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Abstract 

Exosomes are a typical subset of extracellular vesicles (EVs) that can be transmitted from parent cells to 
recipient cells via human bodily fluids. Exosomes perform a vital role in mediating intercellular 
communication by shuttling bioactive cargos, such as nucleic acids, proteins and lipids. Long noncoding 
RNAs (lncRNAs) are transcripts longer than 200 nucleotides without protein translation ability and can 
be selectively packaged into exosomes. Accumulating evidence indicates that exosomal lncRNAs have a 
critical role in tumor initiation and progression through regulating tumor proliferation, apoptosis, 
invasion, metastasis, angiogenesis, treatment resistance and tumor microenvironment. Increasing studies 
suggest that exosomal lncRNAs have great potential to be served as novel targets and non-invasive 
biomarkers for diagnosis and prognosis in non-small cell lung cancer (NSCLC). In this review, we provide 
an overview of current research on the disordered functions of exosomal lncRNAs in NSCLC and 
summarize their potential clinical applications as diagnostic and prognostic biomarkers and therapeutic 
targets for NSCLC. 
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Introduction 
Lung cancer is one of the most common 

malignancies and the leading cause of cancer related 
death around the world with more than 2 million new 
patients and 1.76 million deaths annually [1]. Non- 
small cell lung cancer (NSCLC) is the predominant 
histological subtype of lung cancer, accounting for 
85% of lung cancer patients [2, 3]. NSCLC can be 
further divided into three main subtypes: adeno-
carcinoma, squamous cell carcinoma, large cell 
carcinoma [4]. Due to lack of obvious early symptoms 
and reliable biomarkers for early diagnosis, patients 
with lung cancer are often diagnosed at advanced 
stage associated with dismal prognosis. Although 
significant advances in diagnosis and treatment for 
lung cancer have been obtained, the overall 5-year 
survival rate is as low as 17.9% and the 5-year survival 
rate for patients with distant metastasis is only 4% [5, 
6]. Its lethality highlights a need to identify novel 

insights into the mechanisms, reliable biomarkers and 
targeted therapy candidates of NSCLC. 

Extracellular vesicles (EVs) are a kind of small 
membrane vesicles with phospholipid bilayer struc-
ture [7]. EVs can be classified into two main types: 
exosomes, ectosomes or micro-vesicles on the basis of 
their biological occurrence and size [8]. Unlike 
ectosomes, exosomes are biological nanoparticles 
with a size of 40-150nm in diameter [9], which are 
generated from multivesicular bodies (MVBs) formed 
from inward budding of endosomes and are released 
via exocytosis pathway after MVBs fuses to cell 
membrane [10-12]. Exosomes are widely present in a 
variety of body fluids, such as blood, urine, 
cerebrospinal fluid, pleural fluid and saliva [13]. First 
detected in sheep reticulocytes in 1983, exosomes 
were initially thought to be involved with cellular 
waste cleaning [14]. With further research on 
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exosomes going deep, however, exosomes have been 
demonstrated to play a crucial role in intercellular 
communication by transmitting cargoes, such as 
nucleic acids and proteins [15]. Importantly, 
numerous studies reveal that exosomes contained 
with specific bioactive components participate in 
regulating tumor progression from diverse aspects, 
including tumor cell proliferation, apoptosis, 
invasion, metastasis, angiogenesis [8, 16-19]. 
Cancer-related functions and widespread distribution 
in human body indicate the potential of exosomes as 
therapeutic targets and non-invasive biomarkers for 
diagnosis and prognosis in cancer management. 
Growing evidence confirms that long noncoding RNA 
(lncRNA) can be packaged into exosomes and 
transferred from parent cells to adjacent cells or 
distant tissues through human circulatory system, 
thereby modulating biological activities in recipient 
cells [20-22]. An increasing number of exosomes 
containing lncRNAs are ubiquitous in both bodily 
fluids and tumor tissues, and are found to be abnor-
mally expressed in a variety of cancers, including 
NSCLC [23-25]. Recent studies have indicated that 
exosome-derived lncRNAs play an incredible role in 
tumorigenesis and progression of multiple cancers 
[26, 27], providing the possibility that exosomal 
lncRNAs function to be targets for cancer treatment 
and novel biomarkers for cancer diagnosis and 
prognosis [28, 29]. In this review, we firstly discuss 
basic features of exosomes and emerging biological 
functions of lncRNAs. Then, in particular, we focus on 
the disordered regulatory roles of exosomal lncRNAs 

and their clinical applications in NSCLC. The existing 
challenges that hinder the clinical applications of 
exosomal lncRNAs and future development 
directions are finally pointed out. 

Biology of exosomes 
Biogenesis and release of exosomes 

As one of the main types of EVs, exosomes can 
be released by a majority of cells and play critical roles 
in cell-to-cell crosstalk under diverse pathophysio-
logical conditions [30]. The formation of exosomes is a 
complex process involving several major steps, which 
is shown in Fig. 1. For the first step, the cell membrane 
sinks inward and forms vesicles carrying substances 
from the cell surface and extracellular space. The 
vesicles then fuse with a cell structure named early 
endosome and move along special protein tracks [31, 
32]. During the movement, the membrane of early 
endosome curves inward, which leads to the 
formation of smaller vesicles known as multi-vesicu-
lar bodies (MVBs) which bud inward to form 
intraluminal vesicles (ILVs) [33]. Multiple compo-
nents, such as lipids, proteins, microRNAs, lncRNAs 
and ctDNAs, are enriched in ILVs, while the 
underlying mechanisms of component sorting have 
not been fully determined yet. Both endosomal 
sorting complex required for transport (ESCRT)- 
dependent and independent manners were reported 
to interpret this mechanism [34-36]. Finally, ILVs are 
released to become exosomes when the ILVs-loaded 
MVB fuses with the cell surface [37, 38]. 

 

 
Figure 1. The biogenesis and release of exosomes. Cell membrane invaginates to form a vesicle called early endosome, and its membrane then bends inward to form a 
multi-vesicular body (MVB). MVB sprouts inward to form intracavitary vesicles (ILVs) rich in proteins, RNAs and DNAs. When the MVB is fused to cell surface, ILVs are released 
into exosomes.  
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Functions of exosomes in cancer 
Exosomes are a fascinating new research field 

attracting the attention of many researchers. It was 
originally thought that exosomes were used to 
remove unwanted waste produced by cells [31]. In 
recent years, however, it has been clear that exosomes 
have remarkable roles in modulating pathophysio-
logical activities [39]. Ongoing dialogues between 
cells are present via exosomes to regulate various 
cancer-related biological activities, including tumori-
genesis, progression, metastasis, angiogenesis and 
drug resistance [40]. Exosomes function by transfer-
ring multiple bioactive components, including 
proteins, RNA molecules, DNA, which leads to 
changes in cellular function of recipient cell [41-43]. 
For example, exosomal miR-21 generated by oral 
squamous cell carcinoma can be transmitted to 
normoxic cells to promote tumor metastasis under 
hypoxic microenvironment [44]. Serum-derived 
exosomal miR-96 enhances the progression of lung 
cancer by targeting protein LMO7 [45]. On the other 
hand, the contents and quantities of exosomes are 
identified to vary in different diseases, including 
various cancers. PLA2G10 mRNA and protein levels 
in serum exosome are significantly increased in 
NSCLC, which are linked with invasive clinical 
feature and poor prognosis of NSCLC patients [46]. In 
addition to the abnormal expression of exosome- 
derived components related to caner, exosomes can 
cross biological barriers and widely exist in body 
fluids, suggesting that exosomes may be served as a 
source of non-invasive indicators of cancers. Exoso-
mal RP5-977B1 has been demonstrated as a novel 
promising biomarker for diagnosis and prognosis of 
NSCLC [47]. Furthermore, exosomes can be harnessed 
to deliver medicine with good stability [48]. Thera-
peutic agents mediated by exosomes, like nucleic 
acids and proteins, can be protected from degradation 
since exosomes are wrapped by lipid bilayers [49]. 
Combined with special ligands as aptamers, 
exosomes can target specific molecules or cell types, 
which can be utilized in precise treatment of cancer 
[50, 51]. A recent study reports that Aptamer- 
Functionalized Exos (Apt-Exos) are created as an ideal 
platform for antitumor drug delivery through the 
combination of exosomes and aptamers that can 
specifically recognize cell types [52]. Exosome- 
mediated drugs have been under investigation and 
entered preclinical study stage already [53]. In 
summary, exosomes have great potential in the 
diagnosis, prognosis and treatment of cancer 
management. 

Biological functions of lncRNAs 
lncRNA research is a rapidly expanding field of 

genomics. lncRNAs are a large and diverse class of 
RNA transcripts longer than 200 nucleotides in length 
and hardly translated into proteins [54-57]. lncRNAs 
were originally considered as wastes of genome 
transcription and just by-product of Pol Ⅱ transcrip-
tion [58], whereas growing evidence confirms that 
lncRNAs can exert regulatory functions in multiple 
biological processes, as shown in Fig. 2.  

The most well-known mechanism of lncRNA- 
mediated chromatin architecture regulation and 
chromatin remodeling is related to dosage compen-
sation. lncRNA Xist can recruit various proteins in an 
orderly manner during the early stage of embryonic 
development, triggering gene repression of the entire 
X chromosome, which ultimately leads to chromo-
some condensation into an inactive Barr body [59-62]. 
Different to lncRNA Xist, CoT-1 RNA is determined 
to be highly correlated with euchromatin and 
promote chromatin opening [63]. In addition, 
p53-regulated lncPRESS1 interacts with SIRT6 protein 
to enrich histone H3K9ac and H3K56ac on the 
promoters of specific genes related to pluripotency 
and differentiation of embryonic stem cells and inhibit 
chromatin remodeling [64]. Forming a R-loop 
characterized by a hybrid structure composed of RNA 
and double-strand DNA (dsDNA) is one of the 
mechanisms of lncRNA-mediated transcriptional 
regulation [65, 66]. The R-loop formed by lncRNA 
ANRASSF1 recruits PRC2 protein to the promoter of 
RASSF1A gene and subsequently triggers histone 
H3K27 trimethylation, thereby repressing RASSF1A 
expression [67]. lncRNA also participate in modula-
ting the assembly process and function of nuclear 
bodies [68]. For instance, NEAT1 can function as 
scaffold of para-speckle to mediate gene expression at 
the post-transcriptional level [69-72]. The number and 
morphology of para-speckles are positively correlated 
with the expression of NEAT1, especially under the 
stress condition of increased NEAT1 expression [73]. 

lncRNA is capable of regulating the stability of 
mRNA through diverse mechanisms to affect mRNA 
expression level. For example, lncHUPC1 functions as 
competitive endogenous RNAs (ceRNAs) to absorb 
miR-133b, thereby regulating SDCCAG3 expression 
in prostate cancer [74]. Additionally, lncRNA Cyrano 
triggers the destruction of miR-7 by binding to miR-7 
and then promoting the cleavage and cleavage of the 
3’ end, leading to the accumulation of circular RNA 
Cdrlas, a miR-7 target, in the brain [75]. The 
BACEA-antisense transcript (BACEA-AS) promotes 
the stability of BACE1 mRNA and upregulates 
BACE1 protein level via base pairing with BACE1 
mRNA [76]. Moreover, the binding of NORAD to 
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cytoplasmic proteins PUMILIO1 and PUMILIO2 
(PUM1/2) limits their effective degradation of target 
mRNAs [77, 78].  

lncRNA is also involved with translation 
regulation and post-translational regulation [79]. 
When RNA-binding protein HuR is present, linc-p21 
tends to recruit RNA-induced silencing complex 
(RISC) and becomes instable consequently. However, 
in the absence of HuR, linc-p21 acts as an inhibitor to 
regulate the translation of target mRNA by reducing 
polymer size and complementing the base pairs of 
target mRNAs to cause ribosomes shedding [80]. It is 
also confirmed that lncRNA correlates with the 
regulation of protein translational modifications 
(PTMs). lnc-DC has regulatory effect on PTMs 
regulation by directly binding to STAT3, which 
inhibits the combination between STAT3 and SHP1 

responsible for dephosphorylating STAT3, thereby 
promoting the phosphorylation of STAT3 [81]. 

