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Abstract: Although it has many treatment strategies, cancer is still one of the most common 
causes of morbidity and mortality in the world. Exosomes are small extracellular vesicles 
(EVs) that can be secreted by almost all cells. Exosomes can encapsulate various types of 
molecules, including lipids, proteins, DNA, messenger RNAs, and non-coding RNAs 
[microRNAs (miRNAs) and long non-coding RNAs (lncRNAs)]. Exosome release is 
a way of communication between cells. They act as powerful signaling molecules between 
cancer cells and the surrounding cells that make up the cancer microenvironment. lncRNAs 
are a class of non-coding P, with a length of more than 200 bp, which are differentially 
expressed in many cancers. lncRNAs have been widely regarded as a new medium for cancer 
behavior. The presence of lncRNAs in circulation can be acellular or encapsulated in 
exosomal bodies released by cancer cells. Exosomal lncRNAs are functional and can 
transmit different phenotypic patterns to neighboring cells. Here, we reviewed the molecular 
mechanism of exosomal lncRNAs in regulating cancer progression, angiogenesis, and 
chemotherapy resistance, as well as the prospective applications of exosomal lncRNAs in 
cancer diagnosis, treatment and prognosis. These findings potentially promote the current 
understanding of exosomal lncRNAs and provide a new research direction for exosomal 
lncRNAs in cancer prevention, diagnosis, and treatment. 
Keywords: exosome, long non-coding RNAs, cancer

Introduction
The American Cancer Society has estimated that there were more than 1.7 million 
new cancer cases and 160 million cancer-related deaths in the United States in 
2018.1 At present, surgery, radiotherapy, and chemotherapy are the main strategies 
for the treatment of cancer. Surgery is usually recommended in the early stages of 
cancers, and is most effective when all cancer cells can be removed. It is also used 
in advanced stages, but it is mainly used to remove cancers and improve the quality 
of life. Therefore, chemotherapy and radiotherapy are the most widely used inter-
ventions in the treatment of cancer. Compared with surgery, chemotherapy and 
radiotherapy mostly kill only a small number of cancer cells in each treatment 
cycle, and usually never completely cures the cancer.1,2 Therefore, there is an 
urgent need to find at least one effective biological target that can improve the 
quality of life of cancer patients.

Exosomes are a kind of vesicle with a bilayer membrane structure, and can be 
secreted by many kinds of cells. It mainly transports nucleic acids (DNA, mRNAs, 
lncRNAs and miRNAs), it contains a variety of the biological characteristics of 
their source cells, and it participates in many important physiological and 
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pathological processes.3 Exosomes were found in a variety 
of body fluids, such as plasma, serum, urea, saliva and 
tears.4 Exosomes act on receptor cells in three steps: (1) 
the transmembrane proteins of the exosomal bodies 
directly interact with the signal receptors of the target 
cells, (2) the plasma membranes of the exosomes fuse 
with the receptor cells and transfer their contents to the 
cytoplasm, and finally (3) the exosomes are directly endo-
cytosed by the receptor cells or ingested by the receptor 
cells through phagocytosis.5,6 In recent years, exosomes 
gained increasing attention as an important biomarker of 
many diseases and a medium of intercellular communica-
tion in the progression, invasion, metastasis and recurrence 
of many cancers.4 Several features of exosomes have 
emerged, especially in cancer biology. First, exosomes 
contain a various biological information and functions. 
Exosome is a key medium for cell-to-cell communication. 
Substances secreted by exosomes, including proteins and 
mRNA, lncRNA, can regulate cell function.7 Second, exo-
somes have a strong influence on the progression and 
metastasis of cancers. They can predict the metastatic 
site and establish a niche before metastasis, depending on 
their interaction with the stromal cells.8 Third, exosomes 
can induce effective pro-cancer and anti-cancer immune 
responses, but exosomes derived from advanced cancer 
cells showed a stronger immunosuppressive effect than 
immune activation.9

The progress of whole genome and whole exome 
sequencing has promoted the study of the DNA regions 
of non-coding proteins. Only 3% of the genome encodes 
proteins, and the non-coding regions are considered “junk 
DNA”. However, recent exome sequencing found that 
66% of RNA transcripts came from non-coding regions. 
These non-coding RNAs include lncRNAs, miRNAs, cir-
cular RNAs, etc.10 lncRNAs refer to long non-protein- 
coded transcripts with lengths of more than 200 bp.11 

The common modes of lncRNAs in regulating cell phy-
siology are as follows: lncRNAs regulate target genes by 
affecting epigenetics (such as promoter methylation), and 
lncRNAs compete with miRNAs for their target RNAs, so 
that miRNAs cannot affect the function of target 
mRNAs.12 lncRNAs can be used as 1) chromatin modified 
scaffolds, 2) bait-induced transcriptional inhibitors, 3) 
RNA processing guides, or 4) signals of gene 
activation.13 Recent evidence suggested that lncRNAs 
play a key role in many biological processes, such as 
inflammation, cell growth, cell differentiation, and 
tumorigenesis.14,15 lncRNAs have a regulatory function 

in human diseases, especially cancer. lncRNA dysfunction 
can lead to changes in cell behavior, including prolifera-
tion, invasion, and migration, as well as inhibition of 
apoptosis.16,17 lncRNA not only was detected in cancer 
tissues, but also was in various body fluids, including, 
urine, blood and saliva.13

Exosomes have been proven to be a bridge for the 
exchange of important information between cells, carrying 
nucleic acids, proteins, and lipids to recipient cells.18 

Interestingly, exosomes also carry a wide range of 
lncRNAs. lncRNAs regulate gene expression through 
translation inhibition or as a competitive endogenous 
RNA (ceRNA).14,16 Exosomal lncRNAs play a key role 
in cancer progression and drug resistance. For example, 
the lncRNAs Exo1-4 and RMRP were preferentially pack-
aged and transmitted by exosomes, thus improving the 
viability of receptor cells.19

Exosomal lncRNAs are functional and can transmit 
different phenotypic patterns to neighboring cells, how-
ever, the exact role of exosomal lncRNAs have not been 
fully revealed. This article reviews the role of exosomal 
lncRNAs in cancers. We reviewed the molecular mechan-
ism of exosomal lncRNAs in regulating cancer progres-
sion, angiogenesis, and chemotherapy resistance, and the 
potential applications of exosomal lncRNAs from three 
aspects, including cancer diagnosis, treatment and prog-
nosis. The molecular mechanism of exosomal lncRNAs in 
cancers is shown in Figure 1.

