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Abstract: Extracellular vesicles (EVs), such as exosomes, are critical mediators of intercellular
communication between tumor cells and other cells located in the microenvironment but also in
more distant sites. Exosomes are small EVs that can carry a variety of molecules, such as lipids,
proteins, and non-coding RNA, especially microRNAs (miRNAs). In thoracic cancers, including
lung cancers and malignant pleural mesothelioma, EVs contribute to the immune-suppressive tumor
microenvironment and to tumor growth and metastasis. In this review, we discuss the recent
understanding of how exosomes behave in thoracic cancers and how and why they are promising
liquid biomarkers for diagnosis, prognosis, and therapy, with a special focus on exosomal miRNAs.
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1. Introduction

Thoracic cancers, including lung cancers and malignant pleural mesothelioma (MPM), represent
a global health burden primarily due to the lack of effective treatment options for most patients.
Lung cancers can be divided into two major subtypes based on their cell morphologies: small-cell lung
cancer (SCLC) (~15%) and non-small cell lung cancer (NSCLC) (~85%), which includes squamous cell
carcinoma, adenocarcinoma, and large cell carcinoma [1]. Long-term smoking is one of its leading
causes, whereas exposure to asbestos fibers has been associated with MPM for a long time now [2,3].
MPM is a cancer formed mainly in the pleura, a membrane covering lungs and the inner side of the
ribs. MPM is usually asymptomatic during a protracted period (20 to 50 years), until it has reached an
advanced stage.

In the tumor microenvironment (TME), the communication between tumor and immune cells
takes center stage in cancer development and progression. Tumor exosomes (TEXs) are important
players in this communication, and notably have the capacity to alter immune response especially
by inducing macrophage M2 polarization and promoting tumor progression in numerous cancers,
including lung cancers [4]. TEXs also facilitate progression, invasion, angiogenesis, metastasis and
drug resistance. Some studies suggest that it could be due to the transfer of microRNAs (miRNAs)
from tumor to recipient cells since they are largely enriched into exosomes [5,6]. miRNAs are a subset
of small non–coding RNAs (from 19 to 22 nucleotides) known to regulate gene expression at the
post–transcriptional level through mRNA silencing or degradation. As such, miRNAs exert pivotal
regulatory roles in cells by regulating more than 60% of the genes in humans [7]. Because exosomes are
stable in various biological fluids and carry cargos that in part mimic contents of parent cells, they are
also of potential interest as non-invasive and easily accessible cancer biomarkers.
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This review will summarize the current knowledge about the thoracic cancers–derived exosomes
and their role in the TME, with a special focus on the miRNA content and transfer.

2. Exosome Biogenesis and Secretion

Exosomes are nano-sized vesicles generated inside cells during the maturation of endosomes into
multivesicular bodies (MVBs). This is a multistep process starting with the invagination of the plasma
membrane leading to the formation of early endosomes (Figure 1). Next, many small vesicles called
intraluminal vesicles (ILVs) are formed inside them by the inward invagination of their membranes,
and such endosomes are called MVBs [8]. The endosomal sorting complex required for transport
(ESCRT) machinery is involved in this step. This machinery is composed of four complexes (ESCRT-0, I,
II, III) working sequentially, but some evidence showed that vesicles can also be formed without them,
involving for example tetraspanins [9] and/or lipids [10,11]. Finally, MVBs either fuse with lysosomes
in order to hydrolyze their content, or with the plasma membrane to release the ILVs, called now
exosomes, into the extracellular space. Similarly, the exosome secretion from the parent cell involves
multiple steps: trafficking of MVBs to the plasma membrane, docking, fusion, and release [12].
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Figure 1. Exosome biogenesis, secretion, and capture. Exosomes are formed by the inward budding of
intraluminal vesicles (ILV) during the maturation of the early endosomes into the multivesicular body
(MVB). ILV become exosomes after their release into the extracellular space, thus after the fusion of the
MVB with the plasma membrane (PM). Released exosomes can interact with the recipient cell through
receptor-ligand recognition, fusion with PM, or endocytosis. Cargo can be then transferred into the
cytoplasm of the recipient cell where it can exert its effects.

Once released by parent cells, exosomes can interact with neighboring or distant cell via at least
three mechanisms [13]: (i) interaction between exosome transmembrane proteins and the signaling
receptors of recipient cells, (ii) exosome fusion with the plasma membrane of recipient cell and release
of their content into the cytosol, (iii) exosome internalization into the recipient cell by endocytosis.
Interestingly, it has been shown that exosomal miRNAs released in the cytoplasm are functional and
may induce function and phenotype changes in recipient cells [6,14].

3. Exosome Content

During their formation, specific constituents of the parent cell content are trapped into exosomes.
A wide variety of molecules are thus found in exosomes: lipids, proteins, and nucleic acids. According to
the present version of the exosome content databases (ExoCarta [15], Vesiclepedia [16] or EVpedia [17]),
more than 9700 proteins, 1100 lipids, 3400 mRNAs and 2800 miRNAs have been identified in various
exosomes or small EVs.
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3.1. Lipids

The exosome membrane is enriched in cholesterol, sphingomyelin, ceramides, phosphatidylserine,
phosphatidylinositol, and phosphatidic acid [18]. Their lipids’ compositions impact their membrane
fluidity, allowing them to be stable in the extracellular space, but also impacting their own formation.
Indeed, membrane curvature is strongly dependent on membrane lipids, themselves conditional on
the enzymes available in the cell, such as the sphingomyelinase 2 (nSMase2) [11] or phospholipase
D2 (PLD2) [19].

3.2. Proteins

Exosomes contain many proteins, and some of them are highly enriched, such as tetraspanins
(CD63, CD81, CD9), heat shock proteins (HSP70, HSP90), MVBs formation proteins (TSG101, Alix),
or others, and could therefore be used as markers for exosome characterization [20]. Interestingly,
exosomes also carry immune proteins, such as those of major histocompatibility complex I and II
(MHC I/II) or PD-L1 (programmed death ligand 1), and can be consequently involved in the modulation
of the immune response against the tumor (see parts 4 and 5).

3.3. Nucleic Acids

Exosomes are enriched in RNAs, especially in small RNA such as miRNAs. Exosomal miRNAs
are not randomly incorporated into them, pointing out the existence of a mechanism for active
sorting of specific miRNAs into exosomes. The exact mechanisms by which this selection is made
are not totally understood. However, four potential pathways have been proposed. The nSMase2
was the first molecule to be involved in the miRNAs sorting into exosomes. In 2013, Kosaka and
collaborators [21] reported that the overexpression of the nSMase2 increased the miRNAs levels
in HEK293-derived exosomes and, in contrast, a decrease of its expression was associated with a
lower content of miRNAs in exosomes. Another sorting mechanism was described the same year
by Villarroya-Beltri et al. [22]. They described the involvement of the sumoylated version of the
RNA-binding protein hnRNPA2B1 in the miRNAs sorting into T cells-derived exosomes. This protein
recognizes a specific motif GAGAG called “EXO-motif” in the miRNA 3’end sequence and allows a
selective loading of these miRNAs into exosomes. Since this discovery, other RNA-binding proteins
including SYNCRIP (synaptotagmin binding, cytoplasmic RNA interacting protein) [23] and YBX1
(Y box binding protein 1) [24] have been identified for their role in the miRNA sorting. The third
mechanism has been described by Kopper-Lalic et al. in 2014 [25]. They found that 3’end uridylated
miRNAs were enriched into B cell-derived exosomes, whereas 3’end adenylated endogenous miRNAs
stayed in the cell. This observation shows that modifications of the miRNA 3’end portion are linked
to their loading into the exosome. The fourth pathway involves the miRNA-induced silencing
complex (miRISC)-related pathway: mature miRNAs can interact with assembly proteins to form
the miRISC complex mainly composed of the mature miRNA, its target mRNA, GW182, and AGO2
(Argonaute2). The knockout of AGO2 decreases the sorting of some miRNAs such as miR-451, miR-150,
and miR-142-3p in HEK293T cell-derived exosomes, suggesting that AGO2 could be involved in the
miRNA sorting into exosomes [26]. As outlined later, these sorting mechanisms could be important to
translate exosomes into therapeutic applications.

The international society for extracellular vesicles (ISEV) recommends the use of the generic
term extracellular vesicle (EV) as “particles naturally released from the cell that are delimited by a
lipid bilayer and cannot replicate” [20]. Exosomal vesicles are included in these EVs but need to be
rigorously characterized since it is often difficult to distinguish them once they leave the cell. Moreover,
during their isolation, they are frequently mixed with other vesicles including microvesicles and
apoptotic bodies. The term exosomes has been extensively used in the past but tend to be progressively
replaced by the more accurate term, small EVs. In our review, we will use either term according to
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the publication source, but notably, sometimes exosomes have not been investigated according to the
MISEV guidelines, and are probably in fact a mix of EVs.

