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infarction in mouse hearts. In conclusion, AdipoR1
mediate the suppressive effects of full- length and globular adi-
ponectin on ET-1-induced hypertrophy in cultured cardiomyo-
cytes, and AMPK is involved in signal transduction through these
receptors. AdipoR1 and AdipoR2 might play a role in the patho-
genesis of ET-1-related cardiomyocyte hypertrophy after myocar-
dial infarction.

AMP-activated protein kinase; small interfering RNA; myocardial
infarction

ADIPONECTIN, AN ABUNDANT CIRCULATING protein secreted from
adipose tissue, plays a fundamental role in energy homeostasis
and glucose and lipid metabolism in adipose tissue and has
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insulin-sensitizing effects on liver and skeletal muscle (3, 5, 9,
ibata et al. (15, 16) recently demonstrated that adi-
“Suppresses cardiac hypertrophy in response to pres-
iprotects the heart from ischemia-reperfusion
as been shown that AMP-activated
important regulator of the adi-
22), not only improves myo-
etabolism but also prevents
ion in the ischemic heart
alities in glucose and lipid
e associated with heart
that adiponectin might
various heart diseases.
¥ h two recently discov-

e of myocardial tissue to
ts early beneficial effects
0 heart failure at a later phase
9, 23). Among several neuro-

ertrop y after myocardial infarction (8, 23).
“examined the possible role of AdxpoRl and
({dipoR2"in ET-1-induced cellular hypertrophy in cultured
cardiomyocytes and AdipoR1 and AdipoR2 expression in
infarcted hearts in animal models. The results demonstrate a
potential role for the cardiac adiponectin system in the patho-
genesis of cardiac hypertrophy.

MATERIALS AND METHODS

Materials. Rat recombinant full-length adiponectin was pur-
chased from BioVision (Mountain View, CA) and globular adi-
ponectin from Adipogen (Sungnam, Korea). Both adiponectins
were derived from bacteria (Escherichia coli). The full-length
adiponectin forms monomers, trimers, hexamers, and high-molecular-
weight multimers, and the globular adiponectin forms monomers,
dimers, and trimers. Anti-AdipoR1 and anti-AdipoR2 polyclonal
antibodies were purchased from Alpha Diagnostic International

The costs of publication of this article were defrayed in part by the payment
of page charges. The article must therefore be hereby marked “advertisement”
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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(San Antonio, TX). Anti-adiponectin and anti-ERK polyclonal
antibodies were obtained from R & D Systems (Minneapolis, MN).
Anti-phosphorylated AMPK (Thr'”?), anti-pan-o-AMPK, anti-phos-
phorylated acetyl CoA-carboxylase (ACC), and anti-ACC polyclonal
antibodies were purchased from Cell Signaling Technology (Beverly,
MA). Anti-phosphorylated ERK (Thr2°%/Tyr?®%) and anti-8-tubulin
polyclonal antibodies were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA). Cell culture reagents were purchased from Sigma
(Tokyo, Japan) and Invitrogen (Carlsbad, CA). ET-1, TNF-«, insulin-
like growth factor-I (IGF-I), S-aminoimidazole-4-carboxamide-1-§-
D-ribofuranoside (AICAR), and other chemicals were purchased from
Sigma.

Preparation and culture of rat cardiomyocytes. Primary cultures of
rat neonatal cardiomyocytes were prepared by trypsin-EDTA diges-
tion from ventricles of 1- to 3-day-old Sprague-Dawley rats as
described previously (15). Briefly, after trypsinization, the cells were
collected by ultracentrifugation and diluted to 5 X 10° cells/ml in

DMEM containing 10% FCS. The cells were preplated and cul

for 30 min to eliminate nonmyocardial cells. Nonattache

experiment.

Measurements of mRNA and protein.
dium and cultured cardiomyocytes.
myocardial tissues, skeletal muscle

gene expression.

Table 1. Sequences of sense siR]

Primers

Mouse adiponectin

Forward
Reverse
Mouse AdipoR1 o
Forward 5'-ACGTTGGAGAGTCATCCCGTAT -3
Reverse 5'-CTCTGTGTGGATGCGGAAGAT- 3’
Mouse AdipoR2
Forward 5'-TCCCAGGAAGATGAAGGGTTTAT-3'
Reverse 5'-TTCCATTCGTTCCATAGCATGA-3’
Rat AdipoR1
Forward 5'-TCTTCCTCATGGCTGTGATG- 3’
Reverse 5'-AGCACTTGGGAAGTTCCTCC-3’
Rat AdipoR2
Forward 5'-GGAGCCATTCTCTGCCTTTC-3’
Reverse 5’-ACCAGATGTCACATTTGCCA-3’

SIRNA

Rat AdipoR1 siRNA UACAACACCACUCAAGCCAAGUCCC

Rat AdipoR2 siRNA AACAGGUGUCUCUAAACUGGGCUCC
Rat AMPKa;, siRNA AUAAGCCACUGCGAGCUGGUCUUGA

Rat unrelated siRNA AUUUAACUUCUGGUGACGAUACUGG

siRNA, small interfering RNA; AMPK, AMP-activated protein kinase;
AdipoR1 and AdipoR2, adiponectin receptors.
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natal rat cardiomyocytes. Cultured cardiomy-
without full-length adiponectin or AICAR (1

+:8Bn = 6). *P < Q. 05 A: effect of adlponectm on cell surface
esponse to ET-1. B: effect of adiponectin on protein synthesis
evaluated by [*H]leucine incorporation [counts per minute (cpm) per 10° celis]
in response to ET-1. C: effects of adiponectin (30 pg/ml) on cell surface area
in response to ANG II (100 nmol/1) or IGF-I (100 nmol/1). D: effect of AICAR
on cell surface area in response to ET-1. E: effect of AICAR on ET-1-induced
ERK1/2 phosphorylation.

For immunoblot analysis, the extracts of myocardial tissue, skeletal
muscle, and intraperitoneal adipose tissue of rats and mice or the
treated cells were matched for protein concentration (15 pg) with
SDS-PAGE sample buffer and separated by SDS-PAGE and trans-
ferred to a polyvinylidene difluoride membrane. The membranes were
incubated with the indicated primary antibodies overnight at 4°C and
then with horseradish peroxidase-conjugated secondary antibody at a
1:20,000 dilution. The ECL Plus Western Blotting Detection System
(Amersham Biosciences, Piscataway, NJ) was used for detection.
Intensity of the B-tubulin band was used as a loading control between
samples.