The Molecular Mechanism of 
Exosomal lncRNAs in Cancers
Exosomal lncRNAs Regulate Cancer 
Cells Proliferation
Exosomal lncRNAs not only promote cancers, but they 
can also inhibit cancer growth. As shown in Figure 2, 
a network diagram has been constructed to illustrate 
exosomal lncRNAs regulate cancer cells proliferation. 
The exosomal lncRNA SENP3-EIF4A1 inhibited the 
progression of hepatocellular cancer (HCC) and the exo-
somal lncRNA SENP3-EIF4A1 sponging miR-9-5p pro-
tected ZFP36, inhibited the biological malignant 
behavior of HCC.20 The lncRNA TCONS_00027227 
activated by APC (TCNS_00027227), that is, lncRNA 
APC1, adenomatous polyposis coli (APC)-activated 
lncRNA APC1, in colorectal adenomatous polyposis 
inhibited the production of exosomes and reduced its 
stability through direct binding to Rab5b mRNA, 
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inhibiting the growth, metastasis, and angiogenesis of 
colorectal cancer (CRC) cells.21 The exosome secreted 
by SKOV3 cells inhibited the PTEN/AKT signal path-
way by transduction of the lncRNA FAL1, inhibiting the 
metastasis of ovarian cancer cells in vivo and in vitro.22 

The exosome secreted by Huc-MSC cells inhibited the 
growth of glioma cells through lncRNA PTENP1/miR- 
10a-5p/PTEN pathway.23 Exosomal lncRNA PTENP1 
could reduce the malignant phenotype of bladder cancer 
cells in vivo and in vitro. In addition, exosomal lncRNA 
PTENP1 might be used as a bait for miR-17 to regulate 
PTEN and inhibit the progression of bladder cancer.24

Exosomal lncRNA SENP3-EIF4A1, exosomal lncRNA 
TCONS_00027227, and exosomal lncRNA FAL1 inhib-
ited cancer cells proliferation of HCC, CRC and ovarian 
cancer, respectively. Exosomal lncRNA PTENP1 also 
inhibited cancer cells proliferation in glioma and bladder 
cancer.

Exosomal lncRNAs Regulate Cancer 
Invasion and Metastasis
The basic process of cancer metastasis includes: primary 
cancer growth, cancer cells falling off and invading the 
matrix, angiogenesis, cancer cells leaking into the vascular 
system, thrombus formation, localized growth in secondary 
tissues and organs, and finally, metastatic cancer continues 
to spread.25 As shown in Figure 3, a network diagram has 
been constructed to illustrate exosomal lncRNAs regulate 
cancer invasion and metastasis. The lncRNA PCGEM1 was 
highly expressed in gastric cancer (GC) cells, and a part of 
PCGEM1 could be encapsulated in exosomes. The exoso-
mal lncRNA PCGEM1 promoted invasion and metastasis of 
GC by stabilizing SNAIL.26 Exosomal lncRNA CEBPA- 
AS1 secreted by GC cells could promote cell proliferation, 
inhibiting apoptosis and induces GC progression.27 

Exosomal lncRNA metastasis-associated lung adenocancer 
transcript 1 (MALAT-1) sponging miR-26a/26b promoted 

Figure 1 The molecular mechanism of exosomal lncRNAs in cancers. This figure summarizes the molecular mechanism of exosomal lncRNAs regulate cancer cells 
proliferation, cancer invasion and metastasis, cancer angiogenesis, chemotherapy drug resistance and radiosensitivity, respectively.
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the invasion and metastasis of CRC by regulating FUT4 and 
activating the PI3K/Akt/mTOR pathway.28 Exosomal 
lncRNA UCA1 in the serum regulated the expression of 
MYO6 by acting on sponge miR-143, as a ceRNA, affect-
ing the proliferation and apoptosis of CRC cells.29 A newly- 
discovered lncRNA, RP11-85G21.1 (Lnc85), promoted the 
proliferation and migration of HCC cells through targeted 
binding and regulation with miR-324-5p.30 Exosomal 
lncRNA FAL1 promoted cell proliferation and metastasis 
through competitive binding with miR-1236. In addition, 
the expression of lncRNA FAL1 in the sera of patients with 
HCC was also upregulated, and lncRNA FAL1 could be 
transferred to hepatoma cells, which enhanced their prolif-
eration and migration ability.31 Exosomes derived from 
non-small cell lung cancer (NSCLC) cells could promote 
the proliferation, migration, and invasion of NSCLC cells 
through UFC1 transfer. In addition, exosomal lncRNA 
UFC1 inhibited PTEN expression and activated the Akt 
pathway through EZH2-mediated epigenetic silencing, pro-
moting the progression of NSCLC.32 In NSCLC, the 
expression of lncRNA MALAT-1 in the serum was upregu-
lated after being protected by exosomes, promoting cell 
proliferation and migration.33 Bioactive lncRNA PCa- 

specific expression and EZH2-associated transcript 
(PCSEAT) was bound to the exosome and passed on to 
neighboring cells, promoting cell proliferation and move-
ment in prostate cancer. It also promoted cell proliferation, 
at least in part, through the regulation of EZH2 mediated by 
a competitive “sponge” miR-143-3p and miR-24-2-5p.34 

During hypoxia, exosomes promoted the growth and devel-
opment of bladder cancer by transferring lncRNA UCA1.35 

Overexpression of the lncRNA TIRY in cancer-associated 
fibroblasts activated the wnt/β-catenin signaling pathway 
and promoted the invasion and metastasis of oral squamous 
cell cancer cells through the sponge action of miR-14 
secreted by cancer-related exosomes.36 Melanoma-derived 
exosomes reprogrammed fibroblasts into cancer-associated 
fibroblasts that promoted cancer by transferring lncRNA 
Gm26809, thereby promoting melanoma cell proliferation 
and migration.37 lncRNA PVT1 wrapped in exosomes 
derived from bone marrow mesenchymal stem cells pro-
moted the growth and metastasis of osteosarcoma by stabi-
lizing ERG and sponging miR-183-5p.38

