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Exosomes are nanovesicles naturally 
released by almost all the cells of our 
body that—in both physiological and 
in pathological settings—deliver several 
molecules including proteins, lipids and 
nucleic acids to target cells. They are 
able to interact with target cells located 
in the close proximity or at distance 
using different mechanisms, including 
ligand-receptor interactions1,2 and plasma 
membrane fusion, leading to the trans-
fer of their contents to the target cell 
cytoplasm.3 Thus, exosomes appear as 
a vectorized signaling system operating 
between the cytoplasm of a donor cell and 
either the extracellular compartment or 
potentially all the internal compartments 
of a target cell. These observations place 
exosomes at the center of current inter-
ests in translational research and point 
to exosomes as potential self-nanovectors 
for future nanomedicine approaches. 
Moreover, exosomes are attracting great 
consistent attention as tools for the iden-
tification of novel disease biomarkers. In 
fact, new tests offering the possibility to 
simultaneously characterize and quan-
tify exosomes in human body fluids have 
been recently developed.4 Such a dual 
potential of exosomes suggest that they 
might consistute an ideal tool for “ther-
anostic.” This new discipline of nano-
medicine focuses on a multi-disciplinary 
research approach to build new systems 
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for various nano-biomedical applica-
tions, ranging from the medical use of 
nanoplatform-based diagnostic agents to 
the development of therapeutic interven-
tions, alone or combined to each other 
(therapy + diagnostic = theranostic).

We have recently shown that human 
natural killer (NK) cells release exosomes 
in both resting and activated condition.5 
Moreover, we found that NK cell-derived 
exosomes not only express both typical 
NK markers (i.e., CD56) and killer pro-
teins (i.e., FASL and perforin) but also 
exert antitumor and immune homeostatic 
activities. These findings demonstrate 
that—at odds with T and B cells6,7—NK 
cells secrete exosomes in a constitutive way 
and independently from their activation 
status. This may suggest that NK cell-
derived exosomes are involved in the con-
trol of the immune response without the 
need for specific stimuli. In fact, NK cell-
derived exosomes contain both FASL and 
perforin when they are released by resting 
NK cells. However, NK-cell derived exo-
somes are functional exclusively against 
activated immune cells, suggesting that 
they have a control on the immune cell 
expansion only upon activation via cell-
intrinsic or cell-extrinsic stimuli.

Our in vitro results were strongly sup-
ported by ex vivo findings on circulating 
exosomes obtained from healthy donors, 
showing expression of NK markers, such 

as CD56 and perforin, and exerting 
exosome-induced cytotoxicity. Thus, it 
appears conceivable that NK cell-derived 
exosomes control immune responses 
both in a paracrine fashion and sistemi-
cally. Together with CD56, NK cell-
derived express detectable amounts of 
the activating receptor NKG2D, whereas 
natural cytotoxicity receptors (NCRs), 
the other NK-cell receptors that medi-
ate cytotoxic functions (i.e., NKp30, 
NKp46 and NKp44), are less expressed. 
Intriguingly, we detected perforin in exo-
somes purified from both NK-cell culture 
supernatants and the plasma of healthy 
individuals, whereas FASL was undetect-
able in plasmatic exosomes.5 Moreover, 
perforin-containing plasmatic exosomes 
were exclusively associated with NK-cell 
but not CD8+ T-cell marker. This is in 
line with a previous report showing that 
perforin is highly expressed by resting 
NK cells, but not by resting CD8+ T 
lymphocytes.8 Of note, perforin is one 
of the most conserved proteins involved 
in immune responses, with a potential 
ancestral role in the immune system of 
heterogeneous organisms.9 The role of 
perforin in the control of tumor initiation, 
growth, and dissemination is well estab-
lished and perforin-deficient mice are pro-
foundly immunocompromised and more 
prone to develop spontaneous tumors.10 
Hence, it appears conceivable that 

we have recently reported that human natural killer (NK) cells release exosomes that express both NK-cell markers and 
cytotoxic molecules. similar results were obtained with circulating exosomes from human healthy donors. Both NK-cell 
derived and circulating exosomes exerted a full functional activity and killed both tumor and activated immune cells. 
these findings indicate that NK-cell derived exosomes might constitute a new promising therapeutic tool.
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exosomes may interact with target cells,1–3 
it is likely that NK cell-derived exosomes 
may interact with target cells with either a 
exosome-to-membrane fusion or a recep-
tor-to-ligand interaction (Fig. 1).
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and delivery of exosomes, as they are 
attracted by low pH and these conditions 
promote membrane fusion.3 Thus, para-
doxically, differences in the electrostatic 
charges between exosomes and the plasma 
membrane of tumor cells might be more 
important than the specificity of ligand-
receptor interactions. This said, based on 
the different mechanisms through which 

exosome-associated perforin may consti-
tute a new target for the development of 
therapies against cancer and other diseases. 
In this context, it should be noted that the 
tumor microenvironment is acidic, which, 
on one hand, may impairs the effectiveness 
of chemotherapeutics and possibly of the 
antitumor immune response, but, on the 
other hand, may favor the accumulation 

Figure 1. Mechanisms through which NK-cell derived exosomes may interact with target cells. Natural killer (NK) cell-derived exosomes express two 
molecules involved in cytotoxicity: perforin, which may exert its action upon fusion of exosomes with the plasma membrane of target cells, and FAsL, 
which mediates cytotoxic effects by interacting with FAs on the plasma membrane of target cells.
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