Measurement of protein synthesis and cell surface area in cultured
cardiomyocytes. Protein synthesis in cultured cardiomyocytes was
evaluated by incorporation of [*H]leucine into the cells as described in

AJP-Heart Circ Physiol » VOL 290 « JUNE 2006 » www.ajpheart.org
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Fig. 2. Photomicrographs of cultured cardiomyocytes
treated with PBS (4), ET-1 (100 nmol/]; B), full-length
adiponectin (30 pg/ml) + ET-1 (100 nmol/l; C), or
combination of small interfering RNAs (siRNAs) with
AdipoR1 and AdipoR2 and adiponectin (30 pg/ml) +
ET-1 (100 nmol/l; D).

3S and fixed with 10% TCA
d, radioactivity in the TCA-
fter solubilization in 0.25 N

§ Suppression of AdipoR1, AdipoR2, or AMP-
kinase (AMPK)-a by siRNAs on inhibitory

ultured cardiomyocytes. After transfection of small inter-
ring RNA (siRNA), cardiomyocytes were pretreated with
full-length (30 p.g/ml) or globular (2.5 p.g/ml) adiponectin and
then incubated with ET-1 (100 nmol/1), and cell surface area
and [*H}leucine incorporation were measured. Values are
means = SE (n = 6). *P < 0.05. A: effects of AdipoR1 siRNA,
AdipoR2 siRNA, combining siRNAs, or unrelated siRNA on
inhibitory action of full-length adiponectin on ET-1-induced
increase in surface area. B: effects of siRNAs on inhibitory
action of full-length adiponectin on ET-1-induced increase in
[*H]leucine incorporation. C: effects of siRNAs on inhibitory
action of globular (glb) adiponectin on ET-1-induced increase
in [*H}leucine incorporation. D: effect of AMPKa; siRNA on
inhibitory action of full-length adiponectin on ET-1-induced
increase in [(*H]}leucine incorporation.

AJP-Heart Circ Physiol » VOL 290 » JUNE 2006 » www.ajpheart.org
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Fig. 4. Effects of siRNA transfection on protein expression

0.41

0.21

levels of AdipoR1 (A), AdipoR2 (B), and AMPKa; (C). Cul-
tured cardiomyocytes were transfected with each siRNA, cul-
tures were washed, and extracts of cells were used for immu-
noblot analysis. Intensity of B-tubulin band was used as a
loading control between samples. Protein levels are expressed
relative to nontreated control cells (= 1). Values are mean et
SE (n = 6). *P < 0.05 vs. control.

control Unrelated AdipoR1

control Unrelated AdipoR2

siRNA  siRNA siRNA  siRNA

AMPKo2 protein

fixed cardiomyocytes. One hundred.
fields in three wells were exarmn

RNA interference and transfectzon Sm
(siRNAs) were desxgned and synthesized b

cardiomyocytes were transfected with 270 nM siRNA wit
Lipofectamine 2000. After the cultures were washed, the medium
replaced with DMEM containing 0.5% FCS for 12 h. AdipoR1,
AdipoR2, or AMPKo, was suppressed with the appropriate siRNA
for determination of the effects of adiponectin on AMPK and ACC
phosphorylation and ET-1-induced cellular hypertrophy and ERK
phosphorylation.

Animal models of myocardial infarction. Myocardial infarction was
created in 12- to 16-wk-old male mice and rats by ligation of the left
coronary artery under anesthesia with pentobarbital sodium (50 mg/kg
ip) and ventilation with a respirator. The chest was closed with 7.0
polypropylene sutures, and the animals were killed and tissues were
harvested 2 wk after the surgery.

Parts of the tissue samples from the left ventricle were quickly
frozen and stored at —80°C until measurement of mRNA and protein
expression levels. Other parts of the samples were fixed in 10%
formalin solution and embedded in paraffin and then sliced into
5-pm-thick sections, which were stained by the immunoperoxidase
method (Vectastain ABC Kit, Vector Laboratories) with use of the
indicated primary antibodies. The samples were counterstained with
hematoxylin.

... among: three or more gro

control Unrelated AMPKo2

micans *+ SE. An unpaired #-test was
tween two groups. ANOVA with

< 0.05 was considered statistically
sighificant,

le of adiponectin receptors in inhibitory effects of adi-
ponectin on ET-1-induced hypertrophy of cultured cardiomy-
ocytes. Compared with cultured cardiomyocytes treated with
ET-1 alone, recombinant full-length adiponectin dose depen-
dently suppressed the ET-1-induced increase in cell surface
area and the cellular incorporation of [*H]leucine (Figs. 1, A
and B, and 2). Full-length adiponectin also inhibited the ANG
II- or IGF-I-induced increase in cell surface area (Fig. 1C).
Transfection of siRNA specific for AdipoR1 and AdipoR2
reversed the suppressive effect of full-length adiponectin on
ET-1-induced cellular hypertrophy in cultured cardiomyocytes

AQ:3

F1

(Figs. 2 and 3, A and B), in parallel with suppression of F3

AdipoR1 and AdipoR2 protein expression levels (Fig. 4, A and
B). Also, siRNA for AdipoR! or AdipoR2 reversed the inhib-
itory effect of full-length adiponectin on the ANG II- or
IGF-I-induced cellular hypertrophy (data not shown). The
effects of globular adiponectin were similar to those of full-
length adiponectin, and siRNA for AdipoR1, but not AdipoR2,

AJP-Heart Circ Physiol « VOL 290 « JUNE 2006 + www.ajpheart.org

F4



AQ:4

Fs

| tapraid4/zh4-ahea/zhd-ahea/zh400606/zh46667d06g | tillots | S=13 | 3/20/06 | 17:31 | MS: H-00987-2005 [ Ini: 06/kl/ss | Input-dms |

ADIPONECTIN RECEPTORS IN CARDIOMYOCYTES

reversed the actions of globular adiponectin (Fig. 3C). Neither
siRNA for AdipoR1 nor siRNA for AdipoR?2 in the absence of
adiponectin changed ET-1-induced cellular hypertrophy (data
not shown).

Adiponectin induced AMPK phosphorylation and inhibited
ET-1-induced ERK1/2 phosphorylation, which was also re-
versible by transfection of siRNA for AdipoR1 or AdipoR2 in
cultured cardiomyocytes (Fig. 5, A and B). Transfection of
siRNA for AMPK «; reduced the inhibitory effect of adiponec-
tin on ET-1-induced cellular incorporation of [*H]leucine (Fig.
3D) and ERK phosphorylation (Fig. 5B), in parallel with
suppression of AMPKa, protein expression levels (Fig. 4C).
Adiponectin induced ACC phosphorylation, which was also
reversed by AMPKa, siRNA (Fig. 5C).

