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Fig. 4. Effects of siRNA transfection on protein expression

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 means, =
SE (n = 6). *P < 0.05 vs. control.
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RNA mterference and transfectton

quences of the sense siRNAs are listed in Tabl
cardiomyocytes were transfected with 270 nM siRNA 58
Lipofectamine 2000. After the cultures were washed, the medium was
replaced with DMEM containing 0.5% FCS for 12 h. AdipoR1,
AdipoR2, or AMPKa, 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.

control Unrelated AMPKo2

analysis was used for comparison
< 0.05 was considered statistically

Role 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 [*Hjleucine (Figs. 1, A
and B, and 2). Full-length adiponectin also inhibited the ANG
H- 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
(Figs. 2 and 3, A and B), in parallel with suppression of
AdipoR1 and AdipoR2 protein expression levels (Fig. 4, A and
B). Also, siRNA for AdipoR1 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,
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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 AMPKa; reduced the inhibitory effect of adiponec-
tin on ET-1-induced cellular incorporation of [*H]Jleucine (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 phasphorylatwn AICAR dose dependently mh1b1ted the
d‘

ET-1-induced increase in cell surface area of t
cardxomyocytes (Fig. 1D). AICAR inhibited

Expression of adiponectin and it.
infarcted hearts in animal models.
AdipoR1, AdipoR2, and adipon
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Fig. 5. Effects of suppression of AdipoR1, 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 wg/mi), 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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y titative real-time PCR.analysis with
B), and adiponectin (C) mRNA expres-

lectrophoresis of amphﬁed PCR products at 25
total RNA from left ventricle, skeletal muscle, and
ormal mouse. Tissue homogenates (15 pg 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
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
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).
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Immunohistochemical staining show
AdipoR2 were expressed mainly in mye
tricle (Fig. 8). However, both receptors we
in fibrous tissue of the infarcted myocardium. " ‘

Similar data regarding expresswn levels of AdipoR1:and
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-o, ANG 1, 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

_neurchumoral factors on mRNA expression levels of Adi-
poR1 and AdipoR?2 in cultured cardiomyocytes. TNF-o 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
AdipoR?2 might play a role in the regulation of cardiomyocyte
hypertrophy after myocardial infarction in the remote, as well
as the infarcted, area.

_It has been previously shown that AMPK is mvolved in thc

he AMPK-ERK pathway
port of this notion the

n to stimulate fatty acid
bition of cardiomyocyte

tion, through AMPK. Thus it
might influence myocardial
including glucose uptake and fatty
[PK, and, thereby, block hyper-
ddition, the suppressive effect of

onse/of cultured cardlomyocytes to IGF-1, which stimu-
es the IGF-I receptor, a tyrosine kinase receptor distinct
from G protein-coupled receptors. It has been reported that
postreceptor signaling cascades of IGF-1 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 locally 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
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AdipoR2, leading to different biological actions

ponectin in assays in vitro. The present study using s1RNA

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

istochemical staining of mouse left ventricle with
and AdipoR2. Immunoreactivity (alkaline phos-
‘of:AdipoR1 and AdipoR2. Insets: negative control
miry antibody. A-D: normal ventricle. E-H:

f the.infarcted myocardium. Therefore, a loss of cardi-
yi&s-may contribute to a decrease in mRNA and protein
expression 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 immunocaffinity 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 [1¢]. 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 (VLDL) 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 umbsilical vein endothelial cells
and a mononuclear cell fraction in a flow-conditioned model
resulted in enhanced expression of CD11a, CD18, CD49d, and
interleukin-1 8, 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.
[12e¢] 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
cholesterol 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 [12e].
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 cholesterol. This syndrome
is highly prevalent and strongly associated with CAD [13e].
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) [14¢<]. 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 I 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-cholesterot) 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 tevels 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-cholesterot 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 comptications 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
(M) as it is in non-diabetic patients with a previous ML'
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: 481 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,2*?

Serum levels of remnant-like lipoproteins cholesterol
(RPL-cholesterol) are increased in patients with DM.>’
Using an immunoseparation method for measuring RLP-
cholesterol, recent clinical studies have demonstrated that
these particles are closely associated with atherosclero-
sis.®8-10 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. !

