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Abstract Some evidence suggests that chronic inflam-

mation plays a critical role in the development and pro-

gression of coronary artery ectasia. Lectin-like oxidized

low-density lipoprotein receptor-1 is involved in multiple

phases of vascular dysfunction, including endothelial dys-

function, atherogenesis, initiation of plaque rupture, and

restenosis. The objectives was to study the purpose of the

current study was to determine whether soluble lectin-like

oxidized low-density lipoprotein receptor-1 is associated

with isolated coronary artery ectasia patients. Forty-six

patients with isolated coronary artery ectasia without ste-

nosis and 46 control subjects with angiographically normal

coronary arteries were included in this study. Lectin-like

oxidized low-density lipoprotein receptor-1 levels were

measured in serum by sandwich enzyme-linked immuno-

sorbent assay. Baseline characteristics of the two groups

were similar. Plasma levels of lectin-like oxidized low-

density lipoprotein receptor-1 were significantly higher in

the coronary artery ectasia group than normal coronary

artery group (1.7 ± 0.8 ng/ml vs. 1.1 ± 0.3 ng/ml,

P \ 0.001, respectively). No correlation was found

between plasma soluble lectin-like oxidized low-density

lipoprotein receptor-1 levels and different types of ectasia

in patients with coronary artery ectasia. In this study, we

found significantly higher levels of soluble lectin-like

oxidized low-density lipoprotein receptor-1 in coronary

artery ectasia patients when compared to control subjects

with normal coronary arteries, suggesting that soluble

lectin-like oxidized low-density lipoprotein receptor-1 may

be involved in the pathogenesis of coronary artery ectasia.
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Introduction

Coronary artery ectasia (CAE) has been defined as local-

ized or/and diffuse dilation of the coronary arteries

exceeding the 1.5-fold of normal adjacent segment in

coronary angiography [1, 2]. CAE was found in the range

of 1.2–4.9% in different series [1, 3] and the prevalence of

CAE appears to rise in recent years [4]. The main coronary

angiographic characteristics of CAE are impaired coronary

blood flow, delayed antegrade coronary dye filling, seg-

mental back flow phenomenon (milking phenomenon), and

stasis with local deposition of dye in dilated coronary

segments [5]. Clinically, it predisposes to adverse coronary

events like vasospasm, thrombosis, myocardial ischemia,

and dissection [1].

There is still controversy about the pathogenetic mech-

anism that underlies this entity. The clinical relevance and

the pathophysiology of CAE have received increasing

attention in the last decades. In fact, CAE is conventional

considered as a variant of coronary atherosclerosis [3, 5].

Atherosclerosis is a chronic inflammatory disease [6–8].

Markis et al. [9] revealed that the underlying histological

changes were identical to those found in atherosclerotic

lesions (diffuse hyalinization, intimal, and medial dam-

ages). In addition, extensive structural damage was

observed in different layers of vessel especially in the

tunica media and intima and increased number of infiltrated

cells, including lymphocytes, macrophages, and plasma

cells in both histological examinations [3, 10].
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The lectin-like oxidized low density lipoprotein receptor

(LOX-1), a type II membrane glycoprotein and scavenger

receptor, was identified oxidized low density lipoprotein

(ox-LDL) receptor mainly expressed by endothelial cells

[11]. It is also expressed by macrophages and vascular

smooth muscle cells [12]. LOX-1 has been implicated in

vascular inflammation and atherosclerotic plague forma-

tion, progression, and destabilization [13, 14]. In addition

to ox-LDL, LOX-1 binds various ligands, such as apoptotic

cells, activated platelets, leukocytes, and C-reactive protein

[15–18]. LOX-1 induces free radical generation, apoptosis

of endothelial cells and monocytes/macrophages, expres-

sion of adhesion molecules, and activates the inflammatory

cascade [12]. Accumulating evidence suggests that LOX-1

is involved in endothelial dysfunction, inflammation, ath-

erogenesis, myocardial infarction, and intimal thickening

after balloon catheter injury [17, 19–24].

The membrane proximal extracellular domain of LOX-1

can be proteolytically cleaved and released as soluble

forms [25]. Levels of soluble LOX-1 (sLOX-1) in sera are

increased in acute coronary syndrome [26], type 2 DM

[27], and obesity [28]. In the present study, we therefore

sought to investigate whether serum sLOX-1 concentration

was increased in patients with isolated CAE. To our

knowledge, this is the first study to assess the serum sLOX-

1 level in patients with isolated CAE.