4. Lung Cancer-Derived Exosomes Foster Pro-Tumorigenic Macrophages

Tumor-associated macrophages (TAMs) have increasingly become recognized as an attractive target
in thoracic cancers. A number of macrophage-centered approaches have been investigated, including
strategies to limit their infiltration or exploit their antitumor functions [27,28]. TAMs represent
the majority of the tumor stroma and maintain intricate interactions with malignant cells within
the tumor microenvironment (TME), largely influencing the outcome of the cancer growth and
metastasis [29]. A growing number of studies have reported the capacity of tumor cells to communicate
with immune cells from the TME through exosomes release, thus leading to immune suppression and
tumor evasion. In the case of TAMs, TEXs induce mainly the polarization of macrophages into the
M2-type, but few studies have been conducted in thoracic cancers [30]. A recent study by Pritchard
et al. showed that lung tumor cell-derived exosomes promote M2 macrophage polarization from
M0 THP1 cells [4]. Interestingly they found that non-tumor cell-derived exosomes do not have this
effect. Even if the authors have not identified yet the exosome cargo responsible for this polarization,
their results confirmed those previously described by Hsu et al., who have for their part described
an underlying mechanism [31]. They showed that hypoxia stimulates the loading of the miR-103a in
lung cancer-derived EVs (Figure 2). After their internalization by the monocytes, miR-103a targets
the tumor suppressor PTEN (phosphatase and tensin homolog) to decrease its expression, leading
to the activation of the PI3K/AKT (phosphatidylinositol-4,5-bisphosphate 3-kinase/AKT) and STAT3
(signal transducer and activator of transcription 3) signaling pathways, both enhancing the expression
of CD163+ and CD206high but also promoting factors such as IL-10, CCL18, (chemokine (C-C motif)
ligand 18) and VEGF-A (vascular endothelial growth factor A). In contrast, the inhibition of miR-103a
by an anti-miRNA decreases monocyte polarization into the M2-type.
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Figure 2. Hypoxic lung cancer-derived exosomes increased M2-type macrophage polarization via
miR-103a transfer. Exosomal miR-103a decreases the level of PTEN in CD14+ monocytes, allowing the
activation of the Pi3K/AKT and STAT3 signaling pathways (denoted by the red ++) and the polarization
of macrophages towards the pro-tumoral M2 phenotype with IL-10, CCL18, and VEGF-A secretion,
thus promoting cancer migration, invasion, and angiogenesis.

5. Immunosuppressive Function of Thoracic Tumor-Derived Exosomes

Apart from macrophages, other immune cells are also affected by lung cancers and MPM exosomes.
In this sense, Huang et al. showed that lung cancer-derived exosomes containing EGFR (epidermal
growth factor receptor) induce tolerogenic dendritic cells (DCs) and regulatory T lymphocytes (Treg)
which could suppress the tumor antigen-specific CD8+ T cells to promote tumor growth (Table 1) [32].
They also found that tumor-derived exosomes are enriched in EGFR compared to exosomes from
chronic lung inflammation. Concerning Treg again, Yin et al. reported that lung cancer cells deliver
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increased levels of miR-214 to CD4+ T cells through exosomes, allowing thus the decrease of PTEN
levels and the expansion of CD4+ CD25high Foxp3+ Treg in a mouse model [33]. Myeloid-derived
suppressor cells (MDSCs) can also be modified by lung cancer-derived exosomes. Indeed, Chalmin
et al. showed that exosomes containing HSP72 could promote the suppressive activity of MDSCs
through the activation of STAT3 by IL-6 (interleukin 6) [34]. More recently, it has been shown that
exosomes derived from lung cancer cells express PD-L1 and play a role in immune escape by reducing
the T-cell activity [35]. Finally, Berchem et al. showed that following their uptake by NK (natural
killer) cells, vesicles derived from hypoxic lung cancer release TGF-β1 (transforming growth factor,
beta) to decrease the cell surface expression of the activating receptor NKG2D (NK cell receptor D)
inhibiting NK cell functions [36]. They also demonstrated that the miR-23a in vesicles operates as an
additional immunosuppressive factor, since it directly targets the expression of the cytotoxic marker
CD107a in NK cells (Table 2). This alteration was also observed with exosomes from MPM by Clayton
et al. They showed the capacity of MPM-derived exosomes to reduce the expression of NKG2D by NK
cells and CD8+ T cells through the transfer of TGF-β1. This downregulation of NKG2D induces the
suppression of the NKG2D-dependent killing function of NK cells, as well as the cytotoxic ability of
CD8 + T cells [37]. Moreover, the same group showed that exosomes derived from pleural fluid of
MPM patients express CD39 and CD73, two receptors that can produce extracellular adenosine and
downregulate the function of T cells, thus suggesting a contributory role of MPM-derived exosomes in
the negative modulation of T cells [38].

Table 1. The role of the exosomal protein cargo in thoracic cancers.

Exosomal
Component Origin of the Exosomes Role Cancer Ref.

TGF-ß1 Hypoxic LC cell lines NKG2D decrease
NK inhibition LC [36]

Vimentin HBE cells Invasion LC [39]

EGFR Serum
EMT

Cancer invasion
Metastasis

AD [40]

HSP72 Lung AC cell lines MDSC promotion
Immune suppression AD [34]

LRG1 NSCLC cell lines and tissues Angiogenesis NSCLC [41]

NY-ESO Plasma Prognosis and overall
survival NSCLC [42]

LRG1 Urine Diagnosis NSCLC [43]
CD151, CD171,

TSPAN8 Plasma LC diagnosis following
histological subtypes NSCLC [42]

EGFR LC biopsies Tolerogenic DCs, Treg
Immune suppression NSCLC [32]

PD-L1 LC cells T cell suppression NSCLC [35]

TGF-ß1 Pleural effusions
NKG2D reduction

NK and CD8+ T cells
suppression

MPM [44]

CD39, CD73 Pleural effusions Adenosine production
T cell suppression MPM [38]

G6PD, ENO1 Angiogenesis MPM [45]

NSCLC: non-small cell lung cancer, LC: lung cancer, AD: adenocarcinoma, SCC: squamous cell carcinoma, CSE-HBE:
cigarette smoke extract transformed human bronchial epithelial cells, MPM: malignant pleural mesothelioma,
PAE: past asbestos exposure, TGFβ1: transforming growth factor, beta 1, EGFR: epidermal growth factor receptor,
HSP72: heat shock 70kDa protein 1A, LRG1: leucine-rich alpha-2-glycoprotein 1, TSPAN8: tetraspanin 8.
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Table 2. Roles of the exosomal miRNA cargo in thoracic cancers.

Exosomal Component Origin of the Exosomes Role Cancer Ref.

miR-23a Hypoxic LC cell lines Targets CD107a
NK inhibition LC [36]

Hypoxic lung cancer cells Angiogenesis
vascular permeability LC [46]

A549 cells EMT LC [47]
miR-21 CSE-HBE cells Angiogenesis LC [48]
miR-210 Lung AC cells Angiogenesis LC [49]
miR-23a Hypoxic LC cells Angiogenesis LC [46]
miR-96 Serum Metastasis LC [50]

miR-106b Serum Metastasis LC [51]
miR-199a-3p, miR-210-3p,

miR-5100 Plasma Metastasis LC [52]

miR-378a, miR-379,
miR-139-5p, miR-200b-5p
miR-151a-5p, miR-30a-3p,

miR-200b-5p, miR-629,
miR-100, miR-154-3p

Plasma Dividing LC from non-LC
Dividing AC from granuloma LC [53]

miR-205-5p
miR-200b Pleural effusions Diagnosis LC [54]

miR-100-5p A549 cells Cisplatin resistance LC [55]
miR-425-3p A549 cells Cisplatin resistance LC [56]

miR-21 HCC827 Gefitinib resistance LC [57]
miR-214 PC-9 cells Gefitinib resistance LC [58]

miR-499a-5p Highly metastatic LC cell
lines EMT, proliferation, migration AD [59]

miR-505-5p Plasma Diagnosis AD [60]
miR-660-5p Plasma Metastasis NSCLC [61]

miR-17-3p, miR-21,
miR-106a, miR-146,
miR-155, miR-191,
miR-192, miR-203,
miR-205, miR-210,
miR-212, miR-214

Plasma Diagnosis NSCLC [62]

miR-126, miR-144,
miR-302a and miR-302c

Plasma
BAL Diagnosis NSCLC [63]

miR-1-3p, miR-144-5p,
miR-150-5p BAL Diagnosis NSCLC [64]

miR-17-5p Serum Diagnosis NSCLC [65]
Let-7b, Let-7e,

miR-23a-3p, miR-486
miR-181-5p,30a-3p,

30e-3p, 361-5p
miR-10b-5, 15b-5p, 320b

Plasma
Diagnosis
Diagnosis
Diagnosis

NSCLC [66]

Let-7f, miR-20b,
miR-30e-3p, miR-223 and

miR-301
Plasma Prognosis NSCLC [67]

miR-23b-3p, miR-10b-5p
and miR-21-5p Plasma Overall survival NSCLC [50]

miR-378 Serum Overall survival NSCLC [68]
miR-21, miR-4257 Plasma Prognosis/recurrence NSCLC [69]

miR-199-a, miR-200c-3p,
miR-21-5p, miR-28-5p,

miR-30e-3p
Plasma Prediction of PD1/PD-L1 treatment NSCLC [70]

miR-146a-5p Serum Prediction of cisplatin response NSCLC [71]
miR-221, miR-222 Plasma Prediction of osimertinib response NSCLC [72]

miR-16-5p Diagnosis MPM [73]
miR-103a-3p
miR-30e-3p Plasma Discriminate MPM from non-MPM

with PAE MPM [74]