Dysfunctions of exosomal lncRNAs in 
NSCLC 

lncRNA can modulate biological activities of 
recipient cells by being transferred in the form of 
exosomes. Accumulating evidence indicates that 
dysfunctions of exosomal lncRNAs occur in a variety 
of malignancies, which is involved with tumor 
growth, progression, angiogenesis, and therapy 
resistance. It is of importance to comprehend the 
underlying mechanisms how exosomal lncRNAs 
function to regulate tumor development. In this 
section, we specially discuss about the dysfunctions of 
exosome-derived lncRNAs in NSCLC and potential 
molecular mechanisms, as shown in Fig. 3 and 
Table 1. 

 
 
 

 
Figure 2. Biological functions of lncRNAs. a lncRNA Xist regulates chromatin architecture and chromatin remodeling. b lncRNA ANRASSF1 participates in transcriptional 
regulation by forming R-loop. c NEAT1 modulates nuclear bodies by assembly as a scaffold of paraspeckle, especially under stress conditions. d lncHUPU1 functions as a 
competitive endogenous RNA (ceRNA) to regulate mRNA stability. e linc-p21 regulates translation process by hindering ribosomes from translating mRNA when HuR is absent. 
f lnc-DC has roles in post-translation regulation through preventing SHP1-mediated STAT3 dephosphorylation. 
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Figure 3. Dysfunctions of exosomal lncRNAs in NSCLC. a Exosomal lncRNAs promote tumor proliferation in NSCLC. b Exosomal lncRNAs enhance 
epithelial-mesenchymal transition (EMT) in NSCLC. c Exosomal lncRNAs participate in regulating NSCLC angiogenesis. d Exosomal lncRNAs regulate targeted therapy 
resistance in NSCLC. e Tumor cell-derived exosomal lncRNAs modulate the biological functions of other cells in tumor microenvironment (TME). 

 

Table 1. Dysfunctions of exosomal IncRNAs in NSCLC. 

Exosomal lncRNAs Sample Origin Expression  Function References 
MALAT1 Serum, culture medium NSCLC cells Increased Promote proliferation, invasion and migration, 

and reduce apoptosis  
[23, 82] 

HOTAIR Serum, culture medium Lung cancer cells Increased Promote proliferation, invasion and migration  [83, 84] 
LINC00662 Plasma NSCLC cells Increased Promote proliferation, cell cycle arrest, 

invasion, and migration, and inhibit apoptosis  
[85] 

UFC1 Serum NSCLC cells Increased Promote proliferation, cell cycle arrest, 
invasion, and migration, and inhibit apoptosis  

[86] 

FOXD3-AS1 Culture medium NSCLC cells Increased Promote proliferation and invasion, and inhibit 
apoptosis caused by 5-FU 

[87] 

SCIRT Malignant pleural effusions 
(MPEs), plasma, culture 
medium 

NSCLC and SCLC cells Increased Promote invasion and migration [89] 

lnc-MMP2-2 Culture medium TGF-β-mediated NSCLC cells  Increased Promote invasion, migration and brain 
metastasis, and reduce permeability of vascular 
endothelial cells 

[91-96] 

SOX2-OT Peripheral blood NSCLC cells Increased Promote invasion, migration, bone metastasis 
and facilitate M2 macrophage polarization 

[97, 121] 

GAS5 Serum, culture medium NSCLC cells Decreased Promote tumor angiogenesis [104-106] 
H19 Culture medium NSCLC cells Increased Promote gefifitinib resistance  [111] 
UCA1 Culture medium Gefitinib-resistant NSCLC cells Increased Promote gefifitinib resistance [112] 
RP11-838N2.4 Serum, culture medium Eelotinib-resistant NSCLC cells Increased Promote erlotinib resistance [113] 
MSTRG.292666.16 Plasma, culture medium Osimertinib-resistant NSCLC cells Increased Promote osimertinib resistance [114] 
LINC00313 Culture medium NSCLC cells Increased Promote M2 macrophage polarization [120] 
HOTAIRM1 Culture medium NSCLC cells Increased Be associated with CAFs [122] 
lnc-MZT2A-5:1 Culture medium Osimertinib-resistant NSCLC cells Increased Promote the migration and inflammation of 

fibroblasts 
[123] 
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Proliferation and apoptosis 
The promoting function of lncRNA-contained 

exosomes on tumor proliferation has been widely 
reported. For instance, exosomes derived from serum 
samples of NSCLC patients are enriched in 
metastasis-associated lung adenocarcinoma transcript 
1 (MALAT-1) [23]. Silencing of MALAT-1 restrains 
tumor proliferation, invasion and migration, and 
induces cell apoptosis, leading to repressed 
tumorigenic process of NSCLC. MALAT-1 may act as 
a sponge of miR-515-5p to increase EEF2 expression, 
thereby facilitating tumor growth in NSCLC [82]. 
HOX transcript antisense RNA (HOTAIR) is the first 
reported lncRNA associated with malignancies. Chen 
et al. suggest that serum-derived exosomes isolated 
from NSCLC patients contain increased levels of 
HOTAIR, which could enhance tumor proliferation 
and migration and inhibit the apoptosis of NSCLC 
[83]. Zhang et al. further determine that exosomal 
HOTAIR may be miR-203 sponge to facilitate tumor 
growth and progression of NSCLC [84]. LINC00662- 
contained exosomes are abundant in plasma samples 
of NSCLC patients. They can upregulate the expres-
sion of E2F transcription factor 1 (E2F1) by interacting 
with miR-320d, promoting cell proliferation, invasion 
and migration and hinder apoptosis in NSCLC, which 
contributes to tumor progression in NSCLC [85]. 
Exosomal lncRNAs can not only act as ceRNAs to 
modulate NSCLC growth and progression, but bind 
to tumor-associated proteins to impact signaling 
pathways critical for NSCLC development. Zang et al. 
indicate that serum-derived exosomes isolated from 
NSCLC patients contain the markedly high levels of 
UFC1, which is one of several specific lncRNAs 
responsible for recruiting EZH2 histone methyltrans-
ferase to silence gene expression in an epigenetically 
modified manner, resulting in the repressed expres-
sion of PTEN and the activated Akt signaling 
pathway, thereby enhancing NSCLC cell prolifera-
tion, cell cycle arrest, invasion and migration, and 
inhibiting apoptosis [86]. Moreover, NSCLC cells can 
release exosomes containing considerable lncRNA 
FOXD3-AS1, which is able to stimulate the PI3K/AKT 
pathway of recipient cells through binding to 
ELAV-like RNA-binding protein 1 (ELAVL1), 
resulting in the promoted NSCLC cell proliferation 
and invasion and the repressed 5-fluorouracil- 
induced apoptosis [87]. Altogether, exosome-derived 
lncRNAs function as facilitators of NSCLC growth 
and progression by acting as ceRNAs sponging 
miRNAs or interacting with key proteins in specific 
signaling pathways important for mediating cell 
growth. 

Invasion and metastasis 
Invasion and metastasis are critical phases of 

cancer progression, contributing to cancer mortality in 
diverse mechanisms [88]. Plasma exosomes of 
metastatic patients contain upregulated lncRNA stem 
cell inhibitory RNA transcript (SCIRT), which is 
associated with the advanced stage of NSCLC [89]. 
Instead of directly promoting cancer progression, 
intriguingly, lncRNA SCIRT selectively sorted 
miR-665 into cancer-derived exosomes in a 
hnRNAPA1-dependent manner, and subsequently 
exosomes enriched with miR-665 play a direct role in 
enhancing NSCLC invasion and migration through 
targeting Notch downstream transcription factor 
HEYL. Epithelial-mesenchymal transition (EMT) has 
been demonstrated as an important part of inducing 
metastasis and promoting tumor progression, which 
is characterized by reduced adhesion between 
epithelial cells, enabling tumor cells to prone to 
metastasis [90]. Wu et al. investigate that lnc-MMP2-2 
is enriched in exosomes extracted from NSCLC cells 
pretreated with transforming growth factor (TGF)-β, a 
potent inducer of EMT [91]. In accordance with 
bioinformatics analysis that indicated lnc-MMP2-2 as 
a positive regulator of target gene expression at 
transcriptional level, exosomal lnc-MMP2-2 may 
facilitate the progression of NSCLC by activating the 
expression of its upstream gene MMP2 which is 
positively correlated with invasion and vascular 
permeability of lung cancer when entering recipient 
cells [91-95]. The results of overexpressing and 
silencing lnc-MMP2-2 in human brain microvascular 
endothelial cells (HBMECs) further identifies that 
lnc-MMP2-2 can impair tight junctions between 
HBMECs and induce EMT, resulting in the increased 
permeability of blood–brain barrier (BBB) and thus, 
enabling cancer cells in circulating system to 
penetrate into the brain [96]. Mechanistically, 
lnc-MMP2-2 may serve as a ceRNA to sponge 
miR-1207-5p in recipient cells after exosome uptake, 
thereby directly increasing the expression of EPB41L5 
responsible for promoting NSCLC metastasis. In 
addition to brain metastasis, bone metastasis is one of 
the common cases of NSCLC distant metastasis. 
Peripheral blood-derived exosomes isolated from 
NSCLC patients with bone metastasis contain high 
levels of SOX2 overlapping transcript (SOX2-OT), 
which is closely related to poor overall survival and 
can promote bone metastasis in NSCLC by increasing 
the expression of RAC1 via targeting miR-194-5p [97]. 
Although the absence of RAC1 has been shown to 
repress osteoblast differentiation, it is unclear how 
RAC1 plays an important role in the 
TGF-β/pTHrP/RANKL signaling pathway, the 
best-known mechanism of osteolytic metastasis [98, 
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99]. Collectively, these findings suggest that exosmal 
lncRNAs-mediated intercellular cross-talk mediated 
may play an important role in regulating the invasion 
and metastasis of NSCLC. 

