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Non-coding RNAs in Exosomes: New Players in Cancer Biology
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Abstract: Exosomes are lipid bilayer extracellular vesicles (EVs) of 50-150nm in size, which contain
nucleic acids (nNRNA, ncRNAs and DNA), proteins and lipids. They are secreted by all cells and cir-
culate in all body fluids. Exosomes are key mediators of several processes in cancer that mediate tu-
mor progression and metastasis. These nano-vesicles, when secreted from cancer cells, are enriched in
non-coding RNAs (e.g. microRNAs) complexed with the RNA-Induced Silencing Complex (RISC),
that mediate an efficient and rapid silencing of mRNAs at the recipient cell, reprogramming their tran-
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scriptome. MicroRNAs in circulation encapsulated in exosomes are protected from degradation by a

lipid bilayer and might serve as potential non-invasive diagnostic and screening tools to detect early stage cancer, to facili-
tate treatment options and possible help in curative surgical therapy decisions. Additionally, engineered exosomes can be
used as therapy vehicles for targeted delivery of RNAi molecules, escaping the immune system detection.
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1. INTRODUCTION

The conceptual idea postulated by scientists [1] that re-
lies on RNA as the main responsible for biology to emerge
from chemistry in a primitive time of the Earth, points to the
existence of a dynamic yet heterogeneous set of players with
different functional and biological purposes in the different
organisms.

1.1. Non-Coding RNAs

Protein coding genes are the most well studied genomic
sequences, however exons account for only ~2% of the ge-
nome if one considers untranslated regions (UTRs) [2]. It has
become increasingly evident that this significant non-protein
coding portion (98%) harbors crucial importance in terms of
development, homeostasis and disease [3].

This is largely supported by fact that the biological com-
plexity of organisms is often proportional to the non-protein
coding portion of the genome, coupled with evidences re-
garding the transcription of this large portion of genome into
non-coding RNAs (nc-RNA) [1].

The term non-coding RNA (ncRNA) most commonly
refers to RNA that does not encode a specific protein in the
cell. Although they were initially thought to arise as a result
of low polymerase fidelity, the discovery that many genomic
sequences are transcribed in accordance to the developmen-
tal state of the organism and tissue location prompted the
characterization of these molecules in complex organisms
[4]. There is no clear distinction between the different types
of ncRNAs however they can be divided according to its size

*Address correspondence to this author at the Institute of Molecular Pathol-
ogy and Immunology of the University of Porto (IPATIMUP), Rua Dr
Roberto Frias, s/n, 4200-465 Porto, Portugal; Tel: (00351)-2255-70700;
E-mail: smelo@jipatimup.pt

1875-5488/15 $58.00+.00

in short ncRNAs which comprises molecules ranging from
~17bp to ~32bp (miRNAs, piRNAs and tiRNAs), mid-size
ncRNAs with sizes between 60bp and <200bp (snoRNAs,
PASRs, TSSs-RNAs and PROMPTs) and long ncRNAs with
>200bp (lincRNA, T-UCRs and other long ncRNAs [3, 5].
Also their functions are highly heterogeneous with implica-
tion in many cellular processes such as ribosomal RNA
(rRNA) modifications [6], messenger RNA (mRNA) target-
ing [7], chromatin modification and transcriptional regula-
tion [4]. Of all ncRNAs, the microRNAs (miRNAs) are the
most widely studied ones since the first small ncRNA /in-4
was described in C. elegans [8].

MicroRNAs are small (19-24bp) endogenous ncRNA
that regulate gene expression at the posttranscriptional level,
by targeting mRNA transcripts. The action of miRNAs is
mediated by its binding to the 3-untranslated region (3’UTR)
of the target mRNAs thus regulating targeted mRNAs stabil-
ity and protein synthesis [9, 10]. Regarding its biogenesis,
miRNAs are transcribed in the nucleus either from tran-
scripts of specific genes or introns of protein-coding genes,
by RNA polymerase II (RNAP II) into a primary miRNA
(pri-miRNA) [11]. Next the pri-miRNA is enzymatically
modeled in a two-step process catalyzed by two members of
RNase I family Drosha and Dicer, in association with the
dsRNA-binding proteins (dsRBPs) DiGeorge Syndrome
Crtical Region Gene 8 (DGCRS8) and transactivation-
responsive RNA-binding protein (TRBP). The first step oc-
curs in the nucleus and comprises the recognition and cleav-
age of the stem-loop of the pri-miRNA, by the Drosha-
DGCRS8 complex (also called microprocessor complex), into
a ~70 nucleotide precursor hairpin (pre-miRNA). It is then
transported to the cytoplasm by the Exportin-5 (XPOS5)-Ran-
GTP complex for the dicing step in which the pre-miRNA is
cleaved by the Dicer-TRBP complex into a double stranded
miRNA. After strand separation, the functional strand of the
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mature miRNA is loaded together with Argonaute (AGO2)
proteins into the RNA-induced silencing complex (RISC).
This complex exerts its function by silencing the target
mRNA through cleavage, translational repression or
deadenylation. The other strand, called passenger strand is
degraded (Fig. 1) [11, 12].

