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The physiological role of microRNAs 
(miRNAs) is widely appreciated as a 

fine-tuner to post-transcriptionally regu-
late the expression of multiple genes in 
the cells of origin. Here, we highlight 
two significant characteristics of miR-
NAs: (1) they are secreted from the pro-
ducing cells and (2) they can deliver the 
gene silencing signals between living 
cells in vitro and in vivo. The circula-
tion of miRNAs in human body fluids 
can be provided with a logical explana-
tion by our discovery that the release of 
miRNAs is actively controlled through a 
ceramide-dependent machinery associ-
ated with exosome secretion. This find-
ing can contribute to the development of 
circulating miRNAs as diagnostic bio-
markers for a variety of diseases. We also 
demonstrated that secretory miR-16 was 
transferred into prostate cancer PC-3M 
cells subcutaneously xenografted in nude 
mice, resulting in the suppression of its 
target gene. This result suggests that 
faithfully to their primary role, secretory 
miRNAs can function as a translational 
inhibitor in recipient cells as well. In con-
clusion, miRNAs are liberated from their 
incipient cells, whereby they can exert 
their full potentials as a silence master of 
gene expressions.

Growing evidence suggests that extracel-
lular microRNAs (miRNAs) stably exist 
in human body fluids, including plasma, 
saliva and urine, although ribonucleases 
(RNases) also circulate throughout the 
body.1 This finding indicates that miR-
NAs are excreted after they are contained 
in RNase-resistant lipid vesicles, such as 
exosomes and apoptotic bodies. However, 
very little is known about the secretory 
machinery of miRNAs.
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Our recent study demonstrated that 
the secretion of miRNAs is triggered by 
the elevation of the cellular amount of 
ceramide, a bioactive sphingolipid, whose 
synthesis is tightly regulated by neutral 
sphingomyelinase 2 (nSMase2) (Fig. 1).2 
The amount of miRNAs in the culture 
media increased or decreased in the set-
tings of overexpression or knockdown of 
nSMase2, respectively. We also revealed 
that treatment with a chemical com-
pound, GW4869, which can inhibit the 
enzymatic activity of nSMase2, mark-
edly blocked the secretion of miRNAs 
as well as exosomes. These data suggest 
that miRNAs are shed from their original 
cells via an exosome-dependent pathway 
that involves ceramide biosynthesis. The 
molecular dissection of miRNA secretory 
mechanisms is likely to assist in a bet-
ter understanding why the expression of 
secretory miRNAs is perturbed during the 
development of various diseases, including 
cancer, diabetes and immune disorders.3-5 
This finding may be beneficial to confer 
reliability and credibility to the diagnostic 
use of secretory miRNAs.

As evidenced by many reports,6-10 
small RNAs are currently regarded as a 
category of intercellular signal entities, 
which are called, for instance, mobile 
small RNAs, systemic silencing signals or 
just secreted RNAs. To answer the ques-
tion as to whether the secretory exosomal 
miRNAs that we observed can function 
biologically in a similar manner to other 
members, we set up in vitro and in vivo 
experiments pertaining to intercellular 
transfer. As shown in Figure 2A, purified 
exosomes labeled with a green lipophilic 
fluorescent reagent, PKH67, were suc-
cessfully incorporated into recipient PC-3 
cells. We also detected the migration of 
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Figure 1. A working model of secretory mechanism of microRNAs. Multivesicular bodies (MVBs) are an important cellular compartment for the metab-
olism of proteins and miRNAs. Ubiquitinated proteins are incorporated into lysosomes via endosomal sorting complex required for transport (ESCRT) 
machinery, subsequently followed by degradation or excretion. MiRNAs are packaged into exosomes and the release from the cells is stimulated by 
the surge of cellular ceramide.

