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RELAZIONE:  
 
BACKGROUND: The main cause of coronary heart disease (CHD) is atherosclerosis 1, where chronic 

inflammatory processes and obesity play pivotal roles. The heart is surrounded by adipose tissue (AT) that is 

both epicardial (EAT) and pericardial (PAT) 2. Anatomically, EAT is localised between the myocardium and the 

visceral pericardium and covers about 80% of the heart surface 3. It shares the microcirculation with the 

myocardial tissue and secrets various molecules through paracrine and “vasocrine” 4 mechanisms that may 

protect coronary arteries 3,5,6. PAT is separated from the heart by pericardium and, differently from EAT, 

receives blood supply from non-coronary arteries. Its role as a source of cardiac biochemical mediators is still 

a matter of debate 7. Disturbances in AT composition and extension are associate with adipocytes’ 

hypertrophy, insulin resistance and pro-inflammatory processes 8.  According to some studies, EAT volume is 

increased in coronary artery disease (CAD) patients 9,10, and may be a predictor of cardio-metabolic risk 11. 

Similarly, also increased PAT volume has been shown to associate with CV risk, lipid disorders, hypertension 

and obesity 7,12. AT secretes a wide variety of adipokines, cytokines and chemokines 13,14, thus being at the 

crossroad between metabolism and immunity. In addition to adipocytes, various resident immune cell 

populations can be found in AT, including T and B cells, neutrophils, natural killer cells and adipose tissue 
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macrophages (ATMs) 15. The latter represents the most relevant players in AT inflammation, due to their high 

degree of phenotypic plasticity 15. Based on their inflammatory profile, ATMs may be classified, like other 

macrophages, as M1 pro-, and M2 anti-inflammatory elements 16. It is well accepted that ATMs in the tissues 

of lean subjects mainly exhibit the so-called alternatively activated M2 profile, releasing anti-inflammatory 

cytokines, known to impact positively on insulin sensitivity, angiogenesis and tissue repair 17. On the contrary, 

in obese subjects, ATMs are mainly polarized towards a classically activated M1 profile, known to produce 

pro-inflammatory cytokines, able to inhibit the normal insulin signalling in adipocytes 18. However, recent 

evidence points to a more complex scenario that goes beyond the static M1/M2 classification, as macrophage 

polarization in vivo is a highly dynamic process 16. Thus, it is possible that during atherosclerosis ATMs 

undergo phenotypic modifications. Consistent with this hypothesis, Hirata and co-workers reported that 

patients with CAD EAT have an altered M1/M2 polarization 19, suggesting that the ATM phenotype may have 

an impact on cardiovascular disease (CVD).  

AIM OF THE STUDY: The present study aims at investigating the polarization status of ATMs in EAT, PAT and 

subcutaneous AT (SAT) from patients with CHD and from control patients with aortic valvular disease, to 

explore possible alterations specific to CHD and for each AT type. For this purpose, we measured gene 

expression of the following markers in the different cardiac AT compartments: 1) L-Galectin 9 (L-Gal9), mainly 

produced in AT by macrophages and T cells 20 promoting anti-inflammatory T-regulatory cell activity and 

macrophage polarization toward an anti-inflammatory phenotype 21,22; 2) CD206, a cell marker associated 

with M2 macrophages 19 and 3) nitric oxide synthase 2 (NOS2), used to identify pro-inflammatory M1 

macrophages 23. Gene expression of the markers was related to their circulating protein levels and to patient 

characteristics, including lipid profile, and anthropometrics. We hypothesised that the different cardiac AT 

compartments might present a distinct pattern of macrophage polarization markers, with a possible impact 

on CHD development. 

PATIENTS AND METHODS: 52 patients with CHD subjected to coronary artery bypass grafting surgery and 22 

subjects undergoing aortic valve replacement, considered controls (CTRLs), were recruited at the Oslo 

University Hospital, Ullevål, Oslo (Norway). Before the surgery, all patients gave written informed consent 

and the experimental protocol was approved by the Regional Ethics Committee of North Norway 

(#2016/411), following the Declaration of Helsinki. Briefly, during the open-chest surgery, biopsies from SAT 

(pre-sternally at the middle of the sternum), PAT (ventrally to the pericardium next to the aorta) and EAT 

(area between the right coronary artery and the pulmonary artery) were isolated and immediately deep-

frozen at -80OC until RNA extraction, while at the start of anaesthesia arterial blood samples were collected.  

