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Abstract

Exosomes are nanovesicles formed by inward buddingndosomal membranes. They exert
complex immunomodulatory effects target cells, acting both as antigen-presentesicles and
as shuttles for packets of information like proseinoding and non-coding RNA, and nuclear and
mitochondrial DNA fragments. Albeit different, alch functions seem to be encompassed in the
adaptive mechanism mediating the complex interastaf the organism with a variety of stressors,
providing both for defense and for the evolutionsgibiotic relationships with others organisms
(gut microbiota, bacteria, and viruses). Intriglynghe newly deciphered human virome and
exosome biogenesis seem to share some physicalagiercharacteristics and molecular
mechanisms. Exosomes are involved in immune systecognition of self from non-self
throughout life: they are therefore ideal candidé&be modulate inflamm-aging, the chronic,
systemic, age-related pro-inflammatory status, tvimdluence the development/progression of the
most common age-related diseases (ARDs). Not simgly, recent evidence has documented
exosomal alteration during aging and in associatith ARDs, even though data in this field are
still limited.

Here, wereview current knowledge on exosome-based trafigkbetween immune cells and
self/non-self cell§(i.e. the virome), sketching a nano-perspectiveirdglamm-aging and on the

mechanisms involved in health maintenance througlifeu
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Introduction

Eukaryotic cells release a variety of extracellulasicles (EVs) that differ in content and
biophysical properties. EVs can be divided intceéhmain classes according to their biogenesis:
shedding microvesicles, apoptotic bodies, and exesoExosomes derived from intracellular
organelles, or multivesicular bodies (MVBs), arleased by several different eukaryotic cells. Two
distinct MVB pathways lead to lysosomal targetimgl @xosome secretion, respectively; the latter
pathway is characterized by MVB fusion with the gplea membranéBuschow et al., 2009).
Consequently, exosomes contain molecules deriveth oom endosomes, like major
histocompatibility complex (MHC) class I, trangfier receptor, and clathrins, and from the cell
surface, including different receptor tyg®gillms et al., 2016).

The finding that exosomes also contain nucleic scisluch as fragments of nuclear and
mitochondrial DNA, and coding and non-coding RNA®s been a revolutionary biomedical
discovery(Zhao et al., 2016; Huang et al., 2013; Silva andelo, 2015; Thakur et al., 2014)
Increasing evidence suggest that exosome-assocmt#ecules reflect the pathophysiological
status of releasing cells, and that their transfay be an efficient way to induce metabolic changes
in target cells(de Jong et al., 2012Kooijmans et al., 2016) In support to this hypothesis, it
should be noted that much of the load carried bgsemes consists of molecules exerting
epigenetic actions (i.e. modifications that do imoiuce changes in the genetic code but rathesin it
decoding). Such molecules include: i) molecules #w directly on DNA by promoting covalent
(e.g. DNA methylases and demethylases) or non-eavainding (e.g. protein transcription factors)
(Quian et al., 2015) (ii) agents that modulate DNA accessibility bpmioting covalent binding to
histones (e.g. histone methylases and acetylgg8syRNAs that induce de novo protein synthesis
in target cells; and (iv) microRNAs (miRNAs) and/pre-miRNAs, which bind to mRNAs,

modulating their translatioGmythies and Edelstein, 2012; Melo at al., 2014)
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Since information exchange between cells is closehtrolled by the immune system, it is highly
unlikely for immune system cells to be mere viewerghe intense EV trafficking. The recent
discovery that exosomes from damaged cells, inatutihose enriched with DNA damage markers
such agyH2AX and fragmented telomere repeat DNA, are ablelicit an inflammatory response
(Wang and Lieberman, 2016)supports the notion that exosome content can exeirifluence on
inflammatory responses. Recent evidence showsitaomal miRNAs can also modulate cellular
response to endotoxir{@lexander et al., 2015)and participate inthe exchanging of antigens
from bacteria, parasites, and virus-infected gdllarti and Johnson, 2016).In addition, exosomal
alterations have been described during aging anghtrents with the most common age-related
diseases (ARDgqWeilner et al., 2013; Xu and Tahara, 2013)Overall, age-related modifications
in exosome amount and content could affect thestatls between organs and tissues and the
signaling between immune system cells and selfseh-<cells. However, despite the potential
relevance of this topic to human health, data tiltessarce and inconclusive.