Figure 2. (A and B) Fluorescence photos of PC-3 cells incorporating PKH67-loaded exosomes (A) and SYTO13-labelled nucleic acids (B). (A) PC-3 cells 
were incubated for 24 h with PKH67-loaded exosomes (B) PC-3 cells were incubated for 24 h in the presence (lower photo) or absence (upper photo) 
of SYTO13-labelled conditioned medium. Emission at 514 nm was detected with Eclipse TE2000 Inverted Research Microscope and images were 
produced by NIS-Elements BR software. The size bar indicates 100 µm. (C) Transfer of exosomal miR-16 to PC-3M-Fluc/Rluc-bcl2 3’UTR cells in vivo. Six-
week-old male Balb/c athymic nude mice were subcutaneously injected with 2 x 106 PC-3M cells into each dorsal region. One week after implantation, 
0.2 mL of 14 µg protein/ml miR-16-enriched exosomes and control exosomes were injected into each tumor on day 0 and day 1. We carried out in vivo 
imagings on the pre- and 3-day-post-treatment with exosome fractions. For in vivo imaging, the mice were injected with ViviRen by intravenous tail 
vein injection and imaged immediately to count the photons from animal whole bodies using IVIS imaging system. Animal experiments in this study 
were performed in compliance with the guidelines of the Institute for Laboratory Animal Research, National Cancer Center Research Institute.
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many questions are left open at this stage, 
we have been undergoing a paradigm shift 
to mobile miRNA-based signal exchange. 
Future studies may show the importance 
of secretory miRNAs in the intercellular 
and interindividual network.
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miRNA delivery was anticipated between 
the immune cells.16 As expected, Pegtel et 
al. revealed that viral miRNAs hijack the 
exosome secretory vesicles of host cells, 
causing the silencing of immunoregula-
tory genes in the recipient primary imma-
ture monocyte-derived DC cells.9 This 
may compromise the local immune sur-
veillance system, facilitating widespread 
infection in the whole body.

From a broad perspective, the rel-
evance of miRNA transfer cannot be 
limited within an individual organism. 
We found that the expression of immune-
related miRNAs in human breast milk 
culminates in the first 6 months of lacta-
tion, in agreement with the significance of 
colostrum in the context of passive immu-
nity.17 Importantly, this result appears to 
suggest the two following concepts: (1) 
dietary intake of miRNAs and (2) verti-
cal transfer of miRNAs. If the miRNAs 
in food maintain their biological activity 
after digestion, they will be highly valued 
as a crucial ingredient that can modulate 
gene expression of our own cells. Tumor-
suppressive miRNAs, in particular, could 
result in a commercial success in the 
healthy food business. Based on the sec-
ond concept, genetic exchanges between 
mother and child would be mediated by 
exosomes contained in milk as well as 
amniotic fluids. Further analysis is needed 
to assess whether maternal miRNAs are 
delivered with functional integrity to 
infants. In addition to milk, the excretions 
from the body, such as tears, saliva, semen 
and vaginal discharge, also include secre-
tory miRNAs,3,18-20 suggesting that these 
fluids may act as a mediator of horizon-
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among humans.
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is a key stimulus for the secretion of 
miRNA-enriched exosomes and that 
secretory miRNAs can convey silencing 
signals to the recipient cells. It remains 
to be elucidated how miRNAs are loaded 
into exosomes and how secretory miRNAs 
are taken up by recipient cells. Although 

secretory nucleic acids into PC-3 cells 
by using SYTO dye, a specific probe for 
vital DNAs and RNAs including mRNAs 
and miRNAs (Fig. 2B). Moreover, our 
latest publication reported that secretory 
miR-146a, a tumor-suppressive miRNA, 
lowered the expression of its target gene 
in the recipient cells, thereby inducing a 
phenotypic shift to cell growth inhibition. 
Taken together, the findings indicate that 
exosomal secretory miRNAs can spread 
translation-inhibitory signals, leading to 
the elicitation of a wide array of biological 
events.

If the movement of miRNAs is critical 
for living organisms, the transfer of silenc-
ing signals should be observed in some in 
vivo setting. We injected exosome frac-
tions from a pri-miR-16 expression vec-
tor- or empty vector-transduced HEK293 
cells into nude mice implanted with 
PC-3M-Fluc/Rluc-bcl2 3'UTR cells. This 
cell line was engineered to express renilla 
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validated miR-16 target gene, enabling us 
to monitor miR-16 activity.11 As a result, 
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the intratumor injections of exosomes 
enriched in miR-16, whereas control exo-
somes did not alter the bioluminescence 
(Fig. 2C). These data indicate that exo-
somal miR-16 delivered its inhibitory abil-
ity on its target gene to the recipient cells 
in our in vivo model. Taken together, the 
results of this study and those from the 
recent literatures12,13 suggest that secretory 
miRNAs could play a pivotal role in the 
systemic signal network.

We propose the hypothesis that secre-
tory miRNAs orchestrate a broad range 
of communication events, including 
intercellular to interindividual events. 
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lize exosomes for antigen presentation, 
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