Total RNA was extracted from SAT, PAT and EAT (RNeasy Lipid Tissue Mini Kit - Qiagen, GmbH, Germany), 

following the manufacturer`s instructions. cDNA was retro-transcribed starting from 5ng/ml of RNA for each 

sample using the qScript™ cDNA superMix commercial kit (Quanta Biosciences, USA). L-Galectin9, CD206 and 

NOS2 gene expression was determined in each AT sample using the TaqMan® Universal PCR Master Mix on 

a ViiATM7 machine (Applied Biosystems, CA, USA). The ΔΔCt method was applied to determine the mRNA 
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levels in each reaction, using the β2-Microglobulin as a normalizer internal gene, and expressed as relative 

quantification (RQ) to a reference sample 24. Gene expression of CD163, CD68, CD3 and CD31, representing 

macrophages, T cells and endothelial cells, respectively, was analysed through RT-PCR to determine the 

different cell types present in each AT sample, as previously described 25.  Whole blood from each patient 

was centrifuged at 2500g for 10` and the isolated serum was conserved at -80°C until use. Commercially 

available enzyme-linked immunosorbent assays (ELISA) were used to determine the circulating levels of L-

Gal9, CD206, and NOS2, following the manufacturer`s instructions. Statistical analyses were performed 

through the SPSS software version 28 (SPSS Inc., IL, USA). A value of p<0.05 was considered statistically 

significant and Bonferroni correction for multiple comparisons was applied as specified.  

RESULTS: The first part of the project was aimed at investigating L-Gal9, CD206 and NOS2 gene expression in 

SAT, PAT and EAT, to highlight possible alterations specific to CHD and for each AT type (sections 1-5), while 

during the second part of the study we focused on the relationship between AT gene expression and the 

corresponding circulating protein levels and patient characteristics, including lipid profile and 

anthropometrics (sections 6-7). 

1. Patients characteristics 
Patients’ characteristics were analysed first, observing that among CHD patients males were most 

represented (77% in CHD vs 50% in CTRLs), while the BMI median values were 27.3 and 28.4 kg/m2 in CHD 

and CTRLs subjects, respectively. In CHD subjects, the most relevant comorbidities detected were 

hypertension (53.85%), angina pectoris (46.15%), diabetes (26.92%) and dyslipidaemia (23%) and 38% of 

them had a previous acute myocardial infarction (AMI) and percutaneous coronary intervention (PCI). The 

most commonly prescribed drugs in CHD patients were aspirin (86.5%) and statins (71.15%). 

2. Gene expression and circulating proteins in CHD and CTRLs 

L-Gal9, CD206 and NOS2 gene expression in the three AT compartments was overall similar in CHD patients 

and CTRLs. Circulating L-Gal9 and CD206 levels were similar in the two populations, while NOS2 circulating 

levels were significantly higher in CHD patients as compared to CTRLs [573.05(383.21, 935.67) pg/ml vs 

380.59 (254.11, 497.51) pg/ml; p = 0.012). 
 

3. Expression of the selected genes in the AT compartments 

In CTRLs, L-Gal9 and CD206 were similarly expressed in the three AT compartments (Figures 1A, 1B), whereas 

NOS2 showed the lowest expression in EAT (Figure 1C), in which values were significantly lower than those 

relative to SAT (p = 0.007). In CHD patients, no significant differences were found for L-Gal9 and NOS2 

expression (Figures 1D, 1F), although again EAT showed the least NOS2 values. CD206 expression was 

significantly lower in SAT and EAT as compared to PAT (p = 0.003 and p = 0.006, respectively; Figure 1E). 
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Figure 1. Gene expression of L-Gal9, CD206 and NOS2 in SAT, PAT and EAT compartments. Data are reported as RQ 
values and box plots indicate the median values, 25th and 75th percentiles, while error bars report 10th and 90th 
percentiles. A value of p<0.05 was considered statistically significant. **p<0.01 

 

 

4. Correlations between the expression of the selected genes in the AT compartments 

In CHD patients, CD206 SAT expression correlated to that in PAT and EAT (r=0.431, p=0.002; r=0.393, p=0.004, 

respectively); similarly, NOS2 in SAT correlated to that in PAT and EAT (Figure 2A, 2B), suggesting an increased 

overall inflammatory milieu driven by CHD. In EAT from CHD patients, CD206 expression correlated positively 

to L-Gal9 (Figure 2C). These associations weren´t observed in CTRLs.   