Effects of AICAR on ET-1-induced cellular hypertrophy and
ERK phosphorylation. AICAR dose dependently mhlblted the
ET-l induced mcrease in cell surface area of the

A
pan-c-AMP

phospho AMPK

Adiponectin — +
AdipoR1 siRNA — -
AdipoR2 siRNA — —

| 4+
+ 1+

ET-1 — + +
Adiponectin — - +
AdipoR1 siRNA — — -
AdipoR2 siRNA — - -
AMPKO? siRNA — - —

| +++
l++
|+ +

I+
|

Adiponectin +
Unrelated siRNA — -
AMPKo2 siRNA — —

Fig. 5. Effects of suppression of AdipoRl, AdipoR2, or AMPKa; by
siRNA on actions of adiponectin on phosphorylation of AMPK and acetyl
CoA-carboxylase (ACC)- and ET-1-induced ERK phosphorylation. After
transfection of each siRNA, cultured cardiomyocytes were treated for 30
min with full-length adiponectin (30 pg/ml), and cell lysates were assayed
for immunoblot analysis of AMPK (A) and ACC (C) phosphorylation. Cells
treated with adiponectin were additionally incubated with ET-1 (100
nmol/l) for 5 min, and treated cell lysates were assayed for immunoblot
analysis of ERK1/2 phosphorylation (B). Results represent 3 independent
experiments.
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‘AdipoR1, AdipoR?2, and adiponectin
ipose tissue in normal mouse. Total
ntitative real-time PCRanalysis with

“GAPDH mRNA expression and expressed
alues are means + SE (n = 6). *P < 0.05 vs.

g

stigsue of normal mouse. Tissue homogenates (15 p.g of protein) from
left ventricle, skeletal muscle, and adipose tissue of normal mouse were
subjected to immunoblot analysis with antibodies against AdipoR1 (E), Adi-
poR2 (F), and adiponectin (G). Intensity of B-tubulin band was used as a
loading control between samples. Protein levels are expressed relative to left
ventricle (= 1). Values are means = SE (n = 6). *P < 0.05 vs. ventricle. H:
representative immunoblots.

similar in magnitude to those in skeletal muscle in mice (Fig.

6, E-H); however, mRNA levels of AdipoR1 and AdipoR2 r¢

were higher in the ventricle than in skeletal muscle (Fig. 6, A
and B). The mRNA expression level of AdipoR1 was higher
than that of AdipoR2 in the left ventricle (Fig. 6D). Compared
with the normal left ventricle, expression levels of AdipoR1
mRNA and protein were decreased in the remote, as well as the
infarcted, area 2 wk after myocardial infarction in mice (Fig.

7). Expression levels of AdipoR2 mRNA and protein were F7

decreased in the infarcted area. AdipoR2 expression levels had
a tendency to decrease in the remote area, but the change was
not significant (Fig. 7).

AJP-Heart Circ Physiol « VOL 290 « JUNE 2006 + www.ajpheart.org
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Immunohistochemical staining showed that AdlpORl -and, 2
AdipoR2 were expressed mainly in myocytes of the left ven—

tricle (Fig. 8). However, both receptors were W
in fibrous tissue of the infarcted myocardium.

Similar data regarding expressnon levels of Ad
AdipoR2 mRNA and protein in normal and infarcted hearts
were obtained from rats (data not shown).

Effects of neurohumoral factors on mRNA expression levels
of adiponectin receptors in cultured cardiomyocytes. Because
TNF-a, ANG II, and norepinephrine, as well as ET-1, have
been reported to play a possible role in the pathogenesis of
postinfarct ventricular remodeling (4, 8, 18, 19), experi-
ments were performed to determine the effect of these

.neurohumoral factors on mRNA expression levels of Adi-
poR1 and AdipoR2 in cultured cardiomyocytes. TNF-a and
norepinephrine significantly inhibited mRNA expression
levels of AdipoR1 and AdipoR2 in cultured cardiomyocytes
(Fig. 9).

DISCUSSION

Using siRNAs specific for AdipoR1 and AdipoR2, we have
shown that AdipoR1 and AdipoR2 mediated the suppressive

ADIPONECTIN RECEPTORS IN CARDIOMYOCYTES

effects of full-length adiponectin on ET-1-induced cardiomy-
ocyte hypertrophy. AdipoR1 and AdipoR2 were expressed in
the left ventricle and skeletal muscle to a similar extent.
Furthermore, AdipoR1 and AdipoR2 expression levels were
decreased in the infarcted area of the left ventricle. Also,
AdipoR1 expression levels were significantly decreased in the
remote area of the left ventricle. AdipoR2 expression levels
had a tendency to decrease in the remote area, but the change
was not significant. ET-1 has previously been shown to con-
tribute to cardiomyocyte hypertrophy, leading to heart failure
after myocardial infarction (8, 23). Therefore, the present
results indicate that the myocardial expression of AdipoR1 and
AdipoR2 might play a role in the regulation of cardiomyocyte
hypertrophy after myocardial infarction in the remote, as well
as the infarcted, area.

It has becn previously shown that AMPK is 1nvolved in thc

, which leads to cardiac hypertrophy
,loadmg (15). The present study showed

vn to stimulate fatty acid
bition of cardiomyocyte

uding glucose uptake and fatty
PK and, thereby, block hyper-

sponse-of cultured cardlomyocytes to IGF-I, which stimu-
e IGF-I receptor, a tyrosine kinase receptor distinct
from G protein-coupled receptors. It has been reported that
postreceptor signaling cascades of IGF-I share the ERK
pathway to cardiac hypertrophy (7). It remains to be deter-
mined whether adiponectin may uniformly suppress cardiac
hypertrophy induced by stimulations converging to a common
pathway with ERK.

Although adiponectin is produced in the heart, its expression
in the myocardium was extremely low compared with that in
adipose tissue. Therefore, circulating adiponectin, rather than
adiponectin produced focally in the myocardium, seems to act
as the predominant ligand for myocardial adiponectin recep-
tors; however, adiponectin produced in the myocardium may
function in an autocrine or paracrine manner. The biological
activities of adiponectin have been shown to depend on the
structure and the oligomeric state (10, 20). Adiponectin in
human or mouse serum formed trimers, hexamers, and high-
molecular-weight species (10, 20). It is not clear whether these

AJP-Heart Circ Physiol » VOL 290 « JUNE 2006 - www.ajpheart.org
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AdipoR2

X10

X40

X10

X40

oligomers may have different affinities for
AdipoR2, leading to different biological actions
ponectin in assays in vitro. The present study using siRNA
for AdipoR1 and AdipoR2 showed that both receptors were
involved in the effects of full-length adiponectin, whereas
AdipoR1, but not AdipoR2, mediated the effects of globular
adiponectin. The different roles of AdipoR1 and AdipoR2
may be explained by the different affinity of these receptors
for full-length and globular adiponectin, as previously re-
ported (9, 21).

