

It is clear that an increase in chylomicrons and
their remnants derived from the intestine is observed
in the postprandial period; however, some investiga-
tors have reported that VLDL and their remnants
derived from the liver are also increased, and it is
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Fig.2. Densitometric scanning electrophoretogram patterns of samples before and after loading the test meal. Elution profiles were
analyzed by an automatic densitometer, Chol/Trig Combo™.

Sample A: Representative elution profile in the group with >150 mg/dL riglyceride (TG) concentration elevation after loading the test meal.
Sample B: Representative elution profile in the group with <150 mg/dL TG concentration elevation before and after loading the test meal.
HDL: high-density lipoproteins, VLDL: very-low-density lipoproteins, LDL: low-density lipoproteins, CM: chylomicrons, TG: triglyceride,
red area: cholesterol, blue-colored area: TG.
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Changes in triglyceride (TG) levels of very-low-density lipoproteins (VLDL) and chylomicrons, and the ratios of cholesterol to TG of high-
density lipoproteins (HDL) and low-density lipoproteins (LDL) before and after loading the test meal. Open column: TG content of VLDL,
closed column: TG content of chylomicrons, closed circle: ratios of cholesterol to TG of HDL, closed square: ratio of cholesterol to TG of
LDL, dashed line: ratio of cholestero! to TG of HDL of the mean-2SD in control subjects, dotted line: ratio of cholesterol to TG of LDL of
the mean-28D in control subjects.
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controversial which is predominant in exogenous and
endogenous lipids in the postprandial pcrlod(’ 2,23,
Although the detailed mechanism remains unknown,
the postprandial increase in VLDL and their remnants
may be caused by reduced clearance, which was a
result of competition by chylomicrons for the removal
of trlglycerldcs by lipoprotein lipase, or increased
hepatic secretion of VLDL??. Receptor-mediated
mechanisms are the predominant pathway by which
chylomicron remnants are taken up by hepatocytes,
and the LDL receptor pathway is thought to be the
major mechanism for the uptake of both remnants
with apoE as a ligand 2 %), Impairment of or com-
petition for the removal of both remnants in the liver
may also potentially induce an increased retention
time of these lipoproteins in the blood circulation.
Thus, both remnant concentrations may be elevated
in the postprandial period. In this study there was a
remarkable elevation of apoB-48, which is a compo-
nent of chylomicrons and chylomicron remnants, cor-
roborating that lipoproteins derived from the intestine
increase in the postprandial period, especially from 1
to 4 hours. ApoB concentrations (most derived from
the liver) did not alter remarkably, suggesting that the
postprandial increase in VLDL and their remnants
may be small in young normolipidemic subjects.

Data of sample A (high TG group) demonstrated
that delayed clearance of TG-rich lipoprotcins in the
postprandial period may be detected even in normo-
llpldemlc subjects. Impaired removal of TG-rich lipo-
proteins may induce the change of cholesterol and
TG composition in LDL and HDL via the mecha-
nism by which cholesteryl ester transfer protcln Is
mediated?® ); the higher the TG concentrations of
chylomicrons and VLDL, the lower the ratios of cho-
lesterol to TG of HDL and LDL. Thus, our data sug-
gest that it may be possible to characterize lipid profiles
conveniently in the fasting period by measuring TG,
RemL-C, RLP-C, RLP-TG, and apoB-48 concentra-
tions to detect postprandial hyperliptdemic subjects.

In the postprandlal period, the clevation of
Reml-C concentration did not reach a slgmﬂcant
level, although the elevation period of RemL-C is
similar to those of TG, RLP-C, and RLP-TG. These
results may be due to the different measuring meth-
ods. RLP-C and RLP-TG were measured by the
immune adsorption method'”, while RemL-C is mea-
sured by a newly developed and convenient assay for
remnant lipoproteins'®. This assay utilizes surfactant
and phosphohpqsc-D to directly solubilize and degrade
remnants. As such, it can be performed with an auto-
mated clinical analyzer in a short time'®. There was
reportedly a strong correlation between RemL-C and

RLP-C concentrations in patients with coronary artery
disease®™; however, our results (Table 1) suggest that
differences in sensitivity for exogenous and endoge-
nous lipoproteins between both methods may exist.
The method for RLP-C and RLP-TG may be more
sensitive to exogenous remnants, while RemL-C may
be suitable for endogcnous remnants. This hypothesis
is compatible with previous reports'® 2 When we
compared the two groups, the different character
between RLP-C and RemL-C became clear (Table 2
and Fig.1). The high TG group had significanty
higher fasting TG and RemL-C concentrations. After
loading, RLP-C, RLP-TG, and apoB-48 also became
significant parameters. It can be deduced that, in the
fasting period, exogenous remnants in postprandial
hyperlipidemic subjects may decrease to a similar level
to that in normal subjects, and endogencous remnants
may remain at a significantly higher level.

There are some limitations of the present study
as follows: as the study was performed with a small
number of normal young subjects, only 4 individuals
had the peak value of TG over 150 mg/dL as the high
group. We need further examination with a l1rgcr
number of normal and hyperlipidemic subjects in
order to verify the TG value of 150 mg/dL, to identify
the most dangerous lipid profile(s) involving remnants,
apoB-48, and other parameters, and to clarify the sig-
nificant differences between RLP-C and RemL-C. In
addition, analyses of apoCs in remnant lipoproteins
and LPL are necessary because these enzyme and pro-
teins interfere with the apoE-mediated uptake of rem-
nants and lipolysis® *. Here, since we did not exam-
ine LPL activity and protein mass measurement, we
could not determine whether subjects in the high TG
group have heterozygous LPL deficiency®. Of note,
fasting sd-LDL-C concentration was higher in the high
TG group. Interestingly, sd-LDL-C concentrations
gradually decreased after loading. Here, we have no
data to explain why sd-LDL-C in the high TG group
but not in the low TG group gradually decreased after
loading. Recently, Ogita et al. have reported that serum
sd-LDL-C concentrations decreased after the 75 g oral
glucose tolerance test and suggested that insulin can be
a key modulator of sd-LDL-C concentrations.