To sum up, exosomal lncRNA PCGEM1 and exosomal 
lncRNA CEBPA-AS1 promoted invasion and metastasis in 
GC. Exosomal lncRNA MALAT-1 and exosomal lncRNA 

Figure 2 Network illustrating exosomal lncRNAs regulate cancer cells proliferation. This figure summarizes the literatures related to exosomal lncRNAs regulate cancer 
cells proliferation published in recent years, and shows the constructed network diagram of the relationships between exosomal lncRNAs and cancer cells proliferation. 
These cancers include hepatocellular cancer, colorectal cancer, ovarian cancer, glioma and bladder cancer.
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UCA1 promoted invasion and metastasis in CRC. 
Exosomal lncRNA Lnc85 and exosomal lncRNA FAL1 
promoted invasion and metastasis in HCC. Exosomal 
lncRNA UFC1 and exosomal lncRNA MALAT promoted 
invasion and metastasis in NSCLC. Exosomal lncRNA 
PCSEAT, exosomal lncRNA UCA1, exosomal lncRNA 
TIRY, exosomal lncRNA Gm26809, and exosomal 
lncRNA PVT1 promoted invasion and metastasis in pros-
tate cancer, bladder cancer, oral squamous cell cancer, 
melanoma and osteosarcoma, respectively.

Exosomal lncRNAs Regulate Cancer 
Angiogenesis
Cancer angiogenesis includes several steps: enzymatic 
hydrolysis of the vascular basement membrane, cell prolif-
eration, migration, germination, branching, and tubular for-
mation of endothelial cells. In the cancer microenvironment, 
exosomes released by different cell types have been proven 
to be important mediators in the process of cancer angiogen-
esis, such as mesenchymal stem cells, stromal cells, and 

endothelial cells. lncRNAs secreted by cancer-derived exo-
somes could stimulate the pro-angiogenic potential of circu-
lating angiogenic cells by increasing the expression of 
membrane molecules and soluble factors.19 The exosomal 
lncRNA RAMP2-AS1 derived from chondrosarcoma cells 
promoted angiogenesis through the miR-2355-5p/VEGFR2 
axis.39 Epithelial ovarian cancer cells transferred the lncRNA 
MALAT1 to recipient human umbilical vein endothelial cells 
(HUVECs) through exosomal bodies, and then stimulated the 
expression of angiogenesis-related genes to affect HUVECs, 
eventually promoting angiogenesis.40 The exosomal lncRNA 
H19 released by cancer stem cell-like (CSC) could promote 
the angiogenic phenotype of endothelial cells.41

Exosomal lncRNAs Regulate 
Chemotherapy Drug Resistance
Chemotherapy is one of the most commonly used and most 
important modes of treatment for malignant cancers. Cancer 
cells often develop resistance to chemotherapeutic drugs. 
The drug resistance of cancer cells can be divided into two 

Figure 3 Network illustrating exosomal lncRNAs regulate cancer invasion and metastasis. This figure summarizes the literatures related to exosomal lncRNAs regulate 
cancers invasion and metastasis published in recent years, and shows the constructed network diagram of the relationships between exosomal lncRNAs and cancers invasion 
and metastasis. These cancers include oral cancer, gastric cancer, colorectal cancer, melanoma, osteosarcoma, bladder cancer, prostate cancer, hepatocellular cancer and 
non-small-cell lung cancer.
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types, including primary drug resistance and acquired drug 
resistance. Primary drug resistance is congenital. Acquired 
drug resistance is caused by the mutation of cancer cells 
after drug treatment. As shown in Figure 4, a network dia-
gram has been constructed to illustrate exosomal lncRNAs 
regulate chemotherapy drug resistance. In breast cancer, 
exosomal lncRNA SNHG14 inhibited the expression of 
apoptotic proteins and apoptosis by targeting the Bcl-2/ 
Bax signaling pathway, promoting drug resistance of 
trastuzumab.42 In breast cancer, exosomal lncRNA AFAP1- 
AS1 promoted trastuzumab resistance by binding to AUF1 
and activating ERBB2 translation.43 Exosomal lncRNA 
H19 induced adriamycin resistance in metastatic breast 
cancer.44 lncRNA UCA1 promoted gefitinib resistance as 
a ceRNA to target FOSL2 by sponging miR-143 in 
NSCLC.45 Exosomal lncRNA RP11-838N2.4 transfection 
promoted the resistance of NSCLC to erlotinib.46 Exosomal 
lncRNA H19 promoted the drug resistance of NSCLC to 

erlotinib through the miR-615-3p/ATG7 axis, which pro-
vided a potential target for the diagnosis and treatment of 
NSCLC.47 lncRNA ARSR could be secreted from drug- 
resistant cells through exosomes. lncRNA ARSR promoted 
drug resistance to sunitinib by upregulating axl/c-met, and 
activating the STAT3, AKT and ERK signal pathways 
through competitive combination of miR-34 and miR-449. 
In turn, activated AKT promoted the expression of lncRNA 
ARSR by inhibiting transcription factors FOXO1 and 
FOXO3a, forming a positive feedback loop in sunitinib- 
resistant renal cancer cells.48 Exosomal lncRNA PART1 
induced gefitinib resistance in esophageal squamous cell 
cancer through competition for endogenous RNA. 
Downregulation of the lncRNA PART1 could effectively 
promote gefitinib-induced cell death, while upregulation of 
PART1 promoted gefitinib resistance by promoting Bcl-2 
expression through competitive binding with miR-129. In 
addition, the lncRNA PART1 could be integrated into the 