The precise regulatory mechanisms for the myocardial ex-
pression of AdipoR1 and AdipoR2 remain undetermined, but
the present study showed that AdipoR1 and AdipoR2 expres-
sion was suppressed by TNF-a and norepinephrine, which
importantly participate in the pathogenesis of myocardial re-
modeling (4, 18). This finding is reminiscent of counteractions
between adiponectin and TNF-a on insulin sensitivity in adi-
pocytes (5, 9, 12). The present immunohistochemical study
showed that the adiponectin receptors were expressed mainly
in myocytes and that they were weakly expressed in fibrous

tissue of th infé

istochemical staining of mouse left ventricle with
and AdipoR2. Immunoreactivity (alkaline phos-
dipoR1 and AdipoR2. Insets: negative control
antibody. A-D: normal ventricle. E-H:

ed myocardium. Therefore, a loss of cardi-
ytés‘may contribute to a decrease in mRINA and protein
ssion levels of the adiponectin receptors in the infarcted
myocardium. However, it is possible that TNF-a and nor-
epinephrine may participate in the decrease in expression of
the adiponectin receptors, especially AdipoR1, in the remote
myocardium of the infarcted heart. It remains to be deter-
mined whether expression of adiponectin receptors per car-
diomyocyte is decreased in the surviving myocardium in the
infracted area.

In conclusion, AdipoR1 and AdipoR2 mediate the inhibitory
effects of adiponectin on ET-1-induced cardiomyocyte hyper-
trophy, and AMPK is involved in signal transduction through
these receptors. The present study suggests that the myo-
cardial expression of AdipoR1 and AdipoR2 might play a
role in the pathogenesis of ET-1-related cardiomyocyte
hypertrophy and subsequent heart failure after myocardial
infarction. Furthermore, this study may provide a clue regard-
ing mechanisms of cardiac metabolic disorder in ischemic
heart disease.
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Coronary artery disease (CAD) is the
largest cause of morbidity and
mortality in the world. A relationship
between CAD and elevated levels of low-
density lipoprotein cholesterol has
been established. However, risk
assessment limited to low-density
lipoprotein fails to identify a
significant portion of patients at risk
for CAD. Remnant lipoproteins, derived
from very low~density-lipoprotein and
chylomicrons, have been considered
atherogenic. Recently, a simple and
reliable immunoaffinity separation
method for the isolation of remnant-
like particles (RLP) has been
developed. It has been shown that RLP
cholesterol levels are significantly
correlated with CAD, and thus cellular
mechanisms have been determined by
which RLP cholesterol causes
progression of atherosclerosis.
Measurement of RLP cholesterol is
useful for the assessment of risk and
the evaluation of therapy in patients
at risk for CAD.

Introduction

Coronary artery disease (CAD) is the largest cause of morbidity
and mortality in the world. A relationship between elevated
levels of cholesterol and CAD has been established in many
clinical reports. The National Cholesterol Education Program
guidelines for the treatment of hypercholesterolemia in adults
identify low-density lipoprotein (LDL) as the primary target of
therapy [l¢]. However, risk assessment limited to LDL
cholesterol fails to capture a significant portion of patients at
risk for CAD, and a significant number of patients effectively
treated for elevated LDL cholesterol still experience
progression of CAD. Thus, risk assessment using other
lipoproteins such as triglycerides (TGs), and high-density
lipoprotein (HDL) cholesterol is important, and elevated TGs
and HDL cholesterol are additional targets of therapy [2]. Based
on the combined data from prospective studies, Hokanson and
Austin [3] reported that elevated TGs were a risk factor for
cardiovascular disease for in both men and woman in the
general population, independent of HDL cholesterol levels.
Moreover, Austin et al. [4] performed a meta-analysis that
showed that high TG levels were predictive of CAD risk in
patients with familial combined hyperlipidemia. Therefore, the
importance of TG levels has been recognized in the assessment
of risk for CAD.

There is considerable inter-individual and intra-individual
variation in TG levels, and circulating triglyceride-rich
lipoproteins (TRLs) are highly heterogeneous in size, density,
and composition and may consist of intestinally derived
apolipoprotein (apo) B-48, which contains chylomicrons and
chylomicron remnants, in addition to liver-derived apoB-100,
which contain very low-density lipoprotein (VL.DL) and its
remnants [5]. TRLs comprise a great variety of nascent and
metabolically modified lipoprotein particles differing in size,
density, and lipid and apolipoprotein composition. The
concentrations of these particles have been evaluated with a
number of different methods based on their density, size, charge,
specific lipid components, apolipoprotein composition, or
immunoaffinity. However, these methods are limited for routine
analysis in clinical laboratories because of their complexity and



cost. A novel immunoseparation method for remnant
lipoproteins was recently developed by Nakajima et al. [6]. This
method uses a monoclonal antibody to human apoB-100 that
recognizes an epitope near B-51 to remove almost all LDL and
most VLDL particles containing apoB-100, together with a
monoclonal antibody to apoA-I to remove almost all HDL
particles. The particles that remain unbound to these antibodies
are principally all chylomicron remnants and a fraction of
VLDL particles, both enriched in apoE, a characteristic of
remnant lipoproteins termed remnant-like particles (RLP). The
monoclonal antibodies are conjugated to Sepharose 4B to
facilitate the separation of bound lipoproteins such as LDL and
HDL from the RLP fraction. This immunoseparation method
for isolating RLP cholesterol has been shown to be both simple
and reliable and, therefore, useful for assessing and monitoring
the risk of CAD [7]. The present review article summarizes our
knowledge about recent clinical and biochemical evidence on
the role of RLP cholesterol as a risk for CAD.

Atherogenesis and RLP Cholesterol

It has been established that elevated levels of RLP cholesterol
are associated with endothelial dysfunction and atherosclerosis.
Endothelial dysfunction is known to be an early event in
atherosclerotic development and an important contributor to the
pathogenesis of CAD. It was reported that remnant lipoproteins
had a significant and independent correlation with abnormal
vasomotor reactivity in human coronary arteries [8]. These
results suggested that an increase in remnant levels may cause a
decrease in coronary nitric oxide (NO) bioactivity, leading to
impairment of endothelium-dependent dilatation in coronary
arteries. Oxidative stress is a common feature of various
coronary risk factors for atherosclerosis. Remnant lipoproteins
may be oxidatively modified in the arterial intima and cause an
increase in the susceptibility of the coronary endothelium to
oxidative stress, which may play a role in the genesis of
coronary endothelial dysfunction in subjects with high remnant
lipoprotein levels. Furthermore, RLP upregulates endothelial
expression of intercellular adhesion molecule-1 (ICAM-1) and
vascular cell adhesion molecule-1 (VCAM-1), which are
responsible for monocyte recruitment into the arterial walls.
RLP also upregulates tissue factor, which is essential for
thrombotic events, and this occurs at the same range of RLP

concentrations that is in peripheral plasma in patients with CAD.

