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Abstract

of the coronary artery diseases caused by plaque

rupture, plaque erosion or calcjfied nodules, with
the occurence of thrombus formation and artery occlusion.
YKL-40 has a functional role in plaque fibrous formation
because of its high expression during fibrosis development,
vascular smooth muscle cells differentiation, elevated
matrix turnover and tissue remodelling in old myocardial
infarction, whereas CD40 ligand, which is stored in the
cytoplasm of resting platelets, rapidly presents on the
surface. After cleavage, a soluble functional CD40 ligand
(sCD40L) is generated. The aim of this study was to
assess the association between YKL-40 and sCD40L in
old myocardial infarction.

B ACKGROUND: Myocardial infarction is one

METHODS: This study used the cross sectional study
design. Fifty six patients with old myocardial infarction
were selected based on their electrocardiographical results.
Among these patients, 23 subjects had hypertension and
15 subjects had hsCRP> 3-10 mg/L. YKL-40 and sCD40L
were measured by ELISA method.

RESULTS: There was no significant correlation between
YKL-40 and sCD40L (r = 0.078; p = 0.569) in old
myocardial infarction and in subjects with hsCRP > 3-10
mg/L (r=0.524; p=0.045). However, significant positive
correlations were found in subjects with hypertension (r =
0.447; p=0.029).

CONCLUSIONS: Our findings showed that YKL 40
correlated significantly with sCD40L in subjects with
hypertension.

KEYWORDS: Myocardial infarction, ruptured plaque,
coronary artery disease, YKL-40, soluble CD40 Ligand.
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Introduction

Coronary artery disease or cardiovascular disease
currently has become the leading cause of death and
illness in the developing countries and will soon become
the pre-eminent health problem worldwide (1). Coronary
artery disease comprises narrowing of the coronary
arteries caused by atherosclerosis which can manifest
as angina pectoris and myocardial infarction (2). Plaque
rupture is the most common type of plaque complications,
accounting for 70% of fatal cardiovascular events (3).
Necrotic core lesion with a thin fibrous cap can rupture
and leads to luminal thrombosis due to contact of platelets
with a highly thrombogenic necrotic core. This is defined
as ruptured plaque (4). The ruptured plaque has a large
lipid core composed of foam cells, apoptotic and necrotic
cells, debris, and is separated from the lumen by a fibrous
cap (mainly comprising collagen, proteoglycans, and
smooth muscle cells), which is actively weakened both by
Iytic process and a lack of repair; this results eventually in
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the plaque fissuring at the point, which ultimately brings
the platelets into contact with the content of the lipid core,
and the blood coagulation factors together with tissue
factor (5).

YKL 40 (Human cartilage glycoprotein-39/HC-
gp 39 or 38-kDa heparin-binding glicoprotein/gp38k)
has a functional role in plaque fibrous formation. It is
upregulated in the extracellular matrix of injured vessel
wall and has been reported to be involved in smooth
muscle cell proliferation. The presence of heparin
binding activity YKIL-40 suggests the possibility that it
may bind with glycoprotein or proteoglycan component
of the extracellular matrix or cell surface to modify cell
adhesion, cell motility or gene expression and influence
the phenotypic state of the smooth muscle cell during the
process of recovery from injury (6). Hakala suggested that
elevation of degradation extracellular matrix components
in the rheumatoid joint expresses YKL-40 and may be
associated with a response of cells to an altered tissue
environment. The presence of TGF-f3, which is the most
potent stimulus of interstitial collagen smooth muscle
cells synthesis, strongly decreases mRNA concentrations
for YKL-40 (7). Ling suggested that elevated matrix
turnover and tissue remodelling expressed YKL-40. In
this study, YKL 40 had a physiological role in limiting
the catabolic effects of inflammatory cytokines (8).
The involvement of YKL 40 in the homoeostasis of
connective-tissue cells caused by increased secretion of
YKL-40 under physiological and pathological conditions
is associated with elevation of connective-tissue turnover.
A signalling cascade in connective-tissue cells initiated
by YKL-40 can induce cell proliferation, suggesting
that this protein could play a major role in pathological
conditions leading to tissue fibrosis (9). Serum YKL-40
concentrations in patients with coronary artery disease
were statistically significantly higher than in control
participants. Concentration of YKIL-40 has a significant
correlation with the extent of coronary artery disease
defined by the number of stenosed vessels (10). Serum
concentration of YKL-40 is greatly elevated in patients
with acute myocardial infarction (11)

