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Extracellular vesicles circulating in young organisms promote healthy longevity
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ABSTRACT

Parabiosis experiments in mice demonstrated that a young environment could partially rejuve-
nate multiple tissues of old organisms. However, the circulating mediators responsible of such
effect have been elusive so far. Novel results suggest that extracellular vesicles isolated from
plasma of young mice increase lifespan in old mice. Here we integrate these findings in a larger
framework, advancing the hypothesis that circulating vesicles may mediate the beneficial effect

of a young milieu on ageing.

The desire of eternal youth and immortality pervaded
human culture from its inception. Historical, mythological,
and religious tales are full of reports on increased fitness or
even rejuvenation following specific practices. In particular,
blood transfusion, drinking, or replacement have long been
suggested as health-promoting behaviours [1]. In the late
50s, parabiosis experiments provided some scientific con-
sistency to these beliefs. Indeed, a shared circulatory system
was sufficient to increase bone weight and density of old
mice when joined to younger ones [2]. The same experi-
mental design was applied to demonstrate a lifespan-
enhancing effect of young blood [3]. Many years later,
elegant reports mainly from Rando’s and Wagers’ groups
demonstrated a rejuvenation-promoting effect of young
blood in a wide variety of cells and tissues, e.g. stem cells,
muscle, brain, and the heart [4,5]. However, the pursuit of
the circulating factors responsible for such effects did not
achieve the same success. In fact, the suggested pro-
regeneration role of growth differentiation factor 11,
a member of the TGFpP superfamily, has been ques-
tioned [6].

Extracellular vesicles (EVs) are membrane-coated
nanoparticles actively released by almost all cell types.
EVs are usually categorized according to their size.
Specifically, small vesicles of a diameter <100 nM derive
either from multivesicular bodies (= exosomes), or from
the plasma membrane, while larger vesicles derive mainly
from the plasma membrane. Increasing evidence indi-
cates that both are able to shuttle and deliver functional
proteins and nucleic acids in a paracrine and systemic
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manner. Blood contains a heterogeneous mixture of EV's
of different origins, which are currently being character-
ized for therapeutic and diagnostic purposes [7,8].

The effects of EVs are now attracting intense interest
also in the context of ageing and age-related diseases
(ARDs) [9]. In particular, senescent cells (SCs) are emer-
ging as major drivers of ageing and key contributors to
inflammaging, the age-associated pro-inflammatory drift
that promotes the development of ARDs. Indeed, the
genetic or pharmacological removal of SCs is sufficient
to prolong lifespan and ameliorate the development of
a plethora of ARDs in mice. Notably, these effects are
accompanied by a decrease in circulating and tissue levels
of pro-inflammatory cytokines and other soluble media-
tors, known to be the main components of SCs secretome
[10]. Recent evidence suggests that EV's are also central
constituents of the SCs secretome [11]. In particular, SCs
secrete an increased amount of EVs [9], excreting pro-
inflammatory DNA and possibly spreading pro-ageing
signals [12,13]. In addition, qualitative alterations in
EVs cargos underly the development of vascular calcifica-
tion and osteoporosis, two prototypical ARDs [9].
Conversely, a seminal paper suggests that a 4-month
injection of small EV's derived from hypothalamic neural
stem cells and rich in specific miRNAs into the hypotha-
lamic third ventricle is sufficient to ameliorate some age-
associated detrimental outcomes in C57BL/6 mice,
including hypothalamic inflammation and the drop in
physical activity [14]. These and other observations
prompted the hypothesis that EV's are central mediators
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of the circulating communicosome fostering inflamma-
ging. In that framework, we hypothesized that the chronic
administration of EVs purified from a young healthy
mouse to an old one should ameliorate some age-
associated phenotypes [15]. This experimental approach
appeared to be enough feasible and robust to demonstrate
a tangible role of EVs in the ageing process.