In addition, treatment of subjects with elevated plasma levels of
RLP cholesterol for 4 weeks with « -tocopherol prevented the
rise in plasma levels of soluble ICAM-1 and soluble VCAM-1.
Thus, high plasma levels of RLP may have an important role in
development of atherosclerosis and thrombotic events through
endothelial upregulation of these proatherothrombogenic
molecules, partly through a redox-sensitive mechanism [9].
Incubation of RLP with human umbilical vein endothelial cells
and a mononuclear cell fraction in a flow-conditioned model
resulted in enhanced expression of CD11a, CD18, CD49d, and
interleukin-1 B, which indicates a role of remnant lipoproteins
in the initiation of vascular inflammation. Thus, RLP

cholesterol plays an important role in the pathogenesis of the
atherosclerotic process (Fig. 1).

Clinical Features of RLP Cholesterol
Plasma levels of RLP cholesterol in healthy normolipidemic
white patients typically range from 6.2 to 9.3 mg/dL. Plasma
RLP cholesterol levels increase with age in both male and
female patients [10], especially in postmenopausal women.
Many studies have indicated that RLP cholesterol has a
significant correlation with CAD. We [11] have shown that
higher levels of RLP cholesterol in fasting serum predicted the
development of clinical coronary events in patients with CAD
independently of other risk factors. The recurrence rate of
coronary events was significantly higher in patients with RLP
cholesterol in the 75th percentile (> 5.1 mg/dL) or higher than
in patients with RLP cholesterol in the 50th percentile (3.3
mg/dL) lower (Fig. 2).

A number of studies have investigated the contribution of
RLP cholesterol to the atherogenic lipoprotein profile in type 2
diabetes mellitus (DM). Microangiopathy and macroangiopthy
are common complications of type 2 DM. Fukushima et al.
[12¢°] have shown that RLP cholesterol and HbA,, levels were
risk factors for CAD in patients with type 2 DM using multiple
logistic regression analysis. Furthermore, the prospective
component of this study found that increased levels of RLP
cholestero! were a better predictor than high HbA,, levels for
the development of clinical coronary events. These results
indicate that high levels of RLP cholesterol play a crucial role
in the pathogenesis of macroangiopathy in type 2 DM [12¢¢].
Thus, measurement of RLP cholesterol is also useful for the
assessment of CAD risk in diabetic patients.

Metabolic Syndrome and RLP Cholesterol

Metabolic syndrome is a clustering of atherosclerotic metabolic
abnormalities characterized by insulin resistance, visceral
adiposity, high TGs, and low HDL cholestercl. This syndrome
is highly prevalent and strongly associated with CAD [13¢].
Multiple metabolic disorders contribute to the pathogenesis of
this syndrome, and these metabolic disorders are intimately
linked with each other. Dyslipidemia, characterized by elevated
TG levels and low HDL levels, is a hallmark of metabolic
syndrome. High levels of RLP cholesterol were the strongest
risk factor for CAD and impaired flow-mediated dilation of the
brachial artery in patients with metabolic syndrome {14¢¢]. The
predictive value of RLP cholesterol was independent of other
the co-variates, including the components of metabolic
syndrome and serum levels of proinflammatory markers.
Increased flux of free fatty acids from the periphery to the liver
might increase hepatic production and secretion of triglyceride-
rich VLDL, leading to an increase in circulating levels of
remnant lipoproteins in patients with metabolic syndrome.
However, the causes of remnant lipoproteinemia in the
metabolic syndrome are multifunctional and linked with each
other and not simply a function of increased free fatty acid flux



to the liver. For example, a proinflammatory state intimately
connects with dyslipidemia in the metabolic syndrome.
Elevated levels of tumor necrosis factor-a and interleukin-6,
which are independent risk factors for CAD in patients with
metabolic syndrome, are known to increase TG levels, which
could contribute to remnant lipoproteinemia. Furthermore, we
[14=<} demonstrated that high levels of high-sensitivity C-
reactive protein (hsCRP) were also an independent risk factor
for endothelial vasomotor dysfunction and CAD. When we
categorized patients according to their RLP cholesterol and
hsCRP levels, higher levels of RLP cholesterol and hsCRP were
additive in their effect on the risk of endothelial vasomotor
dysfunction and CAD in patients with metabolic syndrome (Fig.
3) [14e<]. Taken together, these results are compatible with the
concept that chronic subclinical inflammation is an important
factor in the pathogenesis of metabolic syndrome. High RLP
cholesterol levels could be a distinct pathophysiologic feature
of metabolic syndrome, and thus measurement of RLP
cholesterol may be useful for identification of high-risk patients
with metabolic syndrome.

Lipid-lowering Medications for RLP
Cholesterol ‘

Two classes of lipid-lowering agents, statins and fibrates, have
played a prominent role in such trials. Statins are known to
induce LDL receptor gene expression, thereby increasing the
number of LDL receptors, resulting in subsequent inhibition of
cholesterol synthesis. Because the LDL receptor is also
important for removal of remnant particles, statins can also
improve RLP clearance, leading to a decrease in TG levels.
However, statin treatment has not been associated consistently
with a reduction in plasma RLP cholesterol [15¢,16]. Additional
intervention studies in distinct patient groups are required to
compare the effect of different statins on plasma RLP
cholesterol levels.

Fibrates are agonists of peroxisome proliferator activated
receptor «. Fibrates primarily lower TG levels by influencing
lipoprotein lipase and apoC-1 I 1 gene expression. Fibrates
also decrease the availability of fatty acids for TG synthesis and
may consequently influence VLDL secretion [17], thereby
influencing cholesterol levels as a secondary effect. RLP
cholesterol levels are strongly correlated with TG levels and,
therefore, it is predictable that fibrate treatment significantly
decreases RLP cholesterol levels.

Conclusions
Measurement of RLP cholesterol is useful for the assessment of
risk and therapeutic effects in patients at risk of CAD.
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Figure 1. Cellular mechanisms of remnant-like
particles (RLP) for atherogenesis. ICAM—
intracellular adhesion molecule; NF-kB—nuclear
factor-kB; NO—nitric oxide; NOS—nitric oxide
synthase; SMC—smooth muscle cell; VCAM—vascular
cell adhesion molecule.
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Figure 2. Kaplan-Meier curves comparing the
probability of developing coronary events
according to remnant-like particle cholesterol
levels during the follow-up period (£ 36 months
after enrollment) in 135 patients with coronary
artery disease (n = 39, 40, and 56 in the highest
[> 5.1 mg/dL], middle [3.3 £ 5.1 mg/dL], and
lowest [€ 3.3 mg/dL] tertiles, respectively.
(Adapted from McNamara et al. [10].)