© The European Society of Cardiology 2006. All rights reserved. For Permissions, please e-mail; journals.permissions@oxfordjournals.org
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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-tow density lipoprotein (VLDL) causes platelet
activation by binding to the CD36 receptor on platelets,’®
and RPL fraction may also directly activate human plate-
tets."""” 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 pm 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.2%-%2

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 enrolled 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 levets of RLP-cholesterot
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 (PAl-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 pm.2"2* The absolute number of
PMPs were calculated as described previously.?* 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 levels of both RLP-cholesterol (>4.6 mg/dL)
and PMPs (>7.26 x 10°/mL) were recruited for a pharmacological
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 1 SE, whereas non-normally distributed
data such as triglycerides, fasting plasma glucose, haemoglobin
Aqc (HbA¢c), RLP-cholesterol, PAI-1, and PMP tevels 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 normally
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, PAl-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-cholesterol, 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 1). 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 tevels 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 percentites, respectively, and the uppeér 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, HbAc, 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-chotesterot (r=0.465,
P < 0.001), total-cholesterot (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
HbAc (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-cholesterot. 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 tipo-
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.®” 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

plasma using flow cytometry. CD42b is a 170 kDa two-chain
membrane glycoprotein GPlb found only on platelets and
megakaryocytes.25 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 platelet activation,” Elevated levels of PMPs in the
plasma have been associated with acute coronary syndrome,
DM, and hypertension.?"22-26 Given that platelet activation
is associated with thrombus formation,'>** PMPs may there-
fore represent a new clinical marker for evatuating 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-cholesterot 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-

- tion,""2® whereas other studies have shown that oxidative

stress and reduction of nitric oxide (NO) induces platelet
activation.2-3! 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-cholesterot.

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 foltow-up.
A longitudinal 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.

Acknowledgements

This study was supported in part by grants-in-aid C(2)-17590753
from the Ministry of Education, Science, and Culture, Tokyo; 14C-
4 and 1116004 from the Ministry of Health, Labour, and Welfare,
Tokyo; The Naito Foundation; Mochida Memorial Foundation for
Medical and Pharmaceutical Research; and the Suzuken Memoriat
Foundation, Tokyo, Smoking Research Foundation, Tokyo, Japan
Heart Foundation.

Conflict of interest: none declared.

References

1. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from
coronary heart disease in subjects with type 2 diabetes and in non-dia-
betic subjects with and without prior myocardial infarction. N Engl J
Med 1998;339:229-234,

2. Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HA,
Livingstone SJ, Thomason MJ, Mackness Mi, Charlton-Menys V, Fuller
JH. Primary prevention of cardiovascular disease with atorvastatin in
type 2 diabetes in the Collaborative Atorvastatin Diabetes Study
(CARDS): multicentre randomised placebo-controlled trial. Lancet
2004;364:685-696.

3. Battisti WP, Palmisano J, Keane WE. Dyslipidemia in patients with type 2
diabetes. relationships between lipids, kidney disease and cardiovascular
disease. Clin Chem Lab Med 2003;41:1174-1181.

4. Collins R, Armitage J, Parish S, Sleigh P, Peto R. MRC/BHF Heart
Protection study of cholesterol-lowering with simvastatin in 5963
people with diabetes: a randomised placebo-controlled trial. Lancet
2003;361:2005-2016.

5. Grundy SM, Benjamin 1J, Burke GL, Chait A, Eckel RH, Howard BV, Mitch
W, Smith SC Jr, Sowers JR. Diabetes and cardiovascular disease: a state-
ment for healthcare professionals from the American Heart Association.
Circulation 1999;100:1134-1146.



Platelet activation and remnant lipoproteins in type-2 DM

823

6.

7.

10.

1.

12.

13.

14.

15.

19.

20.

21,

22.

Havel RJ. Remnant tipoproteins as therapeutic targets. Curr Opin Lipidol
2000;11:615-620.

Fukushima H, Sugiyama S, Honda O, Koide S, Nakamura S, Sakamoto T,
Yoshimura M, Ogawa H, Fujioka D, Kugiyama K. Prognostic value of
remnant-like lipoprotein particle levels in patients with coronary artery
disease and type | diabetes mellitus. J Am Coll Cardiol
2004;43:2219-2224.

. Hodis HN. Triglyceride-rich lipoprotein remnant particles and risk of

atherosclerosis. Circulation 1999;99:2852-2854.

