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Abstract

:

Netrin-1 is a laminin-like protein that plays a pivotal role in cell migration and, according to the site of its release, exerts both pro and anti-atherosclerotic functions. Macrophages, key cells in atherosclerosis, are heterogeneous in morphology and function and different subpopulations may support plaque progression, stabilization, and/or regression. Netrin-1 was evaluated in plasma and, together with its receptor UNC5b, in both spindle and round monocyte-derived macrophages (MDMs) morphotypes from coronary artery disease (CAD) patients and control subjects. In CAD patients, plaque features were detected in vivo by optical coherence tomography. CAD patients had lower plasma Netrin-1 levels and a higher MDMs expression of both protein and its receptor compared to controls. Specifically, a progressive increase in Netrin-1 and UNC5b was evidenced going from controls to stable angina (SA) and acute myocardial infarction (AMI) patients. Of note, spindle MDMs of AMI showed a marked increase of both Netrin-1 and its receptor compared to spindle MDMs of controls. UNC5b expression is always higher in spindle compared to round MDMs, regardless of the subgroup. Finally, CAD patients with higher intracellular Netrin-1 levels showed greater intraplaque macrophage accumulation in vivo. Our findings support the role of Netrin-1 and UNC5b in the atherosclerotic process.
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1. Introduction


The accumulation of macrophages into the artery wall is well recognized as a crucial process in the chronic inflammation underlying atherosclerosis, but the mechanisms involved in this process are not fully known. Macrophages are motile cells, however, and unlike other tissues, macrophages that accumulate in atherosclerotic plaque show a reduced capacity to migrate resulting in an imbalance between monocyte entry and macrophage exit [1]. The migration to and from atherosclerotic plaque is regulated by several chemoattractant mediators, and among them, the role of the neuroimmune guidance cue Netrin-1 is recently evidenced in the regulation of leukocyte trafficking [2]. Netrin-1 is a laminin-like protein mainly involved in the modulation of cell migration during development [3]. More recently, its role in pathological conditions including atherosclerosis has been evidenced, where it may play protective or deleterious functions. Thus, while Netrin-1 secreted by the endothelium in the circulation explicates cardiovascular protection reducing monocyte adhesion and migration, Netrin-1 produced by macrophages within the atherosclerotic plaque contributes to atherosclerosis progression preventing macrophage egression [4,5,6]. Several effects induced by Netrin-1 are mediated by the binding to the uncoordinated (UNC)5 family receptors and, in particular, the UNC5 homolog b (UNC5b) receptor modulates the chemorepulsive effect in the nervous system [7]. Netrin-1 and UNC5b have been detected in mouse and human atherosclerotic plaques, mainly in macrophage foam cells, where they are induced by hypoxia and oxidized low-density lipoprotein (ox-LDL) accumulation [4,8,9]. Moreover, high levels of extracellular Netrin-1 have been evidenced in macrophage-rich regions of the plaque [6]. Here, through an autocrine and/or paracrine mechanism, the interaction between Netrin-1 and UNC5b sustains the progression of atherosclerotic plaque inhibiting the monocyte and macrophage migration and favoring cell retention [6].



To study plaque macrophage characteristics, the human macrophages derived from an in vitro spontaneous differentiation of monocytes (MDMs) are used as a surrogate model commonly accepted by the scientific community. We have previously evidenced that MDMs obtained from coronary artery disease (CAD) patients are heterogeneous in morphology, with round and spindle cells co-existing in the same cell culture, and in function. Moreover, we showed that CAD patients showed a prevalence of round MDMs with a peculiar biochemical profile that is associated with the presence of rupture-prone coronary plaques detected in vivo by optical coherence tomography (OCT), a high-resolution imaging technology [10].



Little is known about the relationship between circulating Netrin-1 levels and CAD and between the intracellular Netrin-1 expression in human macrophages and plaque morphology. In this study, we will investigate the expression of Netrin-1 and its cognate receptor UNC5b in both spindle and round MDMs obtained from control subjects and CAD patients. In addition, the cellular profile delineated in patients will be related to the in vivo features of coronary plaque assessed by OCT.