Figure 4 Network illustrating exosomal lncRNAs regulate chemotherapy drug resistance. This figure summarizes the literatures related to exosomal lncRNAs regulate 
chemotherapy drug resistance published in recent years, and shows the constructed network diagram of the relationships between exosomal lncRNAs and chemotherapy 
drug resistance. The (A–C) represents breast cancer, non-small cell lung cancer and esophageal squamous cell cancer, respectively.
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exosomal body and transmitted to sensitive cells, thus 
spreading resistance to gefitinib.49

To sum up, in breast cancer, exosomal lncRNA 
SNHG14 and exosomal lncRNA AFAP1-AS1 promoted 
drug resistance of trastuzumab. Exosomal lncRNA H19 
induced adriamycin resistance in breast cancer. Exosomal 
lncRNA UCA1 and exosomal lncRNA RP11-838N2.4 
promoted resistance of gefitinib and erlotinib in NSCLC, 
respectively. Exosomal lncRNA H19 also promoted the 
erlotinib resistance in NSCLC. Exosomal lncRNA ARSR 
promoted drug resistance to sunitinib in renal cancer. 
Exosomal lncRNA PART1 induced gefitinib resistance in 
esophageal squamous cell cancer.

Exosomal lncRNAs Regulate 
Radiosensitivity
Radiotherapy is considered to be an important choice for 
cancer treatment, not only because it can cause irreversible 
DNA damage to cancer cells, but also because it can 
promote anti-cancer immune response.50 The exosomal 
lncRNA HOTAIR reduced the radiosensitivity of laryngeal 
cancer by regulating the microRNA-454-3p/E2F2 axis.51

lncRNAs Regulate Exosome Secretion in 
Cancers
In cancers, lncRNAs can regulate related proteins to pro-
mote cancer cells to secrete exosomes. In pancreatic can-
cer, the lncRNA PVT1 promoted exosome secretion 
through YKT6v-SNARE homologue (YKT6), Ras- 
associated protein RAB-7 (RAB7), and vesicle-associated 
membrane protein 3 (VAMP3).52 lncRNA HOTAIR pro-
moted exosome secretion by regulating RAB35 and 
SNAP23 in HCC.53 Highly upregulated in liver cancer 
(HULC) and the lncRNA HULC/miR-372-3p/Rab11a 
axis promoted the secretion of exosomes in HCC cells.54

Clinical Studies of lncRNAs 
Mediated by Exosomes in Cancers
Circulating lncRNAs are widely distributed in the periph-
eral blood and other biological body fluids, such as urine 
and saliva. Exosomal lncRNAs are related to the occur-
rence and development of cancers. It can be as promising 
biomarkers for cancers diagnosis and prognosis. A number 
of studies have confirmed the diagnostic, therapeutic, and 
prognostic value of circulating exosomal lncRNAs in 
a variety of cancers, including HCC, NSCLC, GC, bladder 
cancer, CRC, and breast cancer. As shown in Table 1, 

a table has been constructed to illustrate exosomal 
lncRNAs in body fluids of human cancers. Therefore, an 
in-depth understanding of the basic biology involved in 
circulating exosomal lncRNAs is essential for the devel-
opment of new biomarkers, especially for clinical 
applications.

Diagnostic Markers
Exosomal lncRNA ENSG00000248932.1, ENST00 
000440688.1 and ENST00000457302.2 were significantly 
increased in patients with HCC.55

These lncRNAs were stable enough in human plasma. 
Circulating exosomal lncRNA ENSG00000248932.1, 
ENST00000440688.1 and ENST00000457302.2 could be 
used as potential biomarkers to predict tumorigenesis in 
patients with HCC.55 A new DE-lncRNA, RP11-85G21.1 
(Lnc85), promoted the proliferation and migration of HCC 
cells through targeted binding with and regulation of miR- 
324-5p. The level of Lnc85 in serum was higher in both 
alpha-fetoprotein-positive and alpha-fetoprotein-negative 
patients with HCC, suggesting that lnc85 might be 
a potential biomarker of HCC.30 Multivariate analysis 
showed that high miRNA-21 and high lncRNA ATB 
expression were independent predictors of mortality and 
disease progression. The overall survival time and progres-
sion-free survival time were significantly decreased in 
patients with high levels of circulating exosomal 
miRNA21 and lncRNA ATB, indicating that circulating 
exosomal lncRNA ATB could be used as a new prognostic 
biomarker and therapeutic target for HCC.56 LINC00161 
was significantly expressed in the serum and exosomes of 
patients with HCC. The upregulated expression of 
LINC00161 in the serum of patients with HCC comes 
from the exosome into the serum and could at least be 
partially metabolized through the urine. Exosomal 
LINC00161 in serum could be used as a potential non- 
invasive biomarker to predict the diagnosis of HCC.57 The 
expression of lncRNA HEIH in the serum and exosomal 
body increased in patients with HCV-related HCC, while 
the ratio of lncRNA HEIH expression in serum to exo-
some decreased. lncRNA HEIH in serum and exosomes 
could be used as a predictive molecule in hepatitis C virus 
(HCV)-associated HCC.58 XIST activator (Jpx) could be 
transported from HCC cells to extracellular bodies and 
activate the expression of lncRNA X–inactive-specific 
transcript (Xist) in blood cells by inhibiting the trans 
regulation of CCCTC-binding factor (CTCF).59
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Table 1 Exosomal lncRNAs in Body Fluids of Human Cancers

No. Year Authors Cancer Exosomal lncRNAs Body Fluids Methods Marker References

1.1 2020 Lu Yunjie, et al HCC lncRNA 
ENSG00000248932.1, 

ENST00000440688.1 

and 
ENST00000457302.2

Plasma Quantitative real- 
time reverse 

transcription- 

polymerase chain 
reaction (qRT-PCR) 

, Isolation and 

identification of 
exosome- 

derived RNAs, Risk 

score analysis

Diagnosis [55]

1.2 2018 Yu Rim Lee, 

et al

HCC lncRNA ATB Serum Particles tracking 

analysis, RT-qPCR

Progression, 

treatment

[56]

1.3 2020 Huang Xuejing, 
et al

HCC Lnc85 Plasma Western blot 
analysis, RT-qPCR,  

Bioinformatics 

analysis, Dual- 
luciferase reporter 

gene assay

Diagnosis [30]