. Karpe F, Boquist S, Tang R, Bond GM, de Faire U, Hamsten A. Remnant

lipoproteins are related to intima-media thickness of the carotid artery
independently of LDL cholesterol and plasma triglycerides. J Lipid Res
2001;42:17-21.

Kugiyama K, Doi H, Takazoe K, Kawano H, Seejima H, Mizuno Y, Tsunoda
R, Sakamoto T, Nakano T, Nakajima K, Ogawa H, Sugiyama S, Yoshimura
M, Yasue H. Remnant tipoprotein tevels in fasting serum predict coronary
events in patients with coronary artery disease. Circulation 1999;
99:2858-2860.

Doi H, Kugiyama K, Oka H, Sugiyama S, Ogata N, Koide St, Nakamura SI,
Yasue H. Remnant lipoproteins induce proatherothrombogenic molecules
in endothelial cells through a redox-sensitive mechanism. Circulation
2000;102:670-676.

Vinik Al, Erbas T, Park TS, Notan R, Pittenger GL. Platelet dysfunction in
type 2 diabetes. Diab Care 2001;24:1476-1485.

Creager MA, Luscher TF, Cosentino F, Beckman JA. Diabetes and vascutar
disease: pathophysiology, clinical consequences, and medical therapy:
Part I. Circulation 2003;108:1527-1532.

Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis: epide-
miology, pathophysiology, and management. JAMA 2002;287:2570-2581.
Ross R. Atherosclerosis-an inflammatory disease. N Engl J Med
1999;340:115-126.

. Englyst NA, Taube JM, Aitman TJ, Baglin TP, Byrne CD. A novel role for CD36

in VLDL-enhanced platelet activation. Diabetes 2003;52:1248-1255.

. Saniabadi AR, Umemura K, Shimoyama M, Adachi M, Nakano M,

Nakashima M. Aggregation of human blood platelets by remnant like lipo-
protein particles of plasma chylomicrons and very low density lipopro-
teins. Thromb Haemost 1997;77:996-1001.

. Knofler R, Nakano T, Nakajima K, Takada Y, Takada A. Remnant-like lipo-

proteins stimutate whole blood platelet aggregation in vitro. Thromb Res
1995;78:161-171.

Yamazaki M, Uchiyama S, Xiong Y, Nakano T, Nakamura T, Iwata M. Effect
of remnant-like particle on shear-induced platelet activation and its inhi-
bition by antiplatelet agents. Thromb Res 2005;115:211-218.

VanWijk MJ, VanBavel E, Sturk A, Nieuwland R. Microparticles in cardio-
vascular diseases. Cardiovasc Res 2003;59:277-287.

Preston RA, Jy W, Jimenez JJ, Mauro LM, Horstman LL, Valle M, Aime G,
Ahn YS. Effects of severe hypertension on endothelial and platelet micro-
particles. Hypertension 2003;41:211-217.

Nomura S, Suzuki M, Katsura K, Xie GL, Miyazaki Y, Miyake T,
Kido H, Kagawa H, Fukuhara S. Platelet-derived microparticles may

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

influence the development of atherosclerosis in diabetes mellitus.
Atherosclerosis 1995;116:235-240.

Minagar A, Jy W, Jimenez JJ, Sheremata WA, Mauro LM, Mao WW,
Horstman LL, Ahn YS. Elevated plasma endothelial micropartictes in mul-
tiple sclerosis. Neurology 2001;56:1319-1324.

Tramontano AF, O'Leary J, Black AD, Muniyappa R, Cutaia MV, El-Sherif
N. Statin decreases endothetial microparticle release from human coron-
ary artery endothetial cells: imptication for the Rho-kinase pathway.
Biochem Biophys Res Commun 2004;320:34-38.

Fox JE, Aggerbeck LP, Berndt MC. Structure of the glycoprotein Ib.IX
complex from platelet membranes. J Biol Chemn 1988;263:4882-4890.
Nomura 5, Uehata S, Saito S, Osumi K, Ozeki Y, Kimura Y. Enzyme immu-
noassay detection of platelet-derived microparticles and RANTES in
acute coronary syndrome. Thromb Haemost 2003;89:506-512.

Diamant M, Tushuizen ME, Sturk A, Nieuwland R. Cellutar microparticles:
new players in the field of vascular disease? Eur J Clin Invest 2004;
34:392-401.