NSCLC: non-small cell lung cancer, LC: lung cancer, AD: adenocarcinoma, SCC: squamous cell carcinoma, CSE-HBE:
cigarette smoke extract transformed human bronchial epithelial cells, MPM: malignant pleural mesothelioma.
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6. Thoracic Tumor-Derived Exosomes as Pro-Angiogenic Cues

A mechanism favoring tumor growth and subsequent metastatic events is angiogenesis. Multiple
studies suggest a role of lung cancer-derived exosomes in this process. Thus, Hsu et al. reported
that miR-23a, significantly upregulated in exosomes from lung cancer under hypoxic conditions,
directly suppresses its target PHD1 (prolyl hydroxylase 1) in recipient endothelial cells, leading to the
accumulation of the hypoxia-inducible factor-1 α (HIF-1 α) and consequently enhancing angiogenesis
(Table 2) [46]. Moreover, they showed that this miRNA also inhibits the tight junction protein ZO-1
(zonula occludens 1 protein), thus increasing vascular permeability and cancer trans-endothelial
migration (a key step in metastasis). A study by Liu et al. identified the role of another exosomal
miRNA in angiogenesis in lung cancer. They found that exosomal miR-21 secretion by cigarette
smoke extract (CSE)-transformed human bronchial epithelial (HBE) cells induces elevated levels of
VEGF in recipient normal HBE cells and in human umbilical vein endothelial cells (HUVECs), thereby
promoting angiogenesis [48]. Another study reported that upon overexpression of the tissue inhibitor
of metalloproteinases-1 (TIMP-1) in lung adenocarcinoma cells, miR-210 accumulates in TEXs (in vitro
and in vivo), promoting tube formation activity in recipient HUVECs [49]. More recently, it has been
shown that leucine-rich-alpha2-glycoprotein 1 (LRG1), enriched in the exosomes derived from NSCLC
tissue and cells, mediates a proangiogenic effect via the activation of the TGF-β pathway [41].

Concerning MPM-derived exosomes, the literature is sparser, but also describes the role of EVs
in angiogenesis processes. Greening et al. reported that exosomes from MPM significantly increase
HUVEC invasion in the transwell assay and angiogenesis in the tube formation assay compared to
vehicle (control)-treated cells [45]. Bioinformatic analyses suggest that some protein cargo, such as
glycolytic enzyme G6PD (glucose-6-phosphate dehydrogenase) and ENO1 (enolase1), could be
responsible for these effects, in line with previous reports indicating a crucial role of glycolysis in
specific tumor endothelial cell subtypes (Table 1) [75].

7. Thoracic Cancer-Derived Exosomes in Tumor Invasion and Dissemination

Metastasis, or the capacity of cancer cells to invade other organs, is the leading cause of death
from cancer. It is a common phenomenon in lung cancer and MPM. In these processes, Rahman et al.
reported that exosomes derived from highly metastatic lung cancer cells and human late-stage lung
cancer serum-induced EMT (epithelial-to-mesenchymal transition) in HBE cells through the induction
of the vimentin expression. EMT is the process by which epithelial cells dramatically alter their shape
and motile behavior as they differentiate into a mesenchymal phenotype, and it is an important process
in the initiation of metastasis. Another study showed that all lung cancer-derived exosomes, regardless
of the cancer type (EGFR-mutated adenocarcinoma, wild-type adenocarcinoma, squamous cell lung
cancer), induced an increase of the matrix metalloproteinase 2 (MMP2) activity in cells exposed to
TEXs (Table 1) [40]. Several publications have confirmed that exosomal miRNAs play critical roles in
different steps of the metastatic processes. He et al. thus reported that miR-499a-5p was upregulated
in highly metastatic lung cancer cell line and their exosomes, promoting cell proliferation, migration
and EMT through the regulation of the mTOR pathway, while miR-499a-5p knockdown suppresses
them (Table 2) [59]. Kim et al. reported an increase of exosomal miR-23a following the induction of
EMT in A549 cells [47]. miR-23a is known to regulate TGF-β-induced EMT by targeting E-cadherin in
lung cancer cells [76]. In 2017, Wu et al. found that the expression of miR-96 was positively correlated
with high-grade and metastatic lung cancers through its target gene LMO7 (LIM domain 7) [77].
Three other exosomal miRNAs, namely miR-193a-3p, miR-210-3p, and miR-5100, have been involved
in the invasion of lung cancer cells through STAT3 signaling-induced EMT [52], whereas some have
been described in dissemination, such as miR-660-5p [61] or miR-106b [51].

The “seed and soil” theory of tumor metastasis introduces the concept that a receptive environment
is required for the development of tumors in distant sites [78]. When looking up the frequency of
metastasis of lung carcinomas, there are some preferential sites, such as bone (34.3%), lung (32.1%),
brain (28.4%), adrenals (16.7%), and liver tissues (13.4%) [79]. Regarding MPM, a postmortem study



Int. J. Mol. Sci. 2020, 21, 6024 8 of 20

showed extrapleural dissemination of 87.7% in the liver (31.9%), spleen (10.8%), thyroid (6.9%),
and brain (3.0%) [80]. Numerous articles indicate the important role of EVs in the formation of these
pre-metastatic niches, notably through their ability to disseminate throughout the body and their
enrichment in tetraspanins involved in the binding/uptake of exosomes in target cells. Liu et al.
thus suggested that the tetraspanin-8 (TSPAN8) levels on serum EVs predict metastasis in NSCLC [81].
Interestingly, integrin profiles of exosomes can also be used to address them to specific organs and
promote the development of the pre-metastatic niche [82,83].

8. Thoracic Tumor-Derived Exosomes as Relevant Biomarkers

8.1. Biomarkers of Diagnosis and Cancer Stages

TEXs contain several tumor-associated proteins that could be used as biomarkers (Tables 1 and 2),
and classically EV levels in the peripheral blood of patients with lung cancer are higher than in healthy
controls [84] and are correlated with the tumor stage [85]. Of note, by providing an intuitive term
in a clinical setting, Gavard’s team has recently dubbed “vesiclemia” the concentration of plasmatic
EVs [86]. Huang et al. showed that 80% of NSCLC exosomes were positive for EGFR, whereas only
2% of exosomes from chronic inflammation of the lung carried this protein [32]. This result was
confirmed by Clark et al. using triple SILAC quantitative proteomics to characterize the proteins
profile of exosomes derived from two NSCLC cell lines and an immortalized normal HBE cell line [87],
and by Sandfeld-Paulsen et al. using protein profiling via EV array [42]. This last group has then
evaluated the potential of 49 exosomal proteins as prognosis markers using plasma samples from
276 NSCLC patients. They demonstrated that NY-ESO-1, EGFR, recombinant human placental alkaline
phosphatase (PLAP), Alix (apoptosis-linked gene 2-interacting protein X) and EpCAM (epithelial cell
adhesion molecule) are markers of poor prognosis with increasing concentration levels. However,
NY-ESO-1 was the only marker that maintained a significant impact on inferior survival after multiple
testing [88]. They also found that CD151, CD171, and TSPAN8 separated strongly patients with lung
cancer of all histological subtypes versus patients without cancer. Finally, in urine, Li et al. found high
expression levels of the LRG1 in exosomes from NSCLC patients compared to those from control
subjects. These results suggest that LRG1 may be a candidate biomarker for noninvasive diagnosis
of NSCLC [43].