In conclusion, TG, RLP-C, RLP-TG, RemL-C,
and apoB-48 concentrations in the fasting period may
be suitable to detect and characterize postprandial
hyperhpldemn in normolipidemic subjects. In future,
it is necessary to reveal which parameter or combina-
tion is useful to identify postprandial hyperlipidemia
with a large-scale study.
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ABSTRACT

(OFL) test.

particles was suppressed by ezetimibe.

triglycerides-rich lipoproteins.
Eur J Clin Invest 2009; 39 (8): 689-6398

Background Postprandial hyperlipidaemia is known to be a high-risk factor for atherosclerotic disease because
of rapid and lasting accumulations of triglyceride-rich lipoproteins and remnants. The Niemann-Pick C1-Like 1
(NPC1L1) protein acts as an intestinal cholesterol transporter and ezetimibe, which inhibits NPC1L1, has been
used in patients with hypercholesterolaemia. We investigated effects of ezetimibe on fasting lipid and
lipoprotein profiles and postprandial hyperlipidaemia in patients with type lIb hyperlipidaemia.

Materials and methods Ezetimibe 10 mg per day was administered in ten patients with type lib hyperlipida-
emia for 2 months, and lipid and lipoprotein profiles were examined during fasting and after an oral fat loading

Results In the fasting state, ezetimibe significantly decreased not only total cholesterol, low density lipoprotein
(LDL)-cholesterol and apolipoproteinB-100 (apoB-100) levels but triglycerides (TG), apoB-48 and remnant lipopro-
tein cholestero! (RemL-C) levels. High performance liquid chromatography analysis showed that ezetimibe
decreased cholesterol and TG levels in the very low density lipoprotein (VLDL) and LDL size ranges as well as
apoB-100 levels, suggesting a decrease in numbers of VLDL and LDL particles. After OFL, ezetimibe decreased
the area under the curve for TG, apoB-48 and RemL-C. Ezetimibe decreased postprandial elevations of choles-
terol and TG levels in the chylomicrons {(CM}) size range, suggesting that the postprandial production of CM

Conclusions These findings suggest that ezetimibe improves fasting lipoprotein profiles and postprandial
hyperlipidaemia by suppressing intestinal CM production in patients with type lib hyperlipidaemia and such
treatment may prove to be effective in reducing atherosclerosis.

Keywords Apolipoprotein B-48, atherosclerosis, ezetimibe, postprandial hyperlipidaemia, remnants,

Introduction

Plasma triglycerides (TG) are mainly found in triglyceride-rich
lipoproteins (TRL) consisting of chylomicrons (CM) and very
low density lipoproteins (VLDL). TRL constitute a population
of particles of heterogeneous size, origin and apolipoprotein
(apo) and lipid content. CM assemble dietary cholesterol, TG
and apoB-48 in enterocytes and VLDL assemble endogenous
hepatic TG, cholesterol and apoB-100 in hepatocytes. These
lipoprotein particles undergo partial hydrolysis predominantly
by lipoprotein lipase (LPL) into smaller and more dense parti-
cles know as remnants, which are believed to be more athero-
genic than the larger TRL. CM are produced in enterocytes,
primarily through the use of exogenous lipid sources and

apoB-48 recruitment and are secreted into thoracic lymph, from
which they flow into the systemic circulation. LPL hydrolyses
CM-TG to free fatty acids (FFA), and residual particles become
CM remnants (CM-R) which are taken up by the liver via
remnant receptors. VLDL assemble endogenous hepatic TG,
cholesterol and apoB-100 in hepatocytes, which are secreted
directly into the blood stream. There, LPL hydrolyses VLDL-
TG to FFA, and residual particles become VLDL remnants. The
liver takes up VLDL remnants and further hydrolysed particles,
and the low density lipoproteins (LDL) are taken up via LDL
receptors while these particles are supplying energy and lipids
to peripheral tissues. In the postprandial state, blood levels of

European Journal of Clinical Investigation Vol 35 689
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CM and CM-R quickly rise to reflect the increased exogenous
lipid supply. This subsequently activates endogenous lipid syn-
thesis in the liver by increasing the hepatic lipid inflow, leading
to augmented hepatic VLDL production. Postprandial hypertri-
glyceridaemia is caused by overproduction and/or impaired
clearance of TRL and TRL remnants, leading to rapid accumu-
lation and sustained blood levels after dietary intake. Both fast-
ing and postprandial hypertriglyceridaemia are known to be
risk factors for coronary heart disease [1,2].

Recently Niemann-Pick C1 Like 1 (NPC1L1) protein has
been reported to play a central role in cholesterol absorption in
enterocytes [3,4]. Genetic inactivation of NPCIL1 protein
decreases cholesterol levels and atherosclerotic lesions in
hyperlipidaemic apoE knockout mice fed a western diet [5,6].
Ezetimibe, a novel lipid-lowering compound, selectively
inhibits intestinal cholesterol absorption by binding to NPC1L1
protein, reducing total cholesterol (TC) and TG levels and also
reducing the development of atherosclerosis in apoE knockout
mice [7,8]. Clinically, it has already been shown that adminis-
tration of ezetimibe diminished fasting levels of total and LDL-
cholesterol in patients with primary hypercholesterolemia in
Japan and the United States [9,10]. Due to the nature of its
medicinal properties, the investigation into the pharmacologi-
cal effects of ezetimibe has focused primarily on the metabo-
lism of sterols, including cholesterol, rather than on TG or
TRL. However, ezetimibe has been reported to decrease fasting
TG levels significantly in patients with combined hyperlipida-
emia [10], and its underlying mechanism of action has not yet
been elucidated. As fasting and postprandial TG levels are clo-
sely related, it is essential to understand the effects of ezetim-
ibe in combined hyperlipidaemic patients with reference to
postprandial TRL and remnant metabolism. In this study, we
administered ezetimibe 10 mg day™' orally to 10 patients with
type IIb hyperlipidaemia who have both hypercholesterola-
emia and hypertriglyceridaemia, and used oral fat loading
(OFL) tests to evaluate changes in fasting and postprandial
lipid and lipoprotein profiles.

Materials and methods

Subjects

Ten Japanese patients (two female, eight male) were enrolled in
this study. All patients had been diagnosed with type Ilb
hyperlipidaemia according to the Japanese criteria (fasting TC
level 220 mg dL ™" and fasting TG level 2150 mg dL™").
Ezetimibe (Bayer Yakuhin Ltd. (Tokyo, Japan) and Schering-
Plough K.K. (Tokyo, Japan)) 10 mg was administered once
daily to all patients for 2 months. None of the patients took any
other drugs that might affect lipid or lipoprotein metabolism.
Every medication other than ezetimibe was continued
unchanged throughout the study period. Total calorie intake

and composition of the diet were kept constant for each patient.
All subjects gave written informed consent before participating
in this study, and the ethics committee of the Osaka University

Hospital approved the study design.

