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Cardiovascular disease (CVD) is a general term that is used to describe a range of
conditions affecting the cardiovascular system. These conditions have a significant impact
on the elderly population, with a lesser prevalence among younger individuals. CVDs
are the result of metabolic disorders, such as dyslipidaemia and diabetes, which affect the
heart and blood vessels. The principal cause of CVDs is atherosclerosis, which can occur in
all the arteries of the body. This process results in the formation of atherosclerotic plaques,
which are composed of fats, cholesterol, calcium, and other substances and molecules that
accumulate in the arterial walls.

With the passage of time, the plaques grow and harden, which results in a reduction in
the elasticity and inner diameter of the arteries and a subsequent restriction of blood flow.
Eventually, the atherosclerotic plaques may rupture, forming a blood clot (thrombosis)
that can result in the further restriction or even the complete blockage of blood flow
throughout the body.

The early detection and elucidation of the cellular and molecular mechanisms involved
are essential for the prevention, intervention, and monitoring of the progression of CVDs.

This Special Issue entitled “Recent Advances in Cellular and Molecular Mechanisms
of Cardiovascular and Metabolic Diseases” comprises eleven original research papers and
six reviews by experts in the field of cardiovascular and metabolic diseases. It provides
readers with the latest news and advances in relation to these pathological processes. The
seventeen scientific papers contribute to our understanding of these complex pathologies
and highlight important key elements that could inform the development of effective
therapeutic strategies for cardiovascular and metabolic diseases.

The study by Koenen et al. investigated the extracellular vesicle (EV)-mediated sig-
nalling process from fatty acid-treated human hepatocytes to hepatic stellate cells. The
authors demonstrated that these steatotic hepatocytes are capable of activating myofibrob-
lasts via the EVs they produce, thereby inducing pro-fibrotic responses in cultured stellate
cells during metabolic-associated fatty liver disease (MAFLD) [1].

It is widely acknowledged that the overproduction of EVs, coupled with inadequate
reabsorption, represents a pivotal mechanism underlying organ fibrosis [2]. The involvement
of EVs in the bilateral link between CVD and cancer has also been discussed by Badila et al. [3]
in a review included in this Special Issue. In this review, the authors describe important
aspects of CVD development in cancer patients and underline the role of EVs as diagnostic
biomarkers and drug delivery vehicles in this relationship. The specific place of EVs in the
dialogue between CVD and cancer is far from being elucidated, thus stipulating the need for
basic, clinical, and translational research. However, there are many studies on the diagnostic,
prognostic, and therapeutic tool value of EVs in atherosclerosis and CVDs [4-8§].

Interestingly, another experimental study carried out both in vivo and in vitro showed
that adenine reduced atherosclerosis in ApoE knockout mice and had atheroprotective ef-
fects on RAW 264.7 cells (monocyte/macrophage-like cells) through its effect on cholesterol
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efflux [9]. In vitro experiments have also highlighted the association between semicarbazide-
sensitive amine oxidase (SSAO) and lysyl oxidase (LOX) in rat aortic vascular smooth
muscle cells (VSMCs), with LOX being identified as a key regulator of SSAO activity, and
VAP-1 protein and Aoc3 mRNA expression in early passage rat aortic VSMCs [10].

Studies in both animal models and patients are of particular importance in this Spe-
cial Issue. For example, a randomised controlled trial showed that preoperative remote
ischaemic preconditioning (RIPC) did not significantly affect the metabolome in patients
undergoing vascular surgery [11]. However, the authors concluded that further studies
are needed to determine with certainty whether RIPC affects the metabolome and, more
importantly, how these metabolomic changes might correlate with markers of cardiac and
renal injury [11].

In the study by van der Vaart et al., the authors demonstrated a paradoxical role of
circulating ketone bodies (KBs) on glycaemic control in type 2 diabetes (T2D), whereby
elevated KB levels are cross-sectionally associated with worse glycaemic control, but with
better long-term glycaemic control [12]. Fasting plasma KBs are known to be elevated in
patients with T2D and may influence glycaemic and disease progression. This proof-of-
concept observational study was based on the hypothesis that fasting plasma KBs may be
potential biomarkers for impaired glycaemic control in patients with T2D, but may also be
associated with improved long-term metabolic control [12].