Angiogenesis 
Angiogenesis is an important condition for 

tumorigenesis, growth and progression. Increasing 
evidence shows that exosomes from tumor cells 
participate in regulating tumor angiogenesis through 
diverse mechanisms [100-103]. Cheng et al. determine 
that human umbilical vein endothelial cells 
(HUVECs) treated with exosomes secreted form 
NSCLC cells exhibit enhanced cell proliferation and 
tube formation and inhibited apoptosis [104]. They 
further prove that exosomes secreted by NSCLC cells 
contain reduced levels of lncRNA growth arrest 
specific 5 (GAS5), which upregulates the expression of 
key lung cancer angiogenesis protein PTEN by 
binding to miRNA-29-3p and inhibits the PI3K/AKT 
signaling pathway of HUVECs, thus exerting its 
anti-angiogenesis effect on HUVECs [104-106]. 
Exosomes containing high expression levels of GAS5 
can inhibit cell proliferation and tube formation and 
promote the apoptosis of HUVECs, contributing to 
repressed angiogenesis and tumor metastasis [104]. 
Therefore, exosomal lncRNAs may be considered as 
important mediators for NSCLC angiogenesis. 

Targeted therapy resistance 
With the in-depth research of tumor-related 

mechanisms and the development of cancer 
treatment, tumor targeted therapy has become a hot 
spot, the application of which in NSCLC patients has 
achieved notable efficacy. However, acquired 
resistance to tumor targeted therapy inevitably occurs 
after initial effective response, leading to inferior 
therapeutic effect and poor prognosis [107, 108]. Thus, 
it is of necessity to unveil the underlying mechanisms 
and to discover potential biological targets that have 
significant roles in drug resistance of tumor targeted 
therapy. Increasing studies have shown that 
exosomes are involved in tumor targeted therapy 
resistance in diverse manners. Notably, exosomes can 
transfer functional molecules, including lncRNAs, 
from drug resistant cells to sensitive cells, stromal 
cells to tumor cells, resulting in drug resistance 
transmission [109, 110].  

lncRNA H19 is a widely accepted oncogene in 
multiple cancers. Its role in NSCLC targeted therapy 
resistance has been evaluated, which indicates that 
H19 can act as a facilitator of resistance to gefitinib, a 
representative first-generation tyrosine kinase 
inhibitor, by hnRNPA2B1-mediated incorporation in 
exosomes [111]. NSCLC cells treated with exosomes 

containing high H19 levels exhibit significantly 
increased resistance to gefitinib, while the results of 
H19 silencing are reversed. Moreover, Chen et al. 
reveal that gefitinib-resistant NSCLC cells release 
exosomes containing the elevated expression of 
lncRNA urothelial carcinoma-associated 1 (UCA1), 
which can promote gefitinib resistance by modulating 
FOSL2 expression via binding to miR-143 [112]. 
Dissertation of cell phenotypes and animal experi-
ments suggests that UCA1 may play a regulatory role 
in facilitating gefitinib resistance, and UCA1 
knockdown contributes to inhibited cell proliferation 
and enhanced cell apoptosis induced by gefitinib. In 
addition to modulating gefitinib resistance, lncRNAs 
can also have effect on resistance to other targeted 
drugs. For instance, exosomal lncRNA RP11-838N2.4 
is highly expressed in serum samples of 
erlotinib-resistant patients [113]. Erlotinib-sensitive 
cells treated with exosomes containing lncRNA 
RP11-838N2.4 are transformed into erlotinib-resistant 
cells, whereas lncRNA RP11-838N2.4 downregulation 
reverses the effect, suggesting that exosomes may 
disseminate erlotinib resistance by delivering lncRNA 
RP11-838N2.4 from erlotinib-resistant cells to 
erlotinib-sensitive cells in NSCLC. Furthermore, the 
association between lncRNA MSTRG.292666.16 and 
osimertinib resistance has also been under investiga-
tion, indicating that lncRNA MSTRG.292666.16- 
contained exosomes induce acquired resistance to 
osimertinib in NSCLC. lncRNA MSTRG.292666.16 is 
enriched in exosomes derived from osimertinib- 
resistant plasma compared with those secreted by 
osimertinib-sensitive plasma [114]. Its knockdown 
impaires the resistance of H1975R cells to osimertinib. 
Overall, exosome-derived lncRNAs are involved in 
acquired targeted therapy resistance during the 
management of NSCLC patients, which offers a new 
idea for considering exosomal lncRNAs as therapeutic 
targets for NSCLC patients with targeted therapy 
resistance. 
Cross-talk in tumor microenvironment 

Tumor microenvironment (TME), a complex 
integrated system which is composed of tumor cells, 
inflammatory cells, immune cells, stromal cells, other 
cellular components and non-cellular components 
[115]. In the process of tumor development, there are 
a variety of dialogues between tumor cells and other 
cells in TME [116-118]. Increasing studies have 
determined that tumor cells regulate the biological 
functions of other cells in TME through secreting 
exosomes containing lncRNAs. 

Tumor-associated macrophages (TAMs) are the 
main tumor-infiltrating immune cells, which are 
usually induced by tumor cells to promote tumor 
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immune escape, tumor growth, metastasis, drug 
resistance and angiogenesis [119]. NSCLC cells can 
promote M2 macrophage polarization through 
transferring exosomes containing increased 
LINC00313 [120]. After being taken by macrophages, 
exosomal LINC00313 can competitively bind to 
miR-135a-3p to increase STAT6 expression, 
promoting tumor progression. In addition, tumor 
cell-derived exosomal SOX2-OT can also be transfer-
red into macrophages and facilitate M2 macrophage 
polarization and repress M1 polarization by sponging 
miR-627-3p to upregulate Smads expression, 
ultimately enhancing EGFR-TKIs resistance in 
NSCLC [121]. On the other hand, the exosomal 
lncRNA-related crosstalk between tumor cells and 
cancer associated fibroblasts (CAFs) in TME has been 
explored. Exosomal HOTAIRM1 secreted by NSCLC 
cells can be transferred into CAFs and interact with 
miR-328-5p to increase the expression of SPON2 in 
CAFs cells, contributing to the development of 
NSCLC [122]. Interestingly, exosomal lnc-MZT2A-5:1 
derived from osimertinib-resistant NSCLC cells can 
activate fibroblasts and promote the migration and 
inflammation of fibroblasts [123]. Collectively, these 
tumor cells-derived exosomal lncRNAs may play an 
important role in TME and become potential 
therapeutic targets for NSCLC treatment. 

Clinical potential of exosomal lncRNAs 
in NSCLC 

Although tissue biopsy is the gold standard for 
NSCLC diagnosis in clinical practice, the method has 
several limitations, such as tissue volume, 
repeatability and inability to characterize tumor 
heterogeneity, resulting in a lack of an accurate and 
complete disease status diagram [124]. In addition, 
tissue biopsy may increase the possibility of tumor 
metastasis through invasive operation, leading to 
tumor progression and shorter survival [125]. 
However, in comparison with tissue biopsy, liquid 
biopsy offers an alternative for early diagnosis and 
real-time monitoring of tumor patients in a 
non-invasive and more comprehensive manner [126, 
127]. Exosomes abundantly present in almost bodily 
fluids and contain a variety of bioactive molecules 
that can reflect dynamic tumor status due to their 
origin. The value of exosomal miRNAs on diagnosis 
and prognosis of malignancies has been demonstrated 
extensively. Nevertheless, emerging evidence 
supports that lncRNAs perform better disease-specific 
expression compared with miRNAs [128, 129]. 
Increasing studies have proven the role for exosomal 
lncRNAs as circulating biomarkers for diagnosis and 
prognosis and therapeutic targets in NSCLC [130]. In 
this section, we summarize the clinical potential of 
exosomal lncRNAs in NSCLC, as shown in Table 2.  

 
 

Table 2. Clinical potential of exosomal lncRNAs in NSCLC. 

Exosomal lncRNAs Sample Group Expression Role References 
GAS5 Serum NSCLC (n = 64) vs. healthy controls (n = 40) Decreased Diagnostic biomarker [131] 
DLX6-AS1 Serum NSCLC (n = 72) vs. healthy controls (n = 64) Increased Diagnostic biomarker [132] 
SOX2-OT Plasma LSCC (n = 75) vs. negative controls (n = 79) Increased Diagnostic biomarker and 

therapeutic target 
[121, 136] 

LINC00917 Serum NSCLC (n = 179) vs. healthy controls (n = 104) Increased Diagnostic biomarker [133] 
TBILA and AGAP2-AS1 Serum NSCLC (n = 150) vs. healthy controls (n = 150) Increased Diagnostic biomarker [134] 
SLC9A3-AS1 and PCAT6  Peripheral blood Lung cancer (n = 32) vs. healthy controls (n = 30) Increased Diagnostic biomarker [135] 
HOTAIR Serum NSCLC (n = 32) vs. healthy controls (n = 20)  Increased Diagnostic biomarker  [83] 
SNHG15 Serum NSCLC (n = 118) vs. benign pulmonary lesions (n = 

40) vs. healthy controls (n = 80) 
Increased Diagnostic and prognostic 

biomarker 
[137] 

LINC01125 Serum NSCLC (n = 6) vs. pneumonia controls (n = 5)  Increased Diagnostic and prognostic 
biomarker 

[138] 
NSCLC (n = 63) vs. tuberculosis (n = 59)  
NSCLC (n = 150) vs. disease-free controls (n = 187)  
NSCLC (n = 62) vs. disease-free controls (n = 95) 

RP5-977B1 Serum NSCLC (n = 105) vs. healthy controls (n = 51) Increased Diagnostic and prognostic 
biomarker 

[47] 