MiRNAs are estimated to regulate the translation of
nearly 60% of protein-coding genes as they are involved in
the regulation of many processes including differentiation,
proliferation, apoptosis and development. Deregulation of
certain miRNAs’ expression in the cell was consistently ob-
served during various pathologies including cancers [13].
Every miRNA has a unique nucleotide sequence and unique
expression pattern in a certain cell type [13, 14], however
different miRNAs can cooperatively regulate the same target
[3]. There have been more than 2000 different human
miRNA species discovered so far and this amount is increas-
ing [15]. MicroRNAs are very stable small RNAs that are
most often bound to Argonaute (AGO) proteins. Interest-
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ingly, miRNAs have been found in circulation in the serum
of healthy individuals as well as in patients with several
different pathologies [16].

2. CIRCULATING NON-CODING RNAs

The detection of miRNAs in biological fluids including
blood plasma, urine, tears, breast milk, amniotic fluid, cere-
brospinal fluid, saliva, and semen, evidence the stability of
these molecules in an adverse environment [15]. These ex-
tracellular circulating miRNAs survive under unfavorable
physiological conditions such as extreme variations in pH,
which contrast to common RNA species like mRNA, rRNA,
and tRNA that are degraded within seconds after being
placed in a nuclease rich extracellular environment [15].

In 2008 Hunter et al., proposed that extracellular miR-
NAs were protected by encapsulation into membrane-
vesicles, after miRNAs detection in peripheral blood mi-
crovesicles [17]. These results combined with the previous
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findings that cells in culture transport intracellular miRNAs
into the extracellular environment by exosomes [18] led to
hypothesize the existence of an intercellular and inter-organ
communication system in the body mediated by Extracellu-
lar Vesicles (EVs) encapsulated miRNAs. However, four
years later two studies suggested that 90-99% of extracellu-
lar miRNA are indeed outside EVs and associated with pro-
teins of the AGO family both in blood plasma/serum and cell
culture media [16, 19]. Turchinovich et al., (2011) also
showed the stability of AGO2 protein in protease rich envi-
ronment which explains the stability and resistance of miR-
NAs in biological fluids [16] thus unraveling the two
mechanisms by which miRNA can be shielded from RNase
activity when in circulation: 1)EVs encapsulation and
2)AGO proteins association. Whilst circulating miRNAs
bound solely by AGO proteins are apparently non-specific
remnants resulting from physiological activity of the cells
and cell death, there is increasing evidence that cells selec-
tively encapsulate miRNAs into EVs and secrete them out-
side the cell. The mechanisms behind this statement remains,
however, to be elucidated [15].