Measurement of serum samples

Fasting blood samples were drawn from each of the 10 enrolled
patients before the start and after the conclusion of ezetimibe
administration. Serum was separated by low-speed centrifuga-
tion (1200 g, 15 min, at 4°C) and stored at 4°C until measure-
ment within a week. All samples were treated in accordance
with the Helsinki Declaration. Concentrations of TC, TG and
FFA were measured using the enzymatic method. Concentra-
tions of LDL-cholesterol (LDL-C) and high density lipoprotein
cholesterol were measured using the direct method. Concentra-
tions of apoAl, All, B, CII, CIII, and E were measured using the
immunoturbidity method. Concentrations of high sensitivity
C-reactive protein were measured using the immunonephelo-
metric assay (Sekisui Medical Co., Ltd., Tokyo, Japan). Haemo-
globin Alc levels were measured using high performance
liquid chromatography (HPLC) method. Fasting plasma glu-
cose levels were measured using a hexokinase UV method.
Concentrations of fasting plasma insulin were measured using
a chemiluminescent enzyme immunoassay (CLEIA) method
(SRL Inc., Tokyo, Japan). HOMA-IR (homeostasis model assess-
ment of insulin resistance) index was calculated as [fasting
plasma insulin (LU mL™") x fasting plasma glucose

(mg dL™1]/405. Concentrations of apoB-48 were measured
using a sandwich CLEIA (Fuji Rebio Inc., Tokyo, Japan) [11].
Remnant lipoprotein cholesterol (RemL-C) levels were mea-
sured using a RemL-C homogenous assay, RemL-C (Kyowa
Medex, Tokyo, Japan), which enabled separation of CM-R and
VLDL remnants from other lipoproteins with higher specificity
than the remnant like particle-cholesterol method [12,13}.
Before ezetimibe administration, RemL-C and apoB-48 levels
were higher in enrolled patients than in normolipidaemic sub-
jects, in conjunction with higher levels of TC, TG, apoB and
LDL-C (patients vs. normolipidemic subjects shown in the
previous studies: RemL-C 187 + 105 vs. 35 + 12 mg dL ™' in
[13]; apoB-48 6:8 + 43 vs. 52 + 3-8 ug mL ™" in [11]).

Oral fat loading test

The OFL test was performed before and after the administra-
tion of ezetimibe. After an overnight fast for 12 h, oral fat
tolerance test (OFTT) cream which was prepared from milk
and adjusted to contain 35% fat without sugar (JOMO Foods,
Gunma, Japan) was loaded to each patient sufficient to provide
a fat load of 30 g fat m™> body surface area. Blood samples
were drawn before and 1, 2, 3, 4, 6 and 8 h after OFL and con-
centrations of TC, TG, apo B-48, FFA, RemL-C and apoB-100
were measured. To compare the net postprandial change in
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these parameters, areas under the curve (AUC) for TC, TG, apo
B-48, FFA, RemL-C and apoB-100 were calculated using the
trapezoidal method and incremental AUC (4AAUC) values by
ignoring area beneath the fasting level.

Lipoprotein profiles assessed by HPLC

The effect of ezetimibe on lipoprotein profile during fasting
and 4 h after OFL was evaluated using the HPLC method.
Samples of 200 microlitres of serum (fasting state and 4 h after
OFL before and after administration of ezetimibe) were analy-
sed at Skylight Biotech Inc. (Akita, Japan) and dissolved with
the loading buffer (0-05 mol L 7! Tris-buffered acetate, pH 8:0).
These samples were loaded into two tandem connected TSK-
gel Lipopropak XL columns and concentrations of TC and TG
in the flow-through of each sample were measured continu-
ously and simultaneously [14]. The flow-through of dissolved
serum (1 = 10) which was drawn 4 h after OFL was collected
serially every 1 min into collection tubes (tube No. 1-20) both
before and after administration of ezetimibe. The apoB-48 lev-
els of tube No. 1-11 which were supposed to contain lipopro-
teins in the size range of CM (tube No.1-2), VLDL (tube No.
3-7) and LDL (tube No. 8-10) were measured using the
method as mentioned above. The beginning and ending time
of the collection of the flow-through was shown in the chro-
matographic pattern using grey bars in Fig. 3a. We calculated
cholesterol and TG concentrations of lipoprotein fractions in
the size categories of CM, VLDL, LDL and HDL, based on
findings from a prior investigation that confirmed the corre-
spondence of lipoprotein fractions in CM, VLDL, LDL, and
HDL-sizes and the elution time, by comparing the HPLC
pattern of each lipoprotein separated using ultracentrifugation
[15]. Those categories were as follows: CM-size, estimated
particle size > 80 nm, elution time 15-17 min; VLDL size
30-80 nm, 17-22 min; LDL size, 16-30 nm, 22-25'5 min;
HDL-size, 8-16 nm, 25:5-28-5 min.

Statistical analyses

The results were expressed as mean + SD. The Student’s paired
i-test was used for pairwise comparisons between values before
and after administration of ezetimibe. A value of P < 0-05 was
considered to be statistically significant.

Results

Effect of ezetimibe on fasting serum levels of lipid
biomarkers in patients with type lib hyperlipidaemia
Table 1 shows fasting serum levels of lipid biomarkers before
and after administration of ezetimibe for 2 months. Ezetimibe
effectively reduced serum levels of TC, TG, apoB and LDL-C in
the fasting state as we expected. LDL-C reducing response
varied between 9-8% (reducing from 151 to 136 mg dL™") and

Table 1 Fasting levels of lipid biomarkers before and after
administration of ezetimibe

Ezetimibe(-) Ezetimibe(+} P-value
TC (mgdl™) 23143 194 + 26 0-001
TG (mgdL™}  218£83 178 + 85 0031
LDL-C (mg dL™Y) 145 = 42 120 = 25 0-005
HDL-C (mg dL™") 53+ 14 52 + 13 0394
FFA (uEq L™ 508 = 187 483 + 184 0-270
RemL-C (mg dL™’ 187 % 105 12:0 % 63 0-006
apoAl {mg dL™" 144 + 29 142 + 31 0-130
apoAll {(mgdl™ 32280 308+ 76 0071
apoB-100  {mgdL™" 116 = 22 101 + 13 0-004
apoB-48  {ng mL™h) 68 + 43 47 £ 23 0-019
apoCli (mg dL™") 53 £ 28 43 x 21 0043
apoClll (mgdL™  117£43 105 + 38 0-082
apoE (mg dL™ 62213 56+ 14 0054
Glucose  (mgdL™") 107 21 104 = 19 0-165
Insulin (WUmL™ 1212566 145 + 55 0231
HOMA-IR 32+ 16 37+36 0-165
HbATc (%) 56 % 0-4 55 + 04 0-165
hs-CRP mg dL™’ 011 008 0-16  0-15 017

TC, total cholesterol; TG, triglyceride; LDL-C, low density lipoprotein choles-
terol; HDL-C, high density lipoprotein cholesterol; FFA, free fatty acid;
RemL-C; remnant lipoprotein cholesterol; apo, apolipoprotein; HOMA-IR,
homeostasis model assessment of insulin resistance; HbAlc, haemoglobin
Alc; hs-CRP; high sensitivity C reactive protein.