HAGLR Plasma NSCLC (n = 40) vs. healthy controls (n = 8) Decreased Prognostic [139] 
lnc-MMP2-2 Culture medium TGF-β-treated vs. non-TGF-β-treated A549 cells Increased Therapeutic target [91, 96] 
H19 Culture medium Gefitinib-resistant cells vs. sensitive parent cells Increased Therapeutic target [111] 
LINC00662 Plasma / Increased Therapeutic target [85] 
UCA1 Culture medium Gefitinib resistant vs. Gefitinib-sensitive  Increased Therapeutic target [112] 
RP11-838N2.4 Serum, culture 

medium 
Erlotinib-resistant cells vs. normal NSCLC cells Increased Therapeutic target  [113] 

lnc-MZT2A-5:1 Culture medium Osimertinib-resistant cells vs. normal NSCLC cells Increased Therapeutic target [123] 
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Diagnostic biomarkers 
Due to remained poor prognosis of NSCLC 

patients, early diagnose of NSCLC before major 
clinical events is of great importance, which can 
effectively reduce the related mortality. Several 
exosomal lncRNAs have been demonstrated as novel 
diagnostic biomarkers in NSCLC. Compared with 
healthy controls, serum exosomal lncRNA GAS5 is 
significantly downregulated in NSCLC patients, and 
its low expression is associated with advanced TNM 
stage and larger tumor size of NSCLC patients [131]. 
Receiver operating characteristic (ROC) curve 
analysis reveals that the diagnostic performance of 
exosomal lncRNA GAS5 (area under the curve (AUC) 
of 0.857) is superior to that of carcinoembryonic 
antigen (CEA) (AUC of 0.758), and the combination of 
both biomarkers increases the AUC of 0.929. Notably, 
exosomal lncRNA GAS5 holds the potential to be a 
reliable indicator for early detection of NSCLC, 
because it can distinguish stage I NSCLC patients 
from healthy individuals with an AUC of 0.822. 
Exosome-derived DLX6-AS1 also presents as a novel 
diagnostic biomarker of NSCLC. DLX6-AS1 functions 
as an oncogene in multiple solid tumors, including 
NSCLC. Consistent with the expression in serum, the 
expression of DLX6-AS1 in serum exosomes of 
NSCLC patients is markedly higher than that of 
healthy subjects [132]. In contrast with circulating 
CYFRA21-1, a serum marker for NSCLC, circulating 
DLX6-AS1 has higher sensitivity and specificity in 
NSCLC diagnosis through ROC curve analysis, and 
the AUC of circulating DLX6-AS1 and CYFRA21-1 are 
0.806 and 0.600, respectively. Exosomal LINC00917 is 
considered as a potential candidate of NSCLC 
diagnosis. In line with its expression pattern in human 
colorectal cancer, LINC00917 is significantly enriched 
in exosomes derived from serum samples of NSCLC 
patients and much higher in advanced NSCLC 
patients (Stage Ⅲ/Ⅳ) than in NSCLC patients with 
early stages (Stage Ⅰ/Ⅱ) [133]. Importantly, ROC curve 
analysis shows that exosomal LINC00917 performs a 
good AUC value (0.811) in distinguishing NSCLC 
patients from healthy controls. Compared with 
certain NSCLC biomarkers, including CEA, 
CYFRA21-1and CA-125, exosomal LINC00917 has 
better diagnostic value for patients with advanced 
NSCLC (Stage III/IV) with an AUC of 0.907, 
suggesting that exosomal LINC00917 tends to be a 
specific biomarker for detecting patients with 
advanced NSCLC. Cox regression model further 
demonstrates its diagnostic value, revealing exosomal 
LINC00917 in high level significantly correlates with 
short overall survival (OS) of NSCLC patients. 

Exosomal lncRNA TBILA and AGAP2-AS1 are 
suggested as potent biomarkers for diagnosing 

NSCLC [134]. Compared with healthy subjects, the 
levels of exosomal lncRNA TBILA and AGAP2-AS1 in 
serum from NSCLC patients are relatively high, while 
the levels of both decrease after surgery. The 
correlation between two exosomal lncRNAs and 
clinical characteristics is explored, highlighting that 
exosomal lncRNA TBILA is involved with tumor size 
and exosomal lncRNA AGAP2-AS1 is associated with 
lymph node metastasis and TNM stage. ROC curve 
analysis results verify the diagnostic efficacy of two 
exosomal lncRNAs for NSCLC, showing that the AUC 
values of exosomal lncRNA TBILA and AGAP2-AS1 
are 0.775 and 0.734, respectively. Although combining 
these two exosomal lncRNAs is not able to improve 
diagnostic efficiency, the integration of them and 
Cyfra21-1 can achieve optimal NSCLC diagnostic 
accuracy. It is noteworthy that exosomal lncRNA 
TBILA (sensitivity of 63.2%) is more sensitive in 
discriminating early stage of NSCLC than exosomal 
lncRNA AGAP2-AS1 (sensitivity of 42.1%) and 
Cyfra21-1 (sensitivity of 36.3%). Moreover, a new 
multiplex detection based on multicolor fluorescence 
digital PCR EV-lncRNA discovers the increased 
expression of exosome-derived SLC9A3-AS1 and 
PCAT6 in peripheral blood of lung cancer patients 
[135]. Given their elevated levels in peripheral blood, 
the discrimination capability of exosomal SLC9A3- 
AS1 and PCAT6 is further assessed by ROC curve 
analysis, revealing that the AUC of them is 0.760 and 
0.705 respectively and the combination of them 
provides a better diagnostic efficiency with an AUC of 
0.811, implicating that they are likely to be used as 
promising biomarkers for lung cancer diagnosis. 
Exosomal HOTAIR has been demonstrated as a 
promoter of NSCLC proliferation and migration [83, 
84]. Its diagnostic performance for NSCLC is 
evaluated with a high sensitivity of 88.9%, a 
specificity of 78.3% and an AUC of 0.821, supporting 
exosomal HOTAIR as novel non-invasive diagnostic 
marker for NSCLC. There is a significant clinico-
pathological correlation between the upregulated 
exosomal HOTAIR and TNM stage as well as lymph 
node metastasis [83].  

Lung squamous cell carcinoma (LSCC) is one of 
the pathological types of NSCLC. Exosomal SOX2-OT 
appears to be a reliable biomarker for LSCC diagnosis. 
Teng et al. indicate that the expression level of 
exosomal SOX2-OT is significantly upregulated in 
plasma of LSCC patients and descended after surgical 
resection of LSCC patients [136]. According to ROC 
curve analysis, the AUC of exosomal SOX2-OT (AUC 
of 0.815) is higher than that of CEA and squamous 
carcinoma antigen (SCC), a classic marker for LSCC, 
and the combined application of exosomal SOX2-OT 
and serum SCC can obtain a better diagnostic efficacy 
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for LSCC with an AUC of 0.864. Furthermore, 
exosomal SOX2-OT is positively correlated with 
clinicopathological parameters, including tumor size, 
TMN stage and lymph node metastasis.  

Overall, all these findings suggest that exosomal 
lncRNAs are a class of promising biomarkers for 
NSCLC diagnosis. More research is needed to confirm 
the diagnostic value of these molecules before real 
clinical application.  

Prognostic biomarkers 
Han et al. estimate the clinical potential of 

exosomal lncRNA SNHG15 for early diagnosis and 
prognosis of NSCLC [137]. The expression level of 
serum exosomal lncRNA SNHG15 in NSCLC patients 
is significantly higher than that in patients with 
benign lung lesions and healthy controls, but its 
expression level decreased after tumor resection. The 
increased level of exosomal lncRNA SNHG15 is 
positively associated with lymph node metastasis, 
advanced TNM stage and low differentiation. 
Univariate analysis shows that NSCLC patients with 
higher serum exosomal lncRNA SNHG15 levels have 
poorer prognosis and shorter OS. Multivariate 
analysis further confirms that exosomal lncRNA 
SNHG15 is an independent indicator of NSCLC 
prognosis. According to ROC analysis, the AUC of 
exosomal lncRNA SNHG15 used alone for 
differentiating NSCLC from normal controls is 0.856, 
while the AUC of exosomal lncRNA SNHG15 
combined with CEA for early diagnosis of NSCLC 
increases to 0.915. Collectively, exosomal lncRNA 
SNHG15 may be considered as a promising candidate 
for the diagnosis and prognosis of NSCLC. In 
addition, based on RNA-sequencing analysis of 
aberrant expression profile of serum exosomal 
lncRNAs, it is determined that exosomal linc01125 is 
markedly elevated in NSCLC patients as compared 
with pneumonia control group [138]. The high 
expression level of exosomal linc01125 is related to 
advanced T stage and unfavorable OS in NSCLC 
patients, suggesting that exosomal linc01125 may 
have the ability to predict the prognosis of NSCLC. 
ROC analysis is used to evaluate the diagnostic 
advantage of exosomal linc01125 in discriminating 
NSCLC from tuberculosis and disease-free controls 
with the AUC of 0.624 and 0.662, respectively. 
Overall, exosomal linc01125 may be a potential 
biomarker for NSCLC diagnosis and prognosis. Min 
et al. indicate that exosomal lncRNA RP5-977B1 is 
expected to be a novel non-invasive biomarker for 
early diagnosis and prognosis of NSCLC [47]. 
Real-time reverse transcription-PCR (qRT-PCR) 
verifies that its expression level in serum of NSCLC 
patients is higher than that of healthy controls. 

NSCLC patients with high levels of exosomal lncRNA 
RP5-977B1 tend to bear advanced tumor stage, distant 
metastasis and short overall survival, implicating the 
capacity of exosomal lncRNA RP5-977B1 to predict 
the poor prognosis of NSCLC. In accordance with 
ROC curve analysis, the AUC of exosomal lncRNA 
RP5-977B1 in discriminating NSCLC from healthy 
controls and patients with pulmonary tuberculosis is 
0.8899 superior to CEA (AUC of 0.7609) and 
CYFRA21-1 (AUC of 0.6703), and its differential 
efficiency for early NSCLC is better than both 
conventional markers. Moreover, plasma exosomal 
lncRNA HAGLR can be an available indicator for 
predicting NSCLC-related recurrence and metastasis 
because of the positive correlation between the 
expression of exosomal lncRNA HAGLR and lymph 
node metastasis and TMN stage [139]. Intriguingly, 
the elevated level of exosomal HAGLR is associated 
with the increased detection rate of circulating tumor 
cells (CTCs), implying that the combined application 
of multiple biomarkers may be more helpful in 
predicting NSCLC prognosis [139].  

In conclusion, exosome-derived lncRNAs have 
great potential in providing new insights into NSCLC 
diagnosis and prognosis dependent on liquid biopsy. 
Although the current understanding of exosomal 
lncRNAs-related liquid biopsy is more in-depth than 
before, molecular research, large-sample multicenter 
retrospective and prospective studies are still 
warranted to verify its clinical value. Of note, the final 
cut-off value of exosomal lncRNA also needs to be 
further clarified. 