Figure 3. A, Incremental effect on odds ratio for
coronary artery disease (CAD) of the combination
of elevated levels of remnant-like particle (RLP)
cholesterol and high-sensitivity C-reactive
protein (hsCRP). B, Incremental effect on flow-
mediated dilation of the combination of elevated
levels of RLP cholesterol and hsCRP. (Adapted from
Grundy et al. [13-].)
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Aims Platelets participate in the pathogenesis of arterial thrombosis and it has been demonstrated that
enhanced platelet activation occurs in patients with diabetes mellitus (DM). Dyslipidaemia is a common
feature of diabetes. We investigated the association between certain lipid fractions and plasma plate-
let-derived microparticle (PMP) levels in patients with type-2 DM.

Methods and results We measured fasting serum levels of remnant-like lipoprotein particles-cholesterol
(RLP-cholesterol) and assessed in vivo platelet activation by quantifying the number of PMP in the
plasma detected as CD42b-positive microparticles by flow cytometry in Japanese type-2 DM patients
without obstructive coronary artery disease who were more slender when compared with Western dia-
betic patients. The levels of total cholesterol, triglycerides, RLP-cholesterol, and plasma glucose were
significantly higher in patients with type-2 DM (n = 105) than in non-diabetic patients (n = 92). The
plasma levels of PMP were elevated significantly in type-2 DM patients when compared with non-
diabetic control subjects [7.41(5.39-10.50) x 10° vs. 3.44(2.43-4.41) x 10%, P <0.001]. We found
that RLP-cholesterol levels were the best predictor of PMP in multivariable linear regression analyses
(B=0.375, P<0.001). Lipid-lowering medication with bezafibrate successfully reduced levels of
both RLP-cholesterol and PMP in patients with type-2 DM (P < 0.05).

Conclusions RLP-cholesterol and platelet microparticles are both elevated in type-2 DM patients when
compared with controls. RLP-cholesterol is the primary and only predictor of platelet microparticles in
the multivariable analysis, which include several standard atherosclerosis risk factors. This suggested
that reducing elevated RLP-cholesterol with lipid-lowering therapy may be an effective strategy to
prevent thrombogenic vascular complications in type-2 DM.

Type-2 diabetes mellitus (DM) is associated with frequent
atherothrombogenic complications and patients with the
disorder have a two- to four-fold increased risk of develop-
ing coronary artery disease (CAD) compared with normal
subjects. In fact, the risk of a coronary event is as high in
diabetic patients without a previous myocardial infarction
{MI) as it is in non-diabetic patients with a previous Mi."
Therefore, primary prevention of cardiovascular events in
diabetic patients without previous CAD is very important.?
Dyslipidaemia is a common feature of diabetes and is
known to increase the mortality of patients with diabetes

* Corresponding author. Tel: +81 96 373 5175; fax: +81 96 362 3256.
E-mail address: ssugiyam@kumamoto-u.ac.jp

and CAD.? Several large clinical trials have demonstrated
the benefit of lipid-lowering therapy in patients with DM,
as in all these trials, a reduction in LDL-cholesterol levels
was associated with a decrease in the prevalence of cardio-
vascular events. 24>

Serum levels of remnant-like lipoproteins cholesterol
(RPL-cholesterol) are increased in patients with DM.%7
Using an immunoseparation method for measuring RLP-
cholesterol, recent clinical studies have demonstrated that
these particles are closely associated with atherosclero-
sis.%%-1% We have also shown that there is a relationship
between RLP-cholesterol and coronary instability in patients
with CAD,"® and also with increased gene expression of
atherothrombogenic molecules.!!
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818

H. Koga et al.

Activated platelets participate in the pathogenesis -of
arterial thrombosis'>"** and atherosclerosis.’ It is well
documented that patients with DM have enhanced platelet
activation,” and platelet activation is associated with
increased thrombogenic vascular complications in these
patients. Several in vitro studies have shown that triglycer-
ide-rich very-low density lipoprotein (VLDL) causes platelet
activation by binding to the CD36 receptor on platelets,®
and RPL fraction may also directly activate human plate-
lets.””""® However, the involvement of lipid fractions in
the enhanced thrombogenicity in patients with DM remains
uncertain.

Previous reports have defined circulating platelet micro-
particles (PMPs) as particles <1.5 um in diameter that are
released from platelets into the extra-cellular space in
response to platelet activation.?’ Several studies have
shown that PMPs assessed by flow cytometry is a useful
marker for evaluating platelet activation.?’"22

In this study, we measured serum levels of lipid para-
meters including RLP-cholesterol and plasma levels of
PMPs in order to test the hypothesis that RLP-cholesterol
may contribute to platelet activation in diabetic patients
without CAD.

Methods
Clinical study population

This study involved consecutive enrolment of Japanese patients who
had angina-like chest symptoms or ECG abnormalities who under-
went elective and diagnostic cardiac catheterization in Kumamoto
University Hospital. On the basis of the coronary angiographical
evaluations, we enrolled 236 patients without obstructive CAD
(<10% stenosis in coronary arteries) or peripheral artery disease
(ankle brachial pressure index >1.0) to undergo initial assessments
for inclusion into the study. Thirty-nine patients with unstable con-
ditions such as severe valvular diseases,’ acute infection,? untreated
malignant disease," active autoimmune disease,’ and severe conges-
tive heart failure,” or those taking any lipid-lowering medications, !
or anti-platelet drugs'? were excluded after the initial assessments
for study. We finally enrolted 197 patients without obstructive CAD
in the study and then separated this population into two groups; a
type-2 diabetes group (n=105) and a non-diabetic group as
control (n=92). Type-2 DM was diagnosed using WHO criteria.
Informed consent was obtained from all patients prior to the study
and this study was carried out in accordance with the guidelines
approved by the Ethics Committee at our institution.

Measurement of lipoproteins and other biochemical
parameters

Measurement of all the parameters with the exception of
RLP-cholesterol was carried out at our hospital laboratory.
RLP-cholesterol was measured as described in our earlier report.'®
The arbitrary cut-off point defining high levels of RLP-cholesterol
was set at 4.6 mg/dL, a value that corresponded to the median in
patients with DM. We also measured plasma levels of plasminogen
activator inhibitor-1 (PAI-1), fibrinogen, and homocysteine in
patients with DM.