HOMA-IR index was calculated as [fasting plasma insulin (U mL™") x -
fasting plasma glucose (mg dL™")1/405.

Data were shown as mean + SD and statistical significance was calculated
using paired t-test.

332% (from 152 to 101 mg dL™"). However, the mean rate of
reduction in TG was larger than previously reported for ezetim-
ibe treatment in patients with primary hypercholesterolaemia
(mean reduction rates: TC -16:-5%, TG -24'5%, apoB -157, LDL-
C -20-3%). 1t is especially striking that fasting levels of apoB-48,
and RemL-C were also significantly decreased after the admin-
istration of ezetimibe (mean reduction rates: RemL-C -22%,
apoB-48 -31%) in type IIb hyperlipidaemic patients. These
results suggest that ezetimibe may affect not only VLDL and
LDL particles containing apoB-100, but also CM and CM-R
particles containing apoB-48. There was no difference in body
weight and waist circumference through the treatment. Ezetim-
ibe treatment did not alter serum levels of HDL cholesterol,
apoAl, apoAll apoClll, apoE, FFA and diabetic parameters,
fasting plasma glucose, plasma insulin or haemoglobin Alc
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levels as well as HOMA-IR index (Table 1). In this study, there
was no significant change in the levels of hs-CRP which is an
independent marker for the development of atherosclerotic
cardiovascular diseases by ezetimibe treatment.

Effect of ezetimibe on fasting lipoprotein profiles in
patients with type lib hyperlipidaemia

To evaluate the effect of ezetimibe on fasting lipoprotein pro-
files, serum samples were analysed by HPLC, and cholesterol
and TG levels were measured. Representative chromatographic
patterns of cholesterol and TG before and after ezetimibe treat-
ment are shown in Fig. 1a. For each patient cholesterol and TG
levels in the indicated pooled fractions corresponding to

CM-, VLDL-, LDL- or HDL-sized particles were sumimed and
averages were calculated. The levels of cholesterol and TG
decreased in the VLDL and LDL fractions after ezetimibe treat-
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ment, and the LDL peak in cholesterol tended to shift slightly
to the left (lower elution time, greater apparent size), which
may represent large LDL particles (before vs. after administra-
tion of ezetimibe: VLDL-C 46 + 13 vs. 32 + 12 mg dL™,

P = 0-0016; LDL-C 150 + 33 vs. 120 = 27, P = 0-0018; VLDL-TG
176 + 67 vs. 116 = 54, P = 00027, LDL-TG 49 + 12 vs. 41 = 7,

P = 0-034). However, this shift was not observed in all speci-
mens. Findings for cholesterol and TG content in CM- and
HDL-size particles after ezetimibe treatment were similar to the
treatment baseline.

OFL test before and after ezetimibe administration
As shown in Fig. 2, postprandial changes in lipid profiles were
determined by OFL testing with OFTT cream before and after
administration of ezetimibe in 10 patients with type IIb hyper-
lipidaemia. Initial values for serum TC and apoB-100 after
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Figure 1 Lipoprotein profiles in the fasting state before and after administration of ezetimibe. Ezetimibe 10 mg was administered in
patients with type 1lb hyperlipidaemia (n = 10, two females and eight males) for 2 months. Two hundred microlitres of serum were
separated from blood drawn in the fasting state before and after administration of ezetimibe. Lipoprotein profiles were analysed by
high performance liquid chromatography. The concentrations of cholesterol and triglyceride (TG) in the flow-through of each sam-
ple were measured continuously and simultaneously. (a) Representative chromatograms of cholesterol and TG of fasting serum
before (grey line) and after {(black line) administration of ezetimibe were shown with approximate elution times of chylomicrons
{CM), very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL). (b} For each patient cho-
lesterol and TG levels in the indicated pooled fractions corresponding to CM-, VLDL-, LDL- or HDL-size particles were summed and
averages were calculated before (open squares) and after (closed squares) administration of ezetimibe. *P < 0-05, #P < 0-005.
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Figure 2 Oral fat loading (OFL) test before and after administration of ezetimibe. Patients with type lib hyperlipidaemia (n = 10, two
females and eight males) were given OFTT cream (containing 35% fat without sugar, 30 g fat m~2 body surface area) after overnight
fasting before (open squares) and after {closed squares) administration of ezetimibe. Blood samples were drawn during fasting and
1,2, 3, 4, 6 and 8 h after OFL, and serum and plasma were separated immediately. Concentrations of (a) total cholesterol (TC}, (b) tri-
glyceride {TG), {c) apolipoprotein B-48(apoB-48), (d) remnant lipoprotein cholesterol (RemL-C), (e) free fatty acids (FFA) and {f}
apoB-100 were measured as described in Materials and methods. *P < 0-05, #P < 0-01.

ezetimibe treatment were significantly lower than before the
treatment. Serum TC and apoB-100 levels remained constant
throughout the 8-h OFL test. TG, apoB-48 and RemL-C levels
rose for the first 3 or 4 h, and returned to fasting levels 8 h after
OFL. Ezetimibe significantly diminished fasting and peak
levels for these parameters and for AUC, which reflects the
postprandial integrated response (AUC-TC 1892 £ 350 vs.