Materials and methods

Study design and patients

The study was designed as a case-control prospective

study. The study population was selected from a series of

1,145 consecutive patients who underwent coronary angi-

ography in our hospital between January 2010 and

December 2010 due to the presence of chest pain or

positive or equivocal results of non-invasive screening tests

for myocardial ischemia. Among 1,145 patients, 46

patients who had angiographically normal coronary arteries

with CAE (CAE group) and compared with age, and sex-

matched 46 participants with angiographically show nor-

mal coronary arteries (NCA) without CAE (NCA group).

All participants provided written informed consent to par-

ticipate in the study. The study protocol was approved by

the local ethics committee, and the study was conducted in

accordance with the Decleration of Helsinki and good

clinical practice (GCP)/International Conference on Har-

monization (ICH) guidelines.

Exclusion criteria included congestive heart failure

(ejection fraction \50%); new myocardial infarction

(\3 months); stroke; known peripheral atherosclerotic

disease; surgical coronary intervention; other major

vascular surgical procedures; coronary angioplasty and/or

stenting; unstable angina pectoris; known impaired renal

function (creatinine C1.4 mg/dl); unstable endocrine or

metabolic diseases known to influence serum inflammation

markers; patients with concomitant inflammatory diseases,

such as infections and autoimmune disorders, active or

chronic hepatic or hepatobiliary disease; malignancy.

Patients taking corticosteroids, anti-oxidant vitamins and

alcohol were also excluded from the study.

Blood sampling and laboratory methods

Blood samples of all individuals were taken from an

antecubital vein following an overnight fasting state just

after coronary angiography. After centrifugation at

3,0009g for 10 min, plasma samples were frozen and

stored at -80�C until an assay could be performed. Serum

sLOX-1 levels were determined by a sandwich enzyme-

linked immunosorbent assay (ELISA) using 2 different

human LOX-1-specific antibodies as previously described

[29]. The lower limit of the detection for sLOX-1 was

0.50 ng/ml. Analyzes were performed by the immunologists,

who were blinded to the condition of the samples. Tri-

glyceride (TG), total cholesterol (Total-C), LDL-C, and

high-density lipoprotein cholesterol (HDL-C) concentra-

tions were measured by automated chemistry analyzer

(Roche Diagnostics, Indianapolis, USA) by using com-

mercially available kits.

Angiographic analysis

All patients underwent routine coronary angiography using

the Judkins technique with digitized coronary angiography

equipment (Siemens, Medical Solutions 2007, Munchen,

Germany). We used iohexol (Omnipaque, Nycomed Ire-

land, Cork, Ireland) as contrast agent during coronary

angiography in all patients. A coronary diameter index was

defined for each segment as the coronary diameter divided

by the body surface area. A coronary segment with a

diameter index C1.5-fold of the control group was defined

as ectatic. When there was no identifiable adjacent normal

segment, the mean diameter of the corresponding coronary

segment in the control group served as normal values. All

coronary angiograms were assessed by at least two expe-

rienced angiographers unaware of the patients’ status, and a

consensus was reached.

After angiography, eligible CAE patients and controls

were enrolled. Potentially eligible patients and controls

were selected in such a way as to achieve a certain degree

of homogeneity, in terms of age, diabetes mellitus,

hypertension, smoking status, and other demographic

variables. CAE patients were divided into sub-groups, in

accordance with the Markis et al. [30] classification
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system, as follows: type-1 CAE, diffuse ectasia in two or

three vessels; type-2 CAE, diffuse ectasia in one vessel and

localized ectasias in at least one other vessel; type-3 CAE,

diffuse ectasia in a single vessel; type-4 CAE, localized

and segmentary ectasia lesions.

Statistical analysis

Continuous variables were given as mean ± SD; categor-

ical variables were defined as percentages. Comparisons

between CAE and NCA groups were carried out using an

independent- samples t test. Comparisons between the

different types of CAE were carried out using Oneway

Anova and Tukey post hoc test. Correlation analyses were

performed using the Pearson coefficient of correlation.

SPSS 15.0 software was used for basic statistical analysis

(version 15, SPSS Inc., and Chicago, IL, USA). A value of

P \ 0.05 was accepted as statistically significant.