Doi H, Kugiyama K, Ohgushi M, Sugiyama S, Matsumura T, Ohta Y,
Nakano T, Nakajima K, Yasue H. Remnants of chylomicron and very
low density lipoprotein impair endothelium-dependent vasorelaxation.
Atherosclerosis 1998;137:341-349.

De La Cruz JP, Arrebola MM, Villalobos MA, Pinacho A, Guerrero A,
Gonzalez-Correa JA, Sanchez de {a Cuesta F. Influence of glucose concen-
tration on the effects of aspirin, ticlopidine and clopidogrel on platelet
function and platelet-subendothelium interaction. Eur J Pharmacol
2004;484:19-27.

Pignatelli P, Pulcinelli FM, Lenti L, Gazzaniga PP, Violi F. Hydrogen
peroxide is involved in collagen-induced platelet activation. Blood
1998;91:484-490.

Ruef J, Peter K, Nordt TK, Runge MS, Kubler W, Bode C. Oxidative stress
and atherosclerosis: its relationship to growth factors, thrombus for-
mation and therapeutic approaches. Thromb Haemost 1999;82(Suppl. 1):
32-37.

Ferroni P, Basili S, Falco A, Davi G. Platelet activation in type 2 diabetes
mellitus. J Thromb Haemost 2004;2:1282-1291.

Davi G, Guagnano MT, Ciabattoni G, Basili S, Falco A, Marinopiccoli M,
Nutini M, Sensi S, Patrono C. Platelet activation in obese women: role
of inflammation and oxidant stress. JAMA 2002;288:2008-2014.

Strowig SM, Aviles-Santa ML, Raskin P. Comparison of insulin monotherapy
and combination therapy with insulin and metformin or insulin and trogli-
tazone in type 2 diabetes. Diab Care 2002;25:1691-1698.

Annuzzi G, De Natale C, lovine C, Patti L, Di Marino L, Coppola S, Del
Prato S, Riccardi G, Rivellese AA. Insulin resistance is independently
associated with postprandial alterations of triglyceride-rich lipoproteins
in type 2 diabetes mellitus. Arteriascler Thromb Vasc Biol 2004;
24:2397-2402.

Tenenbaum A, Motro M, Fisman EZ, Tanne D, Boyko V, Behar S. Bezafibrate
for the secondary prevention of myocardial infarction in patients with
metabolic syndrome. Arch Intern Med 2005;165:1154-1160.



Journal of the American College of Cardiology
© 2005 by the American College of Cardiology Foundation
Published by Elsevier Inc.

Vol. 46, No. 4, 2005
ISSN 0735-1097/05/$30.00
doi:10.1016/).jacc.2005.04.055

Endothelial Dysfunction

Endothelial Vasomotor Dysfunction
in the Brachial Artery Is Associated

With Late In-Stent Coronary Restenosis

Yoshinobu Kitta, MD, Takamitsu Nakamura, MD, Yasushi Kodama, MD, Hajime Takano, MD, PuD,
Ken Umetani, MD, PHD, Daisuke Fujioka, MD, Yukio Saito, MD, Ken-ichi Kawabata, MD, PuD,
Jyun-ei Obata, MD, PuD, Yoshihide Ichigi, MD, Akira Mende, MD, Kiyotaka Kugiyama, MD, PuHD

Yamanashi, Japan
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BACKGROUND

METHODS

RESULTS

CONCLUSIONS

This study examined whether endothelial dysfunction in the brachial artery might be
associated with late in-stent restenosis (ISR) after percutaneous coronary intervention (PCI).
Simple and noninvasive identification of late ISR might help to select patients who require
further angiographic evaluation.

Endothelium-dependent flow-mediated dilation (FMD) of the brachial artery was measured
before (initial FMD) and at six months (follow-up FMD) after PCI in 141 consecutive
patients who had elective and successful PCI with bare metal stents in de novo lesions of
native coronary arteries for symptomatic coronary artery disease. Follow-up angiography was
performed at six months after PCI in all patients.

With multivariate logistic regression analysis, the impairment (<4.8% dilation from baseline
diameter) of FMD at follow-up showed the strongest association with late ISR (defined as
>50% diameter stenosis, n = 46) independently of other clinical and angiographic variables
known to be associated with ISR (odds ratio 7.4, 95% confidence interval 2.8 to 192, p <
0.001), whereas the initial FMD did not have the association. The sensitivity of impaired
FMD at follow-up (69%) in detecting ISR was higher than chest pain during the follow-up
period (45%), with comparable specificity. The impaired FMD in combination with the chest

ain increased the sensitivity to 90%.