3. EXTRACELLULAR VESICLES

The concept of intercellular communication has gained
insight in recent years. Cell-cell contact and the transfer of
secreted molecules are the best studied mechanisms account-
ing for this process, however a third mechanism has emerged
which involves the intercellular transfer of EVs [20]. EVs
are small membrane vesicles that contain different types of
RNAs [21], proteins [22] and more recently demonstrated,
DNA [23] enclosed by a phospholipid bilayer released by all
eukaryotic and prokaryotic cells. The diameter of EVs typi-
cally ranges from 30 nm to 1 pum, the smallest of which are
100-fold smaller than the smallest cells [24]. The origin and
nomenclature of EVs is still very elusive and is mainly be-
cause current available extraction and purification methods
are not clear enough to precisely discriminate between dif-
ferent types of vesicles, as exossomes and microvesicles
(MVs) [20]. As such, many names have been proposed refer-
ring to important criteria for classification such as size, den-
sity, morphology, lipid composition, protein composition,
and subcellular origin [24, 25]. The terms ectosome, shed-
ding vesicle, microparticle and MV generally refer to 150-
1000 nm vesicles released by budding from the plasma
membrane [26]. The term exosomes on the other hand was
initially used for vesicles ranging from 40-1000 nm that are
released by a variety of cultured cells [27], and later for 40-
100nm vesicles resulting from multivesicular endosome fu-
sion with the plasma membrane during the process of reticu-
locyte differentiation [28]. Finally a range of 40-150 nm in
diameter of vesicles coined the term exosomes [25]. Later, B
lymphocytes and dendritic cells were shown to release simi-
lar vesicles of endosomal origin [29]. Several studies dem-
onstrated the release of both exosomes and MVs by a single
cell type [30-32]. One of the main criteria for assessing the
differences between exosomes and MVs resides on the shed-
ding process of these vesicles. While larger vesicles are di-
rectly shed from the plasma membrane, exosomes derive
from the intercellular endosomal compartment [22].

Starting from an early endosome (Fig. 2A), exosomes
biogenesis involves the production of intraluminal vesicles
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(ILVs) within multivesicular bodies (MVBs) of the mem-
brane and the release of the vesicle to its lumen (Fig. 2B).
This is a well studied process with its known intervenients,
such as the endosomal sorting complex required for transport
(ESCRT). The ESCRT-0, -I and —II complexes are responsi-
ble for the recognition and sequestration of ubiquitinated
proteins in the endosomal membrane while ESCRT-III is
responsible for the inward budding of the membrane [25,
33]. MVBs containing the ILVs then fuse with cytoplasmic
membrane (Fig. 2C). Further secretion of exosomes (Fig.
2D) is promoted by the RabGTPases27a and 27b which be-
long to a small family of proteins involved in cellular traf-
ficking [22]. Recent studies provided evidence that
exosomes biogenesis could also occur via an ESCRT-
independent mechanism dependent on sphingomyelinase, an
enzyme that produces ceramide [34]. These observations are
consistent with the presence of high concentrations of cera-
mide and its derivatives in exosomes [34, 35]. Importantly,
the composition of an exosome is not a mere reflection of the
donor cell, and it has been shown that the profiles of exoso-
mal cargo can be substantially different from the originating
cell, which indicates the existence of a highly controlled
sorting process [36].

Currently, exosomes are defined as 40-150 nm diameter
bilayered membrane vesicles of endocytic origin, with a cup-
shaped morphology with densities ranging between 1.13 -
1.19 g/mL [24]. Because they fall below the resolution limit
of optical microscopy, transmission electron microscopy and
atomic force microscopy have been the preferred techniques
for the direct observation of exosomes’ size and morphol-
ogy, so far [25]. Yet, recently a device allowing Nanoparticle
Tracking Analysis (NTA) which tracks the movement of
laser-illuminated individual particles under Brownian mo-
tion, has been developed, enabling a fast and simple way of
analyzing large numbers of particles at the same time [37].
Exosomes are present in almost all biological fluids includ-
ing blood, urine, ascites, cerebrospinal fuid [38-41] serum
and plasma [7], and in the culture medium of cell cultures
[42]. In terms of biochemical composition, the membrane of
exosomes contains high levels of cholesterol, sphingomyelin,
ceramide and detergent-resistant membrane domains [43,
44]. One important feature of exosomes is that due to its bio-
genesis, the proteins on the surface of its membrane have the
same orientation as the cell’s. Initial proteomic studies indi-
cated that exosomes contain a particular set of proteins de-
pending on the cell that secretes them, while others are found
in most exosomes independent on the cell type [25]. Proteins
from endosomes, plasma membrane and cytosol refer to the
second group, whereas proteins from the mitochondria, en-
doplasmic reticulum and Golgi complex are not usually pre-
sent in exosomes. A clear distinction between MVs and
exosomes in terms of protein characterization is hampered
by the presence of ubiquitous proteins including ALIX,
CHMP4B, RABI11A, RABS [25]. Exosomes however, are
characterized by the presence of proteins involved in mem-
brane transport and fusion processes such as Rab, GTPases,
annexins and flotilin, components of the endosomal sorting
complex required for transport (ESCRT) complex, tumor
susceptibility gene 101 (TSG101), heat shock proteins
(HSPs), integrins and tetraspanins including CD81, CD63
and CD82 [20, 25, 45]. Furthermore, exosomes also contain
proteins that are involved in specific cell functions. For in-
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Fig. (2). Schematic representation of exosomes biogenesis. Following endocytosis into early endosomes (A) ILVs are formed through an
inward budding of the membrane (B). MVBs can then fuse with the plasma membrane (C), resulting in the release of the ILVs as exosomes

into the extracellular space (D).

