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Abstract

The discovery of extracellular non-coding RNAs, including microRNAs (miRNAs) and long non-coding RNAs
(lncRNAs), has dramatically altered our understanding of the role RNA plays in organisms. Importantly, these
extracellular miRNAs and lncRNAs are promising noninvasive biomarkers for diagnosis and prognosis of
pathological status. Extracellular vesicles (EVs) are natural carriers of secreted extracellular miRNAs and lncRNAs.
Although knowledge regarding the biologically relevant role of extracellular miRNAs is expanding, whether
extracellular lncRNAs play a similar role remains incompletely understood. Here, we review the current knowledge
regarding extracellular miRNAs and highlight a recent advance demonstrating that extracellular lncRNAs may also
mediate cell-to-cell communication and other complicated biological processes.
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Introduction
Non-coding RNAs such as microRNAs (miRNAs) and
long non-coding RNAs (lncRNAs) are critical regulators
of gene expression. MiRNA is typically 19–24 nt in
length, processed inside the cell by the enzyme Dicer,
incorporated into the RNA-induced silencing complex
(RISC) in the single-stranded form, and mediates
post-transcriptional silencing through binding to the
3′-UTR region of target genes [1]. LncRNA is a hetero-
geneous class of transcripts with a minimum length of
200 nt and limited protein coding potential [2]. Although
lncRNA and mRNA are both transcribed by RNA poly-
merase II, there are many features of lncRNAs that are
not found in mRNAs, such as undergoing special 3′-ter-
minal processing and splicing [3]. Readers may refer to
other review for detailed description of lncRNA biogen-
esis [3]. Although most lncRNAs remain functionally
uncharacterized, some have been validated to regulate
gene expression via different mechanisms of action, in-
cluding transcriptional regulation by recruiting protein
complexes and post-transcriptional regulation by pairing
with other RNAs [4]. Both miRNAs and lncRNAs are as-
sociated with various biological processes, such as

development [5, 6], differentiation [7, 8] and pathogen-
esis [9, 10].
The distribution of miRNAs and lncRNAs is not lim-

ited to the intracellular space. The extracellular space is
a treasure abundant with not only metabolites, ions, and
proteins but also with non-coding RNAs. For example,
miRNAs can be robustly detected in body fluids includ-
ing plasma/serum [11], urine [12], milk [13] and saliva
[14]. These miRNAs are stable and resistant to RNase
degradation and other harsh extracellular conditions
[11]. Similarly, several lncRNAs are present and detect-
able in plasma [15] and urine [16]. Like intracellular
miRNAs and lncRNAs, circulating miRNAs and
lncRNAs are also related with disease status and have
clinical potential to serve as biomarkers for diagnosis
and prognosis of various diseases, such as diabetes [11, 17]
and gastric cancer [15, 18].

Exosome/microvesicle-mediated intercellular
transfer of miRNAs regulates physiological and
pathological processes
Extracellular vesicles (EVs) are a heterogeneous collec-
tion of membrane-bound vesicles released by cells that
mediate intercellular communication [19]. EVs can be
divided into several sub-categories based on their size,
cellular origin and biogenesis [19, 20]. Here, we just
focus on two classes of extracellular vesicles – exosomes
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and microvesicles (MVs). Exosomes (40–120 nm) are
natural, nanosized intraluminal microvesicles released by
cells and present in biological fluids as natural trans-
porters of bioactive molecules [21]. Their formation is
driven by sequential formation of early endosome, late
endosome/multivesicular bodies (MVBs) and intralum-
inal vesicles (ILVs), that upon exocytosis are released as
exosomes, which is also called the endolysosomal path-
way [21, 22]. Microvesicles (50–1000 nm) are generated
by budding from the plasma membrane [20]. Notably,
the term ‘exosome’ and ‘microvesicle’ are used inter-
changeably in many published articles due to the incom-
plete understanding of their biogenesis, inconsistency in
purification and lack of thorough characterization proto-
col [20]. In this article, we also use these two terms
interchangeably.
Recent studies have demonstrated that exosomes play

an important role in intercellular communication
through horizontal transfer of miRNAs [23, 24]. More
specifically, subsets of miRNAs can be selectively