"The impairment of FMD in the brachial artery at the time of follow-up was independently
and closely associated with late ISR in native coronary arteries. The noninvasive assessment
of FMD at the time of follow-up might be useful for identification of late ISR.  (J Am Coll

Cardiol 2005;46:648~55) © 2005 by the American College of Cardiology Foundation

In-stent restenosis (ISR), although less frequent than post-
angioplasty restenosis, remains a clinical problem, because
there is increasing use of coronary stents for the treatment of
coronary artery disease (CAD). When chest pain develops
during the follow-up period after stenting, patients might
be recommended for angiographic evaluation to detect ISR
or another coronary stenosis; however, several reports (1-3)
have shown that approximately 50% of patients remain
asymptomatic when restenosis occurs; thus, chest pain after
percutaneous coronary intervention (PCI) is a poor indica-
tor of restenosis. Therefore, a simple and noninvasive
method for identifying late restenosis after PCI might help
to select patients who require further angiographic
evaluation.

The vascular endothelium suppresses intimal hyperplasia
(4,5), an essential pathological feature of ISR (6,7). Fur-
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thermore, it has been shown that endothelial dysfunction in
systemic arteries is a strong predictor of future coronary
events (8,9). Thus, endothelial vasomotor dysfunction in
systemic arteries in patients with coronary stenting might be
associated with the development of ISR. In this study, we
evaluated the usefulness of measuring endothelium-
dependent dilation of the brachial artery for the identifica-
tion of ISR.

METHODS

Study patients. This study included 141 consecutive pa-
tients who had elective and successful PCI of de novo
lesions with bare metal stents in native coronary arteries for
symptomatic CAD and follow-up coronary angiography at
six months after the PCI at Yamanashi University Hospital.
Patients who had acute coronary syndrome, stroke, or other
serious diseases occurring during the six-month follow-up
periods were excluded. Patients with congestive heart fail-
ure, left main trunk disease, and other serious systemic
diseases were also excluded. This study also included 48
control subjects with angiographically normal coronary ar-
teries and normal ventriculography. These control subjects
were selected to match the age and gender of the patients
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Abbreviations and Acronyms

CAD = coronary artery disease

ECG = electrocardiography

FMD = flow-mediated dilation

HDL-C = high-density lipoprotein cholesterol

hsCRP = high-sensitiity C-reactive protein

ISR = in-stent restenosis

MLD = minimal lumen diameter

PCI = percutaneous coronary intervention

TLR = target lesions revascularization (defined as
repeat percutaneous coronary intervention of
the original stented target lesions)

with PCI, and they were studied to compare endothelial
vasomotor function with that of the PCI patients. The
characteristics of the patients and control subjects are shown
in Table 1. All patients were informed that the follow-up
angiography would be required, regardless of ischemia/
anginal symptoms, according to the study protocol. Written
informed consent was obtained from all patients and control
subjects before the study. This study was in agreement with
the guidelines approved by the ethics committee at our
institution.

Study protocol. Measurement of flow-mediated dilation
(FMD) in the brachial artery was performed in the morning
after an overnight fast in the same manner in all study patients,
within three days before the PCI and within three days before
the follow-up coronary angiography, at the end of the six-
month follow-up period. An exercise treadmill electrocardio-
graphic (ECG) test was performed in the morning after
overnight fasting a day before the follow-up FMD. Vasodila-
tors, including calcium blockers, angiotensin-converting en-
zyme inhibitors, and angiotensin receptor blockers were
withdrawn 48 h before the FMD measurement and the
exercise stress test. Beta-blockers were discontinued more
than 12 h before the FMD measurement and the exercise
stress test. Sublingual nitroglycerin was allowed to be used
when ischemia/anginal symptoms were developed. All of
the examinations were performed during hospital stay at
Yamanashi University Hospital. The ECG was continu-
ously and carefully monitored during the hospital stay to
ensure the safety of the patients. All patients were routinely
questioned for the presence or absence of chest pain during
the six-month follow-up period according to Canadian
Cardiovascular Society angina classification class (10) by
investigators (Drs. Saito and Fujioka) without knowledge of
the follow-up angiographic results. In addition, physical
activity (average min/day), especially leisure-time activity,
was assessed with a questionnaire at the end of the
follow-up period. All of the patients received standard
medical therapy during the follow-up period. Venous blood
was obtained from all patients immediately before FMD
measurement. High-sensitivity C-reactive protein (hsCRP)
levels in the serum were assayed by rate nephelometry (Dade