Among all components of the exosomes, miRNAs are probably the most widely studied biomarkers.
The first miRNA signature described in plasma exosomes of NSCLC patients included 12 miRNAs:
miR-17-3p, miR-21, miR-106a, miR-146, miR-155, miR-191, miR-192, miR-203, miR-205, miR-210,
miR-212, miR-214 [62,89]. Next in 2013, Cazzoli et al. identified a four miRNAs panel (miR-378a,
miR-379, miR-139-5p and miR-200b-5p) to discriminate between lung cancer patients and healthy
smokers, and a six miRNAs panel (miR-151a-5p, miR-30a-3p, miR-200b-5p, miR-629, miR-100 and
miR-154-3p) to discriminate between lung adenocarcinoma and lung granuloma [53]. From Rabinowits
and Cazzoli signatures, Lin et al. confirmed the importance of miR-205-5p and miR-200b in lung
cancer exosomes in the discrimination of patients with lung cancer or pneumonia [54]. Another
study conducted by Rodriguez et al. compared exosomes from the plasma of 30 NSCLC patients
and 75 controls to exosomes from bronchoalveolar lavage (BAL) [63]. They profiled 84 miRNAs and
specific signatures were identified as follows according to the source of exosomes (plasma or BAL) and
pathology (tumor or control): miR-126 and miR-144 in plasma samples (tumor and control); miR-302a
and miR-302c in BAL samples (tumor and control); miR-128 in plasma of control individuals only;
and miR-143 in tumor BAL only. In addition, miR-122 was the only tumor-specific miRNA found
irrespectively of the source (plasma or BAL). In pleural lavage again, Roman-Canal et al. identified
3 miRNAs (miRNA-1-3p, miRNA-144-5p and miRNA-150-5p) that discriminate accurately between
control pleural fluids and pleural lavage from lung cancer [64]. More recently, but in serum this time,
Zhang et al. showed that miR-17-5p was significantly upregulated in exosomes from NSCLC patients
compared with the healthy controls [65]. Interestingly, Jin et al. reported a different panel of 4 miRNAs
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(let-7b, Let-7e, miR-23a-3p, miR-486) enabling the discrimination of NSCLC patients from healthy
controls [66]. They also identified 4 adenocarcinoma-specific exosomal miRNAs (miR-181-5p, 30a-3p,
30e-3p, 361-5p) and three squamous cell carcinoma (SCC)-specific exosomal miRNAs (miR-10b-5,
15b-5p, 320b). For lung adenocarcinoma, Fang et al. showed that miR-505-5p was upregulated in
EVs from patients compared to the controls [60]. To conclude here, these panels may be promising
candidates for the diagnosis of NSCLC and the distinction between lung adenocarcinoma and SCC,
but each study identified its own panels leading to difficult interpretations. These differences may be
due to the source of the TEXs (plasma, serum, pleural effusion . . . ), the method of miRNA extraction,
but also the year of the study because new miRNAs have been continuously discovered in recent years.

In the case of MPM, Munson et al. showed that the most abundant miRNAs in MPM-derived
exosomes are tumor suppressors, in particular miR-16-5p. They hypothesized that MPM tumor cells
preferentially secrete tumor suppressor miRNAs such as miR-16-5p into exosomes in order to promote
tumorigenesis. In fact, the inhibition of exosomes secretion resulted in a significant killing of cancer
cells via the force-feeding of MPM cells by exosomes encompassing miR-16-5p [73]. Another study
from Cavalleri et al. found that exosomal miR-103a-3p and miR-30e-3p discriminate MPM patients
from non-cancerous individuals exposed to asbestos fibers [74].

8.2. Prognostic Biomarkers

Exosomal miRNAs profiling can also be used for prognostic biomarkers in lung cancer. In 2011,
Silva et al. studied the expression of 365 exosomal miRNAs from the plasma of 28 NSCLC
patients [67]. Five selected miRNAs (Let-7f, miR-20b, miR-30e-3p, miR-223 and miR-301) were
validated independently in a second cohort and correlated with pathologic parameters and survival
(Table 2). Other miRNAs have been associated with poor survival, such as miR-23b-3p, miR-10b-5p and
miR-21-5p [50] and miR-378 [68]. Regarding the pathological parameters, exosomal miR-21 showed
a significant association with tumor size and the tumor-node-metastasis (TNM) stage and miR-4257
showed a significant association with histological type, lymphatic invasion, and the TNM stage in lung
cancer [69]. Apart from miRNAs, long non-coding RNAs (lncRNAs) included in exosomes, such as
lincRNA-p21 [90], have also been associated with NSCLC prognosis.

8.3. Biomarkers of Response to Treatment and Resistance

Specific circulating miRNAs are differentially expressed between responders and non-responders
and bear potential as predictive biomarkers for treatment (Table 2). Thus, Yuwen al. identified the
serum exosomal miR-146a-5p as a potential biomarker predicting the efficacy of cisplatin for NSCLC
patients [71]. Cisplatin resistant A549/DDP cells and exosomes expressed lower miR-146a-5p levels than
nonresistant A549 cells. Its expression decreases in either NSCLC cell lines and exosomes gradually
during resistance acquisition. Qin et al. also reported that exosomes derived from cisplatin-resistant
lung cancer cells (A549/DDP) can alter other lung cancer cells’ sensitivity to cisplatin in an exosomal
miR-100–5p-dependent manner with mTOR (mechanistic target of rapamycin) as its potential target [55].
Exosomal miR-96 previously described as being involved in lung cancer proliferation and migration
seemed to also promote cisplatin resistance in the same study. More recently, Ma et al. showed
that exosomes isolated from either cisplatin-treated or cisplatin-resistant NSCLC cells conferred
chemoresistance to sensitive A549 cells in an miR-425-3p-dependent manner [56].

A response to the tyrosine kinase inhibitors in the NSCLC context has also been investigated by
different groups. Zhang et al. identified an upregulation of miR-214 in gefitinib-resistant lung cancer
cells (PC-9GR) and their exosomes compared to gefitinib-sensitive lung cancer cells (PC-9). Moreover,
they reported that exosomes derived from gefitinib-resistant PC-9GR cells could transfer resistance
to its recipient sensitive PC-9 cells, probably through the transfer of miR-214 by the exosome [58].
Jing et al. showed that miR-21 could be transferred from gefitinib-resistant lung cancer cells (H827R)
to gefitinib-sensitive (HCC827) via exosomes and thus induce gefitinib resistance in sensitive lung
cancer cells through AKT activation [57]. Another group reported the case of the long non-coding
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RNA H19. They identified its capacity to induce gefitinib resistance in sensitive lung cancer cells when
transferred from gefitinib-resistant lung cancer cells through exosomes [91]. Finally, another study
from Giallombardo et al. reported that exosomal expression of miR-221 and miR-222 was associated
with a good response to osimertinib in EGFR-mutated NSCLC patients [72].

Concerning PD-1/D-L1 treatment, Shukuya et al. showed that several miRNAs, including
miR-199a-3p, miR-200c-3p, miR-21-5p, miR-28-5p and miR-30e-3p, were upregulated in the plasma of
non-responders NSCLC patients compared to responders [70].

9. Targeting Exosomes and Their miRNAs for Therapy

As previously explained, it is actually well known that cancer-derived exosomes can promote
tumor growth, proliferation, and metastasis in various cancer types through different mechanisms
such as anti-tumor immune suppression, pro-tumor immune activation, angiogenesis, and EMT via
the transfer of a specific protein or miRNA cargo to recipient cells. Because of their abundance in
exosomes, their pivotal role in the regulation of gene expression, and the evidence that they can exert
functional effects in recipient cells, exosomal miRNAs aroused interest as targets for cancer therapy.
The idea is that all the previously described miRNAs that are involved in promoting tumor growth,
progression, and dissemination could represent valuable therapeutic targets. Indeed, it could be
interesting to use exosomes loaded with therapeutic antagomiRs, complementary to the targeted
mature oncogenic miRNAs, and inject them locally or through systemic administration [92]. However,
the systemic use of modified exosomes can induce deleterious effects since exosomes can interact with
tumor cells but also with all other cells throughout the body, thus altering their functions. Thereby,
local injection of these exosomes seems to be the path forward. Another possible therapeutic strategy
is to control the miRNA sorting from tumor cells to exosomes. In this way, the release of specific
miRNAs could modify the TME. As suggested by Thind et al., it could be interesting to target proteins
such as hnRNPA2B1 to control the incorporation of some miRNAs into exosomes [93]. A study of
glioblastoma and melanoma cells, and their secreted large EVs, revealed the presence of a 25-nucleotide
stem loop-forming sequence in the most EV-enriched mRNAs [94]. A meta-analysis would be useful to
unravel whether this so-called “zipcode” sequence is conserved across several cancer entities, including
lung tissue. Clinically, by incorporating this zipcode sequence into the 3′ UTR of therapeutic RNAs,
one could envision the enrichment of EVs with specific RNAs for their subsequent use as therapeutic
carriers. However, up to now, our knowledge about RNA sorting is too poor to envisage this in a
clinical setting.

While some proposed to target miRNAs, others mentioned the utility of getting rid of exosomes,
either by eliminating them from the circulatory system or by stopping their production and secretion
by cells. In this sense, Marleau et al. developed a strategy involving extracorporeal hemofiltration
of exosomes from the entire circulatory system using an affinity plasmapheresis platform known as
the Aethlon ADAPT™ (adaptive dialysis-like affinity platform technology) system [95], but exosome
secretion can also be blocked by drugs such as GW4869, a sphingomyelinase inhibitor. Multiple studies
used this drug to reverse the deleterious effects mediated by exosomes in cancer progression and thus
reported its benefits [96,97]. However, we have to keep in mind that exosomes are important players
of inter-cellular communication in physiological conditions as well.

10. Therapeutic Potential of EVs in Lung Cancers

Instead of targeting EVs that may induce pro-tumorigenic effects, another approach would consist
in taking advantage of these carriers to deliver various payloads to the tumor. For instance, in contrast
to chemotherapy and drugs which act systemically, the use of EVs as carriers may provide higher
tumor specificity, improved pharmacokinetics, and thus reduced side-effect toxicity. In the following
paragraph, we discuss recent developments and potential approaches that could be used to treat lung
cancer. Some of these approaches have progressed to the clinic in regenerative medicine, providing
arguments for their clinical use in cancers [98].