packaged into exosomes. The sorting process is con-
trolled by complex mechanisms. For example, heteroge-
neous nuclear ribonucleoprotein A2B1 (hnRNPA2B1)
binds exosomal miRNAs through recognition of a
specific sequence motif on miRNAs and controls their
loading into exosomes [25]. The release of exosomes is
also regulated by delicate machinery, involving ceramide
sphingolipids, Rab GTPase, SNARE complexes and other
critical molecules [21, 26, 27]. Subsequently, the released
exosomes carry encapsulated miRNAs between neigh-
bouring and distant cells, where they are ultimately
taken up and exert regulatory functions in the recipient
cells. Many studies have shown that this type of intercel-
lular communication between various cells can have
significant biological functions (Fig. 1).
Secreted extracellular miRNAs are regulators of

various physiological processes (Fig. 1a-e). Mittelbrunn
et al. found that CD63+ exosomes derived from T, B,
and dendritic immune cells contain miRNAs, and these
exosomes promote antigen-driven unidirectional transfer

Fig. 1 Schematic description of the roles of secreted miRNAs in various physiological and pathological processes. a miR-335 secreted from T cells
was transported via exosomes to recipient antigen-presenting cells and inhibited the translation of SOX4 mRNA. b miRNAs secreted from
embryonic stem cells were transported to recipient mouse embryonic fibroblasts via microvesicles. c miRNAs secreted from mesenchymal stem
cells were transported to recipient murine tubular epithelial cells via microvesicles. d miRNAs secreted from PBMCs and platelets were
transported to recipient haematopoietic cells via microvesicles. e miRNAs secreted from adipocytes were transported to recipient hepatocytes via
exosomes and downregulated the expression of Fgf21. f EBV miRNAs secreted by EBV-infected B cells were transported via exosomes to
uninfected monocyte-derived dendritic cells and suppressed the translation of CXCL11 mRNA. g miR-150 secreted from the macrophage cell line
THP-1 was transported via microvesicles to the recipient microvascular endothelial cell line HMEC-1 and downregulated the expression of c-Myb.
h miR-214 secreted from tumour cells was transported via microvesicles to CD4+ cells and downregulated the expression of PTEN
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of miRNAs, such as miR-335, from T cells to antigen-
presenting cells (APCs) during T cell-APC cognate im-
mune interactions (Fig. 1a) [28]. They further proposed
that this type of miRNA transfer can fine-tune gene
expression during generation of the immune response
and increase the complexity of communication between
immune cells. Yuan et al. demonstrated that microvesi-
cles derived from embryonic stem cells contained
abundant miRNAs that can be transferred to mouse em-
bryonic fibroblasts in vitro (Fig. 1b) [29]. In another
study, Collino et al. demonstrated that microvesicles re-
leased from human bone marrow-derived mesenchymal
stem cells and liver resident stem cells contained miR-
NAs specific to the cell origin (Fig. 1c) [30]. Moreover,
they reported that miRNAs from mesenchymal stem
cells were transferred to recipient murine tubular epithe-
lial cells via microvesicle. Hunter et al. observed ~ 100
miRNAs in plasma microvesicles and found significant
differences in miRNA expression among plasma micro-
vesicles, platelets, and peripheral blood mononuclear
cells (PBMCs) of healthy donors (Fig. 1d) [31]. Through
prediction of the gene targets and biological pathways
regulated by miRNAs, they found that the majority of
miRNAs expressed in plasma microvesicles might regu-
late the metabolic homeostasis of haematopoietic cells
and haematopoiesis [31]. Adipose tissue is another
source of circulating miRNAs. Ogawa et al. found that
microvesicles secreted by cultured 3 T3-L1 adipocytes
harboured nearly 7000 transcripts and 140 miRNAs and
that the abundance of adipocyte-related miRNAs in
microvesicles increased as differentiation proceeded [32].
Thomou et al. observed significantly decreased levels of
circulating exosomal miRNAs in mice with adipose
tissue-specific Dicer knockout and in humans with lipody-
strophy. Furthermore, they discovered that adipose-derived
exosomal miRNAs are associated with the expression of
hepatic and circulating Fgf21 mRNA, as well as glucose
tolerance (Fig. 1e) [33]. Thus, it is important to note that
extracellular miRNAs secreted from one tissue can regulate
gene expression in a distant tissue.
On the other hand, roles for extracellular miRNAs in