Therapeutic targets 
Although chemotherapy following surgical 

resection remains a standardized treatment for 
NSCLC, the overall survival of patients with 
advanced NSCLC has not been prolonged. Thus, it is 
necessary to explore novel therapeutic approach. 
Emerging evidence confirms that exosome-derived 
lncRNAs play vital roles in mediating targeted 
treatment of NSCLC, indicating the potential of 
exosomal lncRNAs as therapeutic targets for NSCLC. 
lnc-MMP2-2 contained in TGF-β-mediated exosomes 
promotes the invasion and migration of NSCLC by 
regulating MMP2 expression, and enhances the brain 
metastasis of NSCLC by increasing BBB permeability, 
suggesting that exosomal lnc-MMP2-2 may be a novel 
therapeutic target for NSCLC treatment [91, 96]. Lei et 
al. reveal that H19 promotes gefitinib resistance in 
NSCLC through exosome packaging with the 
assistance of hnRNPA2B1, and propose that exosomal 
H19 may be a promising target for NSCLC treatment 
[111]. In addition, since exosomal LINC00662 plays an 
important role in enhancing the development of 
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NSCLC by regulating miR-320d/E2F1 axis, it may 
serve as a potential therapeutic target for NSCLC 
patients [85]. Exosomal UCA1 can enhance gefitinib 
resistance in NSCLC by increasing FOSL2 expression 
via sponging miR-143, which contributes to the 
limited therapeutic efficacy of epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitor (TKI) 
[112]. Meanwhile, it is also found that exosomal 
SOX2-OT can promote the resistance to EGFR-TKIs in 
NSCLC cells through binding to miR-627-3p [121]. 
Zheng et al. believe that exosome-derived lncRNA 
RP11-838N2.4 can be used as a potential target for 
NSCLC treatment as its participation in inducing 
erlotinib resistance in NSCLC [113]. 
Osimertinib-resistant NSCLC cells can induce the 
activation of fibroblasts by transferring exosomes 
containing lnc-MZT2A-5:1, which is considered to be 
a novel target for NSCLC treatment [123]. In 
conclusion, targeting exosomal lncRNAs will improve 
the efficiency of targeted therapy, leading to the 
prolonged overall survival of NSCLC patients. 

Challenges and future direction 
In contrast to free lncRNAs in the circulating 

system, lncRNAs loaded into exosomes are more 
stable and freer from the degradation by RNA 
enzymes. Exosomes wrapped by lipid bilayer 
membranes which is capable of protecting the loaded 
drugs from degradation can be considered as natural 
drug delivery carriers [140]. The intrinsic features of 
exosomes, including unique biocompatibility, tumor 
targeting capability, high stability and long half-life in 
human circulating system, enable them to have 
application value in future tumor therapy [141, 142]. 
Accumulating evidence has identified that exosome- 
derived lncRNAs play an important role in mediating 
tumor occurrence, tumor progression, and drug 
resistance in NSCLC, a portion of which function to be 
therapeutic targets and available biomarkers for early 
diagnosis and prognosis of NSCLC with optimal 
sensitivity and specificity [143]. Nevertheless, the 
following challenges still need to be addressed before 
the clinical application of exosomal lncRNA. 

First, it is difficult to isolate exosomes from 
human body fluids. So far, there is still no 
standardized technique for exosome isolation in a 
high purity and efficient manner, and the core 
challenge mainly comes from high heterogeneity in 
size of exosome [144]. In this regard, the current 
exosome separation method is primarily ultracentri-
fugation which is cost-effective, whereas it also has 
some defects such as long time-consuming and low 
extraction efficiency, which makes it difficult to be 
widely used in clinical practice [145]. In addition to 
ultracentrifugation as the recent main exosome 

isolation method, a variety of conventional and novel 
methods, including differential centrifugation, size 
exclusion chromatography, immunoaffinity capture, 
precipitation, and microfluidics technique, have their 
own drawbacks as well [146]. Interestingly, the 
microfluidic device can extract exosomes in an 
ultra-fast separation and high yield manner, 
providing a novel alternative for exosome isolation 
[144]. Meanwhile, the storage conditions of exosomes 
remain an obstacle to exosome-based treatment. The 
surface and morphological characteristics of 
exosomes are destroyed under improper storage 
conditions [147].  

Exosomal lncRNAs can be decorated to carry 
specific sequences or molecules functioning as tumor 
suppressors, achieving precise treatment of NSCLC 
with the assistance of nanotechnology, which has 
great clinical application potential. However, the 
therapeutic efficiency and safety of exosomal 
lncRNAs-mediated drug treatment system in NSCLC 
have not been fully investigated. Once injected into 
the human body, exosomal lncRNAs may cause 
cytotoxicity, which involves major safety issues [148]. 
On the other hand, due to the heterogeneous 
substances contained in exosomes, the imported 
exosomes may induce immunogenicity in a parental 
cell-dependent manner [149]. 

Although a variety of exosome-derived lncRNAs 
have been proved to play a crucial role in the 
occurrence and development of NSCLC, there is still a 
lack of large-scale prospective studies [150]. In 
addition, tumor-specific exosomal lncRNAs have not 
been determined in NSCLC. The underlying mecha-
nisms of exosomal lncRNAs in the development of 
NSCLC still needs to be further explored to explain 
their functions and provide insights for their clinical 
applications in NSCLC. 

Conclusion  
In recent years, remarkable progress in our 

understanding of exosome-derived lncRNAs has been 
made, and a clearer landscape of the characteristics 
and versatile functions of these molecules is 
emerging. Tumor-related regulatory processes, non- 
invasiveness, and real-time assessment of tumor 
status endow exosomal lncRNAs with considerable 
potential as reliable diagnostic biomarkers and for 
dynamic monitoring of disease progression and 
therapeutic intervention. In this review, we primarily 
summarize the dysfunctions and clinical value of 
exosomal lncRNAs in NSCLC, and highlight the main 
challenges that hinder their clinical application. In 
fact, only a small fraction of exosome-derived 
lncRNAs have been studies. Therefore, more rigorous 
research is needed to elucidate how exosomal 
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lncRNAs affect the complicated physiological 
processes in NSCLC, so as to more comprehensively 
understand their acting patterns. Addressing relative 
challenges in the coming years will bring robust 
diagnosis and prognosis, effective and precise 
treatment associated with optimal outcomes of 
NSCLC patients, in an exosomal lncRNAs-dependent 
manner.  

Acknowledgements 
This work was supported by the National 

Natural Science Foundation of China (No. 81802102) 
and the Science Foundation of Wuxi Health 
Committee (No. Z202220). 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung cancer. 

Lancet (London, England). 2021; 398: 535-54. 
2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et 

al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence 
and Mortality Worldwide for 36 Cancers in 185 Countries. CA: a cancer 
journal for clinicians. 2021; 71: 209-49. 

3. de Goede OM, Nachun DC, Ferraro NM, Gloudemans MJ, Rao AS, Smail 
C, et al. Population-scale tissue transcriptomics maps long non-coding 
RNAs to complex disease. Cell. 2021; 184: 2633-48.e19. 

4. Herbst RS, Morgensztern D, Boshoff C. The biology and management of 
non-small cell lung cancer. Nature. 2018; 553: 446-54. 

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA: a cancer 
journal for clinicians. 2020; 70: 7-30. 

6. Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R, Curran WJ, Jr., Wu YL, 
et al. Lung cancer: current therapies and new targeted treatments. Lancet 
(London, England). 2017; 389: 299-311. 

7. Tkach M, Théry C. Communication by Extracellular Vesicles: Where We 
Are and Where We Need to Go. Cell. 2016; 164: 1226-32. 

8. Bebelman MP, Smit MJ, Pegtel DM, Baglio SR. Biogenesis and function of 
extracellular vesicles in cancer. Pharmacology & therapeutics. 2018; 188: 
1-11. 

9. Théry C, Zitvogel L, Amigorena S. Exosomes: composition, biogenesis 
and function. Nature reviews Immunology. 2002; 2: 569-79. 

10. Théry C, Witwer KW, Aikawa E, Alcaraz MJ, Anderson JD, 
Andriantsitohaina R, et al. Minimal information for studies of 
extracellular vesicles 2018 (MISEV2018): a position statement of the 
International Society for Extracellular Vesicles and update of the 
MISEV2014 guidelines. Journal of extracellular vesicles. 2018; 7: 1535750. 

11. Budnik V, Ruiz-Cañada C, Wendler F. Extracellular vesicles round off 
communication in the nervous system. Nature reviews Neuroscience. 
2016; 17: 160-72. 

12. Kowal J, Tkach M, Théry C. Biogenesis and secretion of exosomes. 
Current opinion in cell biology. 2014; 29: 116-25. 

13. Safdar A, Saleem A, Tarnopolsky MA. The potential of endurance 
exercise-derived exosomes to treat metabolic diseases. Nature reviews 
Endocrinology. 2016; 12: 504-17. 

14. Harding C, Heuser J, Stahl P. Receptor-mediated endocytosis of 
transferrin and recycling of the transferrin receptor in rat reticulocytes. 
The Journal of cell biology. 1983; 97: 329-39. 

15. Jeppesen DK, Fenix AM, Franklin JL, Higginbotham JN, Zhang Q, 
Zimmerman LJ, et al. Reassessment of Exosome Composition. Cell. 2019; 
177: 428-45.e18. 

16. Zhang X, Sai B, Wang F, Wang L, Wang Y, Zheng L, et al. Hypoxic 
BMSC-derived exosomal miRNAs promote metastasis of lung cancer 
cells via STAT3-induced EMT. Molecular cancer. 2019; 18: 40. 

17. Huang WT, Chong IW, Chen HL, Li CY, Hsieh CC, Kuo HF, et al. 
Pigment epithelium-derived factor inhibits lung cancer migration and 
invasion by upregulating exosomal thrombospondin 1. Cancer letters. 
2019; 442: 287-98. 

18. Lukic A, Wahlund CJE, Gómez C, Brodin D, Samuelsson B, Wheelock 
CE, et al. Exosomes and cells from lung cancer pleural exudates 
transform LTC4 to LTD4, promoting cell migration and survival via 
CysLT1. Cancer letters. 2019; 444: 1-8. 

19. Zeng Z, Li Y, Pan Y, Lan X, Song F, Sun J, et al. Cancer-derived exosomal 
miR-25-3p promotes pre-metastatic niche formation by inducing 
vascular permeability and angiogenesis. Nature communications. 2018; 
9: 5395. 

20. Liu Y, Lin L, Zou R, Wen C, Wang Z, Lin F. MSC-derived exosomes 
promote proliferation and inhibit apoptosis of chondrocytes via 
lncRNA-KLF3-AS1/miR-206/GIT1 axis in osteoarthritis. Cell cycle 
(Georgetown, Tex). 2018; 17: 2411-22. 

21. Li X, Liu R, Huang Z, Gurley EC, Wang X, Wang J, et al. 
Cholangiocyte-derived exosomal long noncoding RNA H19 promotes 
cholestatic liver injury in mouse and humans. Hepatology (Baltimore, 
Md). 2018; 68: 599-615. 

22. Li B, Xu H, Han H, Song S, Zhang X, Ouyang L, et al. Exosome-mediated 
transfer of lncRUNX2-AS1 from multiple myeloma cells to MSCs 
contributes to osteogenesis. Oncogene. 2018; 37: 5508-19. 

23. Zhang R, Xia Y, Wang Z, Zheng J, Chen Y, Li X, et al. Serum long non 
coding RNA MALAT-1 protected by exosomes is up-regulated and 
promotes cell proliferation and migration in non-small cell lung cancer. 
Biochemical and biophysical research communications. 2017; 490: 406-14. 