Here, we hypothesize that age-related alterationexiosome-mediated communication may be
involved in the immune system inflammatory actigatthat is associated with aging, i.e. inflamm-
aging (Franceschi et al., 200p and in age-related remodeling of immune systetivigg i.e.
immunosenescenc@-ulop et al., 2015) Given their relevance to human health, the mdéecu
mechanisms that link exosome trafficking to inflaraging and immune-senescence deserve

further investigation.

Exosomal trafficking

A growing body of evidence suggests that exosomassfer information not only in a paracrine
fashion, but also through systemic mechanisms,igiry a new pathway for the crosstalk among
different cell types in a variety of pathophysidta) conditiongRatajczak and Ratajczak, 201%.

As regards homing, the exosome integrin patterreagpto be the main determinant of exosome

tropism, as in the case of exosomes released lecarlls(Hoshino A 2015).Surface receptors
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on exosomes may act as identifying signals, asesigd for glycar(Batista et al., 2011)and
heparin sulfate proteoglycan signatu(€dristianson et al., 2013) Exosomes communicate with
target cells both through cell membrane-mediatgdading and/or through internalization, which
depending on cell type may be clathrin/caveole-atedi endocytosis, phagocytosis, or
macropinocytosigUrbanelli et al., 2013).

The exosome-based crosstalk relies on the abiligkosomes to transfer “packets of information”
to recipient cells more efficiently than "singlesiructions”, and in a more cost-effective way.
Notably, since exosome-borne information reachegetacells in remote locations, rather like a
"message in a bottle", the activities of exosonmresaoget cells are likely to be determined not only
by the composition of their cargo, but also by thetabolic status of target cell®hno et al.,
2016)

Another function served by exosomes is to carryyalnamful or unwanted material secreted by
cells to preserve intracellular protein and RNA leostasis(Baixauli et al., 2014).Notably,
increased exosome release has been described I$nexplosed to stress stimuli like glucose
starvation and hypoxia, despite their unfavorabhergetic statugGarcia et al., 2015) The
exosome cargo may also exert beneficial effectstessed target cells, as demonstrated by recent
evidence that cancer cells can exploit it as acsof nutrients in nutrient deprivation or nutrient
stressed condition&hao et al., 2016) Besides such extreme conditions, the functiorested by
exosomes are primarily related to the crosstalkregnzells of different tissues, which necessarily

involves immune system cells.

Exosomes as the interface between the virome andlamm-aging

Even though exosomes are emerging as importantiwemds of the eukaryotic cell secretome,
they seem to have been conserved during evolusimge bacteria and fungi also release
microvesicles Mashburn and Whiteley, 2005;Deatherage and Cookson, 2012parasite-derived

EVs can transfer virulence factors and drug rescganarkers, alter host cell gene expression, and
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promote parasite adherence and host cell proliergMarti and Johnson, 2016).Moreover,
infected cells can secrete exosomes that contdimgenic compounds, which thus deliver noxious
cargo to distant organs and tissuShifnoda et al., 2016)Very recent data suggest that EVs are
also a novel mode of viral propagation exploitedvisyses to exit from cells non-Iytically, to hide,
and to manipulate the immune systéiitan-Bonnet, 2016).Several studies have documented a
close similarity between exosome biogenesis, upike secretion and the viral lifecycle molecular
machinery(van Dongen et a., 2016, Meckes DG Jr, 2015; NeltéHoen et al., 2016).In keeping
with their role as endogenous mRNA/mMiRNA carriéf¥s are exploited by virdRNA (e.g. human
immunodeficiency virus and hepatitis C virus [HCV) propagate viral infectiofChahar et al.,
2015).Indeed, EVs play a crucial role in HCV immune ewasibecause serum-derived exosomes
are infective and resistant to neutralizing antibs¢Liu et al., 2014b).Intriguingly, HCV-infected
cells trigger an anti-viral response in neighborimigcted cells, thus helping circumscribe and halt
the infection However, exosomes also play a pivotal role in sobi¢A virus infections,
contributing to tumorigenesis, immune evasion, @nal latency(Schwab et al, 2015).

In particular, Epstein Barr virus (EBV) and herp@siplex virus 1 exploit exosomes both for
spreading and/or curtailing viral mMRNA and miRNAopagation throughout the organig@utzeit

et al., 2014: Han et al., 201&alamvoki et al., 2014) Interestingly, latent EBV infection induces
increased secretion of several inflammatory factarsereas lytic infections evade the antiviral
inflammatory response. A recently discovered mdicmechanism underpinning exosome uptake
by receptor-ligand interactions with recipient sdilas demonstrated specificity for cargo delivery,
suggesting an intriguing overlap of exosomes angses(van Dongen et a., 2016 For instance, B
cell-derived exosomes released from EBV-infectetkls can deliver their content to B cells, not
to T cells(Gutzeit et al., 2014).