Int. J. Mol. Sci. 2020, 21, 6024 11 of 20

The cargos which could be delivered by EVs are diverse and not limited to the following: proteins,
nucleic acids (mRNA, miRNA, lncRNA, etc.), genome editing tool (silencing RNA, CRISPR/Cas9),
drug compounds, and oncolytic viruses. Seemingly, the type of carrier used can be different with
cell-derived EVs, or engineered EVs. Depending on the method employed to load chemotherapeutic
compounds into EVs (e.g., co-incubation, electroporation, sonication, extrusion), and also the
drug considered, the loading efficiency and EV properties vary tremendously [99,100]. However,
when compared to drugs alone, their encapsulation within EVs increases their delivery and cytotoxic
effect, as shown for paclitaxel [100] and doxorubicin [99] in vitro on lung cancer cell lines. Of note,
overcoming drug efflux-based multidrug resistance in cancer is a formidable unmet problem. As such,
it appears that paclitaxel-loaded EVs could sensitize resistant cancer cell lines via bypassing this
noxious adaptation in tumors.

As described in a section above, depending on their cell origin, EVs have a certain cell-specific
tropism that can be exploited to target particular tissues or organs. Interestingly, in a mouse model of
pulmonary metastases, intra-nasal injection of macrophage released EVs loaded with paclitaxel led
to a decrease in tumor growth [100]. Surprisingly, using immunohistochemistry, the authors found
a near-complete co-localization of stained-EVs with lung metastases, but the other organs were not
considered in this study. The EV protein (and perhaps also lipid) signature appears to be key in the
cell-type-specific EV delivery. A downside of using cell-derived EVs is the lower yield achieved with
standard T flask cell culturing. To cope with this hurdle, diverse methods have been utilized to increase
EV yield: bioreactor cultures (e.g., stirred or hollow-fiber devices) [101], vesiculation buffers [102],
or cytochalasin B-induced vesicles [103]. A recent study made use of a bioreactor to generate a
large-scale production of good manufacturing practice standards and clinical-grade mesenchymal stem
cell-derived EVs for human trials in preclinical mouse models of pancreatic cancer [104]. However,
presently, no such studies were conducted yet on models of lung cancer.

As a substitute for cell-based EVs, the use of engineered lipid nanoparticles would theoretically
circumvent the challenge of yielding enough vesicles for clinical application. On the other hand, as it is
relatively difficult to undermine and control surface structures and composition of EVs, the biological
function of such engineered EVs should be taken with a grain of salt. For technical considerations
regarding the production of engineered lipid nanoparticles, we refer the readers to the following
review [105]. Recently, Vazquez-Rios et al. engineered lipid nanoparticles that resemble small EVs
for their composition and physicochemical properties, which can be used for drug and nucleic acid
loading [106]. The nanoparticles were functionalized with the recombinant human integrin α6β4,
related to lung organotropism, and successfully targeted to the lung tumor upon intraperitoneal
injection. A similar approach has been used in breast cancer, where doxorubicin-loaded EVs, released
from dendritic cells transfected with αv integrin-specific iRGD peptide (CRGDKGPDC) fused to
the extra-exosomal N terminus of Lamp2b, an exosome membrane-integral protein, preferentially
accumulated into the tumor and reduced tumor growth without inducing cardiac damage [107]. Of note,
αv integrin is a prognostic marker for overall survival and disease-free survival in NSCLC [108],
suggesting that using the iRGD peptide to deliver EV-payloads could be translated to lung cancers.
Compared to cell-derived EV systems, engineered lipid nanoparticles have several advantages
for clinical applications: (i) limited preparation time (10 minutes); (ii) higher yield of particle
production; and (iii) easier approach than culturing patient-derived cancer cells for autologous EV
delivery. However, such modus operandi has cons and important questions that remain to be answered.
For instance, autologous or allogenic exosomes collected from patients may have immune-privileged
status that allows a limited immune response and reduced drug clearance by macrophages. What is
the toxicity profile of such nanoparticles? And is the homing message the same on these (relatively
simple) engineered lipid nanoparticles? A similar approach using lipid hybridized EVs would partially
prevent this limitation, as part of the membrane homing zip code is preserved [109].
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Oncolytic virotherapy has emerged as a promising approach to treat cancer [110]. Indeed,
the approval of the first oncolytic virus for melanoma treatment (Imlygic) has opened new perspectives
to ameliorate cancer treatment with limited curative options (e.g., metastatic lung cancers). However,
such virotherapy is still facing a number of hurdles including: (i) clearance of oncolytic viruses;
(ii) downregulation of virus-recognizing receptors on tumor cells thereby limiting their entry;
(iii) activation of intracellular antiviral defense mechanisms; and (iv) inefficacy in controlling
advanced tumor stages [111]. In vitro, A549 lung cancer cells infected by oncolytic adenovirus release
large EVs containing functional oncolytic adenovirus [111,112]. Interestingly, such EV-containing
oncolytic adenoviruses were efficiently delivered in vivo, regardless of the presence of blocking
antiviral antibodies, suggesting a coxsackie-adenovirus receptor (CAR)-independent entry. Moreover,
when virus-containing EVs were combined with paclitaxel, their tumor cell killing ability was highly
increased [112,113]. Altogether, this suggests that large EVs are capable of facilitating the entry of
adenovirus into cancer cells and to augment their oncolytic efficiency. Of note, the cell-killing effect
of EV formulations was independent of the origin of the cancer cell line EV used [112], which may
indicate a versatile application for oncolytic adenovirus-based EV systems.

11. EV-Based Clinical Trials in Lung Cancer

DC-derived exosomes, coined “dexosomes”, were envisioned as possible anticancer vaccinations
in NSCLC. Patients underwent leukapheresis to generate dendritic cells from which small EVs were
collected and loaded with different formulations of MAGE tumor antigens [114] or with interferon-γ
plus MHC class I- and II-restricted tumor antigens [115]. A first phase I study indicated mild adverse
effects causally related to the use of dexosomes [114]. Consequently, a phase II clinical trial enrolled
22 patients to test the interferon-loaded dexosomes and was well tolerated, except in one patient
where grade 3 hepatotoxicity occurred (NCT01159288). Overall, although EVs could stimulate immune
responses and promote anti-tumor responses, results from this trial indicate limited clinical outcomes
and no objective tumor response.

Recently, a group has initiated a promising pilot human clinical trial on 11 patients with advanced
lung cancer and malignant pleural effusion to assess the safety and feasibility of intrapleural infusion
of autologous tumor-derived EVs loaded with methotrexate (TMPs-MTX) [116]. This trial is backed
up by solid in vitro and in vivo evidence showing that TMPs-MTX induced higher lung cancer cell
apoptosis, preferentially localized into lungs and tumors after intrapleural administration, and lowered
the pleural tumor burden in mouses. Additionally, TMP-MTX treatment fostered the percentage of
immune effector cells and promoted a tumor-suppressive immune microenvironment. In line with
these data, patients treated by autologous TMP-MTX showed an improved objective clinical response
rate with a reduction in the tumor, while only mild adverse effects were reported. These promising
results are currently being strengthened by the recruitment of additional patients in an opened clinical
trial (NCT02657460).

12. Conclusions

Cellular interactions within the TME lead to tumor growth and progression and may favor
immune evasion. EVs have a crucial role in these interactions through their encapsulated biologically
active molecules. Identifying exosomal miRNAs involved in this communication is thus necessary to
develop new directed therapeutics (Figure 3).



Int. J. Mol. Sci. 2020, 21, 6024 13 of 20Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 13 of 20 

 

 

Figure 3. Schematic representation of the broad range of effects and applications of thoracic cancer-
derived extracellular vesicles (EVs). M2: type 2 macrophage, DC: dendritic cell, Treg: regulatory T 
lymphocyte, NK: natural killer, EMT: epithelial-to-mesenchymal transition. 

Author Contributions: Conceptualization, D.F.; writing—original draft preparation, L.K.-T., L.T. and D.F.; 
writing—review and editing, D.F. L.T. and C.B.; funding acquisition, D.F. and C.B. All authors have read and 
agreed to the published version of the manuscript. 

Funding: Our research was funded by INSERM, CNRS and grants from “Ligue contre le Cancer, comités 16, 22, 
29, 35, 44, 56” and from “Cancéropole Grand Ouest—AO Structurant-ExomiR”. This work was realized in the 
context of the LabEX IGO program supported by the National Research Agency via the investment of the future 
program ANR-11-LABX-0016-01. This work was realized in the context of the SIRIC ILIAD program supported 
by the French National Cancer Institute national (INCa), the Ministry of Health, and the Institute for Health and 
Medical Research (Inserm) (SIRIC ILIAD, INCa-DGOS Inserm-12558). L.T. is supported by the Bettencourt 
Schueller Foundation and by the Research Foundation Flanders (FWO). 

Acknowledgments. The authors thank the cluster LUNG innOvatiOn (LUNG O2) for logistic support. LUNG 
O2 is supported by the National Research Agency under the Programme d'Investissements d'Avenir (ANR-16-
IDEX-0007), the Pays de la Loire Region research program and by the Institut de Recherche en Santé Respiratoire 
des Pays de la Loire.  

Conflicts of Interest: The authors declare no conflict of interest. 