1570 + 204 mg dL™" 8 h, P = 0:0001; AUC-apoB-100 2167 + 649
vs. 1519 + 488 mg dL.™! 8 h, P = 0-023; AUC-TG 2448 = 1130
vs. 1863 = 1012 mg dL™* 8 h, P = 0-003; AUC-apoB-48

75 + 23 vs. 61 + 22 pg dL 7' 8 h, P = 0:044; AUC-RemL-C

156 + 72 vs. 110 + 46 mg dL7!8 h, P = 0-008). However, incre-
mental AUCs (4AUCs), which are thought to describe post-
prandial integrated response more accurately, after ezetimibe
administration were comparable to the corresponding values
before ezetimibe administration for TG, apoB-48 and RemL-C
(AAUC-TC 11 = 98 vs. 15 = 61 mg dL™"' 8 h, P = 0-448; 4AUC-
apoB-100 483 + 334 vs. 236 + 318 mg dL ™' 8 h, P = 0:168;

AAUC-TG 405 + 442 vs. 443 = 553 mg dL™' 8 h, P = 0442;
AAUC-apoB-48 21 + 33vs. 23 + 17 ug dL.7' 8 h, P = 0:394;
AAUC-RemL-C 65 + 22 vs. 14 + 14 mg dL™' 8 h, P = 0-432).
Ezetimibe intervention reduced peak level, AUC and 4AUC for
FFA after OFL (AUC-FFA 6856 + 1362 vs. 5433 + 1231 mg dL™"
8 h, P = 0:004; AAUC-FFA, 2329 + 1159 vs. 1564 + 1249

mg dL™* 8 h, P = 0:017), indicating a possible decrease in FFA
production and/or increase in FFA clearance. There were no
changes in serum levels for other apolipoproteins (apoAl, All,
CIL, CIII, and E) throughout the OFL test, either before or after
ezetimibe treatment (data not shown).

HPLC analysis of postprandial lipoprotein profiles
To further elaborate on postprandial lipid changes, HPLC
analysis was conducted 4 h after the OFL test to compare
cholesterol and TG concentrations of lipoprotein fractions in
the CM, VLDL, LDL and HDL-size ranges before and after
administration of ezetimibe. Chromatographic patterns of
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serum 4 h after OFL revealed that three peaks were observed in
the size range of CM, VLDL and LDL by the detection of choles-
terol and TG levels. The VLDL peak by the detection of TG after
OFL was shifted to the left (Jower elution time, greater apparent
size) compared with that in the fasting state, suggesting that
any other lipoprotein particles which were contained in the size
range of VLDL and larger than VLDL observed in the fasting
state were produced after OFL. HPLC analysis of serum which
was obtained 4 h after OFL before and after ezetimibe treat-
ment showed that three peaks by the detection of TG in the size
range of CM, VLDL and LDL tended to decrease after ezetimibe
treatment (Fig: 3a). By the calculation of average cholesterol
and TG levels in the size range of CM, VLDL, LDL and HDL,
HPLC analysis 4 h after OFL revealed that the reduction in
serum TC and TG after ezetimibe treatment was mainly due to
cholesterol and TG changes in the size range of CM and VLDL,
not due to those in the size range of LDL (CM-C 0-63 * 0-26 vs.
0-31 + 009 mg dL™", P = 0:0029; VLDL-C 50 + 14 vs. 37 % 11
mg dL7!, P = 0:0022; LDL-C 138 + 41 vs. 116 + 2 mg dL™",

P = 0059, CM-TG 102 + 54 vs. 47 + 22 mg dL™, P = 0014;
VLDL-TG 251 + 93 vs. 180 + 88 mg dL™", P = 00009, LDL-TG
50 + 13 vs. 43 + 8 mg dL™L, P = 0-056) (Fig. 3b). Furthermore,
to evaluate whether CM-R were contained in the size range of
VLDL and LDL 4 h after OFL and their contents were changed
before and after ezetimibe treatment, we measured apoB-48
levels of serially collected flow-through of dissolved serum

(n = 10) which was drawn 4 h after OFL, as shown in Materials
and methods (Fig. 3a). Both before and after ezetimibe treat-
ment, apoB-48 was detected in the fractioned flow-through
which was suggested to contain lipoproteins in the size range
of not only CM but also VLDL and LDL (Fig. 1a). Before eze-
timibe treatment, we can see two peaks of apoB-48 levels at the
position of tube No. 5 and No. 8, which was coincided with
peaks by the detection of TG in the size range of VLDL and
LDL 4 after OFL. These findings suggested that CM-R particles
existed in various size ranges, from the size of CM to HDL, and
the peak of the size of CM-R particles existed both in the size
range of VLDL and LDL. After ezetimibe treatment, apoB-48
levels were decreased in all size ranges and the peak of apoB-48
levels in the size range of VLDL had disappeared. However,
the decreases in apoB-48 levels by ezetimibe treatment were
significant in tube No.1, No. 7 and No. 8, but not significant in
other tubes. (No.1:before vs after treatment, 0-012 * 0-008 vs.
0-003 = 0:001 pg dL™, P = 0:020, No. 7; 0-031 + 0-020 vs.

0-013 £ 0:003 pg dL™", P = 0-043, No.8; 0-044 + 0018 vs.

0-018 = 0:006 pg dL.™, P = 0-021). These results suggested that
the decreases in particle numbers of CM and CM-R by the
ezetimibe treatment occurred significantly in the size range of
CM and small VLDL, but relatively in the size range of large
VLDL particles. To address whether suppression of lipoprotein
production resulted in any reduction of TG and cholesterol in

the size range of CM and VLDL particles after ezetimibe
administration, we calculated differences in cholesterol and TG
levels in the size range of CM and VLDL particles between
fasting and 4-h OFL, and compared these differences before
and after ezetimibe treatment (Fig. 3c). Ezetimibe attenuated
the increase in cholesterol level at the CM-size (0-56 + 0-25 vs.
021 £ 011 mg dL ™", P = 0:0008), which might reflect the
inhibition of cholesterol absorption in the intestine in accor-
dance with the mechanism of action of ezetimibe. In a particu-
larly striking finding, the increase in CM-size TG was also
attenuated after the administration of ezetimibe (9-7 + 54 vs.
44 £ 23 mg dL™", P = 0:017) (Fig. 3¢) along with the significant
decrease in apoB-48 level in the size range of CM 4 h after OFL
(Fig. 3a), which raised the possibility that the decreased
intestinal cholesterol absorption associated with ezetimibe
administration might also influence the intestinal production
of CM. There were no significant differences before and after
ezetimibe treatment in increased VLDL particle size levels

for cholesterol or TG between fasting and 4-h OFL, even
though ezetimibe decreased the fasting and postprandial (4 h
after initiating OFL test) TG levels for the VLDL size range
(Figs 1 and 3). These findings suggest that VLDL metabolism,
at least during the 4-h OFL test, was unaffected by ezetimibe
treatment.

