488

Luo et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2019 20(6):488-495

Journal of Zhejiang University-SCIENCE B (Biomedicine & Biotechnology)
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online)
www.jzus.zju.edu.cn; www.springerlink.com
E-mail: jzus@zju.edu.cn

Review:

Exosomal long non-coding RNAs: biological properties and
therapeutic potential in cancer treatment*
Jie LUO1, Yan XIONG2, Pei-fen FU3, En-chun LI1, Lei QU4, Xiao FAN4, Zhi-jian CAI†‡5, Ai-fu LIN†‡3,4
1
2

Department of Gynecology, Women’s Hospital, School of Medicine, Zhejiang University, Hangzhou 310006, China

Department of Orthopedic Surgery, the Second Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou 310009, China
3
4

The Breast Center, the First Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou 310003, China

MOE Laboratory of Biosystems Homeostasis & Protection, College of Life Sciences, Zhejiang University, Hangzhou 310058, China
5

Institute of Immunology, and Department of Orthopaedics, the Second Affiliated Hospital,
School of Medicine, Zhejiang University, Hangzhou 310058, China
†

E-mail: linaifu@zju.edu.cn; caizj@zju.edu.cn

Received Jan. 24, 2019; Revision accepted Apr. 16, 2019; Crosschecked May 3, 2019

Abstract: Exosomes and long non-coding RNAs (lncRNAs) are emerging as important elements contributing to a
more comprehensive understanding of cancer development and progression. The discovery of lncRNAs in exosomes
further indicates their bona fide biological functional roles in cancer development and drug resistance. In this review,
we describe the biogenesis of exosomes and summarize the function of exosomal lncRNAs in the field of cancer
research. These findings strikingly advance current knowledge of exosomal lncRNAs and suggest that they may be
promising diagnostic biomarkers and therapeutic targets for cancer.
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1 Introduction
Exosomes are cup-shaped or circular nanoscale
extracellular vesicles surrounded by lipid bilayers.
They are commonly found in body fluids, plasma,
urine, and cerebrospinal fluid. The abundance of
exosomes in most body fluids suggests their potential
as a prospective non-invasive fluid biopsy for cancers.
They are usually formed by a process of invagination,
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which involves inward budding of cell membranes
into an early intracellular vesicle, and subsequently
this vesicle further invaginates to form an intraluminal vesicle (ILV), which gradually forms the multivesicular body (MVB), fusing with cell membranes
to release exosomes. Exosomes harbor a variety of
biomolecules from parent cells including proteins,
peptides, lipids, mRNAs and non-coding RNAs (such
as microRNAs and long non-coding RNAs (lncRNAs)).
Tetrameric transmembrane proteins CD63, CD9, and
CD81 found on the surface of exosomes serve as
biomarkers of exosomes (Melo et al., 2015). An exosome has a diameter of usually less than 150 nm, and
a density of 1.15–1.19 g/mL. Scanning electron microscopy, transmission electron microscopy, and
cryoelectron microscopy are usually used to observe
the morphology of exosomes. Dynamic light scattering and nanoparticle tracking analysis are applied to
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measure their size and concentration (Shao et al.,
2018). Exosomes have characteristics that protect
active substances they encapsulate from degradation
during long-distance transportation in blood or other
body fluids. Exosomes play a role as “transport
carriers” by transporting their contents into surrounding cells, and carrying out long-distance transport of
substances and exchange of signals. They participate
in a variety of physiological and pathological processes, such as antigen presentation, promotion of
tumor growth and migration, and regeneration from
damaged tissue (Juan and Fürthauer, 2017).
Studies have consistently shown the important
role of exosome-derived lncRNAs in human diseases, especially in tumors and cancers (Zhou et al.,
2018). LncRNAs are a group of non-coding RNAs
with a length of more than 200 nucleotides. They have
a variety of secondary structures that specifically bind
to a variety of proteins and nucleic acids, based on the
principle of complementary base pairing. LncRNAs
are distributed mainly in the nucleus but some are
found in the cytoplasm. They commonly act as
competitive endogenous RNAs (ceRNAs) or RNA
sponges to regulate gene expression at translational
and/or transcriptional levels, and participate in various physiological processes such as cell growth, proliferation, and apoptosis (Zheng et al., 2017; Sang
et al., 2018). Recent studies have shown that some
membrane-lipid associated lncRNAs act as mediators
of many oncogenic signal pathways (Ma et al., 2018).
Many exosomal lncRNAs have been shown to be
abnormally expressed in several cancers, supporting
their crucial role in cancer development and metastasis. Exosomal lncRNAs are potential diagnostic biomarkers for many cancers (Tan et al., 2018; Zhao
et al., 2018).