Abbreviations 

AGO2 Argonaute 2 
BAL Bronchoalveolar lavage 
CCL18 Chemokine (C-C motif) ligand 18 
CSE Cigarette smoke extract 
DC Dendritic cell 
EGFR Epidermal growth factor receptor 
EMT Epithelial-to-mesenchymal transition 
ENO1 Enolase 1 
EpCAM Epithelial cell adhesion molecule 
ESCRT Endosomal sorting complex required for transport 
EV Extracellular vesicle 
G6PD Glucose-6-phospahte dehydrogenase 
HBE Human bronchial epithelial 
hnRNPA2B1 Heterogeneous nuclear ribonucleoprotein A2/B1 
HSP Heat shock protein 
HUVEC Human umbilical vein endothelial cell 
IL-6 Interleukin 6 

Immunosuppression 

M2 Polarization

Tolerogenic DC and Treg

NK cell function

T cell function

Biomarkers

Biomarker of diagnosis, prognosis
& response/resistance to treatment

Therapeutic potential

• Target EVs and their miRNAs
• Carriers of payloads to the tumor
(drugs, genome editing tool, oncovirus)
• Clinical trials 

EVs

Thoracic cancer 

Invasion

EMT & Metastasis

• Pre-metastatic niche  

Pro-angiogenic

Figure 3. Schematic representation of the broad range of effects and applications of thoracic cancer-derived
extracellular vesicles (EVs). M2: type 2 macrophage, DC: dendritic cell, Treg: regulatory T lymphocyte,
NK: natural killer, EMT: epithelial-to-mesenchymal transition.

Author Contributions: Conceptualization, D.F.; writing—original draft preparation, L.K.-T., L.T. and D.F.;
writing—review and editing, D.F., L.T. and C.B.; funding acquisition, D.F. and C.B. All authors have read and
agreed to the published version of the manuscript.

Funding: Our research was funded by INSERM, CNRS and grants from “Ligue contre le Cancer, comités 16, 22,
29, 35, 44, 56” and from “Cancéropole Grand Ouest—AO Structurant-ExomiR”. This work was realized in the
context of the LabEX IGO program supported by the National Research Agency via the investment of the future
program ANR-11-LABX-0016-01. This work was realized in the context of the SIRIC ILIAD program supported
by the French National Cancer Institute national (INCa), the Ministry of Health, and the Institute for Health
and Medical Research (Inserm) (SIRIC ILIAD, INCa-DGOS Inserm-12558). L.T. is supported by the Bettencourt
Schueller Foundation and by the Research Foundation Flanders (FWO).

Acknowledgments: The authors thank the cluster LUNG innOvatiOn (LUNG O2) for logistic support.
LUNG O2 is supported by the National Research Agency under the Programme d’Investissements d’Avenir
(ANR-16-IDEX-0007), the Pays de la Loire Region research program and by the Institut de Recherche en Santé
Respiratoire des Pays de la Loire.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

AGO2 Argonaute 2
BAL Bronchoalveolar lavage
CCL18 Chemokine (C-C motif) ligand 18
CSE Cigarette smoke extract
DC Dendritic cell
EGFR Epidermal growth factor receptor
EMT Epithelial-to-mesenchymal transition
ENO1 Enolase 1
EpCAM Epithelial cell adhesion molecule
ESCRT Endosomal sorting complex required for transport
EV Extracellular vesicle
G6PD Glucose-6-phospahte dehydrogenase
HBE Human bronchial epithelial
hnRNPA2B1 Heterogeneous nuclear ribonucleoprotein A2/B1
HSP Heat shock protein
HUVEC Human umbilical vein endothelial cell
IL-6 Interleukin 6
ILV Intraluminal vesicle
lincRNA Long intronic non-coding RNA
LMO7 LIM domain 7



Int. J. Mol. Sci. 2020, 21, 6024 14 of 20

lncRNA Long non-coding RNA
LRG1 Leucine-rich-alpha-2 glycoprotein 1
MDSC Myeloid-derived suppressor cell
MHC Major histocompatibility complex
miRISC miRNA-induced silencing complex
miRNA microRNA
MMP2 Matrix metalloproteinase 2
MPM Malignant pleural mesothelioma
mTOR Mechanistic target of rapamycin
MVB Multivesicular bodies
NK Natural killer
NKG2D NK cell receptor D
NSCLC Non-small cell lung cancer
nSMase2 Sphingomyelinase 2
PD-L1 Programmed death ligand 1
PHD1 Prolyl hydroxylase 1
PI3K Phosphatidylinositol-4,5-bisphosphate 3-kinase
PLAP Placental alkaline phosphatase
PLD2 Phospholipase D2
PTEN Phosphatase and tensin homolog
SCC Squamous cell carcinoma
SCLC Small-cell lung cancer
STAT3 Signal transducer and activator of transcription 3
SYNCRIP Synaptotagmin binding, cytoplasmic RNA interacting protein
TAM Tumor macrophages
TEX Tumor exosome
TGF-β1 Transforming growth factor, beta 1
TIMP-1 Tissue inhibitor of metalloproteinase-1
TME Tumor microenvironment
Treg Regulatory T lymphocyte
TSPAN8 Tetraspanin 8
VEGF-A Vascular endothelial growth factor A
YBX1 Y box binding protein 1
ZO-1 Zona occludens 1

References

1. Testa, U.; Castelli, G.; Pelosi, E. Lung Cancers: Molecular Characterization, Clonal Heterogeneity and
Evolution, and Cancer Stem Cells. Cancers (Basel) 2018, 10, 248. [CrossRef] [PubMed]

2. Gaudino, G.; Xue, J.; Yang, H. How asbestos and other fibers cause mesothelioma. Transl. Lung Cancer Res.
2020, 9, S39–S46. [CrossRef] [PubMed]

3. Roodhouse Gloyne, S. Two cases of squamous carcinoma of the lung occurring in asbestosis. Tubercle 1935,
17, 5–10. [CrossRef]

4. Pritchard, A.; Tousif, S.; Wang, Y.; Hough, K.; Khan, S.; Strenkowski, J.; Chacko, B.K.; Darley-Usmar, V.M.;
Deshane, J.S. Lung Tumor Cell-Derived Exosomes Promote M2 Macrophage Polarization. Cells 2020, 9, 1303.
[CrossRef] [PubMed]

5. Hu, C.; Meiners, S.; Lukas, C.; Stathopoulos, G.T.; Chen, J. Role of exosomal microRNAs in lung cancer
biology and clinical applications. Cell Prolif. 2020, e12828. [CrossRef]

6. Vignard, V.; Labbé, M.; Marec, N.; André-Grégoire, G.; Jouand, N.; Fonteneau, J.-F.; Labarrière, N.; Fradin, D.
MicroRNAs in Tumor Exosomes Drive Immune Escape in Melanoma. Cancer Immunol. Res. 2019. [CrossRef]

7. Friedman, R.C.; Farh, K.K.; Burge, C.B.; Bartel, D.P. Most mammalian mRNAs are conserved targets of
microRNAs. Genome Res. 2009, 19, 92–105. [CrossRef]

8. Colombo, M.; Raposo, G.; Thery, C. Biogenesis, secretion, and intercellular interactions of exosomes and
other extracellular vesicles. Annu. Rev. Cell Dev. Biol. 2014, 30, 255–289. [CrossRef]

http://dx.doi.org/10.3390/cancers10080248
http://www.ncbi.nlm.nih.gov/pubmed/30060526
http://dx.doi.org/10.21037/tlcr.2020.02.01
http://www.ncbi.nlm.nih.gov/pubmed/32206569
http://dx.doi.org/10.1016/S0041-3879(35)80795-2
http://dx.doi.org/10.3390/cells9051303
http://www.ncbi.nlm.nih.gov/pubmed/32456301
http://dx.doi.org/10.1111/cpr.12828
http://dx.doi.org/10.1158/2326-6066.CIR-19-0522
http://dx.doi.org/10.1101/gr.082701.108
http://dx.doi.org/10.1146/annurev-cellbio-101512-122326


Int. J. Mol. Sci. 2020, 21, 6024 15 of 20

9. Perez-Hernandez, D.; Gutiérrez-Vázquez, C.; Jorge, I.; López-Martín, S.; Ursa, A.; Sánchez-Madrid, F.;
Vázquez, J.; Yáñez-Mó, M. The intracellular interactome of tetraspanin-enriched microdomains reveals their
function as sorting machineries toward exosomes. J. Biol. Chem. 2013, 288, 11649–11661. [CrossRef]

10. Pollet, H.; Conrard, L.; Cloos, A.-S.; Tyteca, D. Plasma membrane lipid domains as platforms for vesicle
biogenesis and shedding? Biomolecules 2018, 8, 94. [CrossRef]

11. Trajkovic, K.; Hsu, C.; Chiantia, S.; Rajendran, L.; Wenzel, D.; Wieland, F.; Schwille, P.; Brügger, B.; Simons, M.
Ceramide triggers budding of exosome vesicles into multivesicular endosomes. Science 2008, 319, 1244–1247.
[CrossRef] [PubMed]