Another interesting original paper showed that a period of at least 8 weeks of vigorous
exercise was sufficient to induce significant improvements in platelet sensitivity to prosta-
cyclin with and without dual antiplatelet therapy (DAPT; aspirin and a P2Y12 antagonist)
in previously sedentary postmenopausal women [13]. This effect appears to be due to the
improved function of the platelet prostacyclin receptor and signalling molecules, such as
adenylate cyclase or cyclic adenosine monophosphate. The results highlight the importance
of promoting physical activity to reduce thrombotic risk in postmenopausal women and
suggest that exercise status should be considered when prescribing DAPT [13].

Important studies have highlighted the role of adiponectin, a protein secreted by
adipocytes, in metabolic homeostasis and the incidence of CVD. In this regard, the study
by Zahradka et al., performed both in vivo and in vitro, showed that globular adiponectin,
whose formation is mediated by thrombin, increases adipocyte size and adipose tissue
mass, but does not affect fasting glucose levels in obese patients [14].

Metabolic remodelling in patients with different haemodynamic subtypes of severe aor-
tic stenosis (AS) was first investigated by Bengel et al. The results showed clear differences
for metabolites belonging to haemoglobin metabolism, diacylglycerols, and dihydrosph-
ingomyelins. However, the authors pointed out that further studies are needed to clarify
their pathophysiological significance [15].

Another interesting study was based on the idea that fluctuations in glucose concentra-
tions occur daily (postprandially) in the blood of both normoglycaemic and hyperglycaemic
subjects. Thus, in an in vitro study, Toma et al. investigated the effects of oscillating glucose
on endothelial cell function and the molecular mechanisms involved [16]. They showed
that oscillating glucose induces endothelial cell dysfunction through a mechanism involv-
ing the upregulation of Ninjurin-1, a molecule proposed as a new therapeutic target for
the alleviation of endothelial cell dysfunction. Other molecules proposed to intervene
in this process of endothelial dysfunction as a result of increased oxidative stress and an
inflammatory phenomenon are TNFR1, RAGE, Cav-1, SR-B1, VAMP-3, Cav-1, TNFR1, and
SR-BI proteins [16].

CVD is a major health problem for populations worldwide, but a recent study pub-
lished in this Special Issue notes that mortality from CVD is higher in Russia then in
other European countries. The aim of this study was to define the prevalence of low-
grade systemic inflammation (LGSI) and its associated factors in a Russian population [17].
Thus, abdominal obesity was shown to be strongly associated with LGSI regardless of sex,
while the profiles of LGSI correlates differed between the two sexes, suggesting that LGSI
development has different sex-specific characteristics and health consequences [17].
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It is well established that atherosclerotic disease, regarded as a condition affecting the
intima, shares common characteristics with aneurysms, diseases affecting the media. These
include matrix remodelling, macrophage homing, and calcification. Aneurysms are most
commonly formed at the abdominal aorta, a condition known as abdominal aortic aneurysm
(AAA). However, they can also occur in the peripheral area, leading to the formation of
aneurysms in the popliteal artery (PAA). In general, patients with AAA also have atheroscle-
rosis. Pauli et al. suggest that PAA may have a distinct pathophysiology compared to AAA.
In particular, apolipoprotein E (ApoE) is specifically more highly expressed in PAA tissue and
may be involved in vascular smooth muscle cell phenotype rescue [18].

The review by Younes et al. presents novel data on the mechanisms of failed resolution
in the context of arrhythmogenic inflammation, fibrosis, and right heart disease [19]. The
process of inflammation is one that is extremely complex, involving a number of stages. These
stages begin with the initiation and resolution of the inflammatory response, which is aimed
at promoting homeostasis. However, if the inflammatory status of the tissue is not resolved,
this can result in the generation of chronic inflammatory disorders. This is due to the fact
that the structural lesions that are caused by the aggravation of the inflammatory response,
as well as the development of a fibrous area, can result in a loss of function. In this review,
the authors present a discussion of the paradigm of failed resolution mechanisms that may
promote arrhythmogenicity in the inflammatory state induced by right heart disease [19].

Heart failure (HF) is a prevalent condition affecting a significant proportion of the
population. Consequently, there has been a notable increase in research activity in this field
in recent years. The results of both animal studies (pre-clinical) and clinical studies indicate
that there are significant differences between the various subtypes of heart failure (HF),
including those with preserved and reduced ejection fraction (HFpEF and HFrEF). One of
the reviews published in this Special Issue provides a comprehensive analysis of the latest
clinical and preclinical evidence, exploring the full potential of key metabolic alterations in
the onset and progression of both HF subtypes [20].

Another significant pathology addressed in the review by Bariani et al. is arrhythmo-
genic cardiomyopathy (ACM), a genetically predisposed myocardial disease.