pathogenesis have also been elucidated (Fig. 1f-h). For
example, Epstein–Barr virus (EBV)-transformed B lym-
phoblastoid cells (B-LCL) were able to secrete exosomal
EBV miRNAs, which were transferred to uninfected
primary immature monocyte-derived dendritic cells
(MODCs) where viral miRNAs repressed the expression
of CXCL11, an immunoregulatory gene downregulated
in primary EBV-associated lymphomas [34]. A previous
study from our group found that microvesicles derived
from the plasma of atherosclerosis patients and cultured
THP-1 cells had high levels of miR-150, and these
microvesicles were taken up by HMEC-1 cells. Exogen-
ous miR-150 suppressed the c-Myb expression and

promoted the migration of recipient HMEC-1 cells [24].
Given that the migration of endothelial cells lining blood
vessels is a major component of atherosclerosis, elevated
miR-150 levels in microvesicles may mediate crosstalk
between circulating monocytes/macrophages and vascu-
lar endothelial cells under inflammatory conditions
(Fig. 1g) [24]. Notably, exosomal oncogenic miRNAs se-
creted from tumour cells have fundamental roles in
tumourigenesis, including remodelling the tumour micro-
environment, suppressing immune response, promoting
tumour metastasis and disseminating drug resistance [35,
36]. Another study by our group discovered that secreted
miR-214 from tumour cells suppressed the expression of
PTEN in recipient CD4+ cells, resulting in Treg expan-
sion, enhanced immune suppression and accelerated
tumour growth (Fig. 1h) [37].

Exosomes contain extracellular lncRNAs and
mediate local horizontal transfer of lncRNAs
between tumour cells to disseminate drug
resistance
Compared with the accumulating evidence of intercellu-
lar communication mediated by extracellular miRNAs,
little is known about whether such horizontal and func-
tional transfer also involves lncRNA. Deep sequencing
revealed that lncRNA can also be detected in plasma-de-
rived exosomal RNA (~ 5%) [38]. Like miRNAs, only a
subset of lncRNAs are selectively loaded into exosomes,
which may be associated with physiological and cellular
factors [39, 40]. Ahadi et al. found that lncRNAs having
certain miRNAs seed regions are enriched in prostrate
cancer derived exosomes, which may also relate to the
high expression level of those miRNAs [40]. The pres-
ence of lncRNAs in exosomes also create the opportun-
ity to use them as non-invasive biomarkers for diagnosis
of diseases, such as diabetes [17], gastric cancer [15] and
colorectal cancer [41]. Furthermore, in vitro studies have
shown that extracellular vesicles containing certain
lncRNAs can modulate the sensitivity of recipient cells’
response to anti-cancer drugs [42, 43]. For example,
elevated expression of linc-ROR is associated with
TGF-beta induced chemoresistance in HCC cells and
enriched in HCC cells derived exosomes. Incubating
with these exosomes can increase the expression of
lnc-ROR and promote the chemoresistance in recipient
cells. Thus, it is interesting to speculate whether lncRNA
can be transmitted by exosomes and exert biological
functions in vivo.
A recent study by Qu et al. reports the first case in

which one lncRNA (lncARSR) is packaged into exo-
somes and transferred to recipient cells to disseminate
sunitinib resistance (Fig. 2) [44]. The authors first estab-
lished sunitinib-resistant and sunitinib-sensitive renal
cell carcinoma (RCC) cell lines and identified lncARSR
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to be significantly upregulated in sunitinib-resistant cell
lines. Furthermore, they showed that the expression
levels of lncARSR in plasma and tumour tissues were
correlated with the resistance of patients’ response to
sunitinib treatment.
The authors further investigated whether lncARSR is

present in the form of exosomes. They found that
lncARSR was enriched in exosomes derived from
sunitinib-resistant cell lines. Importantly, the RNA bind-
ing protein hnRNPA2B1, which is involved in selective
exosomal miRNA trafficking [25], was also responsible
for loading lncARSR into exosomes. This is reasonable
because lncARSR shares a specific sequence motif near
the 5′ end with hnRNPA2B1-recognizable miRNAs. This
finding also suggests that selective loading of miRNAs
and lncRNAs into exosomes may share common mecha-
nisms. The authors then provided direct evidence that
the intercellular transfer of lncARSR was mediated by

exosomes. They fluorescently labelled cell-derived exo-
somes containing FITC-labelled lncARSR with Dil and
observed the co-localization of FITC and Dil signals in
recipient cells. In contrast, no internalization was
observed when incubating naked FITC-lncARSR with
recipient cells.
A co-culture colony formation assay revealed that

sunitinib-sensitive RCC cells became sunitinib-resistant
after incubation with sunitinib-resistant RCC cells.
Either reducing the level of lncARSR or inhibiting the
expression of molecules responsible for production and
secretion of exosomes, such as RAB27A/B, nsMase and
hnRNPA2B1, in resistant cells was able to suppress or
abolish the competence of phenotypic conversion. In
addition, an RCC xenograft model revealed that exosomes
derived from sunitinib-resistant but not sunitinib-sensitive
cells dampened the response of subcutaneous tumours to
sunitinib in vivo. These results confirmed that intercellular

