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Editorial on the Research Topic
Cardiovascular inflammaging: basic and translational aspects



Growing evidence indicates that chronic systemic inflammation, commonly referred to as “inflammaging” is an important feature of aging. The underlying cellular mechanisms are complex and involve multifactorial processes, e.g., oxidative stress, mitochondrial dysfunction, accumulation of senescent cells, impaired autophagy, and alterations in the microbiome (1–3).

Chronic systemic inflammation, even at a low rate, can result in organ damage and may contribute to the development of various diseases including cardiovascular diseases (CVD) (4). Conversely, several comorbidities, such as obesity, diabetes, and hypertension, can promote systemic inflammation (5).

Moreover, inflammation is frequently observed in the aging vasculature and the heart. Specifically, vascular aging is linked to more severe atherosclerosis and microvascular dysfunction, characterized by pathological vascular remodeling and vascular stiffness (6). Inflammation is also associated with the development of heart failure with preserved ejection fraction (HFpEF). Importantly, this type of heart failure is significantly more prevalent in elderly women (7), potentially attributable to estrogen loss or still poorly understood intrinsic cellular sex differences.

The current topic offers novel perspectives and insights into the inflammatory processes associated with aging in the cardiovascular system, encompassing underlying cellular mechanisms and protective strategies. In this editorial, we present a succinct overview of recently published original research and review articles that contribute to our understanding of how aging impacts inflammation in the cardiovascular system.

The study conducted by Zhai et al. explored the impact of aging on myocardial inflammation in response to sepsis, utilizing a mouse model involving cecal ligation and puncture. The induction of sepsis led to an elevated mortality rate of 50% in older male mice, whereas younger mice exhibited survival. The increased mortality appeared to be closely linked to sepsis-induced cardiac dysfunction in older mice, as evidenced by a reduced ejection fraction (EF: 18%) and cardiac output (2.4 ml/min) observed two days after ligation. Indeed, the mortality rate in older septic mice showed a direct correlation with cardiac function. The compromised cardiac function was accompanied by an exacerbated expression of prominent pro-inflammatory cytokines, such as TNF-α, IL-1β, IL-6, and MCP-1, in the myocardium and plasma specifically in older septic mice. Moreover, the authors identified that toll-like receptor 2 (TLR2) was upregulated in the myocardium of older mice but not in younger mice. The genetic ablation of TLR2 resulted in improved cardiac function and diminished production of pro-inflammatory cytokines, reinforcing the role of TLR2 in the sepsis-related cardiac dysfunction in older mice. Hence, modulation of the TLR2 expression/activity emerges as a potentially crucial approach to enhance cardiac function and decrease mortality in elderly septic patients.

Due to its intrinsic role as a potent anti-inflammatory cytokine, erythropoietin (EPO) is under investigation as a potential therapeutic for cardiovascular diseases (8). However, the erythropoiesis stimulated by recombinant EPO therapy often outweighs the anti-inflammatory cytoprotective effects. To address this issue, researchers have explored the extra-hematopoietic cytoprotective effects of EPO, which can be achieved by a small peptide derivative known as ARA290, lacking hematopoietic effects (9, 10). In the study by Winicki et al., the effects of ARA290 (cibinetide) administration, a specific agonist of erythropoietin/CD131 heteroreceptor, were investigated on cardiac function, cardiac inflammation, and mitochondrial function in cardiomyocytes from older Fischer 344 × Brown Norway rats. The authors demonstrated that the chronic ARA290 administration diminished age-associated impaired cardiac function and cardiac inflammation. Moreover, it reduced the number of pro-inflammatory leukocytes and monocytes, improved mitochondrial proteostasis, and reduced systemic frailty in older rats. Additionally, cardiomyocytes from treated rats exhibited higher thresholds for mitochondrial permeability transition pore (mPTP) opening induced by reactive oxygen species (ROS), and autophagy flux. Overall, the authors suggest an ARA290-dependent decline in systemic inflammation, leading to improved left ventricular systolic function and preserved late-age body weight. Consequently, a decrease in frailty and an improvement in the health span were observed in these advanced-aged rats.

In another study, Headley and Tsao conducted a review of the literature on age-related mitochondrial dysfunction and briefly introduced a developing therapeutic area. With a focus on mitochondrial dysfunction in vascular aging, the authors emphasize the complexity of aging-related alterations in mitochondrial biology. Specifically, they highlighted the decline in mitochondrial function and biogenesis, as well as the impairment of mitophagy, increased mitochondrial ROS formation, and mitochondrial DNA (mtDNA) damage, particularly in endothelial and smooth muscle cells. Of note, mtDNA is located within the mitochondrial matrix and, thus, continuously exposed to the ROS generated inside mitochondria. The authors highlighted the importance of mtDNA escaping from mitochondria into the cytosol, triggering inflammatory responses via TLR9, cGas-STING, and NLRP3 inflammasome signaling. Chronic activation of these cellular responses contributes to aging-associated inflammation. Furthermore, the authors discussed various aspects of modulating mitochondrial dysfunction, with a particular focus on highly debated mitochondrial transplantation. They explored methodological and clinical considerations of mitochondrial transplantation and discussed recent advances in this therapeutic approach. However, readers are cautioned about the controversies and doubts surrounding the protective mechanisms and clinical implication of the technique (11).

