—

FEEAFE . W EE A
HFER - YER234F4 A28 H



A BRETT R BE (
Sy

JRFEME R MIE

R PEIR BRI FEE )

R E

piici]

[==]

Y DA

i

e

B U7 Y'Y FIUEDZRMEICEET 2850

Wroer B
W5t %

RARIFE—
EE e
X ET5—
fo) FH oK
BFARZE R
s &

BB RN A WA R
FROEE R R
BIRERASE  FRREIH

HEZR

B
[ GEAD
I 653

MREE

mhYZUEY FRAEDORKEIZONWT, FFhA4 a7 e MEOHAIZIEY R X
7 JX—¥ (LPL) OEENEE L LTEWA, ZOEFRITIT LPL 0FE A EREMRIEN
ESLLTWAZERNHD, A I nrEOKERHLEET2EETFREFEICLY
B2 0300, 1BEFE - DROTHREZBET DI 2T, RASEIIEELE XL
N5, LPL IZEENRD bNBRWEEIL, BHEEETFT 7' u—F OERE T CIIkEZ
BICELRNWI b H DT, RRMBIHIZAT TOT LA 7 2= ENn 5,

A TRRE®
BhUZVUEY K(I6) MEZET5.1-
VEIEAEMAE Cld, TRBEHF U REFZ 3
7 DKFRREOBENZORK & LTE—
ZhiFonsd, ZOFTHLYREZ LT Y
N—F (LPL) XIJERT AR C-11 KIBIEIX
REMDEERT, BETEFE LDIZZED
BEREDS A D MCENTER, L L s,
AmIrsuarfEEETREE LT,
LPL T R C-ITICERMBFE I NN &
bDRMNOET oD EFEITIR > T T A AV,
ANGPLT4/3, GPIHBP-1, LMF1 72 &3 7 & B
EHVRE T OKFRRRIZEE B E
ZHOTWHZ LM, B FOER - KB
RXRBEEMET AN LNICEINTVWS,
AT, FHEETFOREORELH
BN T2 2 LIk Y, & 16 MAED LR

PWEITO) L AL T 5, BT
WCESOWTIRRMRSTREHEL, i
BT EICEVIBRTA T4 i
DERET —Z OEZEE BT,

B. BFEFik
1) A#FZEIE, BIRERRF L ERRPICX
B IR TH D,

2) RGE  BREZL SN BERTE
FEF Zxf& & L, TG A3 500 mg/dL LAk,
UREZ NN BEBKKEThHA I T %
B 2 NEBE R FIE DIEH,

3) AALFRAE .~V 30 Bifi/kg - (AE
ZEEL 15 BICERLmEE A,
LPL mass B L OVEMEZRIE L=, £z, M
BT AR C-IT BIOAV ZRE L,

4) BIaFHEHNT : LPL mass & 2V EIEME.




TR C-11, A-V DIRE A R ITREFNCE LT,
KA MEREL i L7z DNA ZFAWT, %
NZNOBIGFDY—7 T T EITU,
EROFEIZOWV TR,

C. HroEfER

AE, INETIY I ZIETE -
3B L DIEFNZ OV T ETIIEFIRES
1T-o7, 1-31Z TG & LPL mass, V&M,
TR AV DR ERT,
1) Case 1

Z OFEHFTIE, LPL mass X 118 ng/mlL.
LPL {&EM#:4E 0 pmol FFA/h/mL Toh o7z, LPL
BEERRHTE 50 CTHRIGEICEEL
TTERREES N, DNA =7 TR
DfEH, ASP204GLU DEEADOZE R DR EH
THho7 (Gotoda T et al. J Clin Invest
88:1856, 1991)
2) Case 2

Z OFEF T, LPL mass X 27 ng/mL, LPL
{EMEIE 0 pmol FFA/h/mL ToH -7z, DNA &
— 7 T ADRER, ASN43SER DEEEN DR
DOFREECTH o7~ (Kobayashi J et al.
Biochem Biophys Res Commun 205:506,
1994),
3) Case 3

Z OEWFITIE, LPL mass X 52 ng/mlL T
BHolz, LPLIEMHIIRRBE TH D, DNA T —
J T ADRR, BNOEERTH S
LPL-ARITA (916delG) & SER447TER D&
~T Bl CH o7~ (Takagi A et al. J Clin
Invest 89:581, 1992, Kobayashi J et al.
Biochem Biophys Res Commun 182: 70, 1992),
4) Case 4