Figure 2. Correlations between NOS2 gene expression in SAT with its expression in PAT (A) and EAT (B) in CHD patients. 
Correlation between L-Gal9 and CD206 expression in EAT (C) in CHD patients.  

 
 

5. Correlations between L-Gal9, CD206 and NOS2 and cell markers in the AT compartments 

CD163 and CD68, CD3 and CD31, the most representative markers of macrophages, T cells and endothelial 

cells, respectively, were analysed in SAT, PAT and EAT of CHD patients to detect the specific cellular subtypes 

in each AT compartment. L-Gal9 expression in PAT and EAT positively correlated to CD3 expression (r = 0.37, 

p = 0.008 and r = 0.373, p = 0.007, respectively; although no longer statistically significant after Bonferroni`s 

correction). L-Gal9 expression correlated significantly to CD68 in EAT (Figure 3A). While CD206 expression 
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correlated positively to CD163 and CD68 in all AT compartments (Figure 3B-G) and with CD31 in PAT, Figure 

3H). 

Figure 3. Correlations between L-Galectin 9, CD206 and NOS2 expression and the cell markers CD68, CD163, CD3 and 
CD31 in SAT, PAT and EAT in CHD patients (only correlations still significant after Bonferroni correction are shown). 

 

6. L-Gal9, CD206 and NOS2 according to lipid profile and anthropometric characteristics  

Higher NOS2 expression was found in both PAT and EAT of CHD subjects with LDL-C levels above compared 

to those with levels below the median value of 1.8 mmol/l (Figure 4). Also, CD206 expression in PAT was 

higher in patients with LDL-C above the median (Figure 4). Next, we investigated the association between L-

Gal9, CD206 and NOS2 gene expression in the different compartments and the most relevant anthropometric 

parameters, also dividing gene expression data into quartiles to show potential cut-off values. We observed 

in CTRLs only significant positive correlations between EAT L-Gal9 expression and BMI (Figure 5A). In both 

CTRLs and CHD patients, significant correlations were found between CD206 gene expression in SAT and PAT 

and subjects’ BMI (Figure 5B-E), although the correlation in PAT appeared less strong and not statistically 

significant after Bonferroni’s correction, as also did the correlation between CD206 gene expression in SAT 

and PAT in CTRLs.  
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Figure 4. Gene expression of L-Gal9, CD206 and NOS2 in CHD patients with LDL-C levels below and above the median 
value (1.8mmol/l). Data are reported as RQ values and box plots indicate the median values, 25th and 75th percentiles, 
while error bars report 10th and 90th percentiles. A value of p<0.05 was considered statistically significant. *p<0.05 

 

Figure 5. Gene expression of L-Gal9 (A) in CTRLs and CD206 (B-E) in CTRLs and CHD patients either stratified based on 
subject’s BMI quartiles (left graph) or as correlation with the respective BMI (right graph). Data are reported as RQ 
values and box plots indicate the median values, 25th and 75th percentiles, while error bars report 10th and 90th 
percentiles (only significant correlations shown).  

 

 
 

7. Correlations between circulating levels of L-Gal9, CD206 and NOS2 and serum lipids and CRP 

No significant correlations were found between circulating levels of L-Gal9, CD206 and NOS2 and serum lipids 

and CRP in the CTRL group. In CHD patients, L-Gal9 circulating levels correlated inversely with HDL-C (Figure 

6A) and positively with LDL-C (Figure 6B), TG (Figure 6C) and hsCRP (Figure 6D). However, after Bonferroni`s 

correction, the correlation to LDL-C lost its statistical significance. CD206 and NOS2 circulating levels were 
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not correlated to any serum lipid and hsCRP, and none of the circulating markers correlated significantly to 

anthropometric measures.  

Figure 6. Correlations between L-Gal9 circulating levels and serum lipid and hsCRP in CHD patients. 