The virome behaves in a similar way to the microieo i.e. it arouses the immune system,
suppresses inflammation, and occupies the ecolagjicae, crowding out potential pathogens. Like

exogenous viruses, endogenous viral-like sequefddasLine, Herv) are also virome constituents
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(Virgin, 2014). High-throughput metagenomic sequencing analysssdeanonstrated that hundreds
of human and non-human viruses, mostly speciesatieanot reported to be pathogenic in humans,
outnumber their pathogenic counterparts and dwelheéalthy individuals, contributing to the
human viromgWylie et al., 2014).Furthermore, recent literature reports that soima gpecies
(i.e. papillomavirus, polyomavirus, and anellovjrysopulate ecological niches paralleling the
microbiome behaviofFancello et al., 2014)For instance, unpublished data from our lab indica
that papillomavirus DNA is found in exosomes fromtelating serum and urine also in the absence
of overt disease, thus strengthening the hypothibsis exosomes are involved in the interplay
between virome and immunosenescence.

Overall, EVs and exosomes seem to play importanbpposing roles in viral disease pathogenesis,

both as “Trojan horses” and as “marathon soldiéfgjure 1).

Exosome-mediated crosstalk between immune cells

An effective immune response requires the engagemimost receptors by pathogen-derived
molecules and the stimulation of appropriate catluésponses. Surprisingly, exosomes stauttle
pathogenic molecules that exert opposite functises/ing as antigens of innate immune receptors
to activate host defenses or promoting pathdgenune evasior{Schorey and Harding, 2016).
Exosomes therefore provide a new, complex systeradimmunication among immune cells, i.e. T
and B lymphocytes and antigen-presenting cells (@P@at is to be added to the mechanisms
involving receptor-ligand cell-cell interactions oeceptor-soluble ligand interaction. Exosomes
have well-characterized immune presentation prasethat are related to their formation in MVBs,
where the antigen is bound to the MHC moleculessBres secreted by APCs, such as B cells,
mast cells, and mature and immature dendritic ¢BlSs), contain MHC class | and Il molecules
(Péche et al., 2006; Thery et al., 2001; Seguraadt, 2005a)and are able to bind to specific T cell
receptorgEken et al., 2010) alternatively, theyxan be recaptured by DCs for antigen presentation

(Morelli et al., 2004). Exosomes released from DCs have been shown tp caesides peptide
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MHC-1 and -Il - other T cell costimulatory molecslesuch as CD80/B7.1 and CD86/B7.2, which
exert a strong stimulation activity on the immuasponsé€Thery et al., 2002; 2009).

DC-derived exosomes can also bind bacterial ligdonddoll-like-receptor (TLR), thus acquiring
the ability to induce strong activation of bystand#Cs, enhancing proinflammatory cytokine
secretion and stimulating the crosstalk with ndtkitker cells (Sobo-Vujanovic et al., 2014).

Thus, exosomes play a key role in disseminatindgnqgen- as well as host-derived molecules
during infections(Schorey et al., 2015)Overall, DC-released exosomes are able to induce an
immune response by spreading MHC-antigen complexbsth CD4 and CD8 T lymphocytes, or

by spreading TLR ligands to other DAga€i et al., 2016) Adhesion molecules expressed on the
exosome membrane, such as ICAM-1, can contributbeanteraction with lymphocyte function-
associated antigen (LFA)-1 expressed by DCs angmptocytes Ifaci et al., 2016). Exosomes
may stimulate immune system function also in altergsponses. DC-derived exosomes present
allergenic antigens, inducing T cell T(H)2-like akine production in allergic donof¥allhov et

al., 2015).These findings suggest that such exosomes arevewyah a potent mechanism that
systemically alerts the host immune system to ppehtllergen invasion.

The immune modulation action of exosomes includes anly antigen presentation, but also
immune suppressiofZhang et al., 2014). Recent hypothesis suggest a role of exosomes to
establish central tolerance, contributing to tissestricted antigen presentation within the thymic
micromileus(Skogberg et al., 2015)When DC-derived exosomes are injected prior to gkatft
implantation in animal models, exosomes from maf@s can trigger effector T cell responses,
leading to rapid graft rejectio(Segura et al., 2005b)whereas exosomes froommature DCs
inhibit anti-donor immune responses, significaqitglonging heart allograft survivélPeche et al.,
2003. Moreover, oral administration of a protein astiggenerates tolerosomes that induce
tolerance when transferred to naive recipié®stman et al., 2005).