2. Materials and Methods


2.1. Study Population


A total of 42 CAD patients who underwent coronary angiography due to stable angina (SA) or acute myocardial infarction (AMI), as their first ischemic heart disease event, and who showed obstructive atherosclerosis (>50% diameter stenosis by visual estimate) were enrolled at Centro Cardiologico Monzino IRCCS (Istituto di Ricovero e Cura a Carattere Scientifico). A total of 21 subjects, without history or current symptoms of coronary heart, and not taking any cardiovascular therapy were enrolled as the control group.



The Netrin-1 and UNC5b expression were evaluated in MDMs obtained from a subgroup of 10 control subjects and 29 CAD patients. The results obtained in CAD patients has been associated with the plaque characteristics assessed by OCT evaluation.



The exclusion criteria from the study were the presence of the previous history of CAD, severe chronic heart failure and heart valve disease, acute and chronic infections, liver diseases, neoplasia, immunologic disorders, surgical procedures, or trauma during the last 3 months and use of anti-inflammatory, immunosuppressive drugs, and antioxidant supplements.



Blood samples were collected in all patients prior to coronary angiography, and in the control group, samples were taken on a scheduled visit at the enrollment. The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of Centro Cardiologico Monzino IRCCS. Informed consent was obtained from all subjects involved in the study.




2.2. Netrin Plasma Level Evaluation


Peripheral blood sample (30 mL) was collected from all participants to the study into vacutainer tubes containing ethylenediaminetetraacetic acid (EDTA) disodium salt (9.3 mM).



Plasma was obtained after whole blood centrifugation at 1200× g for 15 min and stored at −80 °C until analysis. The levels of Netrin-1 were measured using Netrin-1 (NTN1) ELISA Kit (MyBioSurce, SIAL s.r.l., Rome, Italy), following manufactory instructions.




2.3. Monocyte-Derived Macrophages (MDMs) Culture


Mononuclear cells were isolated from whole blood by density gradient centrifugation using Ficoll-Paque Plus (GE Healthcare, Milan, Italy). Lympho-monocytes were seeded in 35 mm plates (Primaria Corning, Sacco s.r.l., Como, Italy) at a density of 2 × 106/mL and incubated for 90 min at 37 °C (5% CO2). After this time, cells were washed twice with phosphate-buffered saline (PBS) (Lonza, Milan, Italy) to remove non-adherent cells, and the adherent monocytes were cultured for 7 days in Medium 199 (Lonza, Milan, Italy) supplemented with 2 mM L-glutamine (Lonza, Milan, Italy), 100 U/mL penicillin, 100 µg/mL streptomycin (Lonza, Milan, Italy), and containing 10% autologous serum, to obtain MDMs [11]. MDMs morphology was assessed using phase-contrast microscopy (Axiovert 200 M; Zeiss, Milan, Italy) at 40× magnification, and MDMs with length >70 µm and a width <30 µm were defined spindle, whereas MDMs with similar width and length and >30–40 µm, were classified as round. Cells whose dimension and/or morphology did not meet these requirements were considered undefined.




2.4. Immunofluorescence Staining and Quantitative Analysis


MDMs were fixed with paraformaldehyde (PFA) 4% for 15 min at room temperature (RT) and were incubated with a monoclonal rabbit anti-human Netrin-1 antibody (1:100) (Abcam, Prodotti Gianni SRL, Milan, Italy), or with a polyclonal rabbit anti-human UNC5b antibody (1:100) (Abcam, Milan, Italy) overnight at 4 °C. Detection was performed with Alexa Fluor 488 (1:200, 60 min at room temperature (RT)) (Life Technologies Italia, Monza, Italy). Hoechst 33,258 (Merck Life Science SRL, Milan, Italy) was used for nuclei staining (1:10,000, 10 min at RT). For negative control experiments, the primary antibody was omitted.



Fluorescence quantification was performed as previously described [10]. Data are expressed as a log of mean ± SD of fluorescence intensity/µm2 (AFU) for each MDM morphotype, subtracted from the value obtained from the negative control. At least five fields of view (400× magnification) were captured for each cell culture.