Results

The demographic and clinical characteristics of patients are

summarized in Table 1. The mean age was 55 ± 8 years in

CAE group and 54 ± 8 years in NCA group (P = 0.4). In

the CAE group; 23 of the 46 patient were female and in the

NCA group; 22 of the 46 patient were female (50 and 47%,

respectively, P = 0.6). The rate of smoking, history of

coronary artery disease, hypertension, and diabetes melli-

tus were similar in both groups (Table 1). In the bio-

chemical examination; fasting glucose, serum creatinine,

and serum lipid profile levels were similar in two groups

(Table 1). Intra- and inter-assay coefficients of variation in

LOX-1 were 0.0–8.1 and 2.0–11.8%, respectively. Figure 1

shows the higher levels of sLOX-1 in CAE group than the

NCA group. The sLOX-1 levels were 1.7 ± 0.8 ng/ml in

CAE group and 1.1 ± 0.3 ng/ml in NCA group

(P \ 0.001). When the patients with CAE were divided

into four groups as type 1 CAE group, type 2 CAE group,

type 3 CAE group, and type 4 CAE group; the sLOX-1

levels were not differ significantly (Table 2). In post hoc

analysis; there was no significant difference in sLOX-1

levels between each group one by one. There were no

significant correlation between the sLOX-1 levels and age

(r = -0.115, P = 0.276), fasting glucose (r = -0.92,

P = 0.384), serum creatinine (r = 0.114, P = 0.280),

LDL-C (r = 0.037, P = 0.724), HDL-C (r = 0.036,

P = 0.733), TG (r = 0.000, P = 0.997) and total-C

(r = 0.037, P = 0.729).

Discussion

In the present study we evaluated the patients with isolated

CAE and found that patients with CAE had significantly

higher sLOX-1 levels compared to control subjects with

angiographically normal coronary arteries. In addition, the

type of ectasia did not significantly affect plasma sLOX-1

levels.

Although the underlying mechanisms of CAE are not

fully understood, causes and pathways of atherosclerotic

process are probably multiple and different in various

clinical settings, the data showed that an inflammatory

process was involved in all stages of atherosclerosis [31]

including coronary spasm, delayed coronary flow, coronary

Table 1 The demographic and clinical characteristics of study

subjects

CAE group

(n = 46)

NCA group

(n = 46)

P value

Age (years) 55 ± 8 54 ± 8 0.4

Female (%) 50 47 0.6

Serum creatinine (mg/dl) 0.99 ± 0.1 0.94 ± 0.1 0.3

Fasting glucose (mg/dl) 112 ± 41 102 ± 18 0.1

Lipid profile (mg/dl)

Total-C 204 ± 22 196 ± 44 0.2

LDL-C 126 ± 20 117 ± 37 0.1

HDL-C 46 ± 12 45 ± 9 0.5

Triglyceride 174 ± 61 147 ± 82 0.07

History of (%)

DM 59 41 0.2

HT 58 42 0.2

CAD 23 21 0.7

Smoke 32 34 0.6

Data expressed as mean ± SD or percentage. P \ 0.05 was accepted

statistically significant

Total-C total cholesterol, LDL-C low density lipoprotein cholesterol,

HDL-C high density lipoprotein cholesterol, DM diabetes mellitus,

HT hypertension, CAD coronary artery disease

p < 0.001 

Fig. 1 The comparison of sLOX-1 levels between two groups,

1.7 ± 0.8 ng/ml in CAE group and 1.1 ± 0.3 ng/ml in NCA group.

sLOX-1 lectin like oxidized low density lipoprotein receptor-1, CAE
coronary artery ectasia, NCA normal coronary artery
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microvessel dysfunction, silent myocardial ischemia, and

restenotic process [32, 33]. Recent data have also empha-

sized that CAE is associated with systemic inflammatory

response exposed by increased inflammatory cytokines. A

study indicated a cytokine-induced tissue inflammation in

the pathogenesis of abdominal aortic aneurysms, and it has

been documented that circulating IL-6 levels increase in

these patients [34]. Tokgozoglu et al. [35] studied with

patients who had CAE, and found that serum IL-6 levels

were significantly higher in patients with CAE compared to

controls. Yildirim et al. [36] studied the CAE and found

that mean fluorescence intensity of CD45 and CD11b on

the monocyte surface of patients with CAE was signifi-

cantly higher when compared to controls. They speculated

that increased levels of cellular adhesion molecules in

patients with CAE may be an indicator of endothelial

activation and inflammation and are likely to be in the

causal pathway leading to CAE. Yilmaz et al. [37] showed

that patients with isolated CAE have increased levels of

plasma soluble intercellular adhesion molecule-1 (ICAM-

1), vascular cell adhesion molecule-1 (VCAM-1), and

E-selectin in comparison with normal coronary arteries.

Oxidative stress and subsequent inflammation have been

characterized in several pathological processes including

atherosclerosis, from its beginning, such as the state of

endothelial dysfunction, to its end-sequelae, such as acute

myocardial infarction and stroke [38]. Oxidative stress and

ox-LDL both alter endothelial biology by activating a

specific receptor LOX-1. The activation of LOX-1 has been

shown to lead to further oxidative stress in endothelial cells

and the appearance of pro-inflammatory phenotype [38].