The contrasting immunomodulatory effects inducedekgsomes, i.e. activation and inhibition of

the immune response, may depend on the relativeeatrations of specific subsets of antigen-
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presenting exosomes and/or on the duration of exposf immature immune cells to specific
exosome subsets. The notion is strongly suppostathta from in vitro and in vivo animal models,
demonstrating the efficient alloantigen presentaimd immunomodulatory abilities of exosomes
in organ transplant@onguio-Tortajada et al., 2014).Importantly, such activity could be directly
mediated either by peptide-loaded MHC moleculesyoaiccompanying epigenetic information, e.g.
miRNAs, carried by antigen-loaded exosomes. Fotamt®, exosomes derived from LPS-
stimulated DCs contain sets of miRNAs that are blpaf modulating endotoxin response in vivo
(Alexander et al., 2015)Notably, exosomes containing miRNAs (i.e. miR-24) directly activate
intracellular TLR receptors, triggering a proinflaratory respons@-abbri et al., 2012).

A key notion in this context is that immune cellHged exosomes can also modulate the phenotype
of endothelial cells (ECs), thus promoting a systemesponse(Prattichizzo et al., 2016).
Monocyte-released exosomes can induce expressiadh&sion molecules and cytokine secretion
in ECs(Tang et al., 2016)r enhance their migratory propert{@hang et al., 2010) On the other
hand, exosomes derived from cardiomyocytes casfeanECs to deliver signals that mediate heart
repair after injuryYuan et al., 2016).

It is conceivable that the aging process, by tltihe balance toward a persistent proinflammatory
state, may compromise exosome-based communicatinogg cells and immune system function.

Age-related changes in the circulating exosome pool

Aging is a complex phenotype associated with aetanf molecular and tissue alterations. Recent
data from anti-aging and regenerative researchcatelithat microenvironmental and circulating
factors deserve close attenti@imaca et al., 2014; Scudellari, 2015; Childs et.a2015).

Our group has been providing evidence that set&raiflating miRNAs involved in the modulation
of inflammation (thus designated inflammamiRs) deeegulated in aging and in ARDSlivieri et

al., 2015).Circulating miRNAs are either exosome-borne ortgirebound, and both types can be
functionally transferred to recipient celfurchinovich et al., 2015) The majority of miRNAs

modulating inflammation, immunity, and aging patlywavere seen to be exosome-associated
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(Figure 2). These miRNA signatures are also involved in thelufetion of insulin/IGF-1, mTOR,
and other pathways relevant to aging and celldaescencé livieri et al., 2015).

Accumulating senescent and/or pre-senescent catlagdaging may influence the release and/or
content of the circulating exosome pool. The pregise accrual of senescent cells during
organismal aging could modulate the systemic exespool through two different mechanisms
involving release by senescent cells of: i) a défeé amount of exosomes compared with younger
cells, or ii) exosomes with a different contentnfrexosomes derived from younger cells. The few
available data support both hypothefatilner et al., 2013),even thoughecent findings suggest
that inflamm-aging and frailty do not result in @creased concentration of circulating EVs
(Alberro et al., 2016).Evidence from cellular models suggests that exesoreleased by senescent
cells are more proinflammatory than those reledsegounger cellgMitsuhashi et al., 2013).
Moreover, even though plasma platelet-derived exaesaumber was lower in subjects older than
65 years than in younger ones, chemokine and HM{@dls were higher in the former subjects
(Goetzl et al., 2016).These data support the hypothesis that macropreaggglatelet-derived
exosomes may contribute to the systemic spreadnfiémm-aging. Interestingly, reduced
phagocytic activity has been reported in monocftas elderly donors both in mice and humans,
demonstrating dysregulation of monocyte subpomiatiwith agéBliederhaeuser et al., 2016).
Significantly increased exosome release has besgrided in prostate cancer cells exposed to high
clinical doses of radiation, which is a powerful rhanism inducing senescence through p53
activation (Lehmann et al., 2008).Interestingly, p53 pathway influences exosome faionain
colorectal cancer cell lingSun et al., 2016)and an increased microvesicles shedding induced by
pro-senescence stimuli was observed also in nocecans cell line¢Effenberger et al., 2014)