1.4 2018 Sun Li, et al HCC LINC00161 Serum, urine Exosome isolation, 

Western blot 

analysis, qRT-PCR

Diagnosis [57]

1.5 2018 Zhang, et al 

Chun

HCC lncRNA HEIH Serum RT-PCR, Exosome 

isolation, Electron 
microscopy analysis

Diagnosis [58]

1.6 2017 Ma Xiang, et al Female 
patients 

with HCC

lncRNA Jpx Plasma Exosome isolation, 
qRT-PCR

Diagnosis [59]

1.7 2020 Xueyan Zang, 

et al

NSCLC lncRNA UFC1 Serum Exosomes isolation 

and detection, qRT- 

PCR

Diagnosis [32]

1.8 2020 Rongtao Pan, 

et al

NSCLC lncRNA H19 Serum Exosome Isolation, 

Transmission 
Electron Microscopy 

(TEM)

Treatment [47]

1.9 2019 Yun Teng, et al Lung 

Squamous 

Cell cancer

lncRNAsOX2-OT Plasma qRT-PCR, Receiver 

Operating 

Characteristic (ROC) 
curves

Diagnosis

1.10 2018 WEI ZHANG, 
et al

NSCLC lncRNA RP11- 
838N2.4

Serum Exosome isolation, 
labeling and RNA 

extraction, TEM, 

qRT-PCR, 
Bioinformatics 

analysis, Microarray 

analysis

Treatment [46]

(Continued)
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Table 1 (Continued). 

No. Year Authors Cancer Exosomal lncRNAs Body Fluids Methods Marker References

1.11 2017 Rui Zhang, 

et al

NSCLC lncRNA MALAT-1 Serum TEM, Exosomes 

isolation, 

Nanoparticle 
tracking analysis, 

qRT-PCR

Diagnosis [33]

1.12 2020 Piao Hai-Yan, 

et al

GC CEBPA-AS1 Plasma Exosome Isolation, 

Transmission 

Electron Microscopy, 
qRT-PCR

Diagnosis [27]

1.13 2020 Xu Hao, et al GC lncRNA MIAT Serum qRT-PCR Progression [69]

1.14 2019 Cai Chenchen, 

et al

GC lncRNA pcsk2-2:1 Serum qRT-PCR, 

transmission 
electron microscopy, 

Western Blotting, 

nanoparticle tracking 
analysis

Diagnosis [61]

1.15 2019 Wang Lili, et al Colorectal 
cancer

lncRNA CCAT2 Serum RT-qPCR, NanoSight 
assay, Flow 

cytometry analysis

Diagnosis [62]

1.16 2018 Li Chen, et al Colorectal 

cancer

lncRNA SPINT1-AS1 Serum RT-qPCR Progression [70]

1.17 2017 Yu Bo, et al Colorectal 

cancer

lncRNA CRNDE-p Serum qRT-PCR Progression [71]

1.18 2016 Tong Liu, et al Colorectal 

cancer

lncRNA CRNDE-h Serum TEM, RT-qPCR, 

Receiver operating 

characteristic (ROC) 
curve 

analyses

Progression [72]

1.19 2020 Abbastabar 

Maryam, et al

Bladder 

cancer

lncRNA ANRIL and 

PCAT-1

Vrine Electron Microscopy, 

Dynamic light 

scattering, Western 
blotting, qRT-PCR

Diagnosis [63]

1.20 2018 Yazarlou 

Fatemeh, et al

Bladder 

cancer

lncRNA UCA1-201, 

UCA1-203, MALAT1 

and LINC00355

Vrine Urine exosome 

isolation, 

Western blotting, 
Exosomal RNA 

isolation, qRT-PCR

Diagnosis [64]

1.21 2018 Zhan Yao, et al Bladder 

cancer

lncRNA MALAT1, 

PCAT-1 and 

SPRY4-IT1

Vrine qRT-PCR, ROC 

curve, recurrence- 

free survival

Diagnosis [65]

(Continued)
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Table 1 (Continued). 

No. Year Authors Cancer Exosomal lncRNAs Body Fluids Methods Marker References

1.22 2018 Wang Jiansong, 

et al

Bladder 

cancer

lncRNA H19 Serum, urine Serum exosomes 

isolation and RNA 

extraction, 
RT-qPCR, TEM, Size 

distribution of 

exosomes

Diagnosis [66]

1.23 2018 Zheng Rui, 

et al

Bladder 

cancer

lncRNA PTENP1 Plasma ROC, RT-qPCR Diagnosis [24]

1.24 2017 Xue Mei, et al Bladder 

cancer

lncRNA UCA1 Serum Transmission 

electron microscopy, 
Nanoparticle 

tracking analysis, 

Western blotting 
analysis, RT-qPCR, 

Fluorescent dye - 

labelled exosomal 
RNAs

Diagnosis [35]

1.25 2020 Jiao Zichen, 
et al

Esophageal 
squamous 

cell cancer

lncRNA NR_039819, 
NR_036133, 

NR_003353, 

ENST00000442416.1 
and 

ENST00000416100.1

Plasma qRT-PCR Diagnosis [67]

1.26 2018 Min Kang, et al Esophageal 

squamous 

cell cancer

lncRNA 

PART1

Serum RT-qPCR, RNA 

fluorescence in situ 

hybridization

Treatment [49]

1.27 2016 Zhang Jin, et al Cervical 

Cancer

lncRNA HOTAIR, 

MALAT1 and MEG3

Cervicovaginal 

lavage

qRT-PCR, TEM, 

enzyme linked 
immunosorbent 

assay

Diagnosis [68]

1.28 2019 Tang Xiaoyan, 

et al

Epithelial 

ovarian 

cancer

lncRNA aHIF Serum RT-qPCR, Cox 

regression analyses, 

Kaplan-Meier 
survival analysis, Cox 

multivariate 

regression model

Progression [73]

1.29 2018 Jun-Jun, et al Epithelial 

ovarian 
cancer

lncRNA MALAT1 Serum RT-qPCR, TEM, 

Nanoparticle 
tracking analysis, 

Western blotting

Progression [40]