24. Li J, Chen J, Wang S, Li P, Zheng C, Zhou X, et al. Blockage of transferred 
exosome-shuttled miR-494 inhibits melanoma growth and metastasis. 
Journal of cellular physiology. 2019; 234: 15763-74. 

25. Liu R, Tang A, Wang X, Chen X, Zhao L, Xiao Z, et al. Inhibition of 
lncRNA NEAT1 suppresses the inflammatory response in IBD by 
modulating the intestinal epithelial barrier and by exosome-mediated 
polarization of macrophages. International journal of molecular 
medicine. 2018; 42: 2903-13. 

26. Zhang P, Zhou H, Lu K, Lu Y, Wang Y, Feng T. Exosome-mediated 
delivery of MALAT1 induces cell proliferation in breast cancer. 
OncoTargets and therapy. 2018; 11: 291-9. 

27. Lang HL, Hu GW, Chen Y, Liu Y, Tu W, Lu YM, et al. Glioma cells 
promote angiogenesis through the release of exosomes containing long 
non-coding RNA POU3F3. European review for medical and 
pharmacological sciences. 2017; 21: 959-72. 

28. Zhao R, Zhang Y, Zhang X, Yang Y, Zheng X, Li X, et al. Exosomal long 
noncoding RNA HOTTIP as potential novel diagnostic and prognostic 
biomarker test for gastric cancer. Molecular cancer. 2018; 17: 68. 

29. Xue M, Chen W, Xiang A, Wang R, Chen H, Pan J, et al. Hypoxic 
exosomes facilitate bladder tumor growth and development through 
transferring long non-coding RNA-UCA1. Molecular cancer. 2017; 16: 
143. 

30. Kalluri R. The biology and function of exosomes in cancer. The Journal of 
clinical investigation. 2016; 126: 1208-15. 

31. Kalluri R, LeBleu VS. The biology, function, and biomedical applications 
of exosomes. Science (New York, NY). 2020; 367. 

32. Pegtel DM, Gould SJ. Exosomes. Annual review of biochemistry. 2019; 
88: 487-514. 

33. Piper RC, Katzmann DJ. Biogenesis and function of multivesicular 
bodies. Annual review of cell and developmental biology. 2007; 23: 
519-47. 

34. Vietri M, Radulovic M, Stenmark H. The many functions of ESCRTs. 
Nature reviews Molecular cell biology. 2020; 21: 25-42. 

35. van Niel G, Charrin S, Simoes S, Romao M, Rochin L, Saftig P, et al. The 
tetraspanin CD63 regulates ESCRT-independent and -dependent 
endosomal sorting during melanogenesis. Developmental cell. 2011; 21: 
708-21. 

36. van Niel G, D'Angelo G, Raposo G. Shedding light on the cell biology of 
extracellular vesicles. Nature reviews Molecular cell biology. 2018; 19: 
213-28. 

37. Mathieu M, Martin-Jaular L, Lavieu G, Théry C. Specificities of secretion 
and uptake of exosomes and other extracellular vesicles for cell-to-cell 
communication. Nature cell biology. 2019; 21: 9-17. 

38. Villarroya-Beltri C, Baixauli F, Mittelbrunn M, Fernández-Delgado I, 
Torralba D, Moreno-Gonzalo O, et al. ISGylation controls exosome 
secretion by promoting lysosomal degradation of MVB proteins. Nature 
communications. 2016; 7: 13588. 

39. Le MT, Hamar P, Guo C, Basar E, Perdigão-Henriques R, Balaj L, et al. 
miR-200-containing extracellular vesicles promote breast cancer cell 
metastasis. The Journal of clinical investigation. 2014; 124: 5109-28. 

40. Azmi AS, Bao B, Sarkar FH. Exosomes in cancer development, 
metastasis, and drug resistance: a comprehensive review. Cancer 
metastasis reviews. 2013; 32: 623-42. 

41. Weick EM, Puno MR, Januszyk K, Zinder JC, DiMattia MA, Lima CD. 
Helicase-Dependent RNA Decay Illuminated by a Cryo-EM Structure of 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

1748 

a Human Nuclear RNA Exosome-MTR4 Complex. Cell. 2018; 173: 
1663-77.e21. 

42. Wang F, Li L, Piontek K, Sakaguchi M, Selaru FM. Exosome miR-335 as a 
novel therapeutic strategy in hepatocellular carcinoma. Hepatology 
(Baltimore, Md). 2018; 67: 940-54. 

43. Higuchi H, Yamakawa N, Imadome KI, Yahata T, Kotaki R, Ogata J, et al. 
Role of exosomes as a proinflammatory mediator in the development of 
EBV-associated lymphoma. Blood. 2018; 131: 2552-67. 

44. Li L, Li C, Wang S, Wang Z, Jiang J, Wang W, et al. Exosomes Derived 
from Hypoxic Oral Squamous Cell Carcinoma Cells Deliver miR-21 to 
Normoxic Cells to Elicit a Prometastatic Phenotype. Cancer research. 
2016; 76: 1770-80. 

45. Wu H, Zhou J, Mei S, Wu D, Mu Z, Chen B, et al. Circulating exosomal 
microRNA-96 promotes cell proliferation, migration and drug resistance 
by targeting LMO7. Journal of cellular and molecular medicine. 2017; 21: 
1228-36. 

46. Chen Y, Ma X, Lou C, Zhou C, Zhao X, Li N, et al. PLA2G10 incorporated 
in exosomes could be diagnostic and prognostic biomarker for non-small 
cell lung cancer. Clinica chimica acta; international journal of clinical 
chemistry. 2022; 530: 55-65. 

47. Min L, Zhu T, Lv B, An T, Zhang Q, Shang Y, et al. Exosomal LncRNA 
RP5-977B1 as a novel minimally invasive biomarker for diagnosis and 
prognosis in non-small cell lung cancer. International journal of clinical 
oncology. 2022; 27: 1013-24. 

48. Mendt M, Kamerkar S, Sugimoto H, McAndrews KM, Wu CC, Gagea M, 
et al. Generation and testing of clinical-grade exosomes for pancreatic 
cancer. JCI insight. 2018; 3. 

49. Wang Y, Balaji V, Kaniyappan S, Krüger L, Irsen S, Tepper K, et al. The 
release and trans-synaptic transmission of Tau via exosomes. Molecular 
neurodegeneration. 2017; 12: 5. 

50. Tran PHL, Xiang D, Tran TTD, Yin W, Zhang Y, Kong L, et al. Exosomes 
and Nanoengineering: A Match Made for Precision Therapeutics. 
Advanced materials (Deerfield Beach, Fla). 2020; 32: e1904040. 

51. Yang B, Chen Y, Shi J. Exosome Biochemistry and Advanced 
Nanotechnology for Next-Generation Theranostic Platforms. Advanced 
materials (Deerfield Beach, Fla). 2019; 31: e1802896. 

52. Zou J, Shi M, Liu X, Jin C, Xing X, Qiu L, et al. Aptamer-Functionalized 
Exosomes: Elucidating the Cellular Uptake Mechanism and the Potential 
for Cancer-Targeted Chemotherapy. Analytical chemistry. 2019; 91: 
2425-30. 

53. Abbaszadeh H, Ghorbani F, Derakhshani M, Movassaghpour A, Yousefi 
M. Human umbilical cord mesenchymal stem cell-derived extracellular 
vesicles: A novel therapeutic paradigm. Journal of cellular physiology. 
2020; 235: 706-17. 

54. Guo CJ, Ma XK, Xing YH, Zheng CC, Xu YF, Shan L, et al. Distinct 
Processing of lncRNAs Contributes to Non-conserved Functions in Stem 
Cells. Cell. 2020; 181: 621-36.e22. 

55. Quinn JJ, Zhang QC, Georgiev P, Ilik IA, Akhtar A, Chang HY. Rapid 
evolutionary turnover underlies conserved lncRNA-genome 
interactions. Genes & development. 2016; 30: 191-207. 

56. Hezroni H, Koppstein D, Schwartz MG, Avrutin A, Bartel DP, Ulitsky I. 
Principles of long noncoding RNA evolution derived from direct 
comparison of transcriptomes in 17 species. Cell reports. 2015; 11: 
1110-22. 

57. Statello L, Guo CJ, Chen LL, Huarte M. Gene regulation by long 
non-coding RNAs and its biological functions. Nature reviews Molecular 
cell biology. 2021; 22: 96-118. 

58. Wang KC, Chang HY. Molecular mechanisms of long noncoding RNAs. 
Molecular cell. 2011; 43: 904-14. 

59. Wutz A. Gene silencing in X-chromosome inactivation: advances in 
understanding facultative heterochromatin formation. Nature reviews 
Genetics. 2011; 12: 542-53. 

60. Jégu T, Aeby E, Lee JT. The X chromosome in space. Nature reviews 
Genetics. 2017; 18: 377-89. 

61. Creamer KM, Lawrence JB. XIST RNA: a window into the broader role of 
RNA in nuclear chromosome architecture. Philosophical transactions of 
the Royal Society of London Series B, Biological sciences. 2017; 372. 

62. McHugh CA, Chen CK, Chow A, Surka CF, Tran C, McDonel P, et al. 
The Xist lncRNA interacts directly with SHARP to silence transcription 
through HDAC3. Nature. 2015; 521: 232-6. 

63. Hall LL, Carone DM, Gomez AV, Kolpa HJ, Byron M, Mehta N, et al. 
Stable C0T-1 repeat RNA is abundant and is associated with euchromatic 
interphase chromosomes. Cell. 2014; 156: 907-19. 

64. Jain AK, Xi Y, McCarthy R, Allton K, Akdemir KC, Patel LR, et al. 
LncPRESS1 Is a p53-Regulated LncRNA that Safeguards Pluripotency by 
Disrupting SIRT6-Mediated De-acetylation of Histone H3K56. Molecular 
cell. 2016; 64: 967-81. 

65. Herzog VA, Lempradl A, Trupke J, Okulski H, Altmutter C, Ruge F, et 
al. A strand-specific switch in noncoding transcription switches the 

function of a Polycomb/Trithorax response element. Nature genetics. 
2014; 46: 973-81. 

66. Alecki C, Chiwara V, Sanz LA, Grau D, Arias Pérez O, Boulier EL, et al. 
RNA-DNA strand exchange by the Drosophila Polycomb complex 
PRC2. Nature communications. 2020; 11: 1781. 

67. Beckedorff FC, Ayupe AC, Crocci-Souza R, Amaral MS, Nakaya HI, 
Soltys DT, et al. The intronic long noncoding RNA ANRASSF1 recruits 
PRC2 to the RASSF1A promoter, reducing the expression of RASSF1A 
and increasing cell proliferation. PLoS genetics. 2013; 9: e1003705. 