LOX-1 is expressed on the cell surface and can be pro-

teolytically cleaved to its membrane proximal extracellular

domain and released as soluble forms sLOX-1, which can

be measured in the serum [25]. Since the level of soluble

receptors in circulating blood may reflect the expression of

membrane proteins and disease activities, sLOX-1 may be

a potential biomarker of vascular disease. In vitro, the basal

expression of LOX-1 in endothelial cells is limited; how-

ever, it can be rapidly induced by proinflammatory, pro-

oxidative and mechanical stimuli [39–45]. In vivo, the

basal expression of LOX-1 is also low, but can be enhanced

by several pathological conditions, including hypertension

[46], diabetes mellitus [47], and dyslipidemia [48].

Hayashida et al. [26] have shown that enhanced thrombin

and matrix metalloproteinase (MMPs) activities are impli-

cated in membrane LOX-1 cleavage to generate sLOX-1.

MMPs are an endogenous family of enzymes that are

responsible for vascular remodeling [49, 50]. Increased

MMP expression and activity have been identified in human

and animal models of atherosclerosis and CAE [51–53].

Some studies have shown that an increase in the activity and

expression of MMPs plays a central role in the composition

of atherosclerotic plaques [54, 55]. Ox-LDL, LOX-1, and

MMPs have been found to be colocalized in atherosclerotic

plaques [48, 56]. Their interaction may lead to the instability

of atherosclerotic plaques or/and plaque progression.

The lectin-like oxidized low density lipoprotein recep-

tor, a receptor for atherogenic oxidized LDL [11], the

expression of which is induced by factors related to ath-

erogenesis and plaque vulnerability, such as proinflam-

matory cytokines [41], angiotensin II [57], high glucose

[58], and ox-LDL [59], is expressed on the surface of

intimal smooth muscle cells [60] and lipid–laden macro-

phages [61] in advanced human atherosclerotic plaques.

LOX-1 is upregulated in atherosclerotic lesions [48, 62]

and is involved in the reduction in protein kinase B (PKB/

Akt), a key signaling pathway in endothelial constitutive

NO synthase expression [63].

The lectin-like oxidized low density lipoprotein receptor

induces free radical generation [64], apoptosis of endothelial

cells and monocytes/macrophages [65, 66], expression of

adhesion molecules [67] and activates the inflammatory

cascade [12, 68]. These pathological effects of LOX-1 not

only initiate atherosclerotic lesion formation, but also con-

tribute to the vulnerability of a plaque to rupture. Further-

more, LOX-1 activates MMPs [69] resulting in collagen

degradation and initiation of plaque rupture—the most

proximate cause of acute coronary syndromes. Activation of

LOX-1 in endothelial cells induces various changes relevant

to endothelial dysfunction, e.g., superoxide generation,

reduction in the release of nitric oxide, and induction of the

expression of monocyte chemoattractant protein 1 (MCP-1)

and adhesion molecules [70–72].

In experimental animal models, LOX-1 expression is

closely associated with morphological plaque instability

and cell apoptosis, as well as with the expression of MMPs

and tissue factor, all of which are associated with plaque

Table 2 The comparison of sLOX-1 levels according to the type of coronary ectasia in CAE group

CAE type 1 (n = 9) CAE type 2 (n = 12) CAE type 3 (n = 7) CAE type 4 (n = 18) P value

sLOX-1 levels (ng/ml) 1.5 ± 1.0 1.8 ± 0.9 1.7 ± 0.7 1.7 ± 0.7 0.5

Data expressed as mean ± SD. P \ 0.05 was accepted statistically significant

CAE coronary artery ectasia, sLOX-1 soluble lectin-like oxidized low density lipoprotein receptor-1
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rupture and thrombus formation [73–75]. A study demon-

strated that LOX-1 deficiency significantly decreases the

formation of atherosclerosis [19].

All of these data indicate the presence of a chronic

inflammation in the coronary circulation of the patients

with CAE. Accordingly, CAE has been suggested to be a

destructive inflammatory lesion of the vascular wall.

Briefly, the approving of the importance of inflammation in

atherosclerosis has both theoretical and practical clinical

implications. The data have demonstrated that CAE is

associated with inflammatory response exposed by

increased inflammatory cytokines. Such studies may clarify

the pathogenesis of CAE and direct towards new thera-

peutic applications. The main limitation of the present

study would be small sample size, and thus the present

findings should be confirmed by studies with larger sample

sizes including. In our study, though there was no signifi-

cant difference about the rate of diabetes mellitus in two

groups, it would be evaluated in patients without diabetes

mellitus with another study.

Conclusion

We found that sLOX-1, a biomarker for plaque formation

and/or progression; levels were significantly higher in CAE

patients than subjects with normal coronary arteries, sug-

gesting that increased level of sLOX-1 may play a role in

the pathogenesis of CAE and its clinical manifestations.

Further large-scale prospective studies are needed to eval-

uate the value of serum sLOX-1 about patients with CAE.
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