Platelets play a key role in the development of acute
coronary syndromes by participating in the process of
forming and extending atherosclerotic plaques. Platelets
activated by inflammatory triggers may be critical
componentsof atherothrombosis. The activation of platelets
releases inflammatory and mitogenic substances into the
microenvironment, primarily altering the chemotactic,
adhesive and proteolytic properties of the endothelium.
CD40 ligand is stored in the cytoplasm of resting platelets
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and is rapidly released into the surface after platelet
activation. After cleavage, to generate a soluble functional
fragment (soluble CD40 ligand), the mediator is present
to the extracellular environment, inducing inflammatory
responses in the endothelium by interacting with CD40 on
endothelial cells (12). Soluble CD40 ligand is a powerful
biochemical marker of inflammatory thrombotic activity
in patients with acute coronary syndromes. Increased
concentration of soluble CD40 ligand reliably shows the
subgroup of patients with acute coronary syndromes who
has the highest risk for cardiac events (13)

The aim of this study was to assess the association
between YKL-40, which has a functional role in plaque
fibrous formation, and sCD40L, which is increased
in activated platelet in patients with old myocardial
infarction.

Methods

For selection of the study subjects with old myocardial
infarction we used electrocardiographic results of patients,
by which 45 men and 11 women were selected. All
patients with cancer, asthma, alcohol intake, osteoarthritis
(based on questionnaire), Alanin Aminotransferase
(ALT) > 100 mg/dL, high sensitivity-C Reactive Protein
(hsCRP) > 10 mg/L., and abnormal cell blood count (WBC
> 16000/ul.) were excluded. Blood samples were taken
after an overnight fasting for 12-14 hours. The collected
samples were seated for 30-60 minutes, then the serum
was separated from the cellular element by centrifugation
1000-1200 g for 10 minutes. All serum samples were
stored at -20°C. Our study protocol was approved by the
institusional review board of the Health Research Ethic
Committee, Faculty of Medicine, Hasanuddin University,
Makassar, Indonesia. All written informed consents were
obtained from patients.

ASSAY OF BIOCHEMICAL MARKERS

Fasting plasma glucose (FPG), hsCRP, ALT, cell blood
count, YKL-40, sCD40L were examined at Prodia Clinical
Laboratory. FPG was determined using the hexokinase
method (catalog 1447513) (19), reagents manufactured
by Roche Diagnostic (Indianapolis, USA). ALT was
measured using the IFCC method (catalog 0851132)
(20), reagents manufactured by Roche Diagnostic.
hsCRP (catalog LKCR1) was measured using sensitive
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immunoassay method, manufactured by Diagnostic
Products Corporation (Los Angeles, USA). Cell Blood
Count reagents manufactured by Abbot Diagnostic (USA).
YKL-40 (Catalog 8020) was determined using ELISA
method manufactured by Metra Quidel Corporation (San
Diego, USA). sCD40L (catalog DCDL40) was measured
using ELISA method manufactured by Quantikine R&D
system (Minneapolis, USA).

STATISTICAL ANALYSIS

Data analysis was carried out with the SPSS for Windows
version 11.5 software. For Pearson statistical correlation
tests we used 5% significance concentration.
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Results

The study subjects comprised 56 participants with old
myocardial infarction based on their electrocardiographic
recordings. Among these patients, 23 subjects were with
hypertension and 15 subjects with hsCRP > 3-10 mg/L.
ALT and hsCRP, which reflect liver function and acute
inflammation respectively, of the 56 study subjects were
within normal limit. Table 1 shows the general description
of the baseline characteristics of the study subjects.

Table 2 shows no significant correlation between
YKL-40 and sCD40L in coronary artery disecase with
old myocardial infarction and in subjects with hsCRP >
3-10 mg/L (n=15) (Figure 2). However, in subjects with
hypertension (n=24) (Figure 1), we found statistically
significant correlation between YKL-40 and sCD40L.

Table 1. Baseline characteristics of the study subjects

Variables N Minimum Maximum Mean SD
Age (Years) 56 30.00 75.00 58.75 9.51
Blood Pressure
Systolic (mmHg) 56 90.00 200.00 139.29 25.16
Diastolic (mmHg) 56 60.00 120.00 86.52 11.98
FPG (mg/dL) 56 75.00 443.00 113.57 63.20
hsCRP (mg/L) 56 0.20 10.00 2.28 235
YKL-40 (ng/mL) 56 16.36 361.12 133.09 94.11
sCD40L (ng/mL) 56 0.75 25.39 7.10 4.20

FPG = Fasting Plasma Glucose; hsCRP = High-Sensitivity C-Reactive Protein; sCD40L = Soluble CD40 Ligand.

