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Monocyte interaction with endothelial cells is regarded as a key step in acute and chronic vascular inflammatory diseases. For many years unravelling cell secretome composition has been an area of extensive investigation to better understand how paracrine exchange of biological information functionally impacts recipient cells. These paracrine factors include growth factors, neurotransmitters, chemokines or cytokines. Over the last two decades, extracellular vesicles have emerged as important players in conveying and disseminating biological information from activated cells to remote quiescent cells.

Extracellular vesicles result either from the fusion of multivesicular bodies with cellular membrane or from the protrusion and scission of the plasma membrane, which causes the release of either small vesicles (e.g., exosomes) or large vesicles (called microvesicles; MVs) into the extracellular milieu. Due to their different subcellular origins, it is not surprising that extracellular vesicles express different subsets of proteins, lipids and nucleic acids. The heterogenous composition of extracellular vesicles determines which cell type they target and the functional consequences of their incorporation. Thus, extracellular vesicles might promote either beneficial effects, including pro-repair angiogenesis, or deleterious ones, such as pro-inflammatory responses. [START_REF] Ridger | Microvesicles in vascular homeostasis and diseases[END_REF] A large body of experimental evidence for extracellular vesicle functional roles stems from in vitro experiments using cell culture and conditioned medium. These findings are important initial steps to addressing the clinical relevance and therapeutic potential of extracellular vesicles in medicine. Fewer studies have examined their role in vivo and their contribution to the development of cardiovascular pathologies. [START_REF] Boulanger | Extracellular vesicles in coronary artery disease[END_REF][START_REF] Coumans | Methodological guidelines to study extracellular vesicles[END_REF] In this issue of Circulation Research, Puhm et al. [START_REF] Puhm | Mitochondria are a subset of extracellular vesicles released by activated monocytes and induce type I IFN and TNF responses in endothelial cells[END_REF] demonstrate how the monocyte secretome disseminates vascular inflammation in sepsis and identify both free and MV-associated mitochondria as key mediators. [START_REF] Bernimoulin | Differential stimulation of monocytic cells results in distinct populations of microparticles[END_REF] and of interleukin-1 in MVs isolated from monocytes exposed to lipopolysaccharides (LPS). [START_REF] Wang | Monocytic microparticles activate endothelial cells in an IL-1β-dependent manner[END_REF] Using the human monocytic cell line THP-1, the authors first compared MVs derived from normal and LPS-stimulated cells. By means of flow cytometry, quantitative PCR and Western blot analysis, they demonstrated that LPS stimulation results in the release of free mitochondria, as well as MVs enriched in mitochondrial components. Functional analyses revealed that these vesicles induced a proinflammatory response from endothelial cells, as shown by a dose-dependent secretion of interleukin-8 and a marked increase in ICAM-1 and VCAM mRNA levels. However, this biological effect cannot be explained solely by an increase in mitochondrial components, since even high concentrations of MVs derived from unstimulated monocytes could not induce such a response from endothelial cells. Surprisingly, mitochondria isolated from LPSstimulated monocytes presented the same capacity as MVs to activate endothelial cells. This suggests that proinflammatory elements are generated in activated monocytes and are subsequently released to the extracellular space associated with free mitochondria and with mitochondria embedded in MVs. Interestingly, the proinflammatory potential of these elements seems to depend on the mitochondrial activity of parental cells. The authors showed that the ability of monocytic MVs and mitochondria to activate endothelial cells was greatly reduced when they were isolated from parental monocytes with preserved mitochondrial membrane potential or reduced levels of reactive oxygen species. These findings imply that changes in mitochondrial activity are crucial to determining the specific proinflammatory components secreted by the monocytes. Of note, both free and MV-bound Thus, the work of Puhm et al. deepens our knowledge regarding the complexity of cell-to-cell communication by identifying mitochondria from stressed monocytes as a source of new functional mediators of endothelial inflammation in low-grade endotoxemia. This effect, which is mediated by both free and MV-embedded mitochondria, adds to the previously shown proinflammatory effect of monocytic MVs harbouring interleukin-1 cytokines . [START_REF] Puhm | Mitochondria are a subset of extracellular vesicles released by activated monocytes and induce type I IFN and TNF responses in endothelial cells[END_REF][START_REF] Wang | Monocytic microparticles activate endothelial cells in an IL-1β-dependent manner[END_REF] Surprisingly, free and MV-embedded mitochondria appear to have the same proinflammatory effect on endothelial cells. [START_REF] Puhm | Mitochondria are a subset of extracellular vesicles released by activated monocytes and induce type I IFN and TNF responses in endothelial cells[END_REF] Future studies will determine whether or not coating mitochondria with membrane vesicles during extracellular release protects them from triggering immune responses, as compared to free circulating mitochondria.