Behring, Marburg, Germany).
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PCI. Coronary angioplasty was performed with the Judkins
technique without intracoronary ultrasound scanning guid-
ance under systemic heparinization and oral administration
of aspirin and ticlopidine. The stent type and inflation
pressure were chosen at the discretion of the physicians
(Drs. Takano, Umetani, and Obata), who were blinded to
the study protocol and the data regarding FMD. Rotablator
and directional atherectomy were not performed in the
stented coronary lesions in any study patients. Procedural
success was defined as a residual lumen narrowing <20%.
After PCI, patients received aspirin (100 mg/day) indefi-
nitely and ticlopidine (200 mg/day) at least for four weeks.
Original stented target lesions revascularization (TLR) was
defined as repeated PCI or surgical bypass of the original
stented lesions and was performed in the presence of ISR
and any symptoms or objective signs of myocardial isch-
emia. Even if the symptoms or the objective signs were
absent, TLR was performed in the presence of =75%
diameter stenosis in the stented lesions.

Quantitative coronary angiography. All patients had cor-
onary angiography before and immediately after PCI and at
the planned six-month follow-up in multiple projections
after intracoronary injection of 1 mg of isosobide dinitrate.
Quantitative coronary angiography was conducted with the
projection that revealed the highest degree of stenosis.
Measurements were performed with CARDIO500 (Kon-
tron Instruments Inc., Everett, Massachusetts) by operators
(Drs. Ichigi and Mende) who were blinded to the FMD
data. Lesion length, reference lumen diameter, minimal
lumen diameter (MLD), stented segment length, and di-
ameter stenosis were measured with an automated edge-
detection system. Late lumen loss was defined as the
difference between the post-PCI MLD and the MLD at the
six-month follow-up. When a lesion was totally occluded,
the lesion length was measured after opening the occlusion.
In-stent restenosis was defined as >50% diameter stenosis
at the stented site on the follow-up angiogram. Patients that
required stents in multilesions were classified as positive for
ISR, if it occurred in at least one lesion. The lesion with the
greatest lumen loss was analyzed in patients with multi-
lesions intervention.

Measurements of FMD in the brachial artery. Vasodila-
tor responses in the brachial arteries were measured with
B-mode ultrasound images with a 7.5-MHz linear array
transducer (HP-5500, Phillips Corp., Tokyo, Japan), as
validated in our previous studies (11,12). Measurements
were performed by two observers (Drs. Nakamura and
Kitta) who were blinded to the coronary angiography data.
The brachial artery was scanned in the antecubital fossa in
a longitudinal fashion. Optimal brachial artery images were
obtained between 1 and 5 cm above the antecubital crease.
This location was marked, and all subsequent images were
obtained at the same location. The exact distance of the
measured point of the skin surface from the antecubital
crease was recorded in each subject to ensure that the same
segment of the brachial artery was measured at each time
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point during follow-up. The gain setting was optimized at
the beginning of the study and was kept constant through-
out the recording period. After baseline measurements of
the diameter and flow velocity in the brachial artery, a blood
pressure cuff was placed around the forearm and inflated to
a pressure of 250 to 300 mm Hg for 5 min and then
released. Diameter measurements during reactive hyperemia
were taken 45 to 90 s after cuff deflation. Then, sublingual
nitroglycerin (0.3 mg) was administered, and three min
later, the measurements were repeated. Images were re-
corded on a super-VHS videocassette recorder (model
BR-5601M, Victor Corp., Tokyo, Japan), and brachial
arterial diameters were measured from the tape with ultra-
sonic calipers as described previously (11,12). The response
of the vessel diameter to reactive hyperemia and nitroglyc-
erin were expressed as a percentage increase in diameter
from the baseline value. The diameter responses were
assessed at three points along a 10-mm length of the artery,
and the diameter responses were averaged. Blood flow was
calculated by multiplying the velocity-time integral of the
Doppler flow signal by heart rate and the vessel cross-
sectional area. The increase in brachial blood flow was
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calculated as the maximum flow recorded in the first 15 s
after cuff deflation and was expressed as a percentage
increase in flow from the baseline value.