2.5. OCT Image Acquisition and Analysis


OCT examination was performed as previously reported [10]. Briefly, OCT images were acquired by C7 System (LightLab Imaging Inc/St Jude Medical, Westford, MA, USA) connected to a catheter C7 Dragonfly (LightLab Imaging Inc/St Jude Medical, Westford, MA, USA). The images were analyzed by two independent investigators (Institute of Cardiology, Catholic University of the Sacred Heart, Policlinico Gemelli, Rome, Italy). Plaque features (calcified, fibrous, or lipid plaques), measurement of fibrous cap thickness, detection of rupture, presence of intracoronary thrombi, intra-plaque microchannels, and the presence of macrophage infiltration (MØI) in the lesions were assessed as previously described [12,13,14,15]. A quantitative evaluation of macrophage content was obtained by measuring the OCT-derived tissue property index normalized standard deviation (NSD) [14,16].




2.6. Statistical Analysis


Continuous variables were expressed as mean ± (SD) or median with interquartile range (IQR), if they followed a normal or non-normal distribution, while categorical variables were shown as absolute numbers and percentages. Unpaired t-test or Wilcoxon’s rank-sum test were used to compare continuous variables between healthy subjects and CAD patients while chi-square test or Fisher’s exact test were performed for analyses that involved categorical variables. Comparisons among the groups were performed using ANOVA test for normally distributed variables and Wilcoxon’s rank-sum test for not normally distributed variables; Bonferroni’s correction for multiple comparisons was applied. Correlations between variables were executed using the Pearson’s test or the Spearman’s rank test, as appropriate. Statistical analyses were carried out with the SAS statistical package v.9.4 (SAS Institute Inc., Cary, NC, USA). All tests were two-sided, and p values < 0.05 were considered statistically significant.





3. Results


3.1. Study Population


Demographic, clinical, and laboratory characteristics of study participants are shown in Table 1. Even if the control group differed from patients for age and gender, the levels of Netrin-1 are not significantly correlated with these variables (Spearman’s correlation: r = −0.081, p = 0.526; r = −0.170, p = 0.181, respectively).




3.2. Netrin Plasma Levels


Control subjects showed higher plasma levels of Netrin-1 as compared to CAD patients (Figure 1A) and a negative trend (r = −0.306, p = 0.014) is observed from controls to SA and AMI patients. In detail, a significant difference is observed in Netrin-1 plasma levels between control subjects and AMI patients but not between controls and SA patients (Figure 1B). The plasma levels of Netrin-1 were not different between SA and AMI patients. Interestingly, a negative correlation between levels of Netrin-1 and cardiovascular risk factors such as BMI and glycaemia were found (r = −0.437, p = 0.0003 and r = −0.316, p = 0.017, respectively). Moreover, circulating Netrin-1 was inversely associated with the presence of dyslipidemia (p < 0.05). Finally, although AMI patients showed higher levels of hs-CRP in comparison with SA patients, no significant difference in the levels of Netrin-1 was found in relation to the presence (C-reactive protein (CRP) > 2 mg/L) or absence (CRP < 2 mg/L) of systemic inflammation (0.94 ± 0.46 log pg/mL and 0.94 ± 0.54 log pg/mL, respectively).




3.3. Netrin-1 Expression in MDMs


MDMs obtained from monocytes isolated from CAD patients showed higher levels of Netrin-1 as compared with those from controls (Figure 2A). When analyzing CAD subgroups, a progressive increase in Netrin-1 levels was evidenced going from controls to SA and AMI patients (Figure 2B). The levels of Netrin-1 protein detected in the spindle and round MDM morphotypes were similar in all groups of subjects analyzed, but spindle MDMs of AMI patients showed a marked increase compared to spindle MDMs of control subjects (Figure 2C).




3.4. UNC5b Expression in MDMs


MDMs obtained from CAD patients showed higher levels of UNC5b receptor as compared with MDMs of controls (Figure 3A). In detail, a progressive increase in UNC5b expression was detected going from control subjects to SA and AMI patients and the highest levels were evidenced in MDMs of AMI patients (Figure 3B). The receptor UNC5b is expressed both in spindle and round MDMs, but its levels were always higher in spindle MDMs compared to round MDMs. In addition, a significant increase in both spindle and round MDMs of AMI patients compared to control subjects has been detected (Figure 3C).