2 Biogenesis of exosomes
Exosomes are nanoscale extracellular vesicles
containing proteins, polypeptides, and nucleic acids
surrounded by lipid bilayers. They are widely found
in various organisms and body fluids. Acting as cell
vesicles, they share a formation mechanism similar to
that of other vesicles in cells, wherein they follow the
same principles of topology and require the machinery of protein assembly. However, unlike other extracellular vesicle families, exosome biogenesis is the
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result of fusion of an MVB with the plasma cell
membrane rather than direct shedding. The biogenesis process of exosomes is roughly described as the
invagination of budding from the limited membrane
of late endosomes (Théry et al., 2002; Hessvik and
Llorente, 2018). In detail, firstly, inward budding of
the cellular plasma membrane forms early intracellular vesicles. The inner membrane of the early intracellular vesicles further invaginates to form an ILV.
This mature ILV gradually forms the MVB. This
process also involves the incorporation and invagination of contents on the cell membrane and specific
receptors involved in lysosome fusion (Théry et al.,
2002). Subsequently, the MVB is directed to
fuse with lysosomes or with cell membranes upon
ISGylation induction (Villarroya-Beltri et al., 2016),
leading to digestion of the contents of the MVB by
lysosomes (Piper and Katzmann, 2007). Alternatively,
the MVB releases exosomes into the extracellular
space. Although some evidence argues for unspecific
targeting of exosomes, most studies support that exosomes of different cellular origins preferentially
target special recipient cells after they are released
into the extracellular space. For instance, exosomes
carrying different compositions of integrins selectively
target different recipient cells. Exosomes containing
α6β4 and α6β1 are likely to target lung cells, whereas
those containing αvβ6 are more likely to be delivered
to Kupffer cells in the liver (Hoshino et al., 2015).
Macrophages can recognize the phosphatidylserinederived negative surface charges on the membranes
of exosomes (Matsumoto et al., 2017) (Fig. 1). Both
endosomal sorting complex required for transport
(ESCRT)- and ceramide-dependent mechanisms
have been implicated in exosome biosynthesis. Previous studies found that certain components of
ESCRT complexes, such as ESCRT-0 and ESCRT-I,
are capable of interacting with ubiquitinated proteins
to form supercomplexes on the endosomal membrane,
thereby contributing to the biosynthesis and secretion
of exosomes (Tamai et al., 2010). Ceramide regulates
the release of MVBs (Trajkovic et al., 2008) and
decreases the cytosol level of β-catenin by inducing
cell membrane curvature to form β-catenin-enriched
exosomes (Chairoungdua et al., 2010). In the process
of exosome biosynthesis and release, separation and
fusion of vesicles from the plasma membrane are also
involved. This requires the participation of small
molecule GTPase monomeric protein Rabs and soluble
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Fig. 1 Biogenesis of exosomes and the process of their release to different target cells
Inward budding of the cellular plasma membrane forms an early intracellular vesicle. Invagination of the early intracellular
vesicle forms an intraluminal vesicle (ILV). This mature ILV gradually forms the multivesicular body (MVB). The MVB fuses
with lysosomes, leading to digestion of its contents, or fuses with the cell membrane, releasing the exosomes out into the extracellular space. Exosomes containing integrins α6β4 and α6β1 are likely to target lung cells, while those containing integrin αvβ6
are more likely to be delivered to Kupffer liver cells. Macrophages recognize the exosomes containing phosphatidylserine (PS)

soluble N-ethylmaleimide-sensitive factor attachment
protein receptor (SNARE) (Ohya et al., 2009;
Ostrowski et al., 2010; Zeigerer et al., 2012). Rab acts
as a GTPase to coordinate the assembly and disassembly of vesicles as well as vesicle trafficking along
the cytoskeleton of cells. At least five Rab family
proteins have been reported to be involved in the
biosynthesis of exosomes. Among them, Rab27a is
responsible for controlling the size of multivesicular
endosomes (MVEs), and Rab27b is involved in the
redistribution of MVEs around the nucleus (Ostrowski et al., 2010).
In spite of these findings, the exact mechanisms
of exosomal biosynthesis and release have not been
fully elucidated. Future studies are expected to investigate the physicochemical properties of exosomes
and define the precise mechanisms of exosomal
biogenesis.