ACM is a heart muscle disease that is characterised by the presence of prominent
non-ischemic myocardial scarring, which predisposes the heart to ventricular electrical
instability [21]. ACM can result in sudden cardiac death, particularly among younger
individuals, due to the emergence of ventricular arrhythmias caused by myocyte necro-
sis with fibrofatty replacement. In order to gain a deeper understanding of the clinical
characteristics of patients with ACM presenting with “hot-phase” episodes, the authors
conducted a critical evaluation of the relevant literature [22].

A review was conducted to elucidate the cellular and molecular mechanisms under-
lying cardiopulmonary complications in sickle cell disease (SCD). Additionally, the latest
scientific evidence derived from clinical and laboratory studies was highlighted [23]. It
has been established that inflammation plays a significant role in the pathogenesis of SCD-
associated cardiopulmonary complications. Consequently, the presentation included an
overview of inflammatory mediators and potential novel treatments for cardio-pulmonary
complications in SCD [23].

The review by Sabatino et al. provides a comprehensive overview of the current
understanding of the role of thyroid hormones in the recovery and protection of the brain
from disease and injury. The primary factors and mechanisms regulating thyroid hormone
effects in cells were elucidated [24]. A substantial body of evidence suggests that thyroid
hormones are crucial for optimal brain development and functionality. Moreover, they may
play a pivotal role in the processes underlying recovery from neurological disorders and
brain injuries. The administration of thyroid hormones (T4, T3, or a combination of the
two) to animal models has been demonstrated to enhance neuronal survival and improve
neurological outcomes. Nevertheless, this remains an area of research open to further
investigation, with the objective of defining the appropriate dose and timing for optimal
thyroid hormone therapy. It has been demonstrated that disturbances in thyroid hormones
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during early life can result in a series of irreversible morphological and biochemical changes.
Nevertheless, further research is required to substantiate this hypothesis [25].

In general, the early diagnosis of cardiovascular and metabolic complications through
the early recognition and application of molecular risk factors before irreversible organ
damage occurs would contribute to an improved quality of life. This is because patients
with these complications are now living longer due to the availability of therapies that
modify disease.

It is my sincere hope that readers of this Special Issue of the Journal “Biomolecules”
will be captivated by the latest news in the field of cardiovascular and metabolic diseases,
and especially by the cellular and molecular mechanisms that underlie their occurrence
and that help in the development of effective therapies.

Conflicts of Interest: The author declares no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Koenen, M.T.; Brandt, E.F,; Kaczor, D.M.; Caspers, T.; Heinzmann, A.C.A.; Fischer, P.; Heinrichs, D.; Hildegard Wirtz, T.;
Trautwein, C.; Koenen, R.R,; et al. Extracellular Vesicles from Steatotic Hepatocytes Provoke Pro-Fibrotic Responses in Cultured
Stellate Cells. Biomolecules 2022, 12, 698. [CrossRef] [PubMed]

Rockey, D.C.; Bell, P.D.; Hill, J.A. Fibrosis—A common pathway to organ injury and failure. N. Engl. ]. Med. 2015, 372, 1138-1149.
[CrossRef] [PubMed]

Badila, E.; Japie, C.; Vrabie, A.-M.; Badila, A.; Georgescu, A. Cardiovascular Disease as a Consequence or a Cause of Cancer:
Potential Role of Extracellular Vesicles. Biomolecules 2023, 13, 321. [CrossRef] [PubMed]

Georgescu, A.; Alexandru, N.; Andrei, E.; Titorencu, L.; Dragan, E.; Tarziu, C.; Ghiorghe, S.; Badila, E.; Bartos, D.; Popov, D.
Circulating microparticles and endothelial progenitor cells in atherosclerosis;pharmacological effects of irbesartan. J. Thromb.
Haemost. 2012, 10, 680-691. [CrossRef] [PubMed]

Alexandru, N.; Andrei, E.; Niculescu, L.; Dragan, E.; Ristoiu, V.; Georgescu, A. Microparticles of healthy origins improve
endothelial progenitor cell dysfunction via microRNA transfer in an atherosclerotic hamster model. Acta Physiol. 2017, 221,
230-249. [CrossRef]

Alexandru, N.; Andrei, E.; Safciuc, F; Dragan, E.; Balahura, A.M.; Badila, E.; Georgescu, A. Intravenous administration of
allogenic cell-derived microvesicles of healthy origins defends against atherosclerotic cardiovascular disease development by a
direct action on endothelial progenitor cells. Cells 2020, 9, 423. [CrossRef]