3.5. Correlation between the Intracellular Levels of Netrin-1 and Plaque Features Assessed by OCT


The coronary plaque features of CAD patients detected by OCT are shown in Table 2. The characteristics of the atherosclerotic plaque are similar between the two groups of patients except for the ruptured plaque and thrombus, which, as expected, are present in AMI patients.



Interestingly, the macrophage infiltration in the coronary plaque was positively associated with the intracellular levels of Netrin-1 in MDMs (Figure 4A), particularly patients with macrophage infiltration in coronary plaque showed higher levels of Netrin-1 in MDMs compared to patients without macrophage infiltration. Moreover, Netrin-1 in spindle MDMs were positively associated with the macrophage accumulation (Figure 4B).





4. Discussion


In this study, we show that patients with CAD have lower levels of plasma Netrin-1 compared to control subjects, and in particular, the lowest levels have been detected in AMI patients. Moreover, a negative correlation between plasma levels of Netrin-1 and cardiovascular risk factors, such as BMI and glycemia, was highlighted. Accordingly, it has been reported that obese subjects had lower levels of circulating Netrin-1 compared to thin subjects [17]. Less clear is the information about the existence of a relationship between circulating Netrin-1 and glycemia. Therefore, our results are in contrast with the data reported by Yim et al. evidencing high serum Netrin-1 levels in subjects with impaired fasting glucose and with type 2 diabetes compare to normal controls [18], but they are in line with the reduced levels of plasma Netrin-1 detected in diabetic patients compared to healthy subjects [19].



Despite Netrin-1 plasma levels seem to be inversely correlated to the grade of atherosclerosis, in accordance with what was recently evidenced by Bruikman et al., we show that they do not allow to distinguish between SA and AMI patients [20]. Furthermore, although AMI patients have higher levels of hs-CRP compared to SA patients, no differences between the levels of circulating Netrin-1 in patients with evidence or not of systemic inflammation were found.



Several studies have shown that Netrin-1 released in the circulation by endothelial cells explicates anti-inflammatory and atheroprotective functions. Indeed, Netrin-1 stimulates NO production [21] and inhibits the adhesion of leukocytes, reducing their migration and infiltration into the vessel wall [4,5]. Monocyte migration and recruitment into the arterial intima is a crucial step in atherosclerotic plaque formation and progression, and studies in an experimental animal model have shown that the infusion of Netrin-1 induces protection against neointimal restenosis following endothelial damage [22]. Moreover, it has been evidenced that the overexpression of human Netrin-1 obtained in LDLR-/- mice via adenovirus delivery, reduced the monocyte/macrophages accumulation in the arteries [23]. In contrast, subjects with a genetic mutation of Netrin-1 characterized by a reduced capacity to bind the UNC5b receptor, showed an increase in monocyte adhesion and a reduction in macrophage migration, resulting in premature atherosclerosis [24]. On these bases, the lower plasma levels of Netrin-1 that we have detected in CAD patients could promote the monocyte migration to the inflammatory site, sustaining the progression of atherosclerotic plaque.



Plasma Netrin-1 is mainly produced by the endothelium; also macrophages express and secrete Netrin-1 and high levels have been detected in macrophage foam cells of human and mouse atherosclerotic plaque [6]. In addition, macrophages of plaque also express high levels of UNC5b receptor [8], the only Netrin-1 receptor express by leukocytes and responsible for the inhibitory effect of the Nertrin-1 on cell migration [2,25]. In this scenario, the Netrin-1/UNC5b signaling contributes to the disease progression by preventing macrophage egression. Interestingly, in our in vitro study, we detected high levels of both Netrin-1 and UNC5b in MDMs obtained from CAD patients compared to control subjects. Moreover, the levels of intracellular Netrin-1 in MDMs positively correlated with macrophage infiltration in coronary plaque detected by OCT analysis. Consistent with this, it is evidenced that the lack of Netrin-1 expression in macrophages of LDLR-/- mice promotes the emigration of macrophages from plaque resulting in a reduction of the size [6].