12. Stahl, P.; Raposo, G.; Palmulli, R.; van Niel, G. To be or not to be secreted as exosomes, a balance finely tuned
by the mechanisms of biogenesis. Essays Biochem. 2018, 62, 177–191. [CrossRef] [PubMed]

13. McKelvey, K.J.; Powell, K.L.; Ashton, A.W.; Morris, J.M.; McCracken, S.A. Exosomes: Mechanisms of Uptake.
J. Circ. Biomark. 2015, 4, 7. [CrossRef]

14. Pegtel, D.M.; Cosmopoulos, K.; Thorley-Lawson, D.A.; van Eijndhoven, M.A.; Hopmans, E.S.; Lindenberg, J.L.;
de Gruijl, T.D.; Wurdinger, T.; Middeldorp, J.M. Functional delivery of viral miRNAs via exosomes. Proc. Natl.
Acad. Sci. USA 2010, 107, 6328–6333. [CrossRef] [PubMed]

15. Keerthikumar, S.; Chisanga, D.; Ariyaratne, D.; Al Saffar, H.; Anand, S.; Zhao, K.; Samuel, M.; Pathan, M.;
Jois, M.; Chilamkurti, N.; et al. ExoCarta: A Web-Based Compendium of Exosomal Cargo. J. Mol. Biol. 2016,
428, 688–692. [CrossRef]

16. Kalra, H.; Simpson, R.J.; Ji, H.; Aikawa, E.; Altevogt, P.; Askenase, P.; Bond, V.C.; Borràs, F.E.; Breakefield, X.;
Budnik, V.; et al. Vesiclepedia: A compendium for extracellular vesicles with continuous community
annotation. PLoS Biol. 2012, 10, e1001450. [CrossRef]

17. Kim, D.-K.; Lee, J.; Simpson, R.J.; Lötvall, J.; Gho, Y.S. EVpedia: A community web resource for prokaryotic
and eukaryotic extracellular vesicles research. Semin. Cell Dev. Biol. 2015, 40, 4–7. [CrossRef]

18. Record, M.; Carayon, K.; Poirot, M.; Silvente-Poirot, S. Exosomes as new vesicular lipid transporters involved
in cell-cell communication and various pathophysiologies. Biochim. Biophys. Acta 2014, 1841, 108–120.
[CrossRef]

19. Laulagnier, K.; Grand, D.; Dujardin, A.; Hamdi, S.; Vincent-Schneider, H.; Lankar, D.; Salles, J.-P.; Bonnerot, C.;
Perret, B.; Record, M. PLD2 is enriched on exosomes and its activity is correlated to the release of exosomes.
FEBS Lett. 2004, 572, 11–14. [CrossRef]

20. Théry, C.; Witwer, K.W.; Aikawa, E.; Alcaraz, M.J.; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.;
Arab, T.; Archer, F.; Atkin-Smith, G.K.; 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. J. Extracell. Vesicles 2018, 7. [CrossRef]

21. Kosaka, N.; Iguchi, H.; Hagiwara, K.; Yoshioka, Y.; Takeshita, F.; Ochiya, T. Neutral sphingomyelinase
2 (nSMase2)-dependent exosomal transfer of angiogenic microRNAs regulate cancer cell metastasis.
J. Biol. Chem. 2013, 288, 10849–10859. [CrossRef] [PubMed]

22. Villarroya-Beltri, C.; Gutierrez-Vazquez, C.; Sanchez-Cabo, F.; Perez-Hernandez, D.; Vazquez, J.;
Martin-Cofreces, N.; Martinez-Herrera, D.J.; Pascual-Montano, A.; Mittelbrunn, M.; Sanchez-Madrid, F.
Sumoylated hnRNPA2B1 controls the sorting of miRNAs into exosomes through binding to specific motifs.
Nat. Commun. 2013, 4, 2980. [CrossRef] [PubMed]

23. Santangelo, L.; Giurato, G.; Cicchini, C.; Montaldo, C.; Mancone, C.; Tarallo, R.; Battistelli, C.; Alonzi, T.;
Weisz, A.; Tripodi, M. The RNA-Binding Protein SYNCRIP Is a Component of the Hepatocyte Exosomal
Machinery Controlling MicroRNA Sorting. Cell Rep. 2016, 17, 799–808. [CrossRef] [PubMed]

24. Shurtleff, M.J.; Temoche-Diaz, M.M.; Karfilis, K.V.; Ri, S.; Schekman, R. Y-box protein 1 is required to sort
microRNAs into exosomes in cells and in a cell-free reaction. Elife 2016, 5. [CrossRef] [PubMed]

25. Koppers-Lalic, D.; Hackenberg, M.; Bijnsdorp, I.V.; van Eijndhoven, M.A.; Sadek, P.; Sie, D.; Zini, N.;
Middeldorp, J.M.; Ylstra, B.; de Menezes, R.X.; et al. Nontemplated nucleotide additions distinguish the
small RNA composition in cells from exosomes. Cell Rep. 2014, 8, 1649–1658. [CrossRef] [PubMed]

26. Guduric-Fuchs, J.; O’Connor, A.; Camp, B.; O’Neill, C.L.; Medina, R.J.; Simpson, D.A. Selective extracellular
vesicle-mediated export of an overlapping set of microRNAs from multiple cell types. BMC Genom. 2012,
13, 357. [CrossRef]

http://dx.doi.org/10.1074/jbc.M112.445304
http://dx.doi.org/10.3390/biom8030094
http://dx.doi.org/10.1126/science.1153124
http://www.ncbi.nlm.nih.gov/pubmed/18309083
http://dx.doi.org/10.1042/EBC20170076
http://www.ncbi.nlm.nih.gov/pubmed/29717057
http://dx.doi.org/10.5772/61186
http://dx.doi.org/10.1073/pnas.0914843107
http://www.ncbi.nlm.nih.gov/pubmed/20304794
http://dx.doi.org/10.1016/j.jmb.2015.09.019
http://dx.doi.org/10.1371/journal.pbio.1001450
http://dx.doi.org/10.1016/j.semcdb.2015.02.005
http://dx.doi.org/10.1016/j.bbalip.2013.10.004
http://dx.doi.org/10.1016/j.febslet.2004.06.082
http://dx.doi.org/10.1080/20013078.2018.1535750
http://dx.doi.org/10.1074/jbc.M112.446831
http://www.ncbi.nlm.nih.gov/pubmed/23439645
http://dx.doi.org/10.1038/ncomms3980
http://www.ncbi.nlm.nih.gov/pubmed/24356509
http://dx.doi.org/10.1016/j.celrep.2016.09.031
http://www.ncbi.nlm.nih.gov/pubmed/27732855
http://dx.doi.org/10.7554/eLife.19276
http://www.ncbi.nlm.nih.gov/pubmed/27559612
http://dx.doi.org/10.1016/j.celrep.2014.08.027
http://www.ncbi.nlm.nih.gov/pubmed/25242326
http://dx.doi.org/10.1186/1471-2164-13-357


Int. J. Mol. Sci. 2020, 21, 6024 16 of 20

27. Sica, A.; Schioppa, T.; Mantovani, A.; Allavena, P. Tumour-associated macrophages are a distinct M2 polarised
population promoting tumour progression: Potential targets of anti-cancer therapy. Eur. J. Cancer 2006, 42,
717–727. [CrossRef]

28. Cassetta, L.; Kitamura, T. Macrophage targeting: Opening new possibilities for cancer immunotherapy.
Immunology 2018, 155, 285–293. [CrossRef]

29. Sarode, P.; Schaefer, M.B.; Grimminger, F.; Seeger, W.; Savai, R. Macrophage and Tumor Cell Cross-Talk Is
Fundamental for Lung Tumor Progression: We Need to Talk. Front. Oncol 2020, 10, 324. [CrossRef]

30. Baig, M.S.; Roy, A.; Rajpoot, S.; Liu, D.; Savai, R.; Banerjee, S.; Kawada, M.; Faisal, S.M.; Saluja, R.;
Saqib, U.; et al. Tumor-derived exosomes in the regulation of macrophage polarization. Inflamm. Res. 2020,
69, 435–451. [CrossRef]

31. Hsu, Y.-L.; Hung, J.-Y.; Chang, W.-A.; Jian, S.-F.; Lin, Y.-S.; Pan, Y.-C.; Wu, C.-Y.; Kuo, P.-L. Hypoxic
Lung-Cancer-Derived Extracellular Vesicle MicroRNA-103a Increases the Oncogenic Effects of Macrophages
by Targeting PTEN. Mol. Ther. 2018, 26, 568–581. [CrossRef] [PubMed]

32. Huang, S.-H.; Li, Y.; Zhang, J.; Rong, J.; Ye, S. Epidermal growth factor receptor-containing exosomes induce
tumor-specific regulatory T cells. Cancer Investig. 2013, 31, 330–335. [CrossRef] [PubMed]

33. Yin, Y.; Cai, X.; Chen, X.; Liang, H.; Zhang, Y.; Li, J.; Wang, Z.; Chen, X.; Zhang, W.; Yokoyama, S.; et al.
Tumor-secreted miR-214 induces regulatory T cells: A major link between immune evasion and tumor
growth. Cell Res. 2014, 24, 1164–1180. [CrossRef] [PubMed]