Discussion

In this study, we elucidated the fasting and postprandial lipid
and lipoprotein profiles of patients with type IIb hyperlipida-
emia before and after ezetimibe administration. We clearly
showed that ezetimibe treatment decreased the fasting apoB-48
and RemL-C levels as well as TC, TG, and apoB-100 levels.
When we subtracted apoB-48 levels from the apoB levels, the
resulting values also showed decreases in apoB-100 after
ezetimibe administration. HPLC analysis showed reduced
levels of cholesterol and TG in VLDL and LDL fractions at
fasting after ezetimibe administration, suggesting that the
levels of apoB-100-containing lipoproteins such as VLDL,
VLDL remnants and LDL particles were reduced in conjunction
with decreased serum apoB-100 levels. Telford et al. demon-
strated, in a study of miniature pigs, that ezetimibe decreased
the intrahepatic cholesterol pool through inhibition of intestinal
cholesterol absorption, leading to the suppression of hepatic
VLDL production and enhanced LDL clearance by upregula-
tion of LDL receptor expression in hepatocytes [16]. As a conse-
quence, serum levels of apoB-100-containing lipoproteins were
reportedly reduced after ezetimibe administration in that
experiment. Unlike rodents, humans express high levels of
NPCIL1 protein in the liver as well as in the intestine. A study
using liver-specific NPC1L1 transgenic mice has indicated that
the function of liver NPC1L1 was to take up cholesterol from
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Figure 3 Lipoprotein profiles in postprandial state and incremental fasting/postprandial serum cholesterol and triglyceride (TG)
levels before and after administration of ezetimibe. Two hundred microlitres of serum were separated from blood samples drawn

4 h after oral fat loading (OFL) before (open squares) and after (closed squares) administration of ezetimibe for 2 months in patients
with type lb hyperlipidaemia (n = 10, two females and eight males). (a) Representative chromatograms of cholesterol and TG of
serum 4 h after the OFL before (grey line) and after (black line) administration of ezetimibe are shown with approximate elution
times of chylomicrons (CM), very low density lipoprotein (VLDL), low density lipoprotein {LDL) and high density lipoprotein (HDL).
The fiow-through of dissolved serum was collected serially every 1 min into collection tubes (tube No. 1-20), apoB-48 Ievels of tube
No. 1-11 which were supposed to contain lipoprotein in the size range of CM, VLDL and LDL were measured using a chemilumines-
cent enzyme immunoassay method. Grey bars indicate the beginning and ending time of the collection of the flow-through. (b) For
each patient (n = 10}, cholesterol and TG concentrations of lipoprotein fractions in the size range of CM, VLDL, LDL and HDL were
calculated before {open squares) and after (closed squares) administration of ezetimibe. (c) Incremental serum cholesterol and TG
levels in the indicated pooled fractions corresponding to CM- or VLDL size particles between fasting and postprandial (4 h after OFL)
states were calculated before (open squares) and after (closed squares) ezetimibe treatment. *P < 0-05, #P < 0-005.
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bile acids and return it to the liver, and that hepatic NPC1L1
was also targeted by ezetimibe [17]. Inhibition of hepatic
NPC1L1 by ezetimibe would result in attenuation of the hepatic
cholesterol pool caused by a relative increase of cholesterol
secretion into bile acids. It would be appropriate to contextual-
ize these reports, at least partially, by explaining the mecha-
nism that we detected, whereby apoB-100-containing
lipoprotein levels were diminished at fasting after ezetimibe
treatment. ApoB-48 incorporated into CM and CM-R was also
reduced at fasting, whereas cholesterol and TG contents in the
CM fraction were unaltered on HPLC analysis. In our previous
study, we reported that apoB-48 protein was also detected by
western blotting, in the flow-through analytes for elution time
between 19 and 22 min which overlapped the VLDL fraction.
In this study, we were able to detect apoB-48 in these subfrac-
tions by a CLEIA method. Those findings proved that the lipo-
protein fraction in the VLDL size range contained CM-R as well
[18] in the HPLC system that we used. This can explain our
findings of apoB-48 reduction with no alteration of cholesterol
or TG content in the CM-size fraction, and taken together with
the findings from this study, demonstrates that ezetimibe treat-
ment decreased the level of fasting CM-R. Similar to the ezetim-
ibe-induced modification of the metabolism of apoB-100-
containing lipoproteins, the inhibition of cholesterol inflow into
the liver might cause upregulation of remnant receptors, which
would improve clearance of CM-R and reduce serum CM-R
levels. As the fasting levels of CM-size particles remained
unchanged after ezetimibe treatment, there are some remaining
issues to be addressed regarding whether ezetimibe may facili-
tate LPL activity, although we did not measure LPL activity in
this study.

These discoveries are relevant to the alteration of fasting TRL
serum levels, and imply that ezetimibe might modify postpran-
dial TRL metabolism as well, as sustained accumulation of TRL
particles in the blood after a meal induces high fasting levels
for TRL. Our results from the OFL test conducted in patients
with type IIb hyperlipidaemia supported this hypothesis. It is
well documented that TC, apoB-100 and LDL-cholesterol levels
are unaffected by the OFL test under normal conditions. Con-
sistent with the previous observation, serum TC and apoB-100
levels showed constant values throughout the 8-h OFL test both
before and after ezetimibe treatment, although initial values for
serum TC after administration were significantly lower than
before administration, reflecting decreased fasting TC and
apoB-100 levels. Ezetimibe intervention significantly dimin-
ished fasting and peak levels for TG, RemL-C and apoB-48, and
those respective AUC values in the OFL test, whereas the corre-
sponding AAUCs were comparable to those values before eze-
timibe treatment. These findings suggest that very few
additional effects other than reduction of initial levels were
observed in this experiment. However, further detailed exami-

nation of lipoprotein profiles by HPLC, performed 4 h after the
OFL test, revealed striking evidence that ezetimibe did incre-
mentally attenuate both cholesterol and TG levels with regard
to the size of CM but not the size of VLDL particles. Especially,
we measured the apoB-48 levels of serially collected flow-
through of dissolved serum which was drawn 4 h after OFL
and evaluated changes of CM-R particles by ezetimibe
treatment in the size range of CM, VLDL and LDL (Fig. 3a). As
a result, CM-R particles existed in various size ranges, from

the size of CM to HDL and their peak existed both in the size
range of VLDL and LDL. After ezetimibe treatment, apoB-48
levels were decreased in all size ranges and the peak of apoB-48
levels in the size range of VLDL disappeared. However, the
decreases in apoB-48 levels by ezetimibe treatment were
significant only in the size range of CM and small VLDL, but
not in the size range of large VLDL (Fig. 3a). These results
suggested that the decreases in particle numbers of CM and
CM-R by the ezetimibe treatment occurred significantly in the
size range of CM and small VLDL, but relatively in the size
range of large VLDL particles. It can be speculated that, because
both production of CM and catabolism of CM and CM-R may
be accelerated with ezetimibe treatment, the reduction of CM
was apparent based upon the reduction of apoB-48 levels in
CM-size range; however, the reduction of CM-R in the size
range of VLDL was not apparent. This suggests the possibility
that intestinal CM production was reduced significantly and
CM-R which were in the size range of VLDL and LDL were
relatively decreased, but hepatic VLDL production was unaf-
fected by ezetimibe during the 4-h OFL as there was no increase
in apoB-100 levels by the OFL both with and without ezetimibe
treatment. These changes in lipoprotein profiles were
substantial, and the effect of ezetimibe on postprandial TLR
metabolism could be underestimated if those changes were
disregarded. As we did not measure LPL activity or com-
pounds like retinyl palmitate, we could not deny the possibility
for the improvement of the impaired catabolism of CM and
CM-R.