We have previously reported that spindle morphotypes of MDMs obtained from healthy subjects and from CAD patients showed a proinflammatory and proatherogenic profile compared to round, lipid-rich morphotypes [10,11]. Accordingly, also in this study, the proatherogenic characteristics of spindle MDMs are evidenced by higher levels of both Netrin-1 and UNC5b receptors. Moreover, a positive association between Netrin-1 levels in spindle MDMs and in vivo macrophage infiltration was showed.



In line with our results, recently it has been evidenced that foamy macrophages present in murine atherosclerotic plaque show a reduced expression of inflammatory genes compared to non-foamy macrophages that are characterized by higher levels of genes involved in the inflammatory process, including pro-inflammatory cytokine production, NF-κB signaling, and leukocyte recruitment [26].



Of course, our study shows some limitations, including (i) the small sample size reduces the general applicability of our results; (ii) although our in vitro model is commonly accepted by the scientific community to study tissue macrophages, it is possible that the in vitro macrophage phenotypes does not exactly reproduce the phenotypes generated in atherosclerotic plaque. Indeed, the environmental stimuli may affect the process of monocyte differentiation and macrophage functions; and (iii) OCT image interpretations may be suboptimal in the presence of residual thrombus, and macrophage infiltration might hamper the visualization of the underlying plaque features, nevertheless, intra-observer and inter-observer agreement were high.



Collectively, our data add important information about the role of Netrin-1 in the progression of atherosclerosis and suggest that its local inhibition may contribute to the reduction of plaque growth. In addition, our results further support the usefulness of MDMs obtained in vitro as a good representative model of plaque macrophage.
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Figure 1. Plasma levels of Netrin-1 in the study population. (A) Plasma levels of Netrin-1 in control subjects (Controls; n = 21) and coronary artery disease (CAD) patients (n = 42). (B) Plasma levels of Netrin-1 in control subjects (n = 21), stable angina (SA) (n = 19) and acute myocardial infarction (AMI) (n = 23) patients. Comparisons were performed using Wilcoxon’s rank-sum test after Bonferroni’s correction. 
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Figure 2. Quantitative analysis of Netrin-1. Netrin-1 levels in monocyte-derived macrophages (MDMs) obtained from (A) control subjects and CAD patients (Controls = 10; CAD = 29); (B) control subjects, SA, and AMI patients (Controls = 10; SA = 10; AMI = 19). (C) Netrin-1 levels in round and spindle MDM morphotypes in control subjects, SA, and AMI patients. Data are expressed as mean ± SD of fluorescence intensity/µm2 (AFU). At least three fields, 400× magnification, were analyzed. 
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Figure 3. Quantitative analysis of UNC5b receptor. UNC5b levels in MDMs obtained from (A) Control subjects and CAD patients (Controls = 9; CAD = 28); (B) control subjects, SA, and AMI patients (Controls = 9; SA = 10; AMI = 18); (C) UNC5b levels in round and spindle MDMs obtained from control, SA and AMI patients. Data are expressed as mean ± SD of AFU (fluorescence intensity/µm2). At least three fields, 400× magnification, were analyzed. 
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Figure 4. Association between intracellular Netrin-1 levels in MDMs and plaque feature analyzed by OCT. Association between intra-plaque macrophage infiltration and (A) Netrin-1 levels in MDMs and (B) spindle MDMs. 
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Table 1. Baseline clinical, laboratory, and angiographic characteristics of the subjects. Data are expressed as mean ± SD or median and interquartile range. * p < 0.05 vs. Controls; ǂ p < 0.05 vs. SA. SA: stable angina; CAD: coronary artery disease; LVEF: left ventricular ejection fraction; WBC: white blood cells; RBC: red blood cells; LDL: low-density lipoprotein; HDL: high-density lipoprotein; hs-CRP: high-sensitive C-reactive protein: TnI: troponin-I; CK-MB: creatine phosphokinase-MB; LAD: left anterior descending; LCX: left circumflex; RCA: right coronary artery; ASA: aspirin; ACE-inhibitors, angiotensin-converting enzyme inhibitors.
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Variables