Exercise stress test. Symptom-limited treadmill exercise
testing was performed with the Bruce protocol while re-
cording a 12-lead ECG in 116 (82%) patients in the
morning after overnight fasting at the end of the six-month
follow-up period. The remaining 25 (18%) patients could
not have the exercise stress test because of disability. A cuff
blood pressure was recorded every min before and during
exercise. Vasodilators and beta-blockers were discontinued
more than 12 h before the exercise test. The exercise stress
test was considered positive if >0.1 mV ST-segment
depression occurred with or without chest pain.

Statistical analysis. Data are expressed as mean * SD
unless otherwise indicated. The mean value and frequency
between two groups were compared with the Student
unpaired # test and chi-square analysis, respectively. The
mean values among three groups were compared with
one-way analysis of variance, followed by a Scheffe test for
post-hoc comparisons between groups. Chi-square test
followed by Tukey test was used for comparing frequencies

Table 1. Comparisons of Clinical, Lesion, and Procedural Variables at Baseline Between

Patients With and Without ISR

Controls With ISR Without ISR
(n = 48) (n = 46) (n = 95)
Clinical variables
Age (yrs) 65 * 12 66 = 13 65 * 12
Male (%) 69 66 69
Hypertension (%) 40 69* 73*
Diabetes mellitus (%) 17 32 29
Smoker (%) 23 41 34
Family history (%) 18 20 20
Total cholesterol (mg/dl) 200 * 38 198 + 29 200 + 40
LDL cholesterol {mg/di) 118 * 32 119 *+ 29 122 = 33
HDL cholesterol (mg/dl) 58 +13 5114 50 +12*
HbAlc (mg/dl) 54*08 62+ 1.7 58+13
hsCRP (mg/dl) 0.12 = 0.09 0.23 + 0.15* 0.22 + 0.13*
Prior myocardial infarction (%) 15 13
Lesion variables
LAD intervention (%) 67 51
ACC/AHA lesion type B2/C (%) 66 42
Infarct-related artery (%) 50 31t
Multivessel disease (%) 36 37
Multivessel intervention (%) 10 10
Multilesion intervention (%) 31 11
Chronic total occlusion (%) 5 5
Number of stents 1.3+x04 1.1 *+03
Coil stent (%) 9 7
Measurement with quantitative coronary angiography
Stented segment length (mm) 19 £ 45 17 + 4.7
Reference diameter (mm) 2.97 £0.48 3.05 2073
MLD before PCI (mm) 0.59 + 0.05 0.64 = 0.59
MLD after PCI (mm) 2.35 +0.48 2.52 *0.67
Lesion length (mm) 12.7 + 437 10.9 * 4.03f

*p < 0.05 versus control subjects, tp < 0.05, #p < 0.01 versus with ISR; hypertension, =140/90 mm Hg or taking an
antihypertensive medication; smoking, =10 cigarettes/day for =10 years; diabetes mellitus, defined according to the American
Diabetes Association report or as taking an antidiabetic medication. Data are expressed as mean * SD or percentage of the patients.

ACC/AHA = American College of Cardiology/American Heart Association; HDL = high-density lipoprotein; HbAlc =
glycosylated hemoglobin; hsCRP = high-sensitivity C-reactive protein; ISR = in-stent restenosis; LAD = left anterior
descending; LDL = low-density lipoprotein; MLD = minimal lumen diameter; PCI = percutancous coronary intervention.
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among three groups. Comparisons of FMD in patients with
coronary stenting were performed with two-way analysis of
variance for repeated measures, followed by post-hoc testing
with a Scheffe test. The correlation of FMD with risk factor
profiles was examined by linear regression analysis. The
assessment of independent association of late ISR and TLR
with the impairment of the follow-up FMD was performed
with multivariate logistic regression analysis that included
the following factors as categorical variables: impairment of
the follow-up FMD (=4.8%, obtained from receiver-
operator characteristic analysis of FMD in the study pa-
tients), chest pain, positive exercise ECG test, infarct-
related artery, lesion length (=10 mm, arbitrarily defined as
the 50th percentile of the distribution of the length in the
study patients), multiple lesions with stenting, stented
segment length (=18 mm, arbitrarily defined as the 50th
percentile of the distribution of the length in the study
patients). All these variables had a significant relationship
with late ISR in the Student unpaired # test or chi-square
analysis. Statistical significance was defined as p < 0.05.
Analyses were assessed, in part, with StatView 5.0 for
Windows (Tokyo, Japan).

