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26Background: We have assessed the association between serum concentrations of 12 cytokines/growth fac-
27tors and angiographically-defined coronary artery disease, comparing the concentrations in four groups (one
28control group and three case groups).
29Methods: We studied a total of 426 subjects including; 98 control subjects and 3 case groups. The patient
30groups consisted of: coronary artery bypass graft (CABG) candidates (n=48) and patients undergoing coronary
31angiography, with, or without obstructive coronary artery disease. Twelve cytokines (IL-1α, IL-1β, IL-2, IL-4, IL-6,
32IL-8, IL-10, TNF-α, MCP-1, IFN-γ, EGF, and VEGF) were measured using a sandwich chemi-luminescence assays,
33on the Evidence Investigator® system.
34Results: The four groups were well matched for demographic and clinical characteristics, except waist cir-
35cumference, fasting blood glucose (FBG), total and LDL cholesterol and diastolic blood pressure that were signif-
36icantly higher in case groups compared to the control group (P b 0.05 for all). There were significant differences
37between control group and the other three groups regarding themeasured cytokines, such as IL-1α, IL-8, MCP-1,
38and VEGF (P b 0.01). Furthermore, IL-4, IL-6 and EGF were also significantly different between the control, ob-
39structive coronary disease and CABG candidate groups (P b 0.01). Analysis of the ROC curve showed 92.1% sen-
40sitivity, 99.2% specificity and 100% positive predictive value (PPV) for VEGF in its ability to distinguish the CABG
41group at the cut-off point of 37.18 pg/ml.
42Conclusion: The results of this study suggest that cytokines such as IL-1α, IL-4, IL-8, IL-10 and VEGFmay play
43major roles in pathogenesis of CAD.
44© 2015 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

48

49 Introduction

50 Coronary artery disease (CAD) continues to be the most common
51 type of cardiovascular diseases and the major cause of death in both
52 genders in the Western World [1]. The most prevalent clinical manifes-
53 tations of CAD are myocardial infarction (MI), stable or unstable angina
54 and sudden death. Atherosclerosis plays a prominent role in the patho-
55 genic processes leading to CAD [2].

56Cytokines are of cardinal importance in pathogenesis of atherogene-
57sis, particularly CAD, by inducing inflammatory processes, immunolog-
58ical reactions, atherosclerosis, and resultant endothelial injury [3,4].
59Cytokines are expressed by several tissues, but particularly leukocytes,
60that also contribute to atherosclerotic plaque instability and rupture;
61the latter leads to the exposure of thrombogenic collagen. Most cases
62of myocardial infarction (MI) occur due to thrombosis followed by
63plaque rupture [5–8]. These inflammatory processes within the athero-
64sclerotic coronary artery, trigger an acute phase reaction, releasing in-
65flammatory cytokines, especially interleukin (IL)-1, IL-2, IL-6, IL-10,
66interferon (IFN)-γ, tumor necrosis factor (TNF)-α, vascular endothelial
67growth factor (VEGF) and monocyte chemotactic peptide (MCP)-1,
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68 that might cause endothelial dysfunction, leukocyte activation and
69 vascular smooth muscle proliferation [9–11].
70 IL-2 leads to activation of immune cells, but its role in the process of
71 atherosclerosis remains controversial [7]. IL-4 leads to the secretion of
72 immunoglobulin (Ig)-E antibodies and inhibition of pro-inflammatory
73 cytokines [7]. IL-6 and TNF-α have a potential direct role in atherogen-
74 esis but also induce the elaboration of C-reactive protein (CRP) by hepa-
75 tocytes, which may also be involved in pathogenesis of atherosclerosis
76 [12]. Being an independent risk factor of MI, IL-6 is also believed to
77 be a valuable prognostic factor for unstable angina and MI, especially
78 ST-segment-elevation MI [9,13,14]. IL-8 induces atherosclerosis
79 through stimulation of monocyte migration and induction of vascular
80 endothelium proliferation [15–17]. IL-10 is an inhibitory cytokine sup-
81 pressing other inflammatory cytokines such as IL-1 and TNF-α [18].
82 TNF-α, which is an important pro-inflammatory cytokine, and IL-10
83 are expressed within the atherosclerotic plaque. Therefore, TNF-α/
84 IL10 ratio is suggested to be a magnificent indicator of CAD progression
85 [19]. IL-1β in concert with TNF-α induces the secretion of secondary
86 cytokines such as IL-6 and IL-8. MCP-1 increases the vulnerability of
87 atherosclerotic plaque by induction of monocyte activation and migra-
88 tion [20]. EGF, which induces monocyte activation and chemotaxis, is
89 likely to play an important role in atherosclerosis [21]. The role of
90 VEGF in the pathogenesis of CAD is controversial. On the one hand, it
91 induces angiogenesis and reduces the adverse effects of CAD; On the
92 other hand, it promotes the process of atherosclerosis [22].
93 Coronary artery bypass grafting (CABG), one of the most common
94 surgical procedures undertaken worldwide, is a widely used method
95 to enhance the myocardial perfusion and improve the quality of life in
96 patients with CAD [23,24]. In the present study, we measured the
97 serum concentrations of 12 cytokines (IFN-γ, TNF-α, IL-1α, IL-1β, IL-2,
98 IL-4, IL-6, IL-8, IL-10, VEGF, MCP-1, and epidermal growth factor
99 (EGF)) and investigated their association with CAD.

