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Background and aims: Brugada syndrome (BrS) is an inherited channelopathy. It alters the ion currents that constitute the cardiac action potential. Such changes not only modify the resting electrocardiogram but also predispose patients to develop malignant ventricular arrhythmias, which can lead to syncope, cardiac arrest and sudden cardiac death (SCD). In fact, BrS is responsible for nearly 20% of SCDs in patients with structurally normal hearts and up to 12% of all SCDs. BrS is caused mainly by mutations in the SCN5A gene, which encodes the α-subunit of the voltage-gated Nav1.5, the cardiac sodium channel responsible for regulating rapid sodium current – INa-. Currently, more than 250 mutations associated with BrS have been reported in 18 different genes, which encode for sodium, potassium and calcium channels or proteins associated with them. Nevertheless, 65-70% of clinically diagnosed cases remain without an identifiable genetic cause, intensifying the need for elucidating the molecular mechanisms underlying the disease. 

Heretofore, BrS was regarded purely as an electrical disorder without associated morphological abnormalities. Recent studies, however, have challenged this belief. In a study led by Nademanee et all in 2015, increased fibrosis was identified in BrS hearts particularly in the right ventricular outflow tract. And in a study led by Pieroni et al in 2018, inflammation was shown to underlie both myocardial fibrosis and electrical vulnerability in BrS patients. BrS is a known phenocopy of early stage arrhythmogenic cardiomyopathy (ACM). ACM is clinically characterized by ventricular arrhythmias out of proportion to the degree of myocardial remodelling and pathologically characterized by the gradual degeneration of cardiac myocytes and their subsequent replacement by fat and fibrous tissue. Recent studies have shown that inflammation (heretofore regarded as secondary to myocyte injury and repair) is in fact a driving force of ACM. Acute myocarditis may reflect an active phase of ACM progression. Pathological examination shows both infiltrating and innate immune responses in the vast majority of ACM hearts. And experimental evidence shows that blocking the master inflammatory pathway NFκB, alleviates all disease-associated end-points in a range of deeply characterized experimental models of ACM. In light of this, there is now a pressing need to systematically evaluate the role of fibrosis and inflammation in BrS in order to save lives.
Results: In the first part of the study, formalin-fixed, paraffin-embedded (FFPE) heart samples from BrS-SCD victims (n=6) were subjected to Picrosirius Red (PSR) staining. Cases were selected from the CRY Cardiovascular Pathology Department. All cases were classified as ‘sudden arrhythmic death syndrome’ at postmortem analysis and were found to bear BrS-causing ion channel gene mutations upon post-mortem testing of DNA extracted from splenic material. FFPE samples from individuals with a non-cardiac cause of death showing morphologically normal hearts upon expert cardiac evaluation were used as controls (n=5). For each heart meeting the inclusion criteria, sections were cut from blocks taken from the right ventricular outflow tract, the anterior, lateral and posterior right ventricle, the anterior and posterior intraventricular septum, the anterior, lateral and posterior left ventricle. All blocks were acquired at mid-ventricular level. Stained slides were scanned using 20X magnification on an automated Hamamatsu high-resolution slide scanner. The histopathology image analysis software Visiopharm was used for quantification. No differences in collagen deposition were found between the two groups (p=0.6564). The total fat area was increased in the BrS heart samples (p=0.0518) but the difference did not quite reach statistical significance (Figure 1). 

To begin evaluating the role of inflammation in BrS, the aforementioned samples were next immunostained for CD45. A ubiquitous cell surface marker of nucleated hematopoietic cells, CD45 is involved in the regulation and activation of the immune system. An increased number of CD45+ cells was found in all BrS heart samples compared to controls (p=0.0896, Figure 2). 

To further explore the role of inflammation in BrS, we obtained serum samples from positively genotyped patients with a clinical diagnosis of BrS (n=6) and age-matched individuals without a history or clinical evidence of heart disease (negative controls, n=6). Serum samples were analyzed using proteome profiler Human XL cytokine array kits. These are membrane-based antibody arrays that allow the parallel determination of the relative levels of 105 human cytokines and chemokines. Capture antibodies spotted in duplicate on nitrocellulose membranes bind to specific target proteins present in serum samples. Captured proteins are then detected with biotinylated detection antibodies and visualized using chemiluminescent detection reagents. The signal produced is proportional to the amount of analyte bound. This analysis showed that expression levels of IL-19, IL-4, leukemia inhibitory factor (LIF), IL-18 and leptin are significantly increased in sera from BrS patients compared to controls (p<0.05) while levels of CD30 are significantly decreased (p<0.05, Figure 3, 4). 

IL-19 has been shown to be involved in coronary artery disease and atherosclerosis, while recently its levels were found to be associated with the severity of myocardial infarction. Elevated IL-4 is closely associated with cardiac fibrotic remodelling and dysfunction both in experimental animals and humans with hypertension, advancing age and post-viral myocarditis. LIF is known to be protective to the myocardium in the acute stress of ischemia-reperfusion. High serum levels of IL-18 have been associated with an increased risk of developing cardiovascular disease in the general population, increased mortality in heart failure (HF) patients and development of congestive HF in patients with acute coronary syndromes. A hormone secreted from white adipose cells, leptin also has peripheral actions to stimulate vascular inflammation, oxidative stress and vascular smooth muscle hypertrophy that may contribute to the pathogenesis of hypertension, atherosclerosis and coronary artery disease. Finally, the CD30 antigen seems to play a costimulatory role in maintaining the physiological balance between T-helper (Th)1/Th2 immune responses. Spontaneous CD30 secretion was found to be significantly lower in patients with coronary artery disease compared to controls. 

To our knowledge, this is the first study showing differentially expressed cytokine levels in a heritable cardiac channelopathy. Decreased CD30 levels in BrS serum samples might indicate a progressive shift towards a Th1 immune response. Given the association between IL-4 and fibrotic remodelling and the higher levels of fibrosis previously identified in BrS heart samples, we next explored the levels of expression of IL-4 in the heart using standard immunoperoxidase staining. Increased expression of IL-4 by cardiac myocytes themselves has also been identified in heart samples from patients with ACM. Similarly to the results obtained from the ACM heart study, hearts from BrS patients also show significantly higher levels of expression of IL-4 (Figure 5).
Conclusions: Our results indicate both an infiltrating and an innate inflammatory response in BrS. Although our study did not show significantly increased levels of fibrosis in the BrS hearts (as previously reported) our sample size was small. Larger numbers of samples now need to be analyzed to confirm this association. Our results, however, do indicate a correlation between BrS pathogenesis and inflammation. Molecular studies in experimental models are now required to establish the etiology of inflammatory pathway activation. Such studies can also form the basis for the use of anti-inflammatories as mechanism-based therapies in this deadly disease.
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