Z OFEBNE, MiE TG fEAS 28, 500 mg/dL
o LT-HAER TH o7, LPL mass i 132

ng/mL. 778 C-11 1% 10.4mg/dL TH Y | LPL
REBFERRT AR C-11 KABJE CTlX o7z, 72
7ZL, THRAVAKSICART LI, T6E
WCH LU TERAMICIKETH 7o, 207D
TR AV REBREREDNT-, DNA & —7 =
v ADFER, VALIS3MET & THR184SER %38
Wiz, EBIOHIL THRIB4SER 28 L, &
BUL VALIG3MET 2 F L TV, & TG MiE
IO M7z,
5) Case 5
ZOEFIIER 1 -3 IR ER TN RN
73, 30 RFIETHERIMAEZ B S, BE
TT7 AR C-II BRIERELL T DD, TR
C-1I REEN GO, L, BREED
A7 vy hCREEELRLSFEDE
HAEF» O bR Sz, EFHOT R
C-IT JBEEIX 0.6 mg/dL LEHE N7z, DNA
= T REToTN, =T YU ROE
DR, 57 -UTR, 3* -UTR IZIZE BN
LT, V¥ 7y hChRERREKIE
B BN T,

D. BE

A mIrarmiEr 2 L7 5 ERICD
WCEBBTMT 21T/, LPL REBIEL 2
WrLx720ix 36 THo72, WTiLd LPL
EMEIBD TIERETH 722 EBFRNY
o TG, RWIEENERIIETHT
WMOLDThHo7z, 204 FRFED ASP 1TFERM]
TREFEENDT X B TEREERICNAEL
ENTW5D, 43 FEED ASN ITFEHEE S h
H5HDT, LPL O BICEETHY, £0D
ERICIVAWEENRZDL LS TNE,
T V5D 916 BEEDX 7 LEF KD G
BRETHZLETTZL—LYT7 MILDE
A= 1k A3 = 5 LPL-ARITA T mRNA i3k H



SINBRNVOT, EEbHEARBRHIR,
Case 3 IXEA~7T rAl72D T, SER447TER
DR D LPL B &N T2

7 A A=V @D VALIG3MET 12D W T L AT
YV NOBRICIIEE T RITI RN ERRE
XINTWBDT (Arterioscler Thromb Vasc
Biol 26:1236,2006), THR184SER 723 JRA &
DOFREMEITH D2, LE bR CEsFRIC
HLnb T, TCEIXIEF CThotz, TR
A-Y 1X% D7 435 ng/mL (TG 831 mg/dL) ¥
TIZEHE L TWEeD T, THRAVO=T Y
VHEIRICIIRERDH D LIXE LI, B
LW EEFAWICL Y —@BHEIZh A v
I/uUMERHBELIEEDEZ OGNS,
{E L. THRIB4SER 3 FZEZ KT
IMIZDONWT, TR AV RKE~T 2% AN
C THRI84SER 2775 / U7 4 VA CEAT 5
EREERFL TND

Case 5 X7 C-11 R{EFE L2 Lﬁéﬁ’b’C
W, ERICIITZERBE TR ME
7%&H#@ﬁéﬂkoﬁfﬁﬁ?—&’
fEF Z TV B ERIEVEIZ X 2 I E DR
ERENZD, MER TR C-1I BRHTE
ol FEHEHPSFEIL, EEMREK
BT HZLEXTET, =7 VY UITFERES
ROWHTZ &ixTERPo, THRCIIO
HHEEZERTIELREREE LT, IrE—

—HEHLFARTNDR, BEDL ZAE
BT H O TWARWD T, trans—element
DEFEOWEELBRE L T, SBHBIT5
VENDD, &7 ) A —7 T R LD
T —F HBEPE LR,

E. #f&
ASEOMZICEY, DA r s e mfiE
DOREMEZEICIT. LPL EHEORIEN LR &

BT L, LPL ICEERH D ONRWEGE
DRROFREIZRETHAZ Lnb A1
R/ VIEDCRRIZZHETHD Z ENE
R I,
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1: Yagyu H, Okada K, Sato S, Yamashita
Y, Okada N, Osuga JI, Nagasaka S,
Sugano K, Ishibashi S. Pegylated
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therapy induces Hashitoxicosis followed
by type 1 diabetes mellitus. Diabetes Res
Clin Pract. 2011 Dec 9. [Epub ahead of
print]