1.30 2020 Xinxing Wang, 

et al

Breast 

cancer

lncRNA H19 Serum RT-PCR Treatment [44]

1.31 2018 Huaying Dong, 

et al

Breast 

cancer

lncRNA SNHG14 Serum Microarray profiling, 

Exosome isolation 
and labeling 

RNA extraction, RT- 

qPCR

Treatment [42]
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The expression of the lncRNA UFC1 was upregulated 
in cancer tissue, serum and exosome of NSCLC patients, 
and high levels of lncRNA UFC1 were related to cancer 
invasion. Exosomal lncRNA UFC1 promoted the progres-
sion of NSCLC through EZH2-mediated epigenetic silen-
cing of PTEN expression, which provided a potential 
marker for the diagnosis of NSCLC.32 The blood plasma 
levels of exosomal lncRNA SOX2-OT in post-operative 
patients with squamous cell lung cancer was significantly 
decreased, and exosomal lncRNA SOX2-OT was expected 
to become a non-invasive plasma marker of squamous cell 
lung cancer.60 Exosomal lncRNA MALAT-1 in the serum 
promoted the proliferation and migration of NSCLC cells, 
which laid a foundation for the use of exosomal lncRNA 
MALAT-1 as a non-invasive serum-based biomarker for 
the diagnosis and prognosis of NSCLC.33

The level of lncRNA CEBPA-AS1 in the tissue and 
plasma of patients with GC was also significantly 
increased. Most of the lncRNA CEBPA-AS1 in plasma 
was stable. The diagnostic accuracy of lncRNA 
CEBPAAS1 was higher than that of other traditional can-
cer markers. Exosomal lncRNA CEBPA-AS1 was 
a promising new biomarker for the clinical diagnosis of 
GC.27 Compared with the healthy control group, the 
expression level of exosomal lncRNA PCSK2-2:1 in the 
serum of patients with GC was significantly downregu-
lated. In addition, the expression level of lncRNA PCSK2- 
2:1 was correlated with cancer size, cancer stage and 
venous invasion. Exosomal lncRNA pcsk2-2:1 in serum 
could be used as a potential marker for the diagnosis of 
GC.61

The expression level of colon cancer-associated tran-
script 2 (CCAT2) in cancer tissues was significantly higher 
than that in paracancerous tissues. The high expression of 
CCAT2 was associated with advanced CRC. The expres-
sion level of CCAT2 in the serum of patients with CRC 
was significantly higher than that of normal controls. The 
level of CCAT2 after operation was significantly lower 
than that before operation. Circulating lncRNA CCAT2 
might be protected by exosomes and could be used as 
a potential predictor of CRC.62

The expression of lncRNA ANRIL and PCAT-1 in 
patients with bladder cancer was significantly higher than 
that in normal subjects. The transcriptional levels of 
lncRNA ANRIL and PCAT-1 in urinary exosomes were 
potential biomarkers for the diagnosis of bladder cancer.63 

lncRNAs UCA1-201, UCA1-203, MALAT1, and 
LINC00355 had 92% sensitivity and 91.7% specificity in 

the diagnosis of normal bladder cancer.64 Exosomal 
lncRNAs UCA1-201, UCA1-203, MALAT1 and 
LINC00355 in urine could be used as potential biomarkers 
for the diagnosis of bladder cancer.64 The high expression 
of lncRNA PCAT-1 and MALAT-1 was related to poor 
recurrence-free survival (RFS) of non-muscle invasive 
bladder cancer. The overexpression of exosomal lncRNA 
PCAT-1 was an independent prognostic factor for RFS of 
non-muscle invasive bladder cancer.65 Urinary exosomal 
lncRNAs could therefore be used as a new non-invasive 
biomarker for the diagnosis and recurrence prediction of 
bladder cancer.65

Exosomal lncRNA H19 in serum showed a higher 
AUC value and diagnostic sensitivity, while urine cytology 
showed higher diagnostic specificity. The detection of 
exosomal lncRNA H19 in the serum was helpful for future 
use of exosomal lncRNAs as a non-invasive biomarker in 
the diagnosis and prognosis in patients with bladder 
cancer.66 Exosomal lncRNA PTENP1 inhibited the pro-
gression of bladder cancer and played an intermediary role 
in the intercellular communication during the occurrence 
of bladder cancer. Exosomal lncRNA PTENP1 was 
a promising new biomarker for bladder cancer 
diagnosis.24 Exosomal lncRNA UCA1 secreted by 
hypoxic bladder cancer cells promoted the growth and 
development of bladder cancer. Exosomal lncRNA 
UCA1 in human serum could be used as a biomarker for 
the diagnosis of bladder cancer.35

The expression levels of exosomal lncRNA 
NR_039819, NR_036133, NR_003353, 
ENST00000442416.1, and ENST00000416100.1 in the 
plasma of esophageal cancer patients were significantly 
higher than those of non-cancer controls, which might be 
an efficient and non-invasive biomarker for the diagnosis 
of esophageal cancer.67

Exosomal lncRNA HOTAIR, MALAT1, and MEG3 of 
cervical cancer were found in cervicovaginal lavage fluids. 
The expression level of lncRNAs in patients with cervical 
cancer was significantly different from that in normal 
controls. Exosomal lncRNAs had great potential in the 
early detection and diagnosis of cervical cancer; it was 
a convenient and non-invasive biomarker.68

Treatment Markers
The expression level of exosomal lncRNA H19 in the 
serum was high in NSCLC patients who could not benefit 
after erlotinib treatment.47 The exosomal lncRNA H19 in 
the serum was stable and could be used as a potential 
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biomarker of erlotinib in the treatment of NSCLC.47 The 
expression level of lncRNA RP11-838N2.4 in the serum of 
patients resistant to erlotinib was upregulated, and exoso-
mal lncRNA RP11-838N2.4 might be a therapeutic target 
for patients with NSCLC.46

In patients with esophageal squamous cell cancer, high 
levels of lncRNA Prostate Androgen-Regulated Transcript 
1 (PART1) in serum exosomes were associated with poor 
response to gefitinib treatment. lncRNA PART1 could 
promote gefitinib resistance by regulating the miR-129/ 
Bcl-2 pathway, which could be used as a therapeutic target 
for patients with esophageal squamous cell cancer.49