 

DISCUSSION: In this clinical case-control study we aimed to explore the expression of genes linked to the 

polarization status of macrophages in SAT, PAT and EAT in CHD patients and controls.  

The lack of differences between CHD and CTRLs gene expression in AT might be explained considering that 

the control cohort was composed of patients undergoing aortic valve replacement, thus presenting a 

cardiopathy, although others from CHD. Moreover, serum total cholesterol and LDL-C were higher in CTRLs 

compared to CHD patients, and a large part of the recruited CHD patients were under treatment with aspirin 

and statins, both known to exert an anti-inflammatory activity 26,27, thus possibly further attenuating 

potential differences.  

When comparing gene expression levels of the investigated molecules in the different AT compartments, we 

did not find differences in L-Gal9 expression between SAT, PAT and EAT in either CTRLs or CHD patients. 

Several in vitro studies have demonstrated that L-Gal9 is involved in the modulation of a variety of biological 

processes, including cell aggregation and adhesion, regulation of T cell pools, as well as the modulation of 

macrophages polarization 21,22, but only a few studies have evaluated L-Gal9 expression in AT, confirming its 

expression in this tissue. We found lower CD206 expression in SAT and EAT compared to PAT in both groups, 

statistically significant in CHD patients only, possibly due to the lower number of CTRLs. This is in line with 

the different origin and vascularization of PAT 2,7. Previous data suggest that an increased inflammatory 

environment in both PAT and EAT is associated with coronary atherosclerosis 28,29, but to date, the studies 

assessing potential differences between macrophage polarization in the different cardiac ATs are still limited, 
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and this applies also to NOS2 expression. We found NOS2 to be less expressed in EAT as compared to the 

other compartments, although statistical significance was reached only compared to SAT in the control 

group. Very recently, it was reported that adipocytes in EAT generated exosomes containing NOS2 30. Thus, 

it is possible that the NOS2 we measured was adipocyte-derived. The lower NOS2 expression in EAT in 

controls points to a specific, stricter regulation of this molecule in EAT, which might be lost in CHD. Moreover, 

the EAT and SAT expression of NOS2 was positively associated only in the CHD group, in which also L-Gal9 

and CD206 were positively inter-correlated in EAT, suggesting activation of a compensatory anti-

inflammatory mechanism specifically occurring in EAT in presence of CHD. 

In CHD patients, specifically in EAT, L-Gal9 expression positively and strongly correlated to CD68 expression, 

a cellular marker identifying macrophages 31, thus the L-Gal9 findings described above seem to be mainly 

related to its macrophage expression. It has been shown that in bone marrow-derived macrophages, a mild 

lipopolysaccharide (LPS) stimulation increased L-Gal9 expression and secretion, eventually inhibiting M1 

polarization, while a strong LPS stimulation inhibited L-Gal9 synthesis, thus blocking M2 polarization and L-

Gal9 autocrine functions 32. Thus, the positive association observed specifically in EAT between L-Gal9 and 

CD206 expression in CHD patients might confirm our hypothesis of L-Gal9 signalling towards an anti-

inflammatory M2 profile in CHD patients, to compensate for a local cardiac AT low-grade inflammation 33. 

CD206 gene expression was strongly associated with CD163 and CD68 gene expression in all AT analysed. 

This could be expected as both CD206 and CD163 are commonly expressed by AT resident macrophages, 

mostly characterized by an M2-like signature 34,35, while CD68 is commonly used as a macrophage-specific 

cell marker 31, regardless of the cell phenotype.  

As for the circulating concentration of the investigated molecules, no difference in L-Gal9 levels between 

CHD and control patients was found. Increased levels of L-Gal9 have been described in a wide range of 

pathologic conditions, like autoimmune and infectious diseases and in diabetes mellitus 36–38. Conversely, 

reduced levels were reported in patients with acute coronary syndrome as compared to patients without 

CAD 36,37. Further studies are needed to clarify the possible role of L-Gal9 as a marker or pathogenetic factor 

in CHD. Nevertheless, we found L-Gal9 circulating levels to be positively associated with LDL-C, TG and hsCRP 

concentrations, and inversely correlated to HDL-C, only in CHD patients. As previously hypothesized L-Gal9 

may act as a compensatory response to the inflammatory environment in CHD subjects. We found no 

differences in CD206 circulating levels between CHD and control patients. To our knowledge, no study has to 

date been reported on CD206 serum concentrations in subjects with CVDs. In addition, no correlations were 

found between serum CD206 concentration and serologic and clinical parameters, neither in CHD nor in 