68. Banani SF, Lee HO, Hyman AA, Rosen MK. Biomolecular condensates: 
organizers of cellular biochemistry. Nature reviews Molecular cell 
biology. 2017; 18: 285-98. 

69. Clemson CM, Hutchinson JN, Sara SA, Ensminger AW, Fox AH, Chess 
A, et al. An architectural role for a nuclear noncoding RNA: NEAT1 
RNA is essential for the structure of paraspeckles. Molecular cell. 2009; 
33: 717-26. 

70. Chen LL, Carmichael GG. Altered nuclear retention of mRNAs 
containing inverted repeats in human embryonic stem cells: functional 
role of a nuclear noncoding RNA. Molecular cell. 2009; 35: 467-78. 

71. Bond CS, Fox AH. Paraspeckles: nuclear bodies built on long noncoding 
RNA. The Journal of cell biology. 2009; 186: 637-44. 

72. Sunwoo H, Dinger ME, Wilusz JE, Amaral PP, Mattick JS, Spector DL. 
MEN epsilon/beta nuclear-retained non-coding RNAs are up-regulated 
upon muscle differentiation and are essential components of 
paraspeckles. Genome research. 2009; 19: 347-59. 

73. Wang Y, Hu SB, Wang MR, Yao RW, Wu D, Yang L, et al. Genome-wide 
screening of NEAT1 regulators reveals cross-regulation between 
paraspeckles and mitochondria. Nature cell biology. 2018; 20: 1145-58. 

74. Liu M, Shen A, Zheng Y, Chen X, Wang L, Li T, et al. Long non-coding 
RNA lncHUPC1 induced by FOXA1 promotes tumor progression by 
inhibiting apoptosis via miR-133b/SDCCAG3 in prostate cancer. 
American journal of cancer research. 2022; 12: 2465-91. 

75. Kleaveland B, Shi CY, Stefano J, Bartel DP. A Network of Noncoding 
Regulatory RNAs Acts in the Mammalian Brain. Cell. 2018; 174: 
350-62.e17. 

76. Faghihi MA, Modarresi F, Khalil AM, Wood DE, Sahagan BG, Morgan 
TE, et al. Expression of a noncoding RNA is elevated in Alzheimer's 
disease and drives rapid feed-forward regulation of beta-secretase. 
Nature medicine. 2008; 14: 723-30. 

77. Lee S, Kopp F, Chang TC, Sataluri A, Chen B, Sivakumar S, et al. 
Noncoding RNA NORAD Regulates Genomic Stability by Sequestering 
PUMILIO Proteins. Cell. 2016; 164: 69-80. 

78. Tichon A, Gil N, Lubelsky Y, Havkin Solomon T, Lemze D, Itzkovitz S, et 
al. A conserved abundant cytoplasmic long noncoding RNA modulates 
repression by Pumilio proteins in human cells. Nature communications. 
2016; 7: 12209. 

79. Carrieri C, Cimatti L, Biagioli M, Beugnet A, Zucchelli S, Fedele S, et al. 
Long non-coding antisense RNA controls Uchl1 translation through an 
embedded SINEB2 repeat. Nature. 2012; 491: 454-7. 

80. Yoon JH, Abdelmohsen K, Srikantan S, Yang X, Martindale JL, De S, et al. 
LincRNA-p21 suppresses target mRNA translation. Molecular cell. 2012; 
47: 648-55. 

81. Wang P, Xue Y, Han Y, Lin L, Wu C, Xu S, et al. The STAT3-binding long 
noncoding RNA lnc-DC controls human dendritic cell differentiation. 
Science (New York, NY). 2014; 344: 310-3. 

82. Rong F, Liu L, Zou C, Zeng J, Xu Y. MALAT1 Promotes Cell 
Tumorigenicity Through Regulating miR-515-5p/EEF2 Axis in 
Non-Small Cell Lung Cancer. Cancer management and research. 2020; 
12: 7691-701. 

83. Chen L, Huang S, Huang J, Chen Q, Zhuang Q. Role and Mechanism of 
Exosome-Derived Long Noncoding RNA HOTAIR in Lung Cancer. ACS 
omega. 2021; 6: 17217-27. 

84. Zhang C, Xu L, Deng G, Ding Y, Bi K, Jin H, et al. Exosomal HOTAIR 
promotes proliferation, migration and invasion of lung cancer by 
sponging miR-203. Science China Life sciences. 2020; 63: 1265-8. 

85. Lv X, Lian Y, Liu Z, Xiao J, Zhang D, Yin X. Exosomal long non-coding 
RNA LINC00662 promotes non-small cell lung cancer progression by 
miR-320d/E2F1 axis. Aging. 2021; 13: 6010-24. 

86. Zang X, Gu J, Zhang J, Shi H, Hou S, Xu X, et al. Exosome-transmitted 
lncRNA UFC1 promotes non-small-cell lung cancer progression by 
EZH2-mediated epigenetic silencing of PTEN expression. Cell death & 
disease. 2020; 11: 215. 

87. Mao G, Mu Z, Wu DA. Exosomal lncRNA FOXD3-AS1 upregulates 
ELAVL1 expression and activates PI3K/Akt pathway to enhance lung 
cancer cell proliferation, invasion, and 5-fluorouracil resistance. Acta 
biochimica et biophysica Sinica. 2021; 53: 1484-94. 

88. Wortzel I, Dror S, Kenific CM, Lyden D. Exosome-Mediated Metastasis: 
Communication from a Distance. Developmental cell. 2019; 49: 347-60. 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

1749 

89. Wang Z, Lin M, He L, Qi H, Shen J, Ying K. Exosomal lncRNA 
SCIRT/miR-665 Transferring Promotes Lung Cancer Cell Metastasis 
through the Inhibition of HEYL. Journal of oncology. 2021; 2021: 
9813773. 

90. Rokavec M, Öner MG, Li H, Jackstadt R, Jiang L, Lodygin D, et al. 
IL-6R/STAT3/miR-34a feedback loop promotes EMT-mediated 
colorectal cancer invasion and metastasis. The Journal of clinical 
investigation. 2014; 124: 1853-67. 

91. Wu DM, Deng SH, Liu T, Han R, Zhang T, Xu Y. TGF-β-mediated 
exosomal lnc-MMP2-2 regulates migration and invasion of lung cancer 
cells to the vasculature by promoting MMP2 expression. Cancer 
medicine. 2018; 7: 5118-29. 

92. Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, Lötvall JO. 
Exosome-mediated transfer of mRNAs and microRNAs is a novel 
mechanism of genetic exchange between cells. Nature cell biology. 2007; 
9: 654-9. 

93. Liao H, Wang Z, Deng Z, Ren H, Li X. Curcumin inhibits lung cancer 
invasion and metastasis by attenuating GLUT1/MT1-MMP/MMP2 
pathway. International journal of clinical and experimental medicine. 
2015; 8: 8948-57. 

94. Chen PM, Wu TC, Shieh SH, Wu YH, Li MC, Sheu GT, et al. MnSOD 
promotes tumor invasion via upregulation of FoxM1-MMP2 axis and 
related with poor survival and relapse in lung adenocarcinomas. 
Molecular cancer research : MCR. 2013; 11: 261-71. 

95. Tang L, Pei H, Yang Y, Wang X, Wang T, Gao E, et al. The inhibition of 
calpains ameliorates vascular restenosis through MMP2/TGF-β1 
pathway. Scientific reports. 2016; 6: 29975. 

96. Wu D, Deng S, Li L, Liu T, Zhang T, Li J, et al. TGF-β1-mediated 
exosomal lnc-MMP2-2 increases blood-brain barrier permeability via the 
miRNA-1207-5p/EPB41L5 axis to promote non-small cell lung cancer 
brain metastasis. Cell death & disease. 2021; 12: 721. 

97. Ni J, Zhang X, Li J, Zheng Z, Zhang J, Zhao W, et al. Tumour-derived 
exosomal lncRNA-SOX2OT promotes bone metastasis of non-small cell 
lung cancer by targeting the miRNA-194-5p/RAC1 signalling axis in 
osteoclasts. Cell death & disease. 2021; 12: 662. 

98. Lane SW, De Vita S, Alexander KA, Karaman R, Milsom MD, Dorrance 
AM, et al. Rac signaling in osteoblastic cells is required for normal bone 
development but is dispensable for hematopoietic development. Blood. 
2012; 119: 736-44. 

99. Wan Q, Cho E, Yokota H, Na S. Rac1 and Cdc42 GTPases regulate shear 
stress-driven β-catenin signaling in osteoblasts. Biochemical and 
biophysical research communications. 2013; 433: 502-7. 

100. Wang Y, Yi J, Chen X, Zhang Y, Xu M, Yang Z. The regulation of cancer 
cell migration by lung cancer cell-derived exosomes through TGF-β and 
IL-10. Oncology letters. 2016; 11: 1527-30. 

101. Gai C, Carpanetto A, Deregibus MC, Camussi G. Extracellular 
vesicle-mediated modulation of angiogenesis. Histology and 
histopathology. 2016; 31: 379-91. 

102. Hsu YL, Hung JY, Chang WA, Lin YS, Pan YC, Tsai PH, et al. Hypoxic 
lung cancer-secreted exosomal miR-23a increased angiogenesis and 
vascular permeability by targeting prolyl hydroxylase and tight junction 
protein ZO-1. Oncogene. 2017; 36: 4929-42. 

103. Todorova D, Simoncini S, Lacroix R, Sabatier F, Dignat-George F. 
Extracellular Vesicles in Angiogenesis. Circulation research. 2017; 120: 
1658-73. 

104. Cheng Y, Dai X, Yang T, Zhang N, Liu Z, Jiang Y. Low Long Noncoding 
RNA Growth Arrest-Specific Transcript 5 Expression in the Exosomes of 
Lung Cancer Cells Promotes Tumor Angiogenesis. Journal of oncology. 
2019; 2019: 2476175. 

105. Unseld M, Chilla A, Pausz C, Mawas R, Breuss J, Zielinski C, et al. PTEN 
expression in endothelial cells is down-regulated by uPAR to promote 
angiogenesis. Thrombosis and haemostasis. 2015; 114: 379-89. 

106. Guo C, Song WQ, Sun P, Jin L, Dai HY. LncRNA-GAS5 induces PTEN 
expression through inhibiting miR-103 in endometrial cancer cells. 
Journal of biomedical science. 2015; 22: 100. 

107. Kani K, Garri C, Tiemann K, Malihi PD, Punj V, Nguyen AL, et al. 
JUN-Mediated Downregulation of EGFR Signaling Is Associated with 
Resistance to Gefitinib in EGFR-mutant NSCLC Cell Lines. Molecular 
cancer therapeutics. 2017; 16: 1645-57. 

108. Jackman DM, Holmes AJ, Lindeman N, Wen PY, Kesari S, Borras AM, et 
al. Response and resistance in a non-small-cell lung cancer patient with 
an epidermal growth factor receptor mutation and leptomeningeal 
metastases treated with high-dose gefitinib. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology. 2006; 24: 
4517-20. 