Table 2. Correlation between YKL-40 and sCD40L in
Coronary Artery Disease with old myocardial infarction

(n=56)
Variable sCD40L
YKL-40 r 0,078
p 0.569

sCD40L = Soluble CD40 Ligand
significance.

; r = pearson correlation coefficient ; p =
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Figure 1. sCD40L according to YKL-40 in subjects with hypertension (N=24)
r = pearson correlation coefficient ; p = significance ; ( *) = Indicate significant
(p < 0.05).
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Figure 1. sCD40L according to YKL-40 in subjects with hsCRP > 3-10 mg/L
(N=15), r = pearson correlation coefficient ; p = significance ; (*) = Indicate

significant (p < 0.05).
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Discussion

Inthis study, we found no statistically significant correlation
between YKL-40 and sCD40L in coronary artery disease
with old myocardial infarction and in subjects with
hsCRP > 3-10 mg/L. In subjects with hypertension we
found a significant correlation. Although the mechanism
is clear, expression of YKL.-40 is related with conditions
of elevated matrix turnover and tissue remodelling
(8). Nojgaard showed that serum concentrations of
YKL-40 were associated with liver fibrosis. The serum
concentration of YKL-40 was associated with the presence
of fibrosis and might be used as a marker of fibrosis (14).
The elevated serum YKIL-40 in patients with liver disease
of various degree and aetiology seems to reflect fibrosis
and fibrogenesis (15). In vitro studies have shown that
YKL-40 is a growth factor of fibroblasts and increased
cell proliferation, suggesting that this protein could play
a major role in the pathological conditions leading to
tissue fibrosis (9). YKL-40 is a potent migration factor for
endothelial cells (16).

The ruptured plaque consists of a large lipid core
composed of foam cells, apoptotic and necrotic cells,
debris, and is separated from the lumen by a fibrous
cap (mainly comprising of collagen, proteoglycans, and
smooth muscle cells), which is actively weakened both
by lytic process and a lack of repair (5). "Vulnerable
plaque" is most suitable to define plaque susceptible to
complication, including rupture (3). When the plaque
ruptures, blood becomes in contact with the tissue
factor in the plaque coagulates. Platelets activated by
thrombin generated from the coagulation cascade and by
contact with the intimal compartment instigate thrombus
formation (17). When platelets is activated by thrombin,
CD40 ligand, which is stored in the cytoplasm of resting
platelets, rapidly presents on the surface. After cleavage,
to generate a soluble, functional fragment (soluble CD40
ligand), the mediator is released into the extracellular
environment, inducing inflammatory responses in the
endothelium by binding CD40 on endothelial cells (12).
If the thrombus occludes the vessel persistently, an acute
myocardial infarction occurs (14).

YKL-40 has a functional role in plaque fibrous
formation (9) which causes the plaque to rupture. Rupture-
prone plaques are not the only vulnerable plaques. All
types of atherosclerotic plaques with high likelihood of
thrombotic complications and rapid progression should be
considered as vulnerable plaques (3). The most common
cause of coronary thrombosis is plaque rupture followed
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by plaque erosion, whereas calcified nodule is rare. The
term vulnerable plaque should be reserved for plaque that
resemble all three causes of luminal thrombosis, and these
morphologies include thin cap fibroatheroma, pathological
intimal thickening, thick cap fibroatheroma and calcified
plaque with luminal calcified nodules (4). The rate of
plaque rupture varies from 60-70%. The occurrence of
plaque erosion in necropsy studies of patient after sudden
coronary death was 25-44%. Plaque calcification is a
plaque associated with coronary thrombosis in the absence
of ruptured or eroded plaque, although more infrequent
(5%) (5). No significant correlation between YKL-40 and
sCD40L in this research may be explained that not all of
the myocardial infarction in this study population is caused
of plaque rupture. Another reason is vulnerable plaques
are not the only factors for the development of acute
coronary syndromes, myocardial infarction, and sudden
cardiac death. Vulnerable blood causes thrombosis, and
vulnerable myocardium causes fatal arrhythmia, which
play an important role in the clinical manifestation of
cardiovascular disease. Risk assessment of vulnerable
patients needs to be developed that may include variables
based on plaque, blood, and myocardial vulnerability
(18).

Conclusions

YKL-40 has no significant correlation with sCD40L in
coronary artery disease with old myocardial infarction.
YKL-40 has a statistically significant correlation with
sCD40L in subjects with hypertension.
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