stance, MHC class II molecules were shown to be abundant
in exosomes from all antigen presenting cells (APCs) that
express MHC class II [46]. Additionally epithelial tumor
cells secrete exosomes carrying the epithelial cell adhesion
molecule (EpCAM) [47] and gastric [48], breast [49], and
pancreas cancer [50] derived exosomes express members of
the human epidermal receptor (HER) family. Although not
thoroughly studied, enrichment of sphingomyelin, phos-
phatidylserine, cholesterol, saturated fatty acids, ceramide
and its derivatives were observed as lipid components of the
membranes of exosomes (Fig. 3) [34, 51, 52].

Although some models of exosomes uptake in target cells
have been proposed, there is not a consensus regarding the
definition of the mechanisms. Exosomal communication may
occur through the direct interaction of membrane proteins with
receptors in a target cell, and activate intracellular signaling
processes (Fig. 4A). The second proposed mechanism resides
in the cleavage of exosomal membrane proteins by proteases
in the extracellular space resulting in fragments with different
sizes. These fragments can then act as a ligand that binds to
the target cell protein receptor (Fig. 4B). Exosomes can also
fuse with the target cell membrane and release its content di-
rectly onto the recipient cell (Fig. 4C). Lastly exosomes are

phagocyted in an actin-cytoskeletal and phsphatidylinositol 3-
kinase-dependent manner (Fig. 4D) [22, 44].

Exosomes have recently emerged as important mediators
in cell communication due to their enriched content in ge-
netic material like mRNAs and non-coding RNAs [18].
These were shown to be functional in recipient cells [18].
Nonetheless several questions remained to be addressed,
amongst them how can exosomes carry stoichiometric
amounts of miRNAs to affect gene expression post-
transcriptionally in the recipient cell?

4. EXOSOMES AND CANCER

Although the discovery of exosomes dates decades ago,
only recently its study has gained serious insight as they are
continuously being implicated in important disease mecha-
nisms such as cancer. In fact exosomes can help the cancer
to progress and disseminate by manipulating the local and
distant biological environment. On the other hand, exosomes
can also program the immune system in order to evoke an
anti-tumor response by the organism [22]. The duality of
roles made clear that the network of interactions created by
exosomes is complex and of utmost importance for a better
understanding of the carcinogenic process.
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Fig. (4). Proposed mechanisms of intercellular communication between exosomes and target cells: A) Direct interaction with receptors in the
target cell and activation of intracellular signaling; B) Interaction with the target cell through ligation of previous cleaved fragments released
from exosomes; C) Fusion of the exosomes with the membrane of target cell; D) Exosomes are phagocyted by the target cell.

Tumor cells exchange oncogenic proteins between them
or with normal surrounding cells, via exosomes [53]. Al-
though the purpose of this cross-talk is not yet known, some
examples have confirmed this level of communication. For
instance, the protein EGFRVIII can be delivered intercellu-
larly through exosomes from glioma cells to nearby cells

lacking this mutant form, which in turn leads to activation of
transforming  signaling pathways [53]. Furthermore,
exosomes extracted from a KRAS mutant cell line containing
mutant KRAS protein enhanced cell growth and tumori-
genicity in a wild-type KRAS-expressing non-transformed
cells, upon transfer [54]. In vitro experiments showed that
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exosomes containing TGF-B1 can trigger the differentiation
of fibroblasts to myofibroblasts through SMAD-dependent
signaling [55]. Since myofibroblasts are key producers of
proteins involved in the remodeling of the matrix of the tu-
mor microenvironment and actively participate in angio-
genesis, the role of exosomes in the recruitment of fibro-
blasts could enhance angiogenesis [22]. In fact, exosomes
were shown to participate in the formation of the pre-
metastatic niche in an in vivo pancreas cancer model [56].
Another example depicting the tumorigenic role of exosomes
is the study by Peinado and colleagues (2012) where they
demonstrate in mice, that exosomes from metastatic mela-
noma cells can enhance tumorigenesis by recruiting bone
marrow derived cells to initiate a pre-metastatic niche [57].