These data lend support to the hypothesis thatlaelsenescence induced either by telomere
attrition (i.e. replicative senescence) or by DNAnthge (i.e. radiotherapy) may induce a p53-
dependent increase in the biogenesis of exosoraevidsicles and/or alter their cargo. Notably,

senescence is associated with the acquisition pfoaflammatory and secretory phenotype -

Page 10 of 41



designated SASP (senescence associated secretenptybe) (Lecot et al., 2016)or SMS
(senescence messaging secretafikallman and Peeper, 2009) that promotes tumor progression
(mostly by influencing the tumor-immune system statk) and chemoresistan€keecot et al.,
2016; Di Mitri and Alimonti, 2016), and accelerates agii@hilds et al., 2015)Interestingly, p53
reactivation in advanced liver cancer has beencasd with a functional SASP that was capable
of attracting innate immune cells (neutrophils, mabages, and natural killer cells), thus
promoting the clearance of pre-malignant cése et al., 2007) Moreover, NF-kB, the main pro-
inflammatory transcription factor and key SASP mlathr (Salminen et al., 2012)has recently
been involved in the modulation of exosome cargb-kB -/- mice show an altered exosome
content after exposure to a noxious stimul¥sng et al., 2015).Furthermore, the SASP can
transmit senescence to bystander céfsosta et al., 2013).Latent EBV infection induces
increased secretion of several inflammatory factardsereas Iytic infections evade the antiviral
inflammatory response. Interestingly, latent EBWVfeation in EBV-positive cells induces
senescence and SASP acquisition in neighboring ®8sreas lytic EBV infection abolishes this
phenotype through downregulation of TNFsecretion and consequent suppression of senescence
transmission(Long et al., 2016). Moreover, EBV viral oncogene latent membrane pnote
(LMP1) promotes endosomal-exosomal pathway trafigk which in turn suppresses NF-kB
activation (Verweij et al., 2011). These data sustain the hypothesis that virusedoiexp
evolutionarily conserved and aging-associated nréshe to support their spread and/or survival,
and that exosomal trafficking has a central rolthia interplay.

Notably, senescent cells show lysosomal enzymegdkon, i.e. increaseg-galactosidase
activity. It has been hypothesized that lysosomdfunetion could be compensated for through
release of potentially toxic cargo into EV(Eitan et al., 2016). Interestingly, strong SASP
suppression by rapamycin is associated with deedegalactosidase expression without cell
cycle re-entry l(aberge et al., 201} indicating that lysosomgi-galactosidase is a marker of

secretory activity, rather than of cell cycle ar@&serrano 2015.
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Overall, a greater understanding of MVB traffickitm lysosomes and the plasma membrane is
expected to provide insight into diseases wherbqognic proteins, lipids, or infectious agents
accumulate in or outside celigitan et al., 2016).Release by senescent cells of exosomes with
abnormal cargo can exert different effects on dedisg in a youthful or an aged milieu. It has bee
reported that peripheral exosome-mediated delieérgniRNAs from a youthful systemic milieu
enhanced myelination in aging brain, mimicking #féect of youth on CNS myelinatiofPusic
and Kraig, 2014).In this regard, parabiosis experiments that comuktiie circulation of an aged
and a young mouse have achieved a rejuvenatiomtafieseveral tissues of the aged mouse
(Horrington et al., 1960, Scudellari, 201p However, all efforts to identify the moleculayeants
exerting the rejuvenation effects in the young atisnplasma have not yet met with success
(Reardon, 2015) Finally, lysosomes have been reported to contamiecules that increase

Caenorhabditis elegans lifespan(Folick et al., 2015).

Exosomes and circulating inflammamiRs

It is still unclear whether exosome-associated cmaing RNA, such as miRNAs and long non—
coding RNAs, is merely representative of the célongin or whether selective loading occurs
(Zhang et al., 2015b) Evidence has been provided that a subset of miRpi&ferentially enter
exosomeqGuduric-Fuchs et al., 2012)and that some miRNAs are overrepresented in exesom
compared with the cell of origifGoldie et al., 2014).Neural sphingomyelinase 2 (nSMase2),
sumoylated heterogeneous nuclear ribonucleoprotémmikNPs), the '3and of the miRNA
sequence, and miRNA-induced silencing complex (®)lall appear to be key players in miRNA
loading into exosomdZhang et al., 2015b).