The only parameter showing reduced AAUC after ezetimibe
administration was FFA. Recently Labonte ED et al. reported
that ezetimibe-treated mice absorbed only 86:9% of the fat from
a high-fat, high-sucrose diet compared with 94-9% of fat
absorption in untreated mice [19]. Our loading fat, OFTT cream,
contains 35% fat and has a main fatty acid composition of
C16:0, C18:1 and C14:0. According to the Labonte experiments,
absorption of palmitate, oleate and myristate was decreased
from 89-0, 959 and 93-5% in the controls to 79-2, 912, and
877% respectively in ezetimibe-treated mice. In addition, there
was a 50% reduction in expression of FATP4 protein in intesti-
nal preparations from ezetimibe-treated mice in comparison
with the control mice and a 35% reduction in CD36 protein
expression. Both of these proteins are considered to play
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important roles in FFA transport. These observations might
apply under our experimental conditions as well, although
mice received chronic exposure to a high-fat and high-sucrose
diet and FFA measurements were fasting values. Once FFA are
absorbed by the enterocytes, it is used for the resynthesis of
TG, along with monoacylglycerols that are believed to be
absorbed by passive diffusion from the gut lumen. TG is
incorporated into CM and released into the thoracic lymph, a
process that involves many molecules related to the assembly
and secretion of CM. Next, CM passes into the bloodstream
and is exposed to LPL, resulting in the discharge of FFA from
CM to serum. We could speculate that decreased FFA
absorption after ezetimibe treatment in acute fat loading led to
the reduction in 4AUC for FFA. FFA are also taken up in the
adipose tissue for energy storage and in striated muscles for
combustion. This might be less likely to play a role in the
ezetimibe-induced reduction of postprandial AAUC for FFA, as
there were no changes in patient body weight or waist
circumference during the 2 months of the study and as fasting
FFA levels also remained unchanged. The reduction in
postprandial intestinal CM production that was associated with
ezetimibe treatment could be a consequence of chronic
cholesterol shortage and reduced FFA absorption in the
intestinal epithelium.

Our findings in this study suggested some treatment options
for patients with combined hyperlipidaemia. There has been an
ongoing argument regarding whether patients with type IIb
hyperlipidaemia should be treated with statins for hypercho-
lesterolaemia or fibrates for hypertriglyceridaemia. (Dual
therapy is not an attractive option, as the combined use of
statins and fibrates is associated with a higher frequency of the
severe life-threatening side effect of rhabdomyolysis.). In this
study, the administration of ezetimibe improved endogenous
and exogenous TRL profiles by suppressing postprandial
intestinal production of CM and possibly by reducing the
fasting hepatic cholesterol pool. Ezetimibe administration can
thus be a favourable option for the treatment of patients with
elevated VLDL, LDL and remnant lipoproteins. Several studies
have shown that ezetimibe improved lipid metabolism in obese
patients with dyslipidaemia and in animal models for
metabolic syndrome [20-22] and one of those studies also
showed a concomitant improvement in insulin response.
Moreover, ezetimibe has been reported to inhibit elevation of
hs-CRP [23] and to improve endothelium-dependent
acetylcholine-induced vasodilatation in patients with
metabolic syndrome [24]. There thus appear to be numerous
pleiotrophic effects of ezetimibe on ameliorating cardiovascular
risk factors. More evidence from mega-trials can be expected to
clarify the anti-atherogenic effects of ezetimibe in cardiovascu-
lar disease accompanied by accumulation of remnant
lipoproteins.

Acknowledgments

This work was supported by the following grants: a grant-in-
aid for Scientific Research (No. 18659267) to S. Yamashita from
the Ministry of Education, Science, Sports and Culture in Japan;
a grant from Mitsui Life Social Welfare Foundation to

S. Yamashita; a Takeda Medical Research Foundation Grant to
S. Yamashita. Authors gratefully acknowledge Hiromi
Nishinaka and Kaori Hizu for their excellent technical
assistance.

Disclosures

From Bayer Yakuhin Ltd. (Tokyo, Japan) and Schering-Plough
K.K. (Tokyo, Japan) in Japan, S. Yamashita received a grant for
research support for general purposes and an honoraria and
travel expenses for his lectures in conferences supported by
both companies. S. Yamashita is an advisory board of (Otsuka
Pharmaceutical Co. Tokyo, Japan) and Skylight Biotech Inc.
(Tokyo, Japan).

Address

Department of Cardiovascular Medicine, Osaka University,
Graduate School of Medicine, 2-2 Yamada-oka, Suita, 565-0871
Osaka, Japan (D. Masuda, Y. Nakagawa-Toyama, K. Nakatani,
M. Inagaki, K. Tsubakio-Yamamoto, J. C. Sandoval, T. Ohama,
M. Nishida, M. Ishigami, S. Yamashita); Health Care Center,
Osaka University, 1-7 Machikaneyama, Toyonaka, 560-0043
Osaka, Japan (Y. Nakagawa-Toyama, M. Nishida); Department
of Biomedical Informatics, Division of Health Sciences, Osaka
University, Graduate School of Medicine, 1-7, Yamada-oka,
Suita, 565-0871 Osaka, Japan (M. Ishigami).

Correspondence to: Daisaku Masuda, MD, PhD, Department
of Cardiovascular Medicine, Osaka University, Graduate
School of Medicine, 2-2 Yamada-oka, Suita, 565-0871 Osaka,
Japan. Tel.: +81 6 6879 3633; fax: +81 6 6879 3634;

e-mail: masuda@imed2.med.osaka-u.ac.jp

Received 1 December 2008; accepted 24 April 2009

References
1 Iso H, Naito Y, Sato S, Kitamura A, Okamura T, Sankai T et al.