2: Okada K, Miyamoto M, Kotani K,
Yagyu H, Osuga J, Nagasaka S, Ishibashi
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homeodomain transcription factor-1
(Pdx-1) promoter by sterol regulatory
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J Biol Chem. 2011 Aug
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A. HFREBEH

JREEMEELEORENEE THIFE
g a L A7 a—viE (FH) i,
BREOBRIEILE S 2T 2 B RE 7
METHL, BEE CHEHBRZEET
&, FHTHLILD, WhW D HIRENR
BIX T 7 — 7 OZRBPHEHTH 5,
—7., RENZBIRELERREFTH S
2BIPERF (DM) Tid, O AKEOHE
BIARANPEAEE (I MT) BRAERLD
FTRTHY ., kI 2ERELRED
HEERFHEIFRER->TVWBLEEZBN
B,

Fax ORETIE, TEHEHEFETHL
WEBERBRIERE - MAENT v XTIk
DEEFRGAZED TW5D, KBIEREIL,
MEBEZ BT HEHOFRAD, LHE
DEVE A+ um BALTET 52 & T,
FERRMEIR 2 SRR BRI F AT RE 22 2 & o
5. ENREE(LZET~DF RSB S
T35,

AEEEEZ AT, FHOBRE/LR
EOMWEZREFT L. BRIREORE %k
SNTAHZET, FHOA RV FRET
Bl - FHMAEICBT S L8, RBFED
BHITH 5,

B. #FgHE

FH4 9AZXRRICAMEERNT ¥

X2 JIECRIE LT-SHEIRMER, TM

T, MEKREFRELZRET Lz, Fn,
HE, IEZ~yFIHETLDM6 84
oy hm—)Le Lz, W, fifEZE K
T v F U TIEITIER D ERH BT
HWasr HWBZ Ehh, #BRE~DFH
ERELDOLERMEIRD TRV EEF X
bb, EREEICE L TUERREZ
HMmHEEZESDEE - AREETNHD
(2011-335)

C. HFoEfsER
HREDRET — 4 215 &, Ty
IMTI/ZFH vs DML TREEE) :
0.72mm vs 0:79mm (n.s.). SEENIRT T —
7 AaF 3.5 vs 1.4 (p<0.01) L FHT
IR T — 7 DEREBO, —7,
fIFEZE N T » & o TIEORIEMEIZ
39.9kPa vs 54.6 kPa (p<0.01) L FHT
BEIEWVETH- -,

D. BE

AHEZE N T v %0 ZEORIEMAEW
T E, FOEHGOMEMRITFED TH 5
LMD, T72bb, ZHETOR
FRIETIZ. FHOMEERIZIDMIC K
WL THERLPWERBI SN, ZHIN
E~pa L RATFTa—EEEEETD
FHOWREIIREE L & | BIRBME DS
A% E LT HDMOFEIRE DM E
PERDBNWEZFML TNDEHD EE
2D, SRITEFEREZ FIZHEST
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Ezetimibe improves postprandial hyperlipidaemia in
patients with type llb hyperlipidaemia

D. Masuda", Y. Nakagawa-Toyama **, K. Nakatani®, M. Inagaki”, K. Tsubakio-Yamamoto”, J. C. Sandoval”,
T. Ohama”, M. Nishida"*, M. Ishigami® and S. Yamashita”

“Department of Cardiovascular Medicine, 'Division of Health Sciences, Osaka University Graduate School of Medicine,

*Health Care Center, Osaka University, Osaka, Japan

ABSTRACT

(OFL) test.

particles was suppressed by ezetimibe.

triglycerides-rich lipoproteins.
EurJ Clin Invest 2009; 39 (8): 689-698

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 llb hyperlipidasmia.