Measurement of circulating plasma levels of PMPs

Blood samples were drawn by venipuncture into vacutainer tubes
containing sodium citrate after a 12-h overnight fast, prior to any
mechanical intervention. The blood samples were assayed immedi-
ately after venipuncture. Platelet-rich plasma (PRP) was prepared
by centrifuging whole blood at 160 g for 10 min. The PRP was then

centrifuged at 6000 ¢ for 1 min to obtain platelet-poor plasma
(PPP). For the PMP assay, 50 pL of PPP in TruCount tubes (Becton
Dickinson, NJ, USA) was incubated with CD42b-phycoerythrin (PE)
(BD Pharmingen, San Diego, USA) for 30 min. Then, 1 mL of phos-
phate-buffered saline was added, and the samples were analysed
using flow cytometry. PMPs were defined as elements with CD42b-
positivity and a diameter <1.5 um.?"'>* The absolute number of
PMPs were calculated as described previousty.? The arbitrary cut-
off point that defined a high level of PMP was set at -
7.26 x 10° counts/mL that corresponded to the 90th percentile of
the PMP distribution in the control patients. The intra- and inter-
assay variations for the PMP assay were 1.8 + 1.5% and 3.1 + 1.7%
(mean + SD), respectively.

Bezafibrate treatment and follow-up study

DM patients with elevated levetls of both RLP-cholesterol (>4.6 mg/dL)
and PMPs (>7.26 x 10°/mL) were recruited for a pharmacologicat
intervention follow-up study. The 20 patients enrolled had not
used any lipid-lowering drugs before entering the study. Informed
consent was obtained from all the patients and they were then
divided randomly into two groups, a control group not taking any
lipid-lowering medications (n = 10), and a group treated with beza-
fibrate at a dose of 400 mg per day for 6 weeks (bezafibrate group,
n = 10). The serum levels of lipid-parameters and plasma levels of
PMPs were measured at baseline and after 6 weeks of treatment.
As we were interested in the relative changes from baseline, we
investigated whether the percentage change in PMPs had corre-
lation with the percentage change in any lipid parameters.

Statistical analysis

The statistical analyses were performed with Stat View-V software
(SAS Institute, NY, USA). The results of normal distributed data
were expressed as mean + SE, whereas non-normally distributed
data such as triglycerides, fasting plasma glucose, haemoglobin
Aqc (HbAsc), RLP-cholesterol, PAI-1, and PMP levels were expressed
as median and inter-quartile range. The frequencies for gender,
smoking, and hypertension were compared between the two
groups using x* analysis. Comparisons between the two groups
were carried out using the unpaired two-sided t-test for normatly
distributed variables (age, body mass index, total cholesterol,
LDL-cholesterol, HDL-cholesterol, fibrinogen, and homocysteine)
and the Mann-Whitney U test for non-normally distributed data (tri-
glyceride, fasting plasma glucose, HbA;c, RLP-cholesterol, PAI-1,
and PMPs). In order to reduce the experiment-wise type | error
due to multiple testing, we performed multivariable linear
regression analysis using only the covariates that showed more sig-
nificant association (r> 0.35, P < 0.01) in the univariate linear
regression analysis. The PMP data were logarithmically transformed
(log-PMP) in order to obtain a normal distribution and were then
analysed using linear regression analysis. A P-value <0.05 was con-
sidered as statistically significant.

Results
Elevated plasma levels of PMP in patients with DM

The clinical characteristics of the patients at baseline are
summarized in Table 1. Fasting serum levels of total-
cholesterol, triglyceride, RLP-cholesterot, plasma glucose,
and HbA,c were significantly higher in patients with DM
when compared with the non-DM controls. Patients with
DM also had significantly lower HDL-cholesterol levels than
the non-diabetic control group (Table 7). The levels of circu-
lating PMPs were significantly higher in patients with DM
(n=105) than in the non-diabetic controls (n=92)
[7.41(5.39-10.50) x 10° counts/mL vs. 3.44(2.43-4.41) x
10° counts/mL, P < 0.001, Figure 1A).
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Figure 1 (A) Abox and whisker plot showing plasma PMP levels in patients with
{(n= 105) and without DM (n = 92). In this plot, lines within boxes represent
median values, the upper and lower lines of the boxes represent the 25th and
75th percentiles, respectively, and the uppér and lower bars outside the boxes
represent the 90th and 10th percentiles, respectively. (B) A graph demonstrating
the significant correlation between RLP-cholesterol and PMP levels in patients
with DM (n = 105) assessed using linear regression analysis.

Clinical characteristics of DM patients grouped
according to RLP-cholesterol levels

The clinical and biochemical characteristics of the DM
patients grouped according to high (>4.6 mg/dL) and low

RLP-cholesterol levels are summarized in Table 2. The high
RLP-cholesterol group had significantly increased levels of
PMPs, body mass index, total-cholesterol, LDL-cholesterol,
triglyceride, HbA,c, PAl-1, fibrinogen, and homocysteine
compared with the group with low levels of RLP-cholesterol.

RLP-cholesterol is the most significant risk factor
for elevated platelet microparticles in patients
with DM

In the patients with DM, univariate linear regression analysis
showed that there was a significant correlation between
PMP levels and serum levels of RLP-cholesterol (r= 0.465,
P < 0.001), total-cholesterol (r=0.376, P <0.001), LDL-
cholesterol (r =0.370, P < 0.001), homocysteine
(r=0.273, P<0.03), PAI-1 (r=0.261, P<0.04), and
HbA:c (r=0.251, P=0.01). However, HDL-cholesterol did
not have correlation with PMP levels (Table 3). In the multi-
variable linear regression analysis, risk factors were found to
have striking significance (r > 0.35, P < 0.01) with the uni-
variate analysis. RLP-cholesterol was one of the risk
factors that showed a significant association with elevated
levels of PMPs as a marker of platelet activation in patients
with DM (8 =0.375, P < 0.001, Table 3).

The effect of bezafibrate treatment on serum levels
of RLP-cholesterol and plasma levels of PMP

Although there was no difference in lipid parameters and
PMP levels between the two groups of DM patients at base-
line, the levels of RLP-cholesterol, PMP, and triglyceride
were decreased significantly in the bezafibrate group at
the end of follow-up when compared with the control
group. Moreover, levels of triglyceride (33%), RLP-choles-
terol (45%), and PMP (53%) were significantly decreased
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and HDL-cholesterol levels (12%) were significantly
increased in the bezafibrate group when compared with
the control group (Table 4). Figure 2 shows the relationship
between the percentage changes from baseline to follow-up
in plasma PMP levels and RLP-cholesterol, triglyceride,
total-cholesterol, and LDL-cholesterol. The percentage
change in RLP-cholesterol correlated significantly with the
percentage change in PMPs (r =0.561, P = 0.01), whereas
there was no significant relationship between the

percentage change in PMPs and the percentage change
in triglyceride (r=0.258, P=0.2), total-cholesterol
(r =0.135, P=0.6), or LDL-cholesterol (r = 0.231, P=0.3).