Exosomes are reported to predominantly contain differ-
ent kinds of RNA and protein. Two previous studies have
shown the presence of mitochondrial DNA [58], single
stranded DNA and transposable elements [59] in exosomes.
However, only recently, evidences were found that
exosomes carry fragments of double-stranded DNA in a
study where exosomes from pancreas cancer cells and serum
from patients were used [23]. Furthermore, mutations in
KRAS and p53 were detected in the genomic DNA of these
exosomes.

MiRNAs play important roles in several cellular proc-
esses by regulating the expression of hundreds of genes.
Studies reported evidences that transfer of exosomes associ-
ated miRNAs to recipient cells occurred, which results in
altered gene expression and functional effects [18, 60-63]. In
2012 Chiba et al., demonstrated that the exosomes derived
from three different colorectal cancer cell lines contained
mRNAs, miRNAs, and natural antisense RNAs, and were
delivered into recipient cells [63]. In addition, some of these
reports have demonstrated that the transferred exosomal con-
tent can be functional in the receptor cells [64]. Yang et al.
(2011) reported the migration of SKBR3 and MDA-MB-231
breast cancer cells in a transwell invasion assay after treating
macrophages with IL-4 secreted exosomes containing the
miRNA miR-223. Conversely blocking miR-223 prevented
the increased invasion capacity previously observed. Fur-
thermore the mRNA target level of that specific miR-223
was reduced in the recipient cells after exosome treatment
[64].

The modulating features of exosomes were assessed in a
recent study in which exosomes from normal bone marrow
cells containing miR-15 can have a tumor suppressor effect
upon transfer to multiple myeloma cells, where the expres-
sion of this miRNA is low [65]. Also, after infecting B-
lymphoblastoid cells with Epstein-Barr virus, Pegtel and
colleagues, (2010) showed that exosomes secreted the virus
specific miRNAs and that these affected the expression of
the target gene, thus revealing the ability of exosomes to
facilitate viral infection though miRNAs [61]. More recently,
exosomes were implicated in the metastatic process by a
study of Valencia and colleagues (2014). Using an in vivo
murine model they demonstrated that the miR-192 was spe-
cifically enriched in exosomes and that these markedly ap-
peased the metastatic burden and tumor colonization in the
bone [66]. The work from Kosaka and colleagues (2012)
showed the tumor suppressor effect of the exosomal miR-
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143 derived from normal protstate cells through inhibition of
the growth of target cancer cells in vivo and in vitro [67].

Intercellular communication through exosomes has also
been proposed as a possible mechanism of spread of resis-
tance or sensitivity of cancer cells to a specific therapy. Al-
though the precise mechanism(s) by which it occurs is still
elusive, Xiao et al, (2014) demonstrated that exosomes re-
leased by cells that were exposed to chemotherapy could in
turn influence the resistance of target cells to that specific
agent [68].

5. BIOMARKERS

Since they are readily accessible in nearly all bodily flu-
ids, exosomes can provide great diagnostic opportunities to
profile cancer subtypes (virtually a liguid biopsy), unraveling
new therapeutic targets and predicting therapeutic responses.
The mere fact that exosomes production is increased in can-
cer, allows for exosomes analysis to be useful for early can-
cer detection and assessment of disease progression, without
the need for tumor biopsy [69].

MicroRNAs in exosomes have been recently described as
good biomarkers easily accessible in circulation of cancer
patients [60, 70-72]. Based on the levels of eight exosomal
miRNAs, Taylor and colleagues (2008) demonstrated that
malignant ovarian cancers could be distinguished from be-
nign disease [70]. Other studies have further demonstrated
an association of specific miRNAs with a cancer type, for
instance miR-107, miR-574-3p, miR-1290 and miR-375 in
prostate cancer [71, 73], miR-141 and miR- 195 in breast
cancer [72] and the serum-derived miR-21 in glioblastoma
[60]. In 2014 Rodriguez and colleagues demonstrated the
potential use of exosomal miRNAs as biomarkers, which
were enriched in plasma of lung cancer patients compared to
the bronchoalveolar lavage of these patients [74]. In another
report, the authors suggested a distinction between normal
and lung adenocarcinoma samples could be achieved based
on the expression of the exosomal miRNAs miR-378a, miR-
379, miR-139-5p and miR-200-5p [75].