The level of exosomal lncRNA H19 in patients resis-
tant to doxorubicin was higher than that in patients who 
were sensitive to doxorubicin, therefore exosomal lncRNA 
H19 might be used as a non-invasive biomarker of doxor-
ubicin resistance in breast cancer.44 High expression of 
exosomal lncRNA SNHG14 was correlated with distant 
metastasis and lymph node metastasis of breast cancer.42 It 
was suggested that exosomal lncRNA SNHG14 in serum 
could be used as a potential diagnostic marker of breast 
cancer.42

Prognostic Markers
The overall survival time and progression-free survival time 
were significantly decreased in patients with high levels of 
circulating exosomal miRNA21 and lncRNA ATB0.09, 
indicating that circulating exosomal lncRNA ATB could be 
used as a new prognostic biomarker and therapeutic target 
for HCC.56 Compared with that before treatment, the level 
of serum exosomal lncRNA myocardial infarction asso-
ciated transcript (MIAT) decreased significantly after treat-
ment, but increased significantly in recurrent cases.69 

Exosomal lncRNA MIAT in serum might be a new biomar-
ker for monitoring the progression of GC.69

The high expression of lncRNA SPINT1-AS1 was 
associated with poor clinical prognosis. Serum exosomal 
lncRNA SPINT1-AS1 in patients with CRC could be used 
as a biomarker to predict the prognosis and monitor the 
curative effect of CRC treatment.70 High exosomal 
lncRNA CRNDE-p and low miR-217 levels in the serum 
were associated with advanced clinical stage (III/IV), can-
cer classification (T3/T4), lymph node metastasis, or dis-
tant metastasis.71 A combined evaluation of exosomal 
lncRNA CRNDE-p and miR-217 levels in serum had 
diagnostic and prognostic potential in patients with 
CRC.71 Furthermore, the level of exosomal lncRNA 
CRNDE-h in the serum was significantly increased in 

patients with CRC. Exosomal lncRNA CRNDE-h in 
serum could be used as a non-invasive cancer marker for 
diagnosis and prognosis of CRC.72

The expression of serum exosomal lncRNA antisense 
hypoxia inducible factor (aHIF) was higher in patients 
with epithelial ovarian cancer, and it was positively corre-
lated with the expression level of lncRNA aHIF in epithe-
lial ovarian cancer tissues.73 The overall survival rate of 
patients with ovarian cancer with a high expression of 
exosomal lncRNA aHIF in serum was lower.73 Exosomal 
lncRNA aHIF in serum may therefore be an important 
non-invasive predictive index for the prognosis of epithe-
lial ovarian cancer.73

The increase of exosomal lncRNA MALAT1 in serum 
was highly correlated with advanced and metastatic phe-
notypes of ovarian cancer, and was an independent pre-
dictor of the overall survival (OS) from ovarian cancer. 
Circulating exosomal lncRNA MALAT1 could therefore 
be used as a promising serum-based and non-invasive 
biomarker for predicting the prognosis of ovarian cancer.40

Finding the molecular target of prognosis was to eval-
uate the therapeutic effect of cancer. Exosomal lncRNA 
ATB was a new prognostic markers of HCC. Exosomal 
lncRNA MIAT was a new prognostic markers of GC. 
Exosomal lncRNA SPINT1-AS1 and exosomal lncRNA 
CRNDE-p were a new prognostic markers of CRC. 
Exosomal lncRNA aHIF and exosomal lncRNA 
MALAT1 were a new prognostic markers of ovarian can-
cer. These markers provided molecular targets for cancers 
prognosis.

Discussion and Future Perspectives
Cancer is undoubtedly a serious public health problem 
worldwide. According to the latest data, the incidence of 
cancer will continue to increase over a long period of time, 
especially among younger people, with new cases increas-
ing every year. Therefore, the occurrence and treatment of 
cancer is a complicated problem. Over time, new thera-
peutic targets should be discovered, with current and emer-
ging techniques in biotechnology. Exosomes are very 
small EVs secreted by cells to local and distant tissues. 
Cancer cells abnormally secrete a large number of exo-
somes, which contain different cargo molecules from nor-
mal cells, depending on the phenotype of malignant 
cancers, that is, cancer cells progress by changing the 
quality and quantity of exosomes. Exosomes can encapsu-
late lncRNAs, and these functional exosomal lncRNAs can 
transmit different phenotypic patterns to neighboring cells. 
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This article summarized the molecular mechanisms of 
exosomal lncRNAs in regulating cancer progression, 
angiogenesis, and chemotherapy resistance, as well as the 
prospective clinical applications of exosomal lncRNAs in 
cancer diagnosis, treatment, and prognosis.

Exosomal lncRNAs Play a Role Through 
a ceRNA Mechanism
lncRNAs regulate gene expression through several different 
mechanisms, including acting as a co-regulator, regulating 
the activity of basic transcription factors, epigenetic mod-
ification, and post-transcriptional regulation. More studies 
have shown that lncRNAs participate in the occurrence, 
development, and drug resistance of cancers through 
ceRNAs.16,17 Competitive endogenous RNA (ceRNA) is 
an important regulatory mechanism mediated by 
lncRNAs.74 Based on the ceRNA hypothesis, exosomal 
lncRNA compete with miRNA each other to regulate down-
stream target genes. The target genes play a regulatory role 
in the occurrence and development of multiple cancers. For 
example, exosomal lncRNA UCA1 in serum regulated the 
expression of MYO6 by acting on sponge miR-143, as 
a ceRNA, affecting the proliferation and apoptosis of 
CRC cells.29 Exosomal lncRNA SENP3-EIF4A1 sponging 
miR-9-5p protected ZFP36 from inhibiting the biological 
malignant behavior of HCC.20 Exosomal lncRNA UCA1 of 
NSCLC promoted drug resistance to gefitinib by targeting 
FOSL2 through sponging miR-143.45

Exosomal lncRNAs can participate in tumorigenesis 
and development, chemotherapy resistance, angiogenesis, 
and radiosensitivity through a variety of pathways, espe-
cially through the ceRNA mechanism. On the basis of 
existing work, the network map of exosomal lncRNAs 
action mechanisms was constructed to further explore the 
role of exosomal lncRNAs in cancers.

