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Cardiovascular disease (CVD) remains one of humanity’s most significant health 
challenges, causing more deaths each year than any other condition. In 2021, CVD ac-
counted for more than 20 million deaths worldwide [1]—about one-third of all fatalities. 
This burden is projected to rise to over 35 million annually by 2050. Behind these numbers 
are aging populations, persistent risk factors such as hypertension, diabetes, and obesity, 
and deep disparities in healthcare access across regions [1–3]. These alarming statistics 
remind us that while the past decades have brought progress in prevention and treatment, 
this progress has not been enough. 

Addressing this challenge requires not only determination but also imagination—an 
ability to rethink disease mechanisms, develop new therapies, and expand our vision of 
what is achievable in cardiovascular medicine. With this mindset, we present the second 
edition of Current Research in Heart Disease Biology and Therapeutics, which features a col-
lection of eight articles. This edition highlights innovative studies and critical reviews that 
encompass advances in molecular discoveries, regenerative strategies, clinical decision-
making, and environmental factors affecting cardiovascular health. 

We extend our sincere gratitude to the authors, peer reviewers, and editorial team 
whose contributions have made this Special Issue possible. Together, their work reflects 
both the depth of scientific inquiry and the collaborative effort required to address one of 
the most complex health challenges of our time. 

The contributions can be grouped into three major themes: molecular/epigenetic reg-
ulation, regeneration and repair, and clinical/environmental perspectives. 

At the core of cardiovascular disease lies a complex network of molecular events that 
drive pathological remodeling and dysfunction. Two reviews in this issue explore how 
epigenetic regulation—including DNA methylation, histone modifications, and noncod-
ing RNAs—along with fibroblast heterogeneity, reshapes the heart under stress [4,5]. The 
reviews highlight the impact of these processes on cardiac hypertrophy, fibrosis, and pro-
gression to heart failure, while also exploring the potential of epigenetic therapies to re-
verse maladaptive remodeling. Importantly, they address challenges such as specificity, 
off-target effects, and the transition of these therapies from research to clinical practice, 
highlighting the significant gap that needs to be bridged to move from the laboratory to 
patient care. 

Equally compelling is new research on proteostasis and network biology. One com-
munication investigates the interactome of the chaperone protein BAG3, which is a mul-
tifunctional regulator of protein quality control and mitochondrial integrity [6]. Mapping 
its connections in human cardiomyocytes reveals how dysruption in BAG3 may contrib-
ute to both ischemic and idiopathic cardiomyopathies. These molecular insights not only 
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describe disease mechanisms but also highlight therapeutic targets where interventions 
could stabilize cardiac function or slow disease progression. 

A second theme focuses on restoring the heart after damage occurs. Two reviews in 
this topic examine the regenerative potential of the myocardium, ranging from neonatal 
models with strong repair capacity to emerging strategies aimed at coaxing regeneration 
in the adult heart. Endogenous mechanisms, such as cardiomyocyte proliferation, progen-
itor cell activity, and neovascularization, are discussed in the context of therapeutic inter-
ventions designed to enhance these processes following myocardial infarction [7]. Com-
plementing this, extracellular vesicles (EVs) derived from stem and progenitor cells are 
highlighted as a promising “cell-free” therapy. These vesicles can deliver bioactive 
cargo—ranging from RNAs to proteins—which present opportunities for modulating in-
flammation, fibrosis, angiogenesis, and survival after injury [8]. Engineering approaches, 
including hydrogel embedding and targeted surface modification, demonstrate how to 
overcome translational challenges. Together, these studies point toward a future where 
therapies go beyond halting progression and instead aim to rebuild functional myocar-
dium. 

While molecular and regenerative therapies hold the potential for transformative 
change, advancements in clinical practice are equally important. A systematic review fea-
tured in this issue challenges long-standing beliefs regarding heart transplantation in pa-
tients with muscular dystrophy. It shows that when selection is managed carefully, sur-
vival outcomes for these patients can be comparable to those of recipients without mus-
cular dystrophy [9]. These findings expand treatment possibilities for groups that were 
previously considered untreatable, reminding us that innovation involves re-evaluating 
established clinical practices. 

Other contributions look outward, expanding cardiovascular research into systemic 
and environmental domains. One review examines the vascular complications of COVID-
19, emphasizing how endothelial dysfunction and pulmonary vasculopathy may put sur-
vivors at an increased risk of pulmonary hypertension and chronic thromboembolic dis-
ease [10]. Another study explores the impact of microgravity and space radiation on car-
diovascular health, a consideration particularly relevant as human exploration extends 
beyond Earth [11]. These perspectives underscore the importance to understand and ad-
dress cardiovascular biology in dynamic contexts. 

The articles in this Special Issue highlight the richness and diversity of current re-
search in heart disease biology and treatment. They remind us that progress stems from 
the convergence of various disciplines—molecular biology, regenerative medicine, clini-
cal insight, and systemic understanding of the body. 

Looking forward, several promising frontiers emerge. First, the integration of single-
cell omics and advanced imaging appears poised to unravel the cellular heterogeneity and 
dynamic regulation that underlie cardiac pathology. Second, regenerative and cell-free 
therapies, though still in their early stages, hold the potential to transform patient out-
comes by restoring lost function rather than merely slowing the progression of disease. 
Lastly, as global health challenges evolve—whether due to pandemics, demographic 
shifts, or even the demands of space travel—cardiovascular research must be prepared to 
anticipate and adapt to these new stressors. 

We hope that the discoveries and insights presented here will inspire further innova-
tion, foster collaboration across disciplines, and ultimately contribute to the development 
of more effective and equitable treatments. The second edition of this Special Issue serves 
not only as a collection of knowledge but also as an invitation to think boldly, challenge 
assumptions, and continue striving toward a future where the burden of cardiovascular 
disease is greatly diminished. 
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