Yoshida and colleagues have now shown a clear pro-
longevity role for EVs isolated from young mouse plasma
[16]. Indeed, they injected EVs isolated from 4-to-12-
month-old mice into 26-month-old female mice once
a week until sacrifice and observed an increase of 10.2%
and of 15.8% in median and maximal lifespan, respec-
tively, in mice receiving the treatment vs. vehicle-treated
mice of the same age. Of note, one of the most studied,
non-genetic, lifespan-promoting intervention, i.e. phar-
macological mTOR inhibition, produced comparable
increases in rodent’s lifespan [17]. Also, mice receiving
EVs appeared to be healthier and more active. The
authors attributed these beneficial effects to the high
amount of extracellular nicotinamide phosphoribosyl-
transferase (eNAMPT) shuttled by EVs from young
mice. Indeed, treatment of old mice with EVs isolated
from WT adipocytes media phenocopied the physical
activity-promoting effect, while EVs derived from
Nampt-KO adipocytes did not. Thus, the authors pro-
posed a framework where EVs-associated eNAMPT is
internalized into target cells and enhances the intracellu-
lar NMN/NAD+ biosynthesis, as elegantly demonstrated
in the hypothalamus, hippocampus, pancreas, and retina
of adipose tissue-specific Nampt knock-in (ANKI) mice
[16]. In turn, the rise in intracellular NAD+ levels would
counteract the age-induced decline in metabolic, cogni-
tive, and physical functions, as previously demonstrated
for other NAD+-modulating interventions [18].

The observation that also ANKI female mice exhibit
a longer median, but not maximal, lifespan does not
exclude other putative, beneficial molecules loaded in
EVs from young plasma. Among the 181 proteins detect-
able in EVs by proteomic analysis, 3% showed age-related
trends. However, EVs shuttle almost all existing biological
molecules, including miRNAs [8]. We recently
characterized the miRNAs repertoire shuttled in EVs
secreted by non-senescent and senescent cells identifying
a senescence-associated miRNAs signature targeting
SIRT1 [15, unpublished data]. Since SIRT1 is one of the
major downstream targets of altered NAD+ concentration
[18], overall data hint at the existence of an EVs-mediated,
synergistic protein/miRNAs-based modulation of SIRT1
function and expression (Figure 1). Of note, the age-
related decline in the EVs content of eNAMPT observed
in mice was mirrored in plasma of subjects of different
ages, suggesting the relevance of this phenomenon for

human ageing [16]. These results reinforce the central
role of NAD+ metabolism and SIRT1 in the ageing process
(18]. On the other side, the authors highlight complex
alterations in circulating EV's payload during ageing.

The field of EVs is still in its infant phase and major
questions are still open regarding the relative contribution
of various tissues to the plasmatic EVs pool and the effec-
tive disease-modifying potential of EVs alterations [19].
For instance, a seminal paper suggested that adipose tissue
is a major contributor to the circulating pool of miRNAs
shuttled by EVs [20]. However, other studies suggest that
platelets, leukocytes, and the endothelium are major con-
tributor to the plasmatic EVs pool [21]. Also, acquired
knowledge regarding EV's content has been challenged by
the observation that EVs have a substantially more
restricted repertoire of molecules than what previously
thought [22]. In the lifespan experiments, the authors
used a commercially available isolation kit to achieve the
highest yields of EVs [16], which may have influenced the
composition of the preparation [7]. Replication studies
with other separation methods would boost the validity
of these findings. Broadly, these new results should prompt
more research to extensively characterize EVs alterations
during ageing, in order to disentangle the effective impact
of these mediators on the ageing milieu.

Transfusion of plasma from young donors to old
patients with Alzheimer’s disease has reached the clinical
stage, with already available promising results [23].
Considering the low immunogenic potential of EVs [8],
it is tempting to speculate that the suggested beneficial
effects of young blood may be recapitulated by EVs
transfusion, a hypothesis deserving exploration in the
future. In the meanwhile, these new findings suggest
that the untraceable Fountain of Youth could be “hidden”
within EVs circulating in young organisms.
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Figure 1. Chronic treatment with extracellular vesicles of young mice prolongs lifespan in old mice. (a) The amount of extracellular
nicotinamide phosphoribosyltransferase (eNAMPT) within extracellular vesicles (EVs) decreases during ageing, while the content of
senescence-associated (SA)-miRNAs increases progressively. (b) EVs isolated from plasma of young mice contain high levels of eNAMPT
and low levels of SA-miRNAs. EVs from young mice injected intraperitoneally into old mice once-a-week produce a tangible increase in
lifespan coupled by an enhanced physical activity and a healthier aspect [16]. Shuttled eNAMPT is functionally active in receiving tissues, thus
increasing NAD+ levels and pushing SIRT1 activation. Low-levels of SA-miRNAs promote a higher SIRT1 expression [15], implying that young
EVs may concertedly sustain SIRT1-related pathways, ultimately promoting healthy longevity.
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