Puhm et al.'s elegant study extends initial observations reporting the presence of mitochondrial proteins in monocyte MVs

Mitochondrial damage-associated molecular patterns have been identified in human circulating blood. [START_REF] Zhang | Activated monocytes release free and microvesicle-embedded mitochondria which have proinflammatory effects on endothelial cells. Exposure to LPS leads to alterations in the mitochondrial activity of monocytic cells. These mitochondria accumulate damageassociated molecular patterns (DAMPs) such as tumor necrosis factor ⍺ (TNF⍺) as well as reactive oxygen species, which lead to oxidation of mitochondrial RNA. Activated monocytes release free dysfunctional mitochondria and microvesicles (MVs) with mitochondrial content, into the extracellular space. Upon interacting with endothelial cells, these monocytic MVs and mitochondria induce TNF⍺ and type I interferon (IFN) signaling pathway, ultimately leading to the upregulation of inflammatory cytokines such as interleukin 8 (IL-8), and adhesion proteins like intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule (VCAM)[END_REF] Interestingly, monocytes are not the sole cell type to release free and MV-associated mitochondria as part of their secretome. Similar observations have been made for activated platelets, [START_REF] Boudreau | Platelets release mitochondria serving as substrate for bactericidal group IIA-secreted phospholipase A 2 to promote inflammation[END_REF] injured hepatocytes [START_REF] Cai | Mitochondrial DNA-enriched microparticles promote acuteon-chronic alcoholic neutrophilia and hepatotoxicity[END_REF][START_REF] Garcia-Martinez | Hepatocyte mitochondrial DNA drives nonalcoholic steatohepatitis by activation of TLR9[END_REF] and mesenchymal stem cells exposed to oxidative stress. [START_REF] Phinney | Mesenchymal stem cells use extracellular vesicles to outsource mitophagy and shuttle microRNAs[END_REF] Hydrolysis of extracellular mitochondria released from activated platelet by secreted phospholipase A2 generates inflammatory mediators such as lysophospholipids, fatty acids and mitochondrial DNA, which then promote endothelial inflammation. [START_REF] Boudreau | Platelets release mitochondria serving as substrate for bactericidal group IIA-secreted phospholipase A 2 to promote inflammation[END_REF] Mitochondrial DNA contained in circulating hepatocyte MVs contributes to non-alcoholic steatohepatitis by activating the TLR-9 pathway. [START_REF] Garcia-Martinez | Hepatocyte mitochondrial DNA drives nonalcoholic steatohepatitis by activation of TLR9[END_REF] Mesenchymal stem cells manage oxidative stress by expelling depolarized mitochondria in microvesicles, which are subsequently engulfed by macrophages, resulting in increased bioenergetics. [START_REF] Phinney | Mesenchymal stem cells use extracellular vesicles to outsource mitophagy and shuttle microRNAs[END_REF] All together, these findings suggest that the release of free and MV-associated mitochondria in the extracellular medium may be a 

  mitochondria cause TNFα and type I interferon-mediated inflammatory responses in endothelial cells. Transcriptomic profiling revealed that MVs and mitochondria isolated from LPS-activated monocytes activate tumor necrosis factor  (TNFα) and type I interferon (IFN) signalling pathways in endothelial cells, prevented respectively by a TNFα blocking antibody and an IFN decoy receptor. The authors further demonstrated that TNFα is directly associated with mitochondria released from activated monocytes and that oxidized mitochondrial RNA activates the interferon pathway. Further studies will be necessary to determine the molecular mechanisms underlying uptake of MV-embedded mitochondria by endothelial cells. Importantly, Puhm et al. provide in vivo relevance of their in vitro findings in healthy volunteers exposed to low-grade endotoxemia by showing increased plasma levels of TOM22-positive vesicles, TNFα, and soluble VCAM-1. The cellular origin of circulating TOM22-positive vesicles remains unknown however and the causal effect of TOM22-positive vesicles is not demonstrated in vivo.

  general response to cell activation To conclude, the exciting results of Puhm et al. demonstrate the pro-inflammatory role of free or MV-associated mitochondria on endothelial cells in conditions mimicking lowgrade endotoxemia. Their findings also highlight the richness of cell-to-cell communication in cardiovascular disease development. They also suggest developing more integrated approaches to understanding the role of the activated cell secretome in propagating biological signals to remote quiescent cells. Funding: The authors are supported by Agence Nationale de la Recherche (ANR-16-CE14-0015-01; ANR-16-CE92-0032-02 and ANR-17-ECVD-0002-01).