Discussion

This study demonstrated that patients with type-2 DM
without CAD have enhanced platelet activation, assessed
by quantifying the number of PMPs in the plasma.
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Furthermore, we observed that among traditional cardiovas-
cular risk factors and various lipid parameters, a high level
of RLP-cholesterol was the only significant determinant of
platelet activation, whereas pharmacological intervention
with bezafibrate to decrease serum RLP-cholesterol resulted
in successful reduction of PMP levels in patients with DM.
Taken together, these findings indicate that remnant lipo-
proteinaemia may contribute partly to platelet-activation
in patients with DM without obstructive CAD, and that
RLP-cholesterol may therefore be a therapeutic lipid
target with the potential to decrease enhanced thrombo-
genicity and also to prevent cardiovascular events in
patients with DM.

It is well established that patients with type-2 DM
develop . more atherothrombogenic complications when
compared with non-diabetic patients.! Several clinical
trials have indicated that lipid-lowering therapies have an
important role in the primary prevention of cardiovascular
events in diabetes patients.2*> Although the possible invol-
vement of specific lipid-fractions in these thrombogenic
complications remains unclear, there is evidence that
serum levels of RLP-cholesterol are elevated in patients
‘with DM and CAD and that this lipoprotein fraction predicts
future coronary events.®7” These findings indicate that RLP-
cholesterol may play a crucial role in the pathogenesis of
vascular thrombogenic events in these patients and there
are several lines of evidence showing the atherogenic
nature of RPL.%%°

in the present study, we assessed activation of platelets
by measuring the number of CD42b-positive PMPs in the

- tion,

plasma using flow cytometry. CD42b is a 170 kDa two-chain
membrane glycoprotein GPlb found only on platelets and
megakaryocytes.*® Previous reports have defined circulating
PMPs as particles <1.5 um in diameter that are released
from platelets into the extra-cellular space in response
to platetet activation.?® Elevated levels of PMPs in the
plasma have been associated with acute coronary syndrome,
DM, and hypertension.2222¢ Given that platelet activation
is associated with thrombus formation, '2"'* PMPs may there-
fore represent a new clinical marker for evaluating the
degree of platelet activation.?® Furthermore, PMPs play an
important role in clinical diseases as they contain phospho-
lipids and membrane proteins that have procoagulant poten-
tial and are involved in inflammatory processes.?’
Therefore, PMPs may not only be a marker of platelet acti-
vation but also a pathophysiological mediator leading to
atherothrombosis.

We have shown in patients with DM that serum levels of
RLP-cholesterol are associated closely with PMPs as a new
marker of platelet activation. We therefore consider that
high RLP-cholesterol may be linked, in part, to the initiation
and progression of atherogenesis and thrombogenesis as a
result of its ability to induce platelet activation in patients
with type-2 DM without obstructive CAD. Although the
mechanism leading to this activation is yet to be estab-
lished, it has been demonstrated that RLP-cholesterol
increases intracellular oxidative stress thereby causing
impairment of in vitro endothelial-dependent vasorelaxa-
"1:28 whereas other studies have shown that oxidative
stress and reduction of nitric oxide {NO) induces platelet
activation.?*3! Furthermore, Englyst et al.'® showed that
CD36 is a receptor/transporter that binds the fatty acids
of VLDL to platelets and enhances in vitro production of
platelet thromboxane A;. These findings therefore indicate
that raised levels of RLP-cholesterol in diabetes may poten-
tially contribute to platelet activation by increasing oxi-
dative stress, reducing NO bioavailability, and binding
lipoprotein fatty acid to the CD36 receptor. Moreover, RLP-
cholesterol also directly activate human platelets.'”""°
However, the molecular mechanisms involved in the acti-
vation of platelets by RLP-cholesterol require further
investigation.

Type-2 DM patients with higher RLP-cholesterol
levels had a significantly higher BMI and HbAc
levels in the present study

Several studies have reported that weight loss in obese
women and metabolic control by intensive insulin treatment
reduced in vivo platelet activation and triglyceride
levels.’>3% Thus, better glycaemic control or of weight
loss might have good effects on RLP-cholesterol and PMP
levels. Tenenbaum et al.’® reported that bezafibrate
reduces the incidence of myocardial infarction in patients
with metabolic syndrome In the present study, a decrease
in RPL by treatment with bezafibrate successfully reduced
plasma PMP levels (Table 4 and Figure 2). We therefore
propose that monitoring changes in plasma PMP and serum
RLP-cholesterol levels may be useful for evaluating throm-
bogenic disease activity in DM patients with the aim of
preventing cardiovascular complications.

This study had several limitations, the first being the small
size of the patient groups. The second limitation was that
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Figure 2 Relationship between the percentage changes from baseline to follow-up in plasma PMP levels and RLP-cholesterol (A), triglyceride (B), total-choles-
terol (C), and LDL-cholesterol (D). The percentage change in RLP-cholesterol correlated significantly with the percentage change in PMPs. In contrast, there was
no correlation between the percentage changes in plasma PMP levels and either triglyceride, total-cholesterol, or LDL-cholesterol.

Japanese diabetic patients generally have a more slender
body shape when compared with Western diabetes patients.
However, regardless of ethnicity it is well established that
diabetes patients have an increased prevalence of cardio-
vascular diseases and thrombogenic complications than
non-diabetic patients, indicating that the presence of DM
is of primary importance in the development of these vascu-
lar disorders. We consider our results are therefore also
applicable to Western DM patients who may even have a
higher risk of atherothrombosis because of elevated levels
of RLP-cholesterol in combination with increased BMI. The
third limitation was the suppression of cardiovascular
events in patients with DM treated by bezafibrate could
not be verified because of the short duration of follow-up.
A longitudinat prospective study of platelet activity assessed
by measuring PMP levels in a large number of patients is
therefore required.

In summary, our results demonstrate that platelets are
activated in patients with type-2 DM without CAD and that
an elevated level of RLP-cholesterol is one of the risk
factors with a significant relationship with this enhanced
platelet activation. Furthermore, a reduction in RLP-choles-
terol by bezafibrate treatment was associated with a
decrease in platelet activation. These findings imply that
platelet activation induced by increased RLP-cholesterol
levels may play an important role in vascular thrombogenic
complications in patients with type-2 DM. Treatment of
remnant lipoproteinaemia therefore has the potential not
only to improve the disorder of lipoprotein metabolism but
also to suppress the enhanced thrombogenicity that occurs
in patients with type-2 DM.
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