Exosomal lncRNAs Can Induce Drug 
Resistance to Chemotherapy
The key requirements of an ideal drug delivery system 
(DDS) are safety, non-toxicity, high efficiency, non- 
immunogenicity, bioavailability, and targeting.75 

Although many DDS such as liposomes, micelles, nano-
particles, and hydrogels have been developed for effective 
drug delivery,75 most of them face two key problems: high 
systemic toxicity and low bioavailability. Recently, nanos-
cale EVs, such as exosomes and microvesicles, which 
have organic tendency, good bioavailability, and low 

toxicity and immunogenicity, have been added to the 
field of DDS.76,77 Compared with traditional targeted car-
riers, exosomes have better safety and bioavailability, and 
show lower systemic toxicity and immunogenicity. In 
addition, compared with chemotherapies, current studies 
have shown that exosomal lncRNAs can induce drug 
resistance, which provides a new direction for the use of 
exosomal lncRNAs in the treatment of chemotherapeutic 
drug resistance.

Although many studies have focused on the role and 
mechanism of exosomal lncRNAs in cancer drug resistance, 
a large number of them have not been revealed, and are 
therefore worthy of further study. Future cancer chemother-
apy drugs may be a combination of existing anti-cancer drugs 
and drugs targeting exosomal lncRNAs associated with drug 
resistance. Some studies can be conducted to determine the 
basic mechanisms of drug resistance associated with exoso-
mal lncRNAs, which may provide some common targets for 
cancer treatment. The pathway through which exosomal 
lncRNAs enter the cells is also unclear. Exosomes can trans-
fer bioactive molecules between cancer cells and their micro-
environment, but the mechanism by which exosomes 
accurately transport lncRNAs to specific target cells needs 
to be further elucidated.

Early Detection of Cancers is a 
Long-Term Hot Issue in Cancer Research
Using exosomal lncRNAs as a biomarker has three advan-
tages: 1) lncRNAs in vitro and in vivo are not affected by 
RNase, so it can be inferred that the integrity and function 
of lncRNAs will not change; 2) compared with other types 
of EVs, the number of exosomal lncRNAs are higher; and 
3) the expression of many lncRNAs are tissue-specific.78 

Therefore, the analysis of exosomal lncRNAs is helpful to 
develop valuable diagnostic markers. Recent research has 
turned to the development of minimally invasive biomar-
kers in the form of liquid biopsies, which sample and 
analyze various types of cells and molecules collected 
from biological fluids. These fluids can be blood, plasma, 
cerebrospinal fluid, bronchoalveolar lavage fluid, pleural 
effusion, saliva, or urine. In the current clinical environ-
ment, routine biopsies may not reflect cancer heterogeneity 
and cancer dynamics. In contrast, liquid biopsies detect 
circulating cancer cells, circulating DNAs, circulating 
RNAs, and exosomes, providing a minimally invasive 
alternative therapy because it can provide a wealth of 
information for cancers. Although the exact potential 
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mechanism of nucleic acid release into the extracellular 
environment is not yet fully understood, recent observa-
tions have shown that microbubbles, especially exosomes, 
can act as shuttle particles to protect their functional cargo 
from the effects of endogenous ribonucleases. The exo-
somes transfer a large amount of its contents (including 
mRNAs, miRNAs, lncRNAs, and proteins) to the recipient 
cells, which may lead to changes in phenotypic character-
istics. In particular, exosomal lncRNA markers have been 
studied and may become representative biomarkers to 
distinguish different cancers and contribute to the diagno-
sis and treatment of cancer. Exosomal lncRNAs are pro-
mising biomarkers for cancer diagnosis, prediction, and 
prognosis as well as providing real-time monitoring of 
treatment response. However, these studies usually have 
small samples and poor repeatability, so it is necessary to 
conduct large multicenter studies to improve the effective-
ness of liquid biopsies.

Limitations
Exosomal lncRNAs have a good prospect, but they also 
have some limitations. At present, a large number of 
exosomal lncRNAs have not been discovered, and their 
mechanism has not been fully revealed. Exosomal 
lncRNAs with more dysfunctional expression have been 
confirmed at the cellular level in animal experiments and 
a large number of clinical data, and so these lncRNAs may 
be transformed into a clinical diagnostic method, but the 
specificity and sensitivity of exosomal lncRNAs as cancer 
markers still need to be further improved. In view of the 
fact that there are many lncRNA targets, different 
lncRNAs can also act on the same target, so it will be 
difficult to construct a complete network of lncRNA reg-
ulation mechanisms. Finally, although there are many 
methods of exosomal extraction at present, such as gradi-
ent centrifugation, filtration centrifugation, immunomag-
netic bead method, and chromatography, there is still no 
unified protocol for extracting exosomes. At present, there 
is no method to ensure the content, purity, and biological 
activity of the exosomes simultaneously.

Conclusion
The successful treatment of cancer depends on understand-
ing the complex mechanisms involved in the cancer micro-
environment. Exosomes are a new means of information 
exchange between cells, which play an important role in 
tumorigenesis, development, and drug resistance. Cancer- 
derived exosomes contain specific proteins and RNA 

profiles. As nanoscale biological vesicles, the contents of 
exosomes are well protected and will not be degraded. 
Targeted lncRNA delivery can promote the communica-
tion and exchange of genetic material and have 
a significant impact on cell behavior. We focused on the 
molecular mechanism of exosomal lncRNAs in regulating 
cancer progression, angiogenesis, chemotherapy resis-
tance, and metastasis, to help understand and manipulate 
the mechanisms of exosomal lncRNAs in intercellular 
information exchange. In addition, it is necessary to 
further explore how the cell uptake of exosomal 
lncRNAs leads to proliferation, invasion, metastasis, drug 
resistance, and other behavioral changes, and whether 
exosomes can be used as early liquid biopsy specimens 
for cancer diagnosis.
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