Fig. 2 Schematic diagram of lncARSR transfer mediated by exosomes. lncARSR was transmitted from sunitinib resistant cells to sunitinib sensitive
cells and act as endogenous competing RNA for miR-34a and miR-449. The trapping of miR-34a and miR-449 by lncARSR thus increased the
expression their targets AXL and c-MET, which is responsible for sunitinib resistance

Table 1 Representative studies on exosome/microvesicle-mediated functional intercellular transfer of miRNAs or lncRNAs

MiRNA/lncRNA Donor cell Target cell Biological function References

miR-335 T cells Antigen presenting cells Regulate immune process [28]

Adipose-derived exosomal
miRNAs

Adipocytes Liver cells Regulate glucose
metabolism

[33]

EBV miRNAs EBV infected B cells Monocyte-derived dendritic cells Repress immunostimulatory
gene

[34]

miR-150 Human monocytic cell line
(THP-1)

Human microvascular endothelial cell line
(HMEC-1)

Promote cell migration [24]

miR-214 Tumor cells CD4+ cells Regulate immune response [37]

lncARSR Sunitinib resistance RCC cells Sunitinib sensitive RCC cells Induce chemoresistance [44]
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trafficking of lncARSR exosomes between sunitinib-resist-
ant and sunitinib-sensitive RCC cells was indispensable
for the dissemination of sunitinib resistance.
The authors went on to identify how lncARSR contrib-

utes to the establishment of sunitinib resistance in RCC
cells. They screened multiple receptor tyrosine kinases
(RTKs) in resistant cells and found two RTKs, AXL and
c-MET, that were decreased after knockdown of lncARSR,
which also abolished the established lncARSR-driven suniti-
nib resistance. Given that lncRNA can function as compet-
ing endogenous RNA (ceRNA) to sequester miRNAs and
thus disinhibit the expression of miRNA target proteins,
the authors proposed that lncARSR might interact with
AXL/c-MET-targeted miRNAs to confer sunitinib resist-
ance. Bioinformatic analysis predicted that lncARSR and
the 3′-UTR of AXL/c-MET share binding sites for miR-34/
449. Subsequent RIP and luciferase assays confirmed that
miR-34/449 physically and functionally interacted with
lncARSR. Similarly, the authors showed that miR-34/449
could inhibit the expression of AXL/c-MET, and con-
versely, inhibiting miR-34/449 facilitated the expression of
AXL/c-MET. As RTKs, AXL/c-MET can activate STAT3,
AKT and ERK signalling upon receiving the proper signals.
The authors also found that the transcriptional factors
FOXO1 and FOXO3a, which are downstream effectors of
activated AKT, could bind and suppress the expression of
lncARSR, thus forming an overall positive feedback loop
between lncARSR and AXL/c-MET.

Concluding remarks
Extracellular miRNAs and functional exosome-mediated
transfer of miRNAs can be viewed as an additional method
of intercellular communication. Over the last decade, evi-
dence showing that extracellular miRNAs can have both
local and distant biological effects has accumulated. It also
appears that this type of communication is common in
multiple cell types (Table 1). Moreover, the presence of
other extracellular non-coding RNAs, such as lncRNA, in
exosomes/microvesicles raises the question of whether
these RNAs also carry functional information. The first re-
port that exosomal lncARSR mediates the dissemination
of drug resistance in tumour cells interestingly suggests
such a possibility. However, there are also many questions
that remain unanswered. For example, it is important to
investigate whether the intercellular communication
mediated by exosomal lncRNAs is indeed a universal
phenomenon that occurs in various cell lines. Additionally,
the key molecules and mechanisms responsible for biogen-
esis, sorting, release and uptake of secreted lncRNAs re-
main incompletely understood. In conclusion, extracellular
miRNAs and lncRNAs may play important roles in the
intercellular signalling system and further knowledge will
trigger more research to understand their physiological
and pathological roles.
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