CTRLs subjects. Circulating levels of NOS2 were significantly higher in CHD patients vs CTRLs. NOS2 is a key 

enzyme synthesizing nitric oxide (NO) under specific inflammatory conditions, including atherosclerosis and 

cardiomyopathies, possibly in response to a reduction in endothelial NOS (eNOS) activation 39,40. Indeed, 

while small amounts of NO produced by eNOS are known to exhibit atheroprotective effects 41, enhanced 

NO production leads to cytotoxicity and oxidative stress 42, thus possibly contributing to CVD development. 

Recent studies revealed that septic intensive care unit patients displayed a strong increase in NOS2 circulating 
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levels as compared to non-septic, followed by decreased levels upon effective therapy 43. Within this picture, 

the observed slight increase of NOS2 concentration in CHD patients might be compatible with low-grade 

inflammation. NOS2 serum levels did not correlate to any serologic or clinical parameter. To our knowledge, 

very few studies have investigated the influence of circulating cholesterol levels on AT inflammation. The 

administration of a diet rich in saturated fatty acids in mice led to a significant increase in LDL-C and AT 

expression of CD206 and CD11c, the latter used to identify M1 macrophages 44. However, to date, no human 

studies have been reported. Interestingly, we observed that specifically in CHD patients with LDL-C levels 

above the median (1.8 mmol/l), considered the LDL-C goal for subjects in primary prevention following the 

European Atherosclerosis Society (EAS)/European Cardiology Society (ESC) guidelines 45, PAT and EAT NOS2 

expressions were significantly increased as compared to subjects with LDL-C levels below the median. These 

observations suggest that CHD subjects with high LDL-C may be characterized by an increased inflammatory 

environment occurring selectively in cardiac ATs. Finally, we observed a modest association between L-Gal9, 

CD206 and NOS2 with BMI. Specifically, we found a positive association in CTRLs between EAT L-Gal9 

expressions and BMI, possibly representative of physiologic compensatory anti-inflammatory mechanisms in 

response to the increased amount of AT that might be lost in CHD, thus contributing to the establishment of 

a pro-inflammatory environment in this specific AT compartment.  

In conclusion, through the molecular analysis of macrophage polarization markers in pericardial, epicardial 

and subcutaneous AT, this study suggests that CHD patients might be characterized by an increased low-

grade inflammation specifically occurring in EAT. A compensatory anti-inflammatory mechanism involving 

the L-Gal9-CD206 axis might be a possible consequence, as the tight regulation of pro-inflammatory NOS2 

signalling observed in our controls may be partly lost in CHD patients. Hence, cardiac, and especially EAT 

macrophage polarization might be considered a promising field of investigation to target the altered 

inflammation in CHD. 

FUTURE DIRECTION: The results summarized in the present report fit in a manuscript that is currently ready 

to be submitted to a peer-review journal. In parallel, the study has moved towards the investigation of the 

impact of Proprotein convertase subtilisin/Kexin type 9 (PCSK9) on inflammation in cardiac AT, since its 

possible role in modulating inflammation and AT biology has been proposed 46. We attempted to measure 

PCSK9 gene expression in SAT, PAT and EAT, observing extremely low values that made it necessary to apply 

a more sensitive analytical method, which is still under investigation. On the other side, similarly to the other 

circulating parameters previously described, we observed similar serum PCSK9 levels in CHD and CTRLs 

[277.84 (236.21, 329.83) ng/ml vs 254.00 (213.62, 300.52); p=0.146]. Interestingly, a potential PCSK9-

mediated modulation of AT NLRP3 inflammasome, known to play a relevant role in atherosclerosis, has been 

reported in a pre-clinical model. We thus moved to the investigation of the potential association between 

PCSK9 circulating levels and the gene expression and protein secretion of NLRP3-related genes (NLRP3, 

Caspase 1, IL1β, IL18, TLR4, IL6) in the previously-described cohort, the and the analyses are currently 

ongoing. 
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