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Editorial on the Research Topic

Cardiovascular Remodeling in Aging and Disease

Cardiovascular remodeling is a key feature of arterial aging and cardiovascular disease and
a direct contributor to a shortened lifespan (van Popele et al., 2001; Vlachopoulos et al.,
2010; AlGhatrif et al., 2013; Niiranen et al., 2016). Recent advances have shown that vascular
stiffening affects all vascular beds, encompasses functional perturbations in resident cells, produces
structural/compositional changes in the matrix, and is directly linked to cardiac remodeling and
impaired ventricular-arterial coupling (Nichols et al., 1985; Qiu et al., 2010; Santhanam et al., 2010;
Lacolley et al., 2018; Steppan et al., 2019; Wang et al., 2021). These changes can occur over many
years, as in natural aging, or can be accelerated by factors such as hypertension, diabetes, smoking,
and hyperlipidemia (Niiranen et al., 2016; Boutouyrie et al., 2021;Mitchell, 2021). In the pulmonary
circulation, vascular remodeling that develops with pulmonary arterial hypertension is now an area
of active investigation. In the absence of clear targetable mechanisms, diet and exercise continue to
be the mainstay of therapy (Steppan et al., 2012, 2014). This Frontier’s Research Topic has collated
nine contributions (three reviews and six original research articles) spanning basic science and
clinical research in both the systemic and pulmonary circulation.

In a comprehensive review on vascular stiffness, Vatner et al. discuss regional changes in stiffness
along the aorta, the role of sex, the transferability of animal studies to the clinical setting, and global
population variations. They describe extracellular matrix derangement and endothelial cell (EC)
and smooth muscle cell (SMC) dysfunction at the cellular and molecular levels. In the context of
molecular mechanisms, researchers increasingly recognize the contributions of the “vascular triad,”
comprising reactive oxygen species, inflammation, and vascular dysfunction, to the development of
sustained hypertension. Ranadive et al. review these known elements and extend the discussion to
include inducible nitric oxide synthase, hydrogen peroxide, hydrogen sulfide, NF-κB, and nuclear
factor activated T cells as a set of “unusual suspects” potentially contributing to the pathogenesis
of hypertension and the associated vascular dysfunction. The final review focuses on micro-RNAs
(miR) as intriguing and important regulators of arterial stiffening. Baraban et al. review the role of
miRs in stiffening of the large arteries and their potential for therapeutic intervention (Hori et al.,
2017). They highlight prospective areas of research to determine regulation of miRs and their exact
mechanism of action in the aging vessel.

In the systemic circulation, hyperlipidemia and atherosclerosis accelerate arterial aging.
Endothelial dysfunction induced by oxidized low-density lipoprotein plays a critical role in the
pathobiology of atherosclerosis and the associated vascular remodeling. A chief element of this
is gene expression changes in ECs linked to histone acetylation, which is regulated by histone
acetylases and histone deacetylases (HDACs). Nomura et al. demonstrate that HDAC6 inhibition
with tubacin attenuates atherosclerosis in a mouse model. They further show that NEDDylation is
a potential mechanism by which HDAC6 function is regulated in the atheromatous environment.
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While rodent models have clear advantages over human
studies, such as feasibility of mechanistic studies and lower
cost, the differences in vascular aging across species must be
considered when translating the results (Vatner et al.). In novel
work using fluid-structure interaction models of the human and
mouse aorta, Hopper et al. demonstrate differences in the indices
of vascular stiffness in the young and distinct regional differences
in the aged aorta between mice and humans. Thus, results
from mouse studies must be interpreted within the context
of these differences. Another challenge to research in mice is
that their small size and fast heart rate make echocardiographic
studies particularly challenging (Rottman et al., 2007). In a
human echocardiography study, Heidemann et al. evaluate the
relationship between atrial septal mobility, which is related to
embolic stroke, and aortic root dilation (a disease of the vessel
wall). They show that increases in atrial septal mobility correlate
with increases in aortic root diameter, suggesting that aortic root
diameter should be evaluated in patients with increased atrial
septal mobility.

Vascular stiffness measurement is also important in patients
with aortic aneurysms, in particular, after endovascular repair.
Using a clinical cohort of patients undergoing endovascular
aortic repair, Hori et al. compared five different endovascular
devices. They show, for the first time in a clinical population, that
the different devices do affect aortic pulse wave velocity (PWV),
the gold-standard index of in vivo arterial stiffness. Notably,
treatment length was more important than treatment site.

Finally, pulmonary arterial remodeling is increasingly
recognized as important to pulmonary hypertension and
right heart failure. In an elegant study, Manning et al.
evaluated the underlying role of vascular remodeling in
pulmonary hypertension by using single cell RNA sequencing
and multiphoton microscopy to determine microstructural
features, associated changes in material stiffness, and vasoactive
capacity. They show that pulmonary arteries of hypoxic mice

exhibit transcriptome changes, SMC phenotype alterations,
and endothelial proliferation, likely representing endothelial-
to-mesenchymal transition. Interestingly, they suggest that the
increased material stiffness noted in the pulmonary artery is
due to collagen reorientation rather than fibrosis. Furthermore,
pulmonary PWV increased. Thus, they uncovered an important
positive feed-forward loop driving pulmonary hypertension.
In a separate study investigating the mechanisms underlying
vascular remodeling in pulmonary hypertension, Yun et al.
evaluated factors modulating pulmonary arterial SMC and EC
hyperplasia and migration. Using the Sugen5416/hypoxia rat
model of pulmonary hypertension that recapitulates the main
features of human pulmonary arterial hypertension, they show
that aquaporin (AQP1) protein levels are increased in both
SMCs and ECs. Using loss- and gain-of-function approaches,
they establish a key role for increased AQP1 expression in the
enhanced migration and proliferation of pulmonary artery SMCs
and pulmonary artery ECs, both prominent features of severe
pulmonary arterial hypertension.

We hope the reader finds this Research Topic to be a
useful reference in understanding cardiovascular remodeling in
aging and disease, in particular the underlying mechanisms, the

different diseases that cause or accelerate mechanical decline
of the cardiovascular system, and pitfalls in data analysis
and interpretation.
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