RESULTS

Comparisons of clinical characteristics between patients
with and without ISR. In-stent restenosis was found in 46
(33%) patients at the follow-up coronary angiography.
Patients with and without ISR had comparable clinical
characteristics, including coronary risk factors and frequen-
cies of each of the cardiac medications before PCI and
during the six-month follow-up (Tables 1, 2, and 3). Also,
frequencies of newly started or increased cardiac medica-
tions immediately after PCI were not significantly different
between patients with and without ISR (Table 2). Levels of
total cholesterol, high-density lipoprotein cholesterol
(HDL-C), glycosylated hemoglobin (HbAlc), high-
sensitivity C-reactive protein (hsCRP), systolic blood pres-
sure, and body mass index at follow-up were improved
compared with baseline in both groups of patients, and
there was a reduction in the number of smokers and an
increase in leisure-time physical activity, mainly by walking
(=30 min/day increase from baseline activity for >1 month)
during the treatment periods in both groups (Table 3).
These favorable changes, however, were not significantly
different between patients with and without ISR (Table 3).
During the six-month follow-up period, chest pain occurred
in 21 (46%) of 46 patients with ISR and in 12 (13%) of the
95 patients without ISR (p < 0.01), as shown in Table 3.
Although all of the study patients had the follow-up
angiography and the discontinuation of the vasodilators
before the measurements, according to the study protocol,
there was neither an adverse complication nor refractory
myocardial ischemia associated with the examinations in
any patients.
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Table 2. Comparisons of Frequency in Use of Medications
Before PCI, Newly Added or Increased Immediately After PCI,
and Medications During the Follow-Up Period

With ISR Without ISR
{n = 46) (n = 95)
Medications before PC1
Statin (%) 14 10
ACE-1 (%) 6 10
ARB (%) 11 9
Calcium channel blocker (%) 20 22
Beta-blocker (%) 4 5
Aspirin (%) 50 42
Ticlopidine (%) 39 34
Sulfonylurea (%) 11 7
Insulin (%) 4 2
Medications added or increased after
PCl
Statin (%) 26 23
ACE-1 (%) 26 33
ARB (%) 17 14
Calcium channel blocker (%) 43 45
Beta-blocker (%) 22 23
Aspirin (%) 50 58
Ticlopidine (%) 51 58
Sulfonylurea (%) 2 3
Insulin (%) 4 2
Medications during the follow-up period
Statin (%) 38 32
ACE-I (%) 31 42
ARB (%) 28 19
Calcium channel blocker (%) 62 65
Beta-blocker (%) 26 27
Aspirin (%) 100 100
Ticlopidine (%) 90 92
Sulfonylurea (%) 13 10
Insulin (%) 9 4

There was no statistical difference in frequencies of medications between the two

gTOuPS.
ACE-I = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor
blockers; ISR = in-stent restenosis; PCI = percutaneous coronary intervention.

Quantitative coronary angiography. Patients with ISR
had a higher prevalence of infarct-related artery and multi-
ple lesions with stenting, longer stented segment length,
and longer lesion length at the time of the stenting than
those without ISR (Table 1). Target lesions revasculariza-
tion at the six-month follow-up angiography was performed
with PCI in 36 (78%) patients with ISR. Percutaneous
coronary intervention for coronary segments other than the
stented segments was performed at the six-month follow-up
angiography in 5 (11%) patients with ISR and 8 (8%)
patients without ISR (p = N§).

Exercise treadmill ECG test. The exercise ECG test was
performed in 41 (89%) patients with ISR and 75 (79%)
patients without ISR (p = NS). Among patients who had
the exercise stress test, the test was positive in 22 (54%)
patients with ISR and 17 (23%) patients without ISR p<
0.01). Chest pain during the exercise test occurred in 15
(37%) patients with ISR and 5 (7%) patients without ISR (p
< 0.01).

FMD. The initial FMD within three days before the

coronary stenting was comparable between patients with