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

Resuits 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 cholesterol (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 b 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 (VL.DL). TR 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
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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 hypercholesterclemia 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 Ilb 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 (fwo female, eight male) were enroiled in
-this study. All patients had been diagnosed with type Ilb
hyperlipidaemia according to the Japanese criteria (fasting TC
level 2220 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 Alclevels 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 (WU mL™") x fasting plasma glucose

(mg dL.")]/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™2 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 (AUQ) for TC, TG, apo
B-48, FFA, RemL-C and apoB-100 were calculated using the
trapezoidal method and incremental AUC (4AUC) 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 (005 mol L™ 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
t-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-Cin
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

TC {mgdl™")  231=43 194 = 26 0001

LDL-C {mg dL™" 145 + 42 120 + 25 0-005

FFA (uEq L™ 508 = 187 483 = 184 0270

apoAl (mg dL™" 144 + 29 142 = 31 0130

apoB-100  (mg dL™) 116 = 22 101 = 13 0-004

(mg dL™") 0-043

apoCli

0-054

apoE {mg dL™" 62+ 13

insulin (LU mL™” 121255 145 £ 55 0231

0-165

HbA1c (%)

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,
homeaostasis model assessment of insulin resistance; HbA1c, haemoglobin
A1c; hs-CRP; high sensitivity C reactive protein.

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

Data were shown as mean = SD and statistical significance was calculated
using paired ftest.

332% (from 152 to 101 mg dL™Y. 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 -15-7, LDL-
C -20:3%). It 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 ment, and the LDL peak in cholesterol tended to shift slightly

was no significant change in the levels of hs-CRP which is an to the left (Jower elution time, greater apparent size), which
independent marker for the development of atherosclerotic may represent large LDL particles (before vs. after administra-
cardiovascular diseases by ezetimibe treatment. 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
Effect of ezetimibe on fasting lipoprotein profiles in 176 + 67 vs. 116 + 54, P = 00027, LDL-TG 49 + 12 vs. 41 = 7,
patients with type lib hyperlipidaemia P = 0:034). However, this shift was not observed in all speci-
To evaluate the effect of ezetimibe on fasting lipoprotein pro- mens. Findings for cholesterol and TG content in CM-and
files, serum samples were analysed by HPLC, and cholesterol HDL-size particles after ezetimibe treatment were similar to the
and TG levels were measured. Representative chromatographic treatment baseline.
patterns of cholesterol and TG before and after ezetimibe treat-
ment are shown in Fig. 1a. For each patient cholesterol and TG OFL test before and after ezetimibe administration
levels in the indicated pooled fractions corresponding to As shown in Fig. 2, postprandial changes in lipid profiles were
CM-, VLDL-, LDL- or HDL-sized particles were summed and determined by OFL testing with OFIT cream before and after
averages were calculated. The levels of cholesterol and TG administration of ezetimibe in 10 patients with type [Ib hyper-
decreased in the VLDL and LDL fractions after ezetimibe treat- lipidaemia. Initial values for serum TC and apoB-100 after
(@) (b)
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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 b 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), (¢} 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 ug dL™' 8 h, P = 0-044; AUC-RemL-C

156 £ 72 vs. 110 = 46 mg dL718 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 AL 8 h, P = 0-442;
AAUC-apoB-48 21 + 33 vs.23 + 17 ug dL7'8 h, P = 0394;
AAUC-RemL-C 65 + 22 vs. 14 + 14 mg dL™' 8 h, P = (-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,
CII, Cll, 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 (ower 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, VLDIL, 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 + 026 vs,
0-31 = 009 mg dL™, P = 0:0029; VLDL-C 50 + 14 vs.37 = 11
mg dL!, P = 0:0022; LDL-C 138 = 41 vs. 116 + 2 mg dL ™',

P = 0-059; CM-TG 102 + 54 vs. 47 + 22 mg dL.™", P = 0-014;
VLDL-TG 251 + 93 vs. 180 + 88 mg dL™, P = 0:0009, LDL-TG
50 = 13vs.43 + 8 mg dL™', 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

(1 = 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 + 0001 pg dL™?, P = 0:020, No. 7; 0031 = 0:020 vs.

0013 + 0:003 pug dL™Y, P = 0043, No.8; 0-044 = 0-018 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 dL7", 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 (97 = 54 vs.
44 + 23 mg dL™', P = 0:017) (Fig. 3c) 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 RemlL-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 admiﬁistration, 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
NPC1L1 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 lib 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 flow-through of dissolved serum was collected serially every 1 min into collection tubes (tube No. 1-20), apoB-48 levels 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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