However, since aging is a complex phenotype inngjuinultiple tissues and organs, identifying a
shared subset of miRNAs, i.e. inflammamidivieri et al., 2015) capable of regulating the main
age-related processes and pathways could be detisiyain insights into organismal aging. Based

on this hypothesis, we have combined all availaid¢a on the miRNAs relevant to aging,
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inflammation, and immunity, focusing on those thave been demonstrated to be carried by
exosomes. The results are depictedFigure 2. The panel of miRNAs common to the three
pathways includes some important inflammamiRsmi&k-19b, -20a, -21, -126, -146a, and -155. A
list of the chief targets of these inflammamiRsréported intable 1. DNA damage response,
oxidative stress, proteotoxic stress, mitochonddgsfunction, senescence, inflamm-aging, and
nutrient sensing pathways are all directly or iadily affected by this miRNA panel, suggesting a
key role for them in organismal aging.

Notably all the miRNAs in this panel share commeatiires: i) an altered expression in senescent
cells and/oiin plasma/serum or in microparticles/exosomes fpatients with the major ARDs; ii)
the ability to modulate inflammatory pathways, aidthe capacity to modulate bacterial and/or
viral infections in immune cell@liveri et al., 2015).

In previous papers we have reported that the aitiig plasma levels of miR-21 and miR-126
increase during aging in healthy subjg€4ivieri et al., 2012; Olivieri et al., 2014) Moreover, we
have described altered circulating levels of thes@NAs in a variety of ARDEOlivieri et al.,
2015). Since circulating miRNA levels are affected by ariety of factors, they do not yet have
clinical diagnostic/prognostic value for ARDRrattichizzo et al., 2015) In this context, exosomes
could provide a more accurate source of miRNA-eelahformation. Indeed, a recent pilot study
has suggested a salivary exosomal miR, miR-24-8p, andidate biomarker of agifidachida et

al., 2015). Moreover, emerging evidence highlight the relevantesecreted and microvesicles
contained miRNAs in tissues crosstalk, in the candé ARDs. Endothelial-miR-31 can be secreted
by senescent cells inside MVs and can be takenypmbsenchymal stem cells, inhibiting
osteogenic differentiation by knocking down itsgetr Frizzled-3 (Veilner et al., 201§. Further,
miR-31 circulating levels increase during agingessglly in osteoporotic patients, providing a
proof of principle of the relevance of exosomal M&S in fostering a pro-aging environment

(Weilner et al., 2016).
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Future perspectives

Aging is not a static, but rather a dynamic phepetyesulting from continuous interactions
between genetic make-up and environmental factock)ding the metabioma harbored in almost
all body compartments. Since it involves the entmganism, it is conceivable that health
preservation during aging is ensured by efficiesgue and organ crosstalk modulating the changes
induced by such interactions. Based on this hyithage-related health deterioration would stem
from defective tissue and organ crosstalk, witheuoles circulating in the bloodstream being the
main culprits. What if the circulating factors thave been identified as modulators of the aging
process were “hidden” inside exosomes? Exosomaspaat packets of information, rather than a
single instruction, that exert a synergistic effeattarget cells. Among these quanta of information
there are those produced by the inhabitants oh#adthy body, especially the virome constituents.
Chronic exosome parabiosis experiments, like reggeatiministration to an old mouse of exosomes
from a healthy young mouse, could shed light ors fihiriguing question. Future studies are
required unravel the molecular mechanisms underpgnaxosome modulation during aging and
the effects of such deregulation on inflamm-agmgiunosenescence, to pave the way for
innovative strategies, including virome manipulatidirected at slowing down inflamm-aging and

postponing ARD development.
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ACCEPTED MANUSCRIPT

Table 1. mRNA targets and related pathways modulate by the exosome-carried miRs

modulating Inflammation, Immunity and Aging

Page 16 of 41



ACCEPTED MANUSCRIPT

Figure 1. Exosomes can play opposing roles in virdisease pathogenesis
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Figure 2. Venn diagram displaying the miRs relatedo Inflammation, Immunity, and Aging

based on their circulating shuttles

Inner circles: exosome-associated miRs; Outer esrctirculating miRs associated with Ago-2,

HDL, or other microparticles. Bold charactersRsimodulating at least two pathways
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Hightlights

Exosomes are involved in immune system recognition

Exosomal alteration was observed during aging gedrelated diseases
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Exosomes can play opposing roles in viral diseasieggenesis
MicroRNAs related to Inflammation, Immunity and Agiare exosomes-associated

Exosomes can contribute to inflammaging
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