Serum triglycerides and risk of coronary heart disease among Japa-

nese men and women. Am | Epidemiol 2001;153:490-9.

Eberly LE, Stamler J, Neaton JD, Multiple Risk Factor Intervention

Trial Research Group. Relation of triglyceride levels, fasting and

nonfasting, to fatal and nonfatal coronary heart disease. Arch Intern

Med 2003;163:1077-83.

Altmann SW, Davis HR Jr, Zhu L], Yao X, Hoos LM, Tetzloff G et al.

Niemann-pick C1 like 1 protein is critical for intestinal cholesterol

absorption. Science 2004;303:12014.

4 Huff MW, Pollex RL, Hegele RA. NPC1L1: evolution from pharma-
cological target to physiological sterol transporter. Arterioscler
Thromb Vasc Biol 2006;26:2433-8.

%4

W

European Journal of Clinical Investigation Vol 39 697

— 177 —



D: MASUDA ETAL. www.ejci-online.com

e e e

5

Davis HR Jr, Hoss LM, Tetzloff G, Maguire M, Zhu L], Graziano
MP et al. Deficiency of Niemann-Pick C1 like 1 prevents athero-
sclerosis in ApoE—/— mice. Arterioscler Thromb Vasc Biol 2007;
27:841-9.

Davies JP, Scott C, Oishi K, Liapis A, Ioannou YA. Inactivation
of NPC1L1 causes multiple lipid transport defects and protects
against diet-induced hypercholesterolemia. J Biol Chem
2005;280:12710-20.

Davis HR Jr, Compton DS, Hoos L, Tetzloff G. Ezetimibe, a potent
cholesterol absorption inhibitor, inhibits the development of athero-
sclerosis in ApoE knockout mice. Arterioscler Thromb Vasc Biol
2001;21:2032-8.

Garcia-Calvo M, Lisnock ], Bull HG, Hawes BE, Burnett DA, Braun
MP et al. The target of ezetimibe is Niemann-Pick C1-like 1
(NPC1L1). Proc Natl Acad Sci USA 2005;102:8132-7.

Knopp RH, Dujovne CA, Le Beaut A, Lipka L], Suresh R, Veltri EP.
Evaluation of the efficacy, safety, and tolerability of ezetimibe in pri-
mary hypercholesterolaemia: a pooled analysis from two controlled
phase Il clinical studies. Int | Clin Pract 2003,57:363-8.

Saito Y, Yamada N, Nakatani K, Teramoto T, Oikawa S, Yamashita S
et al. Phase Il clinical study of ezetimibe — double-blind compara-
tive study with colestilan. ] Clin Ther Med 2007,23:493-522.

Sakai N, Uchida Y, Ohashi K, Hibuse T, Saika Y, Tomari Y

et al. Measurement of fasting serum apoB-48 levels in normolipi-
demic and hyperlipidemic subjects by ELISA. ] Lipid Res
2003;44:1256-62.

Miyauchi K, Kayahara N, Ishigami M, Kuwata H, Mori H, Sugiuchi
H et al. Development of a homogeneous assay to measure remnant
lipoprotein cholesterol. Clin Chem 2007;53:2128-35.

Nakada Y, Kurosawa Y, Tohyama J, Inoue Y, Ikewaki K: Increased
remnant lipoprotein in patients with coronary artery disease ~ eval-
uation utilizing a newly developed remnant assay, remnant lipopro-
tein cholesterol homogenous assay (RemL-C). | Atheroscler Thromb
2007;14:56-64.

Usui S, Hara Y, Hosaki S, Okazaki M. A new on-line dual enzymatic
method for simultaneous quantification of cholesterol and triglyce-
rides in lipoproteins by HPLC. ] Lipid Res 2002;43:805-14.

Okazaki M, Usui S, Fukui A, Kubota I, Tomoike H. Component
analysis of HPLC profiles of unique lipoprotein subclass

20

21

22

23

24

cholesterols for detection of coronary artery disease. Clin Chem
2006,52:2049-53.

Telford DE, Sutherland BG, Edwards JY, Andrews JD, Barrett PH,
Huff MW. The molecular mechanisms underlying the reduction of
LDL apoB-100 by ezetimibe plus simvastatin. ] Lipid Res
2007;117:1968-78.

Temel RE, Tang W, Ma Y, Rudel LL, Willingham MC, Ioannou YA
et al. Hepatic Niemann-Pick Cl-like 1 regulates biliary cholesterol
concentration and is a target of ezetimibe. | Clin Invest
2007;117:1968-78.

Masuda D, Hirano KI, Oku H, Sandoval JC, Kawase R, Yuasa-Kaw-
ase M et al. Chylomicron remnants are increased in the postprandial
state in CD36 deficiency. | Lipid Res 2009;50:999-1011.

Labonté ED, Camarota LM, Rojas JC, Jandacek R], Gilham DE,
Davies JP et al. Reduced absorption of saturated fatty acids and
resistance to diet-induced obesity and diabetes by ezetimibe-treated
and Npcll1-/- mice. Am ] Physiol Gastrointest Liver Physiol
2008;295:G776-83.

Gonzalez-Ortiz M, Martinez-Abundis E, Kam-Ramos AM, Hernan-
dez-Salazar E, Ramos-Zavala MG. Effect of ezetimibe on insulin
sensitivity and lipid profile in obese and dyslipidaemic patients.
Cardiovasc Drugs Ther 2006,20:143-6.

van Heek M, Austin TM, Farley C, Cook JA, Tetzloff GG, Davis HR.
Ezetimibe, a potent cholesterol absorption inhibitor, normalizes
combined dyslipidemia in obese hyperinsulinemic hamsters.
Diabetes 2001,50:1330-5.

Deushi M, Nomura M, Kawakami A, Haraguchi M, Ito M, Okazaki
M et al. Ezetimibe improves liver steatosis and insulin resistance

in obese rat model of metabolic syndrome. FEBS Lett 2007;581:5664~
70.

Sager PT, Capece R, Lipka L, Strony J, Yang B, Suresh R et al. Effects
of ezetimibe coadministered with simvastatin on C-reactive protein
in a large cohort of hypercholesterolemic patients. Atherosclerosis
2005;179:361-7.

Bulut D, Hanefeld C, Bulut-Streich N, Graf C, Miigge A, Spiecker M.
Endothelial function in the forearm circulation of patients with the
metabolic syndrome — effect of different lipid-lowering regimens.
Cardiology 2005;104:176-80.

698 © 2009 The Authors. Journal Compilation © 2009 Stichting European Society for Clinical Investigation Journal Foundation

— 178 —