3 Exosomal lncRNAs and drug resistance
Chemotherapy is one of the most common
treatments for cancer, but drug resistance poses a key

challenge for the effectiveness of cancer chemotherapy. Moreover, the clinical applicability of cancer
chemotherapy is greatly affected by late diagnosis.
Interactions between malignant and non-transformed
cells shape the tumor microenvironment (TME)
(Balkwill et al., 2012). The TME is composed mainly
of cancer-associated fibroblasts (CAFs), extracellular
matrix, soluble factors (such as cytokines, hormones,
growth factors, and enzymes), and some physical
factors such as pH and oxygen concentration (Soysal
et al., 2015). Exosomes are an important component
of the TME and carry many functional molecules,
depending on their cellular origins. For example,
exosome-delivered integrins α6β4 and α6β1 have been
reported to be associated with lung metastasis,
(Hoshino et al., 2015). Moreover, lncRNAs from tumorderived exosomes can mediate drug resistance in
cancer cells. For example, lncRNA-ROR in exosomes
released by hepatocellular carcinoma (HCC) cancer
cells can induce chemotherapy resistance, such as
with sorafenib treatment (Takahashi et al., 2014a).
Similarly, lncRNA RP11-838N2.4 derived from exosomes reduced the expression of apoptosis-associated
proteins caspase-3 and cleaved poly(ADP-ribose)
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polymerase (PARP), thereby enhancing erlotinib
resistance in non-small cell lung cancer (NSCLC)
cells (Zhang et al., 2018). ATP-binding cassette
transporters have been recognized as central to the
mediation of drug resistance and the most studied are
the transporting P-glycoproteins. A study reported
that treatment of HCC cells with chemotherapeutic
drugs induced enhanced release of exosomes containing lincRNA-VLDLR, which in turn promoted
drug resistance by upregulating the expression of ATPbinding cassette, sub-family G member 2 (ABCG2), a
member of the ATP-biding cassette transporter family
known to function in multidrug resistance (Takahashi
et al., 2014b).
LncRNA also mediates cell-nonautonomous
drug resistance. Qu et al. (2016) reported that lncRNAARSR (lncRNA activated in RCC (renal cell carcinoma) with sunitinib resistance) could be incorporated into exosomes and transmitted to sensitive cells,
resulting in sunitinib resistance. Aberrant expression
of B-cell lymphoma 2 (Bcl-2) has been implicated in
chemotherapeutic resistance in tumor cells. A recent
study found that LncRNA-PART1 facilitated drug
resistance in human epidermal growth factor receptor
2-positive (HER2+) breast cancer by acting as a molecular sponge for miR-129 to regulate the expression
of Bcl-2. LncRNA-SNGH14 was found to mediate
resistance to chemotherapy drugs in esophageal
squamous cell carcinoma by regulating the expression
of Bcl-2 (Dong et al., 2018; Kang et al., 2018). Resistance to chemotherapeutic drugs is a major factor
contributing to poor prognosis of many cancers. A
promising approach to reverse this adverse phenomenon is to enhance drug-induced apoptosis. As such,
future studies to determine the possible role of tumorderived exosomal lncRNAs in drug-induced apoptosis and fully elucidate the underlying mechanisms are
needed for better management of chemotherapeutic
drugs and to improve the survival of cancer patients.