	
Controls (n = 21)

	
CAD (n = 42)

	
p Value Controls vs. CAD

	
CAD




	
SA (n = 19)

	
AMI (n = 23)

	
ANOVA p Value






	
Demographics

	

	

	

	

	

	




	
Age (years)

	
44.24 ± 9.73

	
62.76 ± 11.03

	
0.0001

	
64.84 ± 8.64 *

	
61.04 ± 12.60 *

	
0.0001




	
Male sex, n (%)

	
8 (38.0)

	
35 (83.3)

	
0.0003

	
14 (73.7)

	
21 (91.3) *

	
0.0003




	
Body mass index (kg/m2)

	
24.50 ± 3.61

	
29.95 ± 4.3

	
0.0001

	
29.11.0 ± 3.6 *

	
30.65 ± 4.88 *

	
0.0001




	
Clinical characteristics

	

	

	

	

	

	




	
Current smoking, n (%)

	
3 (14.3)

	
23 (54.8)

	
0.0026

	
10 (52.6)

	
13 (56.5) *

	
0.007




	
Diabetes mellitus, n (%)

	
0

	
18 (42.8)

	
0.0002

	
7 (36.8)

	
11 (47.8)

	
0.003




	
Dyslipidemia, n (%)

	
2 (9.5)

	
21 (50.0)

	
0.0019

	
10 (52.6) *

	
11 (47.8) *

	
0.004




	
Hypertension, n (%)

	
1 (4.8)

	
21 (50.0)

	
0.0003

	
10 (52.6) *

	
11 (47.8) *

	
0.0006




	
Family history of CAD, n (%)

	
3 (14.3)

	
21 (50.0)

	
0.0066

	
7 (36.8)

	
14 (60.9) *

	
0.006




	
LVEF (%)

	
-

	
53.5 (45; 57)

	
-

	
55 (45; 57)

	
49 (45; 57)

	
0.4611




	
Laboratory data

	

	

	

	

	

	




	
WBC (×109/L)

	
6.4 (5.4; 6.6)

	
8.3 (7.5;10)

	
0.0001

	
8.4 (7.6; 11) *

	
7.6 (7.1; 9.6) *

	
0.0001




	
RBC (×1012/L)

	
4.7 (4.3; 5.2)

	
4.5 (4.0; 5.2)

	
0.161

	
4.3 (3.9; 4.7)

	
4.7 (4; 5.2)

	
0.068




	
Neutrophil count (×109/L)

	
3.61 (3.1; 4.23)

	
5.1 (4.1; 6.8)

	
0.0001

	
5 (4.2; 7.8) *

	
5.1 (4, 6.8) *

	
0.0001




	
Lymphocyte count (×109/L)

	
1.81 ± 0.54

	
2.22 ± 0.97

	
0.034

	
2.51 ± 0.95*

	
1.98 ± 0.94

	
0.026




	
Eosinophil count (×109/L)

	
0.12 (0.09; 0.19)

	
0.2 (0.1; 0.3)

	
0.048

	
0.3 (0.1; 0.3) *

	
0.2 (0.1; 0.3)

	
0.051




	
Monocyte count (×109/L)

	
0.38 (0.31; 0.46)

	
0.6 (0.5; 0.8)

	
0.0001

	
0.6 (0.5; 0.7) *

	
0.6 (0.5; 0.9) *

	
0.0001




	
Platelets (×109/L)

	
236 (215; 271)

	
212 (184;268)

	
0.07

	
200 (154; 269)

	
212 (192; 268)

	
0.185




	
hs-CRP (mg/L)

	
-

	
2.65 (1.8; 16.9)

	

	
2.1 (1; 2.2)

	
13.6 (6; 21) ǂ

	
0.0001




	
Creatinine (mg/dL)

	
0.96 ± 0.48

	
0.98 ± 0.37

	
0.85

	
0.93 ± 0.29

	
1.02 ± 0.42

	
0.755




	
Glycaemia (mg/dL)

	
88.5 (84;98)

	
134.5 (110; 171)