Comarita, I.K.; Vileu, A.; Constantin, A.; Procopciuc, A.; Safciuc, F.; Alexandru, N.; Dragan, E.; Nemecz, M.; Filippi, A.; Chitoiu,
L.; et al. Therapeutic potential of stem cell-derived extracellular vesicles on atherosclerosis-induced vascular dysfunction and its
key molecular players. Front. Cell Dev. Biol. 2022, 10, 817180. [CrossRef]

Constantin, A.; Comarita, I.K.; Alexandru, N.; Filippi, A.; Bojin, F; Gherghiceanu, M.; Vilcu, A.; Nemecz, M.; Niculescu,
L.S.; Paunescu, V.; et al. Stem Cell-Derived Extracellular Vesicles Reduce the Expression of Molecules Involved in Cardiac
Hypertrophy—In a Model of Human-Induced Pluripotent Stem Cell-Derived Cardiomyocytes. Front. Pharmacol. 2022, 13,
1003684. [CrossRef]

Scherler, L.; Verouti, S.N.; Ackermann, D.; Vogt, B.; Escher, G. Adenine-Induced Nephropathy Reduces Atherosclerosis in ApoE
Knockout Mice. Biomolecules 2022, 12, 1147. [CrossRef]

Manasieva, V.; Thakur, S.; Lione, L.A.; Patel, J.; Baydoun, A.; Skamarauskas, J. Semicarbazide-Sensitive Amine Oxidase (SSAO)
and Lysyl Oxidase (LOX) Association in Rat Aortic Vascular Smooth Muscle Cells. Biomolecules 2022, 12, 1563. [CrossRef]

Eerik, K.; Kasepalu, T.; Kuusik, K.; Eha, J.; Vahi, M; Kilk, K.; Zilmer, M.; Kals, J. nEffects of RIPC on the Metabolome in Patients
Undergoing Vascular Surgery: A Randomized Controlled Trial. Biomolecules 2022, 12, 1312. [CrossRef]

van der Vaart, A.; Knol, M.G.E.; de Borst, M.H.; Bakker, S.J.L.; Connelly, M.A.; Garcia, E.; Bilo, H.].G.; van Dijk, P.R.; Dullaart,
R.P.F. The Paradoxical Role of Circulating Ketone Bodies in Glycemic Control of Individuals with Type 2 Diabetes: High Risk,
High Reward? Biomolecules 2022, 12, 1318. [CrossRef] [PubMed]

Wickham, K.A.; Nerregaard, L.B.; Lundberg Slingsby, M.H.; Cheung, S.S.; Hellsten, Y. High-Intensity Exercise Training Improves
Basal Platelet Prostacyclin Sensitivity and Potentiates the Response to Dual Anti-Platelet Therapy in Postmenopausal Women.
Biomolecules 2022, 12, 1501. [CrossRef] [PubMed]

Zahradka, P; Taylor, C.G.; Tworek, L.; Perrault, R.; M’Seffar, S.; Murali, M.; Loader, T.; Wigle, ].T. Thrombin-Mediated Formation
of Globular Adiponectin Promotes an Increase in Adipose Tissue Mass. Biomolecules 2023, 13, 30. [CrossRef]

Bengel, P; Elkenani, M.; Beuthner, B.E.; Pietzner, M.; Mohamed, B.A.; Pollok-Kopp, B.; Kratzner, R.; Toischer, K.; Puls, M.; Fischer,
A.; et al. Metabolomic Profiling in Patients with Different Hemodynamic Subtypes of Severe Aortic Valve Stenosis. Biomolecules
2023, 13, 95. [CrossRef]

Toma, L.; Sanda, G.M.; Stancu, C.S.; Niculescu, L.S.; Raileanu, M.; Sima, A.V. Oscillating Glucose Induces the Increase in
Inflammatory Stress through Ninjurin-1 Up-Regulation and Stimulation of Transport Proteins in Human Endothelial Cells.
Biomolecules 2023, 13, 626. [CrossRef]


https://doi.org/10.3390/biom12050698
https://www.ncbi.nlm.nih.gov/pubmed/35625625
https://doi.org/10.1056/NEJMra1300575
https://www.ncbi.nlm.nih.gov/pubmed/25785971
https://doi.org/10.3390/biom13020321
https://www.ncbi.nlm.nih.gov/pubmed/36830690
https://doi.org/10.1111/j.1538-7836.2012.04650.x
https://www.ncbi.nlm.nih.gov/pubmed/22303879
https://doi.org/10.1111/apha.12896
https://doi.org/10.3390/cells9020423
https://doi.org/10.3389/fcell.2022.817180
https://doi.org/10.3389/fphar.2022.1003684
https://doi.org/10.3390/biom12081147
https://doi.org/10.3390/biom12111563
https://doi.org/10.3390/biom12091312
https://doi.org/10.3390/biom12091318
https://www.ncbi.nlm.nih.gov/pubmed/36139157
https://doi.org/10.3390/biom12101501
https://www.ncbi.nlm.nih.gov/pubmed/36291709
https://doi.org/10.3390/biom13010030
https://doi.org/10.3390/biom13010095
https://doi.org/10.3390/biom13040626

