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Extracellular vesicles (EV) are nanometer-sized membrane-
bound entities secreted by cells, mediating important 
intercellular communication in orchestration of immune 
responses (1). The roles of macrophage-derived EV have 
been implicated in inflammatory conditions including 
cardiovascular diseases, metabolic conditions and microbial 
infections (2). Inflammation is in part driven by the 
function of inflammasomes—cytosolic patter recognition 
receptors of the innate immune system, among them 
most prominently by NLRP3 inflammasome activated 
by a wide range of microbial and endogenous ligands (3). 
Increased secretion of EVs with modified protein and RNA 
signatures has been recently linked with the function of 
the inflammasome (4,5). In a recent paper, Budden and 
colleagues analyze in detail the pattern of EV secretion 
regulated by inflammasome activity exerted by treatment 
of LPS-primed THP1 macrophages with nigericin, a well-
described canonical inflammasome activator (6). First, 
they fractionated vesicles by differential centrifugation 
and size exclusion chromatography (SEC) to obtain 
preparations of large, intermediate and small EV. Secretion 
of all vesicle types was markedly enhanced upon nigericin 
treatment. Importantly, the authors clearly demonstrate 
that the effect is due to canonical NLRP3 inflammasome 
activity, as inhibition of caspase-1 and gasdermin D leads 
to significant reduction of EV secretion. Interestingly, this 
dependence was not observed when NLRP3 inflammasome 
was activated by MSU crystals. In line with this result, it 
has been previously shown that MSU-induced cell death 

is NLRP3 independent indicating a potential existence 
of another receptor for MSU mediating EV release and 
cell death (7,8). In conclusion, the results of Budden and 
co-worker’s suggest that release of EVs in response to 
inflammasome activation is not a passive, pyroptosis-driven 
event, but is instead highly regulated.

The authors followed their observations with in-depth 
transcriptomic analysis of the RNA content of the EV 
secreted during inflammasome activation and found that 
intermediate (10K) EV differ substantially from small EV in 
terms of their RNA transcript composition. However, the 
overall composition of the fractions is similarly modified 
regardless of type of the inflammasome-activating stimulus.

In an attempt to understand the physiological effects 
of EV in inflammatory process, the inflammasome-
induced EV isolated from THP-1 macrophages were 
incubated with naive THP-1 macrophages to monitor their 
inflammatory response by transcriptomics. To exclude a 
possible autocrine inflammatory effect, the authors used 
NLRP3 KO cells as recipients. While SEC-derived small 
EV did not trigger any significant changes in the phenotype 
of the recipient cells, the 10K intermediate EV turned out 
to activate the interferon transcriptional program, causing 
significant upregulation of interferon stimulated genes 
(ISGs), including Mx2, ISG15 and OAS3. The same effect 
was observed when primary human macrophages were 
incubated with the 10K EV pool. These results for the first 
time demonstrate that inflammatory EV may be involved in 
mediating interferon responses.
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In  order  to  ident i fy  the  mechanism by  which 
inflammatory EV mediate interferon response, a series 
of experiments was conducted to analyze the possible 
contribution of well-known signaling pathways resulting in 
ISG expression. TANK-binding kinase 1 (TBK1) KO cells 
presented similar pattern of ISG expression upon incubation 
with inflammatory EV, indicating that induction of the 
interferon transcriptional program is not a result of primary 
pattern recognition receptor activation. Similarly, inhibition 
of STING using H-151 did not diminish the interferon 
response resulting from contact with inflammatory EV. The 
possible vesicular transfer of IL-1β was also ruled out, as co-
incubation with anakinra, a IL-1 receptor antagonist did not 
inhibit interferon responses. These results suggested that 
interferon transfer may be a direct cause of upregulation 
of ISG. This turned out to be true when a soluble decoy 
type I interferon receptor or heat inactivation completely 
abrogated the induction of ISGs exerted by EV transfer. 
Macrophages take up EVs through phagocytosis and EV 
cargo, including IFN-β, ends up in endosomes. It is not 
yet known whether EV-derived IFN-β can elicit interferon 
signature solely from the endosomes in the absence IFN-α/β  
receptor engagement at the plasma membrane. However, 
the provided data demonstrate a functional IFN-β export 
via EVs during inflammasome activation. In cryopyrin-
associated periodic syndrome (CAPS) and neonatal onset 
multi-system inflammatory disease (NOMID) patients 
NLRP3 inflammasome is centrally involved in disease 
pathogenesis. Interestingly, in these diseases upregulation 
of ISGs is seen, which may be due to inflammasome-
dependent, EV-mediated IFN-β release.

EV-mediated IFN-β may have important consequences 
as IFN-β is a known negative regulator of inflammasome 
responses (9) and being transferred within EV can 
travel long distances in the bloodstream protected from 
degradation and modulate inflammatory responses in 
bystander cells. The authors attempted to verify this 
hypothesis by preincubation of human primary monocyte-
derived macrophages with small and intermediate EVs 
before activation of inflammasome by LPS priming and 
nigericin treatment. Interestingly, when naive cells were 
pretreated with 10K EVs, the inflammasome activation by 
nigericin resulted in increased IL-1β release, while LPS-
primed cells demonstrated reduced IL-1β release after 
exposure to EVs. No such effect was observed with small 
EV preincubation. These somewhat conflicting data suggest 
biased effect of inflammasome-induced EV in augmentation 
of inflammatory responses in bystander cells and will 

require further investigation. 
Together, the work by Budden and colleague explores in 

detail a recently described phenomenon of inflammasome-
induced EV secretion. By RNA profiling, the authors show 
that inflammatory activity, regardless of the stimulus by 
which it was induced, changes the RNA signatures of the 
secreted EVs. NLRP3 inflammasome is involved in many 
inflammatory diseases and RNA signature of EVs could 
be used as a biomarker for NLRP3 inflammasome activity. 
This RNA signature could be used to select patients that 
could benefit from an inflammasome targeting therapy. 

IFN-β has been used in clinical trials to treat severe 
COVID-19 (10). The use of IFN-β has been based on the 
evidence that IFN-β has anti-viral activity against SARS-
CoV-2 infection. SARS-CoV-2 infection is also known 
to activate NLRP3 inflammasome and NLRP3 centrally 
contributes to disease pathogenesis. It will be interesting 
to see whether SARS-CoV-2 infection induces EVs that 
contain IFN-β and whether this phenomenon contributes 
to antiviral response against SARS-CoV-2 infection. 
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