Lastly, Hua et al. conducted a comprehensive review of the current literature on vascular fibrosis and its implications in the development and progression of cardiovascular disorders. They discuss various molecules and signaling pathways including renin-angiotensin system, TGF-β signaling, IL-11 signaling, inflammation, and mitochondrial oxidative stress, which play roles in vascular fibrosis. Additionally, the authors discuss the effects of ageing as well as sex-related differences in ageing-mediated vascular fibrosis. Furthermore, the review delves into potential molecular targets for therapeutic intervention in vascular fibrosis to effectively treat CVD.

In summary, this research topic explores some actual trends in both basic and translational research in the area of cardiovascular inflammaging, highlighting its significance in the aging process and its implications for cardiovascular health. The topic provides insights into the cellular mechanisms underlying inflammaging and explores potential therapeutic strategies. The study investigating the impact of aging on myocardial inflammation in response to sepsis reveals promising avenues for targeting TLR2 to improve cardiac function and reduce mortality in elderly septic patients. Additionally, EPO-derived peptide is being investigated as a potential therapeutic for CVD due to its anti-inflammatory properties. An important area of focus is mitochondrial dysfunction in vascular aging, with mitochondrial transplantation emerging as a potentially beneficial therapeutic approach. The topic also discusses vascular fibrosis and its role in cardiovascular disorders, highlighting molecular targets for therapeutic intervention.


Author contributions

MB: Writing – original draft, Writing – review & editing. MA: Writing – original draft, Writing – review & editing. YL: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

This research was funded by the Anschubfinanzierung grant from JLU to MA and a DZHK grant (81X2200205 and 81X2800222) to YL and MA.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Tenchov R, Sasso JM, Wang X, Zhou QA. Aging hallmarks and progression and age-related diseases: a landscape view of research advancement. ACS Chem Neurosci. (2024) 15:1–30. doi: 10.1021/acschemneuro.3c00531

2. Li X, Li C, Zhang W, Wang Y, Qian P, Huang H. Inflammation and aging: signaling pathways and intervention therapies. Signal Transduct Target Ther. (2023) 8:239. doi: 10.1038/s41392-023-01502-8

3. Guo J, Huang X, Dou L, Yan M, Shen T, Tang W, et al. Aging and aging-related diseases: from molecular mechanisms to interventions and treatments. Signal Transduct Target Ther. (2022) 7:391. doi: 10.1038/s41392-022-01251-0

4. Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al. Chronic inflammation in the etiology of disease across the life span. Nat Med. (2019) 25:1822–32. doi: 10.1038/s41591-019-0675-0

5. Lopez-Candales A, Hernandez Burgos PM, Hernandez-Suarez DF, Harris D. Linking chronic inflammation with cardiovascular disease: from normal aging to the metabolic syndrome. J Nat Sci. (2017) 3(4):r341.

6. Gonzalez LDM, Romero-Orjuela SP, Rabeya FJ, Del Castillo V, Echeverri D. Age and vascular aging: an unexplored frontier. Front Cardiovasc Med. (2023) 10:1278795. doi: 10.3389/fcvm.2023.1278795

7. Ceia F, Fonseca C, Mota T, Morais H, Matias F, de Sousa A, et al. Prevalence of chronic heart failure in southwestern Europe: the EPICA study. Eur J Heart Fail. (2002) 4:531–9. doi: 10.1016/S1388-9842(02)00034-X

8. Nairz M, Sonnweber T, Schroll A, Theurl I, Weiss G. The pleiotropic effects of erythropoietin in infection and inflammation. Microbes Infect. (2012) 14:238–46. doi: 10.1016/j.micinf.2011.10.005

9. Heij L, Niesters M, Swartjes M, Hoitsma E, Drent M, Dunne A, et al. Safety and efficacy of ARA 290 in sarcoidosis patients with symptoms of small fiber neuropathy: a randomized, double-blind pilot study. Mol Med. (2012) 18:1430–6. doi: 10.2119/molmed.2012.00332

10. Collino M, Thiemermann C, Cerami A, Brines M. Flipping the molecular switch for innate protection and repair of tissues: long-lasting effects of a non-erythropoietic small peptide engineered from erythropoietin. Pharmacol Ther. (2015) 151:32–40. doi: 10.1016/j.pharmthera.2015.02.005

11. Chernyak BV. Mitochondrial transplantation: a critical analysis. Biochemistry (Mosc). (2020) 85:636–41. doi: 10.1134/S0006297920050132







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Cardiovascular inflammaging: basic and translational aspects

		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Cardiovascular Medicine






OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