4 Exosomal lncRNAs as biomarkers for
diagnosis
Exosomes are an attractive source of diagnostic
biomarkers because they harbour abundant biomolecules, including varieties of proteins and genetic
materials reflecting their cellular origins, and can be
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obtained in a non-invasive manner. The easy-toaccess feature of exosomes makes it possible to perform repeated measurements and obtain longitudinal
data for dynamic monitoring of tumor cells.
Repeated measurement overcomes the drawbacks of individual differences by comparing data
from the same individuals. Compared to circulating
tumor cells and nucleic acids directly exposed in body
fluids, tumor-derived exosomes are more stable and
their concentration is higher. It was reported that
integrin CD47 on the surface of exosomes can protect
exosomes from phagocytosis by monocytes and
macrophages (Matsumoto et al., 2017). At the same
time, exosomes are easier to penetrate into various
body fluids because of their small sizes. Exosomes
mediate the exchange of signals and materials between donor and recipient cells, reflecting the realtime status of a live body. All of those properties
make exosomes an ideal choice of liquid biopsy.
Many studies have demonstrated an obvious asymmetrical distribution of RNAs between the original
cells and their exosomes (Matsumoto et al., 2017).
RNAs have been reported to be selectively sorted into
exosomes (Valadi et al., 2007; Matsumoto et al.,
2017). The findings of lncRNAs differently expressed in exosomes in many cancers suggest that
exosomal lncRNAs could reflect the physiological
and pathological status of their parental cells. Thus, it
is plausible that tumor-derived exosomes containing
specific tumor-associated lncRNAs may be employed
as biomarkers to signal tumor development. Expression profiles of exosomal lncRNAs show great differences between healthy people and cancer patients.
The abnormal expression of exosomal lncRNAs in
cancer patients and at different stages of the disease
compared with healthy subjects makes them a potential biomarker for cancer diagnosis. A recent study
associated poor survival with increased lncRNA
HOTTIP expression in gastric cancer (GC) patients.
Moreover, exosomal lncRNA HOTTIP in serum had a
better diagnostic accuracy for GC than the commonly
used tumor markers carcino-embryonic antigen (CEA)
and carbohydrate antigens19-9 and 72-4 (CA19-9 and
CA72-4), supporting the potential use of exosomal
lncRNA HOTTIP as a diagnostic and prognostic biomarker of GC (Zhao et al., 2018). Another study
used an lncRNA microarray to screen for differential
expression of lncRNAs and found that three lncRNAs
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were superior to α-fetoprotein (AFP) as diagnostic
biomarkers for HCC (Tang et al., 2015). In a recent
study using a combined Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway and Gene Ontology
(GO) analysis approach, nine lncRNAs were identified
as the most significantly differential lncRNAs in
tumor tissues from colorectal cancer (CRC) patients.
Among those nine lncRNAs, lncRNA-BLACAT1 was
determined to be significant as a biomarker for CRC
diagnosis (Dai et al., 2017). Precise liquid biopsy is a
promising approach to improve early diagnosis and
cancer prognosis. Circulating exosomes can be obtained by non-invasive methods and deliver differentially expressed lncRNAs. The abundance of exosomes in body fluids can increase the sensitivity of
tumor diagnosis and the effectiveness of liquid biopsy.
Longitudinal monitoring of differential expression of
lncRNAs in tumor-derived exosomes can provide a
more accurate and real-time view of tumor development, making precision medicine more promising.

5 Conclusions
Increasing evidence highlights the regulatory
role of exosomes and lncRNAs in cancer progression

and prognosis. A comprehensive understanding of the
functions of exosomes and their components in cancer development is essential for cancer diagnosis.
Exosomes carry specific nucleic acids and keep them
stable in body fluids. Abnormal expression of tumorderived exosomal lncRNAs has been associated with
cancers of different stages. These findings show the
potential of using exosomal lncRNAs for liquid biopsy for cancer diagnosis. The most studied exosomal
lncRNAs in cancers are summarized in Table 1. Exosomes were considered to be garbage when they
were first discovered. Later on, studies revealed that
they are small and non-toxic natural liposomes widely
distributed in body fluids and can be effectively and
selectively absorbed by recipient cells (Bunggulawa
et al., 2018). Of critical importance, exosomes are
capable of targeting specific tissues and cells rather
than interacting with cells at random in the intercellular microenvironment (Hoshino et al., 2015). These
advantages make them ideal biomarkers for disease
diagnosis and prognosis, and a promising choice as
drug delivery vehicles. For example, serum-derived
exosomes have been used to deliver tyrosinaserelated protein-2 (TRP2) peptides to lymph nodes in
preclinical trials (Park et al., 2018). However, the
application of exosomes in clinical settings remains