It is not only in serum or plasma that exosomes exert
their potential as cancer biomarkers. Recently, a miRNA
panel extracted from bile-derived exosomes from cholangio-
carcinoma patients was proposed to be of relevance in terms
of disease diagnosis [76]. Also results from the work of Liu
and colleagues (2014) showed high expression levels of
miR-21 and miR-146a in exosomes derived from cervico-
vaginal fluid compared to those from HPV positive and HPV
negative normal samples [77].

6. PRECURSOR microRNAs PROCESSING IN CAN-
CER EXOSOMES

Several reports suggest that miRNAs contained in
exosomes can influence gene expression in recipient cells
[18, 61, 67, 78]. Nonetheless, single-stranded miRNAs by
themselves incorporate the RNA-Induced Silencing Com-
plex (RISC) very poorly and therefore, cannot be efficiently
directed to the target mRNAs for post-transcriptional regula-
tion [79, 80]. We have recently described a mechanism by
which cancer-derived exosomes are able to incorporate pre-
cursor miRNAs (pre-miRNAs) in complex with Dicer,
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TRBP and AGO?2 proteins, allowing for their processing in a
cell-independent fashion [42]. Therefore, after their process-
ing, miRNAs are already integral part of the RISC complex
that will guide the miRNA in the recipient cell to its mRNA
target more efficiently. This process allows for cancer cell-
derived exosomes to more efficiently regulate gene expres-
sion post-transcriptionally at the recipient cell. This was the
first study to report a cell-autonomous process occurring in
exosomes upon their secretion to the extracellular space [42].
This study opens a new perspective on exosomes biology, as
vesicles that might have cell-independent processes occur-
ring in the extracellular space.

7. NON-CODING RNAs IN EXOSOMES AND THER-
APY

The intrinsic ability of exosomes to efficiently shuttle
small molecules as perfect non-immunogenic carriers of
therapeutic agents to target cells makes them an extremely
promising therapeutic tool for numerous diseases, including
cancer. Thus intercellular transfer by exosomes can be used
as ncRNAs carriers for instance to restore miRNA expres-
sion in target cells where they might play a therapeutic role
as tumor suppressor factors [81]. As Ohno and colleagues
(2013) elegantly demonstrated, engineered exosomes ex-
pressing the transmembrane domain of the PDGF fused to
the GE11 peptide can accurately deliver the let-7a miRNA
after injection to EGFR-expressing xenograft breast cancer
tissue in immunodeficient mice [82]. It is important to note
however that miRNAs do not require full binding to their
target mRNA sequences for inhibiting effect. This allows
them to act synergistically on various molecules within sig-
naling pathways lowering its target specificity [83]. The use
of synthetic siRNA has been exploited as an alternative,
more selective tool. Exosomes loaded with exogenous
siRNA to GAPDH were injected in mice and the siRNA de-
livered specifically to neurons, microglia, oligodendrocytes
in the brain resulting in a selective gene knockdown [84].
Additionally, the delivery of a siRNA leads to a selective
gene silencing of MAPKI in monocytes and lymphocytes in
a study by Wahlgren and colleagues (2012) [85].

8. CONCLUSION

The prospective of accessibility of exosomes in almost
all biofluids, such as plasma, lymph, cerebrospinal fluid,
urine, or malignant ascites brings to the fore some truly un-
precedented diagnostic opportunities. The identification of
the non-coding RNAs in circulation during tumor progres-
sion and therapy, may provide a unique, remote, non-
invasive, and virtually continuous access to the changing
molecular make up of cancer cells (virtually a liquid biopsy),
with significant clinical implications. Finally, the under-
standing of their role and selective packaging in cancer
exosomes will unravel novel functions of these non-coding
RNAs in cancer progression.

LIST OF ABBREVIATIONS

snoRNAs = Small nucleolar RNAs
PASRs = Promoter-associated short RNAs
TSSs-RNA = Transcription start site RNA
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PROMPT = Promoter Upstream Transcript

lincRNA = Long interspersed ncRNA

T-UCR = Transcribed ultraconserved ncRNA

3> UTR = 3’ Untranslated Region

ESCRT = Endosomal sorting complex required for
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