Biomolecules 2024, 14, 1281 50f5

17.

18.

19.

20.

21.

22.

23.

24.

25.

Mirolyubova, O.; Kholmatova, K.; Postoeva, A.; Kostrova, G.; Malyutina, S.; Kudryavtsev, A.V. Socio-Demographic, Lifestyle, and
Cardiometabolic Characteristics Associated with Low-Grade Systemic Inflammation in Russian Adult Population. Biomolecules
2023, 13, 835. [CrossRef]

Pauli, J.; Reisenauer, T.; Winski, G.; Sachs, N.; Chernogubova, E.; Freytag, H.; Otto, C.; Reeps, C.; Eckstein, H.-H.; Scholz, C.-J ;
et al. Apolipoprotein E (ApoE) Rescues the Contractile Smooth Muscle Cell Phenotype in Popliteal Artery Aneurysm Disease.
Biomolecules 2023, 13, 1074. [CrossRef] [PubMed]

Younes, R.; LeBlanc, C.-A.; Hiram, R. Evidence of Failed Resolution Mechanisms in Arrhythmogenic Inflammation, Fibrosis and
Right Heart Disease. Biomolecules 2022, 12, 720. [CrossRef]

Ferro, F; Spelat, R.; Valente, C.; Contessotto, P. Understanding How Heart Metabolic Derangement Shows Differential Stage
Specificity for Heart Failure with Preserved and Reduced Ejection Fraction. Biomolecules 2022, 12, 969. [CrossRef]

Corrado, D.; Anastasakis, A.; Basso, C.; Bauce, B.; Blomstrom-Lundqvist, C.; Bucciarelli-Ducci, C.; Cipriani, A.; De Asmundis, C.;
Gandjbakhch, E.; [iménez-Jaimez, J.; et al. Proposed diagnostic criteria for arrhythmogenic cardiomyopathy: European Task
Force consensus report. Int. J. Cardiol. 2024, 395, 131447. [CrossRef] [PubMed]

Bariani, R; Rigato, I.; Cipriani, A.; Bueno Marinas, M.; Celeghin, R.; Basso, C.; Corrado, D.; Pilichou, K.; Bauce, B. Myocarditis-like
Episodes in Patients with Arrhythmogenic Cardiomyopathy: A Systematic Review on the So-Called Hot-Phase of the Disease.
Biomolecules 2022, 12, 1324. [CrossRef] [PubMed]

Gbotosho, O.T.; Gollamudj, J.; Hyacinth, H.I. The Role of Inflammation in The Cellular and Molecular Mechanisms of Cardiopul-
monary Complications of Sickle Cell Disease. Biomolecules 2023, 13, 381. [CrossRef] [PubMed]

Sabatino, L.; Lapi, D.; Del Seppia, C. Factors and Mechanisms of Thyroid Hormone Activity in the Brain: Possible Role in
Recovery and Protection. Biomolecules 2024, 14, 198. [CrossRef]

Ahmed, O.M; El-Gareib, A.W.,; El-bakry, A.M.; Abd El-Tawab, S.M.; Ahmed, R.G. Thyroid hormones states and brain development
interactions. Int. J. Dev. Neurosci. 2008, 26, 147-209. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/biom13050835
https://doi.org/10.3390/biom13071074
https://www.ncbi.nlm.nih.gov/pubmed/37509110
https://doi.org/10.3390/biom12050720
https://doi.org/10.3390/biom12070969
https://doi.org/10.1016/j.ijcard.2023.131447
https://www.ncbi.nlm.nih.gov/pubmed/37844667
https://doi.org/10.3390/biom12091324
https://www.ncbi.nlm.nih.gov/pubmed/36139162
https://doi.org/10.3390/biom13020381
https://www.ncbi.nlm.nih.gov/pubmed/36830749
https://doi.org/10.3390/biom14020198
https://doi.org/10.1016/j.ijdevneu.2007.09.011

	References