100 Materials and methods

101 Study population

102 The study subjects (n = 426) including 209 males and 217 females
103 were assessed. Routine angiography of coronary arteries was performed
104 for 289 patients, at Ghaem Educational Hospital, Mashhad, Iran. Indica-
105 tions for coronary angiographywere stable or unstable angina, recurrence
106 of symptoms after revascularization, acute MI, patients undergoing
107 non-cardiac surgery (preoperative), valvular heart disease, congenital
108 heart disorders, congestive heart failure (CHF), aortic dissection, arteritis,
109 hypertrophic cardiomyopathy, and chest trauma [25].
110 According to the results of angiography, the subjects were divided
111 into two groups. Patients whose angiography results showed ≥50%
112 obstruction in at least one coronary artery, who were assigned to the
113 obstructive coronary disease group (n = 196). Patients who had less
114 than 50% obstruction in their coronary arteries were assigned to the
115 non-obstructive coronary disease group (n = 93). The third case
116 group were CABG candidates (n = 48) who had severe symptoms of
117 CAD and high risk of mortality.
118 Inclusion criteria for CABG candidates were: (1) Patients with asymp-
119 tomatic ischemia, stable or unstable angina, non–ST-segment elevation
120 MI (non-STEMI) or poor left ventricle (LV) function who have significant
121 left main coronary artery stenosis or 70% or greater stenosis in the
122 proximal LAD and proximal left circumflex artery; (2) Patients with
123 asymptomatic ischemia or stable angina who have 3-vessel disease or
124 have developed disabling angina despite maximal noninvasive therapy;
125 (3) Patients with poor LV function who have proximal LAD stenosis
126 with 2- or 3-vessel disease; (4) Patients with life-threatening ventricular
127 arrhythmias caused by left main coronary artery stenosis or 3-vessel
128 coronary disease; (5) Recurrent or incessant ischemia unresponsive
129 to medical therapy in patients who have coronary anatomy suitable
130 for surgery, or a remarkable area of myocardium at risk; (6) Patients

131younger than 75 years with STEMI or left bundle-branch block or poste-
132rior MI who have the potential to develop shock within 36 h of MI [26].
133Exclusion criteria for the CABG candidates included hormone re-
134placement therapy (HRT), pregnancy, prior history of coronary angio-
135plasty or CABG, chronic obstructive pulmonary disease (COPD), overt
136clinical manifestations of infection or chronic inflammation, renal and
137hepatic diseases, and malignancies. All subjects were negative for viral
138markers of hepatitis and anti-HIV antibody.
139Ninety-eight subjects were referred for their annual medical check-
140up or pre-employment examinations. They were used as the reference
141(control) group as they gave no history of cardiac symptoms and their
142electrocardiogram (ECG) had no abnormalities. The study was per-
143formed according to the declaration of Helsinki and approved by the
144ethical committee of research council, Mashhad University of Medical
145Sciences.

146Clinic data collection

147Datawere obtained byusing a general questionnaire including social
148and demographic characteristics; and anthropometric parameters were
149measured as described below. Blood pressure was measured using a
150mercury sphygmomanometer. Height and weight were measured in
151standing stature position with stadiometer and by electronic weight
152scales, respectively. Drug history was obtained from all subjects by
153simple questionnaires.

154Blood samples

155Blood samples (20 ml) were obtained in the early morning after an
156overnight fasting, were collected into plain Vacutainer™ tubes for cyto-
157kines and lipid profile. In order to measure fasting blood sugar, blood
158samples were taken into Vacutainer™ tubes, which contained
159fluoride-oxalate [27].
160Blood samples were centrifuged to separate the serum and kept at
161−80 °C.We gauged total cholesterol, low-density lipoprotein cholester-
162ol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and glucose
163by Cobas auto-analyzer system (ABX Diagnostics, Montpellier, France)
164as the routine technique [27].
165Subjects with a fasting blood glucose (FBG) less than 126 mg/dL
166were interpreted as being non-diabetic, using the American Diabetic
167Association criteria. Subjects with a FBG above 126mg/dL were consid-
168ered to have diabetes mellitus [27].

169The laboratory measurement of cytokines

170We used an Evidence Investigator® analyzer for the cytokine assays
171using sandwich chemiluminescence methodology. In this study, we
172measured 12 cytokines (IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-α,
173MCP-1, IFN-γ, EGF, and VEGF) simultaneously.
174Analysis of serum cytokines used an EV 3513 cytokine biochip array
175(Randox Laboratories, Crumlin, UK) for sandwich and competitive
176chemiluminescence immunoassay methods (previously explained by
177Randox Laboratories, Crumlin, UK) [28,29].

178Statistical analysis

179The Statistical Package for Social Sciences (SPSS version 16) was
180used for data analysis; Kolmogorov–Smirnov tests were used to assess
181normality. Statistical parameters (frequency, mean, and standard devi-
182ation (SD))were determined for all variables. Normally distributed var-
183iables were reported as mean ± SD (median and IQR for variables
184without normal distribution). Clinical data and demographic informa-
185tion were compared among groups, using Student t-test and one-way
186ANOVA test for normally distributed variables, Mann–Whitney U and
187Kruskal–Wallis H test for non-normally distributed variables and chi-
188square test and Fisher exact test for categorical variables. A univariate
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