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Editorial on the Research Topic 
Epigenetic and genetic mechanisms underlying cardiovascular diseases and neurodevelopmental disorders


Cardiovascular diseases (CVD) and neurodevelopmental disorders (NDD) represent significant health challenges, posing severe threats to human health and quality of life. Emerging as the foremost cause of mortality and disability globally, CVD is intricately linked with a variety of factors such as chronic inflammation and genetic predispositions (Dzau and Hodgkinson, 2024). Similarly, NDD, characterized by deficits in cognitive functions, social interactions, and learning capabilities (Olson et al., 2024), demands deeper understanding of their genetic and epigenetic underpinnings. The complexities of these diseases stem from a multifaceted etiology involving DNA variants, epigenetic modifications, and environmental influences, a narrative supported by research from Srour and Shevell (2014), Homberg et al. (2016), and Hartiala et al. (2021).
Chronic inflammation plays a pivotal role in CVD, such as acute myocardial infarction (AMI) and coronary artery disease (CAD) (Liu C. et al., 2022; Lopez-Candales et al., 2017). Macrophage migration inhibitory factor (MIF) is an important pro-inflammatory cytokine implicated in the pathogenesis of CVD (Zernecke et al., 2008). MIF gene, located at 22q11.2, features polymorphisms such as −173 G/C polymorphism (rs755622), and −974 CATT tetranucleotide repeat (rs5844572), which may influence gene transcription and inflammatory processes. Fouda et al. conducted a meta-analysis of the MIF -173G/C variant’s impact on CVD risk in 9,047 participants, revealing its association with increased CVD risk in specific populations, highlighting the genetic underpinnings of inflammation in CVD.
AMI is a life-threatening disease involving thrombosis, fibrinolysis, inflammation, and lipid metabolism. Jeon et al. identified six early-onset AMI-associated variants, notably rs12639023 as a prognostic marker for cardiac mortality. This genetic perspective is crucial for understanding AMI’s complex pathogenesis. Despite extensive research, the understanding of epigenetic alterations in endothelial cells and their implication in the etiopathology of AMI remains incomplete. Tang et al. addressed this gap by investigating DNA methylation alterations and altered gene expression profile in endothelial cells exposed to oxygen-glucose deprivation. Their findings shed light on oxygen-glucose deprivation-specific genes implicated in coronary endothelial cell injury during AMI.
CAD comprised a broad spectrum of clinical syndromes induced by inadequate blood flow to the myocardium, primarily attributed to subintimal atheroma deposition resulting in arterial stenosis, occlusion and wall thickening (Knuuti et al., 2020). MicroRNA (miRNA) orchestrate multiple crucial processes such as angiogenesis, cell proliferation, differentiation, migration, and apoptosis within the circulatory system. MiRNAs have the potential in facilitating early detection, assessing disease severity, and predicting outcomes in CAD. Lv et al. reported significantly elevated miR-183-5p levels in CAD patients across varying disease severities compared to non-CAD individuals. These results underscore the potential of serum miR-183-5p levels as a predictive biomarker for CAD presence and severity, offering valuable insights into disease progression and prognosis.
Sick Sinus Syndrome (SSS), atrial fibrillation (AF), and pulmonary arterial hypertension (PAH), also represent significant challenges within the realm of CVD. SSS arises from the sinus node dysfunction or impaired electrical impulse conduction, culminating in sinus bradycardia, sinus block, or sinus arrest (De Ponti et al., 2018). Genetic mutations have been linked to familial SSS. Liang et al., identified heterozygous mutations of SCN5A gene in three young familial SSS females, including novel mutation sites not previously reported in Asian patients. Advancements in genetic research have elucidated the genetic substrates of AF, with early-onset AF potentially indicating genetic atrial myopathy (Kany et al., 2021). Silva Cunha et al. reported a young AF patient with extensive atrial fibrosis and extensive areas of low voltage. Genetic analysis unveiled a homozygous pathogenic variant in NPPA, which was parentally inherited. This case underscores the role of genetic predispositions, particularly NPPA mutations, in AF pathogenesis and atrial fibrosis development.
Epigenetic modifications and abnormal immune microenvironment are key factors in PAH pathogenesis (Kim et al., 2015; Liu J. et al., 2022). N6-methyladenosine (m6A) RNA modification, a critical epitranscriptomic mechanism, regulates RNA biology. Gao et al. analyzed the data from the GSE117261 dataset, identifying differential expression of genes (DEGs) and m6A regulators in idiopathic PAH (IPAH) samples. Functional and pathway enrichment analyses incorporating 77 DEGs further underscored aberrant immune activity implicated in IPAH pathogenesis. Notably, histone lactylation, a novel post-translational modification, also assumes significance in PAH. Zhao et al. reviewed the role of histone lactylation in PAH, and its effects on N6-methyladenosine (m6A) and immune microenvironment. These insights offer novel perspectives into PAH diagnosis and pathogenesis.
Benign familial infantile epilepsy (BFIE), late-stage mild cognitive impairment (LMCI) and Alzheimer’s disease (AD) represent critical areas of concern within neurodevelopmental and neurodegenerative disorders (Vigevano, 2005; Dakterzada et al., 2023; Sun et al., 2023). BFIE is a familial epileptic syndrome, characterized with focal seizures that may evolve to secondary generalized tonic-clonic seizures. PRRT2 gene, encoding the proline-rich transmembrane protein 2, is a major causative gene for BFIE (Massimino et al., 2023). Gu et al. reported seven cases of BFIE effectively managed with anti-seizure medication, all stemming from pathogenic PRRT2 variants. Notably, among these variants, the frameshift variant c.397delG was novel, highlighting the importance of whole-exome sequencing in BFIE diagnosis.
In the realm of neurodegenerative diseases, the transition from late-stage mild cognitive impairment (LMCI) to AD poses a significant risk for cognitive decline (Tábuas-Pereira et al., 2016). Zhang et al. explored the association of peripheral blood methylation profiles between individuals experiencing cognitive aging and those diagnosed with LMCI. Abnormal methylation signal intensities for some genes have been identified to be related to an enhanced susceptibility to AD. These findings illuminate the complex interplay between DNA methylation patterns and gene expression regulation in the context of cognitive impairment and Alzheimer’s disease progression, providing potential avenues for further exploration in diagnostic and therapeutic interventions.
In summary, the understanding of the pathogenic mechanisms underlying CVD and NDD remain incomplete due to their complex etiologies. However, the studies featured in the current Research Topic have made significant strides in unraveling these complexities. Primarily focusing on epigenetic and genetic factors, the investigations delved into the intricate etiologies and potential biomarkers crucial for diagnosing these conditions. The findings presented in these studies represent valuable contributions to the existing body of knowledge regarding the origins, progression, and diagnostic strategies for these diseases.
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