109. Shedden K, Xie XT, Chandaroy P, Chang YT, Rosania GR. Expulsion of 
small molecules in vesicles shed by cancer cells: association with gene 
expression and chemosensitivity profiles. Cancer research. 2003; 63: 
4331-7. 

110. Yu DD, Wu Y, Shen HY, Lv MM, Chen WX, Zhang XH, et al. Exosomes 
in development, metastasis and drug resistance of breast cancer. Cancer 
science. 2015; 106: 959-64. 

111. Lei Y, Guo W, Chen B, Chen L, Gong J, Li W. Tumor‑released lncRNA 
H19 promotes gefitinib resistance via packaging into exosomes in 
non‑small cell lung cancer. Oncology reports. 2018; 40: 3438-46. 

112. Chen X, Wang Z, Tong F, Dong X, Wu G, Zhang R. lncRNA UCA1 
Promotes Gefitinib Resistance as a ceRNA to Target FOSL2 by Sponging 
miR-143 in Non-small Cell Lung Cancer. Molecular therapy Nucleic 
acids. 2020; 19: 643-53. 

113. Zhang W, Cai X, Yu J, Lu X, Qian Q, Qian W. Exosome-mediated transfer 
of lncRNA RP11‑838N2.4 promotes erlotinib resistance in non-small cell 
lung cancer. International journal of oncology. 2018; 53: 527-38. 

114. Deng Q, Fang Q, Xie B, Sun H, Bao Y, Zhou S. Exosomal long non-coding 
RNA MSTRG.292666.16 is associated with osimertinib (AZD9291) 
resistance in non-small cell lung cancer. Aging. 2020; 12: 8001-15. 

115. Mao X, Xu J, Wang W, Liang C, Hua J, Liu J, et al. Crosstalk between 
cancer-associated fibroblasts and immune cells in the tumor 
microenvironment: new findings and future perspectives. Molecular 
cancer. 2021; 20: 131. 

116. Peng H, Zhu E, Zhang Y. Advances of cancer-associated fibroblasts in 
liver cancer. Biomarker research. 2022; 10: 59. 

117. Remsing Rix LL, Sumi NJ, Hu Q, Desai B, Bryant AT, Li X, et al. 
IGF-binding proteins secreted by cancer-associated fibroblasts induce 
context-dependent drug sensitization of lung cancer cells. Science 
signaling. 2022; 15: eabj5879. 

118. Zheng J, Dou R, Zhang X, Zhong B, Fang C, Xu Q, et al. LINC00543 
promotes colorectal cancer metastasis by driving EMT and inducing the 
M2 polarization of tumor associated macrophages. Journal of 
translational medicine. 2023; 21: 153. 

119. DeNardo DG, Ruffell B. Macrophages as regulators of tumour immunity 
and immunotherapy. Nature reviews Immunology. 2019; 19: 369-82. 

120. Kong W, Zhang L, Chen Y, Yu Z, Zhao Z. Cancer cell-derived exosomal 
LINC00313 induces M2 macrophage differentiation in non-small cell 
lung cancer. Clinical & translational oncology : official publication of the 
Federation of Spanish Oncology Societies and of the National Cancer 
Institute of Mexico. 2022; 24: 2395-408. 

121. Zhou D, Xia Z, Xie M, Gao Y, Yu Q, He B. Exosomal long non-coding 
RNA SOX2 overlapping transcript enhances the resistance to EGFR-TKIs 
in non-small cell lung cancer cell line H1975. Human cell. 2021; 34: 
1478-89. 

122. Chen Z, Bian C, Huang J, Li X, Chen L, Xie X, et al. Tumor-derived 
exosomal HOTAIRM1 regulates SPON2 in CAFs to promote progression 
of lung adenocarcinoma. Discover Oncology. 2022; 13: 92. 

123. Song L, Qian G, Huang J, Chen T, Yang Y. AZD9291-resistant non-small 
cell lung cancer cell-derived exosomal lnc-MZT2A-5:1 induces the 
activation of fibroblasts. Annals of translational medicine. 2021; 9: 1593. 

124. Yu W, Hurley J, Roberts D, Chakrabortty SK, Enderle D, Noerholm M, et 
al. Exosome-based liquid biopsies in cancer: opportunities and 
challenges. Annals of oncology : official journal of the European Society 
for Medical Oncology. 2021; 32: 466-77. 

125. Sala M, Ros M, Saltel F. A Complex and Evolutive Character: Two Face 
Aspects of ECM in Tumor Progression. Frontiers in oncology. 2020; 10: 
1620. 

126. Ignatiadis M, Sledge GW, Jeffrey SS. Liquid biopsy enters the clinic - 
implementation issues and future challenges. Nature reviews Clinical 
oncology. 2021; 18: 297-312. 

127. Li W, Wang H, Zhao Z, Gao H, Liu C, Zhu L, et al. Emerging 
Nanotechnologies for Liquid Biopsy: The Detection of Circulating 
Tumor Cells and Extracellular Vesicles. Advanced materials (Deerfield 
Beach, Fla). 2019; 31: e1805344. 

128. Li C, Chen J, Zhang K, Feng B, Wang R, Chen L. Progress and Prospects 
of Long Noncoding RNAs (lncRNAs) in Hepatocellular Carcinoma. 
Cellular physiology and biochemistry : international journal of 
experimental cellular physiology, biochemistry, and pharmacology. 
2015; 36: 423-34. 

129. Xie H, Ma H, Zhou D. Plasma HULC as a promising novel biomarker for 
the detection of hepatocellular carcinoma. BioMed research 
international. 2013; 2013: 136106. 

130. Huarte M. The emerging role of lncRNAs in cancer. Nature medicine. 
2015; 21: 1253-61. 

131. Li C, Lv Y, Shao C, Chen C, Zhang T, Wei Y, et al. Tumor-derived 
exosomal lncRNA GAS5 as a biomarker for early-stage non-small-cell 
lung cancer diagnosis. Journal of cellular physiology. 2019; 234: 20721-7. 

132. Zhang X, Guo H, Bao Y, Yu H, Xie D, Wang X. Exosomal long 
non-coding RNA DLX6-AS1 as a potential diagnostic biomarker for 
non-small cell lung cancer. Oncology letters. 2019; 18: 5197-204. 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

1750 

133. Xiong D, Wang C, Yang Z, Han F, Zhan H. Clinical Significance of 
Serum-Derived Exosomal LINC00917 in Patients With Non-Small Cell 
Lung Cancer. Frontiers in genetics. 2021; 12: 728763. 

134. Tao Y, Tang Y, Yang Z, Wu F, Wang L, Yang L, et al. Exploration of 
Serum Exosomal LncRNA TBILA and AGAP2-AS1 as Promising 
Biomarkers for Diagnosis of Non-Small Cell Lung Cancer. International 
journal of biological sciences. 2020; 16: 471-82. 

135. Bai Y, Qu Y, Wu Z, Ren Y, Cheng Z, Lu Y, et al. Absolute quantification 
and analysis of extracellular vesicle lncRNAs from the peripheral blood 
of patients with lung cancer based on multi-colour fluorescence 
chip-based digital PCR. Biosensors & bioelectronics. 2019; 142: 111523. 

136. Teng Y, Kang H, Chu Y. Identification of an Exosomal Long Noncoding 
RNA SOX2-OT in Plasma as a Promising Biomarker for Lung Squamous 
Cell Carcinoma. Genetic testing and molecular biomarkers. 2019; 23: 
235-40. 

137. Han P, Zhao J, Gao L. Increased serum exosomal long non-coding RNA 
SNHG15 expression predicts poor prognosis in non-small cell lung 
cancer. Journal of clinical laboratory analysis. 2021; 35: e23979. 

138. Xian J, Zeng Y, Chen S, Lu L, Liu L, Chen J, et al. Discovery of a novel 
linc01125 isoform in serum exosomes as a promising biomarker for 
NSCLC diagnosis and survival assessment. Carcinogenesis. 2021; 42: 
831-41. 

139. Rao L, Luo L, Luo L, Chen S, Ran R, Liu X. Identification of plasma 
exosomes long non-coding RNA HAGLR and circulating tumor cells as 
potential prognosis biomarkers in non-small cell lung cancer. 
Translational cancer research. 2019; 8: 2264-73. 

140. Syn NL, Wang L, Chow EK, Lim CT, Goh BC. Exosomes in Cancer 
Nanomedicine and Immunotherapy: Prospects and Challenges. Trends 
in biotechnology. 2017; 35: 665-76. 

141. Doyle LM, Wang MZ. Overview of Extracellular Vesicles, Their Origin, 
Composition, Purpose, and Methods for Exosome Isolation and 
Analysis. Cells. 2019; 8. 

142. Nam GH, Choi Y, Kim GB, Kim S, Kim SA, Kim IS. Emerging Prospects 
of Exosomes for Cancer Treatment: From Conventional Therapy to 
Immunotherapy. Advanced materials (Deerfield Beach, Fla). 2020; 32: 
e2002440. 

143. Karimzadeh MR, Seyedtaghia MR, Soudyab M, Nezamnia M, Kidde J, 
Sahebkar A. Exosomal Long Noncoding RNAs: Insights into Emerging 
Diagnostic and Therapeutic Applications in Lung Cancer. Journal of 
oncology. 2020; 2020: 7630197. 

144. Yu D, Li Y, Wang M, Gu J, Xu W, Cai H, et al. Exosomes as a new frontier 
of cancer liquid biopsy. Molecular cancer. 2022; 21: 56. 

145. Ludwig N, Whiteside TL, Reichert TE. Challenges in Exosome Isolation 
and Analysis in Health and Disease. International journal of molecular 
sciences. 2019; 20. 

146. He C, Zheng S, Luo Y, Wang B. Exosome Theranostics: Biology and 
Translational Medicine. Theranostics. 2018; 8: 237-55. 

147. Maroto R, Zhao Y, Jamaluddin M, Popov VL, Wang H, Kalubowilage M, 
et al. Effects of storage temperature on airway exosome integrity for 
diagnostic and functional analyses. Journal of extracellular vesicles. 2017; 
6: 1359478. 

148. Sun Z, Shi K, Yang S, Liu J, Zhou Q, Wang G, et al. Effect of exosomal 
miRNA on cancer biology and clinical applications. Molecular cancer. 
2018; 17: 147. 

149. Ha D, Yang N, Nadithe V. Exosomes as therapeutic drug carriers and 
delivery vehicles across biological membranes: current perspectives and 
future challenges. Acta pharmaceutica Sinica B. 2016; 6: 287-96. 

150. Li MY, Liu LZ, Dong M. Progress on pivotal role and application of 
exosome in lung cancer carcinogenesis, diagnosis, therapy and 
prognosis. Molecular cancer. 2021; 20: 22. 