	
0.0001

	
121 (104;140) *

	
147 (121; 187) * ǂ

	
0.0001




	
Total cholesterol (mg/dL)

	
200.71 ± 23.83

	
199.55 ± 46

	
0.89

	
186.0 ± 39.15

	
210.74 ± 48.98

	
0.132




	
LDL (mg/dL)

	
130.43 ± 23.35

	
119.05 ± 40.16

	
0.161

	
106.0 ± 29.75

	
129.83 ± 44.87

	
0.045




	
HDL (mg/dL)

	
54 (43; 59)

	
45 (41; 58)

	
0.24

	
48 (43; 61)

	
43 (36; 48)

	
0.054




	
Triglycerides (mg/dL)

	
87 (63; 129)

	
169 (113; 190)

	
0.0004

	
119 (82; 178)

	
186 (147; 214) *

	
0.0003




	
Peak TnI (μg/dL)

	
-

	
0.3 (0; 24.9)

	

	
0 (0; 0)

	
6 (1.3; 34.6) ǂ

	
0.0001




	
Peak CK-MB (μg/dL)

	
-

	
5 (1.9; 35.7)

	

	
2 (1.5; 2.21)

	
28 (12.3; 156.7) ǂ

	
0.0001




	
Angiographic data

	

	

	

	

	

	




	
Culprit or treated vessel

	

	

	

	

	

	




	
LAD, n (%)

	
0

	
32 (76.2)

	

	
11 (57.9)

	
21 (91.3)

	




	
LCX, n (%)

	
0

	
2 (4.8)

	

	
2 (10.5)

	
0 (0)

	




	
RCA, n (%)

	
0

	
8 (19.0)

	

	
6 (31.6)

	
2 (8.7)

	




	
Multivessel disease, n (%)

	
0

	
27 (64.2)

	

	
16 (84.2)

	
11 (47.8) ǂ

	
0.02




	
Admission therapy

	

	

	

	

	

	




	
ASA, n (%)

	
0

	
15 (35.7)

	

	
8 (42.1)

	
7 (30.4)

	
0.002




	
Beta-Blockers, n (%)

	
0

	
14 (33.3)

	

	
9 (47.3)

	
5 (21.7)

	
0.0006




	
ACE-inhibitors, n (%)

	
0

	
15 (35.7)

	

	
11 (57.9)

	
4 (17.4)

	
0.0001




	
Statins, n (%)

	
0

	
15 (35.7)

	

	
9 (47.4)

	
6 (26.1)

	
0.0009
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Table 2. Optical coherence tomography features of coronary artery disease patients according to the clinical presentation. Continuous variables are expressed as median and interquartile range and categorical variables are expressed as percentage. MLA, minimal lumen area; TCFA, thin-cap fibroatheroma; NSD, normalized standard deviation.
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	Variables
	SA (n = 19)
	AMI (n = 23)
	p Value





	Lipid plaque, n (%)
	14 (73.6)
	18 (78.2)
	0. 73



	Fibrous plaque, n (%)
	3 (15.8)
	2 (8.7)
	0.64



	Calcific plaque, n (%)
	4 (21.1)
	4 (17.4)
	1.0



	Plaque rupture, n (%)
	7 (36.8%)
	18 (78.3)
	0.006



	Plaque erosion, n (%)
	8 (42.1)
	11 (47.8)
	0.71



	MLA, mm2
	1.9 (1.7–3.6)
	1.7 (1.1–3.9)
	0.37



	TCFA, n (%)
	2 (10.5)
	12 (52.2)
	0.007



	Thrombus, n (%)
	1 (5.3)
	16 (69.6)
	0.0001



	Lipid quadrants, n
	2 (2–3)
	3 (2–3)
	0.06



	Lipid arc degree, °
	1215 (87–265)
	260 (172–280)
	0.006



	Presence of microchannels, n (%)
	5 (26.3)
	13 (56.5)
	0.049



	Macrophage infiltration detection, n (%)
	10 (56.2)
	14 (60.9)
	0.59



	Macrophage NSD
	6.4 (5.29–6.49)
	6.5 (5.92–7.62)
	0.21
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