Table 1 Exosomal lncRNAs associated with human diseases
LncRNA
LincRNA-VLDLR

Disease type
Biological function
Hepatocellular carcinoma Promotes drug resistance by upregulating the
expression of ATP-binding cassette, sub-family
G member 2 (ABCG2)
LncRNA-ARSR
Renal cell carcinoma
Acts as a competitive endogenous RNAs (ceRNAs)
for miR-34 and miR-449, and promotes
sunitinib resistance in renal cell carcinoma
LncRNA-BLACAT1 Colorectal cancer
Diagnosis biomarker
LncRNA FAL1
Hepatocellular carcinoma Acts as a ceRNA to promote cell proliferation
and migration
LncRNA HOTAIR Bladder cancer/laryngeal Facilitates tumor initiation and progression,
squamous cell carcinoma/ promotes tumor migration and invasion, and
glioblastoma multiform
serves as a biomarker
LncRNA HOTTIP Gastric cancer
Diagnostic and prognostic biomarker
LncRNA Camk-A Pancreatic cancer/breast
Involved in regulating CaM kinase and inducing
cancer
the remodeling of tumor microenvironment
through nuclear factor-κB (NF-κB) signaling
LncRNA BCAR4
Breast cancer
Involved in Yes-associated protein (YAP)dependent glycolysis, thereby reprogramming
glucose metabolism
LncRNA-ROR
Hepatocellular carcinoma Enhances sorafenib or doxorubicin resistance in
hepatocellular carcinoma (HCC) cells
LncRNA RP11Non-small cell lung cancer Enhances erlotinib resistance of non-small cell
838N2.4
lung cancer (NSCLC) cells
LncRNA-SNHG14 Breast cancer
Promotes trastuzumab chemoresistance

Reference
Takahashi et al.,
2014b
Qu et al., 2016
Dai et al., 2017
Li BG et al., 2018
Berrondo et al., 2016;
Tan et al., 2018
Zhao et al., 2018
Sang et al., 2018
Zheng et al., 2017
Takahashi et al.,
2014a
Zhang et al., 2018
Dong et al., 2018
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challenging because they are currently expensive to
isolate, difficult to detect and classify due to heterogeneity, and show discrepancies between in vitro and
in vivo experimental systems (Li Q et al., 2018). In
addition, whether exosomal lncRNAs can serve as
disease-specific biomarkers for cancer diagnosis and
prognosis needs further study, because many of them
have been detected in multiple tumors (Wang et al.,
2014; Li Q et al., 2018; Tan et al., 2018).
In summary, exosomes are pluripotent carriers
involved in tumorigenesis, progression, and drug resistance. Creating specific modifications in lncRNAs
to target certain biomolecules is a promising approach
for therapeutical intervention of tumors and cancers.
Furthermore, given the roles of exosomes in physiological and pathological conditions, strategies that
interfere with their release and direct exosomemediated intercellular communication may be used in
the future. Since exosomal lncRNAs demonstrate
multiple effects on cancer development, it is important to further explore the process of exosome
biosynthesis and the mechanisms involved in the
sorting and trafficking of lncRNAs in exosomes.
Elucidating the roles of exosomal lncRNAs in
tumorigenesis, metastasis, and drug resistance, and
evaluating their impacts on the TME are areas of
considerable interest for cancer-targeted therapy.
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中文概要
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目：外泌体 lncRNA 研究进展及其肿瘤靶向潜质
要：外泌体和长链非编码 RNA（lncRNA）与肿瘤等
危害人类健康重大疾病的发生发展密切相关。对
外泌体中 lncRNA 研究的深入解析有助于人们更
加全面地了解癌症发生发展机理机制，并有助于
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为进一步肿瘤精准靶向治疗提供新的潜在标志
物及临床靶点。本综述阐述了外泌体的发生过程
及其内容 lncRNA，并进一步通过深入总结外泌
体 lncRNA 在肿瘤临床药物耐受中的作用，评估
其肿瘤靶向潜质，揭示其作为潜在有效靶向治疗
靶点和诊疗标志物的前景意义。
关键词：外泌体；长链非编码 RNA（lncRNA）；生物合
成；生物标志物；肿瘤靶点；临床耐药