34. Chalmin, F.; Ladoire, S.; Mignot, G.; Vincent, J.; Bruchard, M.; Remy-Martin, J.-P.; Boireau, W.; Rouleau, A.;
Simon, B.; Lanneau, D.; et al. Membrane-associated Hsp72 from tumor-derived exosomes mediates
STAT3-dependent immunosuppressive function of mouse and human myeloid-derived suppressor cells.
J. Clin. Investig. 2010, 120, 457–471. [CrossRef]

35. Kim, D.H.; Kim, H.; Choi, Y.J.; Kim, S.Y.; Lee, J.-E.; Sung, K.J.; Sung, Y.H.; Pack, C.-G.; Jung, M.-K.;
Han, B.; et al. Exosomal PD-L1 promotes tumor growth through immune escape in non-small cell lung
cancer. Exp. Mol. Med. 2019, 51, 1–13. [CrossRef]

36. Berchem, G.; Noman, M.Z.; Bosseler, M.; Paggetti, J.; Baconnais, S.; Le Cam, E.; Nanbakhsh, A.; Moussay, E.;
Mami-Chouaib, F.; Janji, B.; et al. Hypoxic tumor-derived microvesicles negatively regulate NK cell function
by a mechanism involving TGF-β and miR23a transfer. Oncoimmunology 2016, 5, e1062968. [CrossRef]

37. Clayton, A.; Tabi, Z. Exosomes and the MICA-NKG2D system in cancer. Blood Cells Mol. Dis. 2005, 34,
206–213. [CrossRef]

38. Clayton, A.; Al-Taei, S.; Webber, J.; Mason, M.D.; Tabi, Z. Cancer exosomes express CD39 and CD73,
which suppress T cells through adenosine production. J. Immunol. 2011, 187, 676–683. [CrossRef]

39. Rahman, M.A.; Barger, J.F.; Lovat, F.; Gao, M.; Otterson, G.A.; Nana-Sinkam, P. Lung cancer exosomes as
drivers of epithelial mesenchymal transition. Oncotarget 2016, 7, 54852–54866. [CrossRef]

40. Jouida, A.; Crisetti, E.; Mccarthy, C.; Fabre, A.; Mcauley, K.; Kelly, A.; Ocallaghan, M.; Keane, M. Exosomes
form EGFR-mutated adenocarcinoma induce tumour invasion. Eur. Respir. J. 2019, 54. [CrossRef]

41. Li, Z.; Zeng, C.; Nong, Q.; Long, F.; Liu, J.; Mu, Z.; Chen, B.; Wu, D.; Wu, H. Exosomal Leucine-Rich-
Alpha2-Glycoprotein 1 Derived from Non-Small-Cell Lung Cancer Cells Promotes Angiogenesis via TGF-β
Signal Pathway. Mol. Ther. Oncolytics 2019, 14, 313–322. [CrossRef] [PubMed]

42. Sandfeld-Paulsen, B.; Jakobsen, K.R.; Bæk, R.; Folkersen, B.H.; Rasmussen, T.R.; Meldgaard, P.; Varming, K.;
Jørgensen, M.M.; Sorensen, B.S. Exosomal Proteins as Diagnostic Biomarkers in Lung Cancer. J. Thorac. Oncol.
2016, 11, 1701–1710. [CrossRef] [PubMed]

43. Li, Y.; Zhang, Y.; Qiu, F.; Qiu, Z. Proteomic identification of exosomal LRG1: A potential urinary biomarker
for detecting NSCLC. Electrophoresis 2011, 32, 1976–1983. [CrossRef] [PubMed]

44. Clayton, A.; Mitchell, J.P.; Court, J.; Mason, M.D.; Tabi, Z. Human tumor-derived exosomes selectively impair
lymphocyte responses to interleukin-2. Cancer Res. 2007, 67, 7458–7466. [CrossRef] [PubMed]

45. Greening, D.W.; Ji, H.; Chen, M.; Robinson, B.W.S.; Dick, I.M.; Creaney, J.; Simpson, R.J. Secreted primary
human malignant mesothelioma exosome signature reflects oncogenic cargo. Sci. Rep. 2016, 6, 32643.
[CrossRef] [PubMed]

46. Hsu, Y.-L.; Hung, J.-Y.; Chang, W.-A.; Lin, Y.-S.; Pan, Y.-C.; Tsai, P.-H.; Wu, C.-Y.; Kuo, P.-L. 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, 4929–4942. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ejca.2006.01.003
http://dx.doi.org/10.1111/imm.12976
http://dx.doi.org/10.3389/fonc.2020.00324
http://dx.doi.org/10.1007/s00011-020-01318-0
http://dx.doi.org/10.1016/j.ymthe.2017.11.016
http://www.ncbi.nlm.nih.gov/pubmed/29292163
http://dx.doi.org/10.3109/07357907.2013.789905
http://www.ncbi.nlm.nih.gov/pubmed/23614656
http://dx.doi.org/10.1038/cr.2014.121
http://www.ncbi.nlm.nih.gov/pubmed/25223704
http://dx.doi.org/10.1172/JCI40483
http://dx.doi.org/10.1038/s12276-019-0295-2
http://dx.doi.org/10.1080/2162402X.2015.1062968
http://dx.doi.org/10.1016/j.bcmd.2005.03.003
http://dx.doi.org/10.4049/jimmunol.1003884
http://dx.doi.org/10.18632/oncotarget.10243
http://dx.doi.org/10.1183/13993003.congress-2019.PA3670
http://dx.doi.org/10.1016/j.omto.2019.08.001
http://www.ncbi.nlm.nih.gov/pubmed/31528707
http://dx.doi.org/10.1016/j.jtho.2016.05.034
http://www.ncbi.nlm.nih.gov/pubmed/27343445
http://dx.doi.org/10.1002/elps.201000598
http://www.ncbi.nlm.nih.gov/pubmed/21557262
http://dx.doi.org/10.1158/0008-5472.CAN-06-3456
http://www.ncbi.nlm.nih.gov/pubmed/17671216
http://dx.doi.org/10.1038/srep32643
http://www.ncbi.nlm.nih.gov/pubmed/27605433
http://dx.doi.org/10.1038/onc.2017.105
http://www.ncbi.nlm.nih.gov/pubmed/28436951


Int. J. Mol. Sci. 2020, 21, 6024 17 of 20

47. Kim, J.; Kim, T.Y.; Lee, M.S.; Mun, J.Y.; Ihm, C.; Kim, S.A. Exosome cargo reflects TGF-β1-mediated
epithelial-to-mesenchymal transition (EMT) status in A549 human lung adenocarcinoma cells. Biochem. Biophys.
Res. Commun. 2016, 478, 643–648. [CrossRef]

48. Liu, Y.; Luo, F.; Wang, B.; Li, H.; Xu, Y.; Liu, X.; Shi, L.; Lu, X.; Xu, W.; Lu, L.; et al. STAT3-regulated exosomal
miR-21 promotes angiogenesis and is involved in neoplastic processes of transformed human bronchial
epithelial cells. Cancer Lett. 2016, 370, 125–135. [CrossRef]

49. Cui, H.; Seubert, B.; Stahl, E.; Dietz, H.; Reuning, U.; Moreno-Leon, L.; Ilie, M.; Hofman, P.; Nagase, H.;
Mari, B.; et al. Tissue inhibitor of metalloproteinases-1 induces a pro-tumourigenic increase of miR-210 in
lung adenocarcinoma cells and their exosomes. Oncogene 2015, 34, 3640–3650. [CrossRef]

50. Liu, Q.; Yu, Z.; Yuan, S.; Xie, W.; Li, C.; Hu, Z.; Xiang, Y.; Wu, N.; Wu, L.; Bai, L.; et al. Circulating exosomal
microRNAs as prognostic biomarkers for non-small-cell lung cancer. Oncotarget 2017, 8, 13048–13058.
[CrossRef] [PubMed]

51. Sun, S.; Chen, H.; Xu, C.; Zhang, Y.; Zhang, Q.; Chen, L.; Ding, Q.; Deng, Z. Exosomal miR-106b serves as a
novel marker for lung cancer and promotes cancer metastasis via targeting PTEN. Life Sci. 2020, 244, 117297.
[CrossRef]

52. Zhang, X.; Sai, B.; Wang, F.; Wang, L.; Wang, Y.; Zheng, L.; Li, G.; Tang, J.; Xiang, J. Hypoxic BMSC-derived
exosomal miRNAs promote metastasis of lung cancer cells via STAT3-induced EMT. Mol. Cancer 2019, 18,
1–15. [CrossRef]

53. Cazzoli, R.; Buttitta, F.; Di Nicola, M.; Malatesta, S.; Marchetti, A.; Rom, W.N.; Pass, H.I. MicroRNAs
derived from circulating exosomes as noninvasive biomarkers for screening and diagnosing lung cancer.
J. Thorac. Oncol. 2013, 8, 1156–1162. [CrossRef] [PubMed]

54. Lin, J.; Wang, Y.; Zou, Y.-Q.; Chen, X.; Huang, B.; Liu, J.; Xu, Y.-M.; Li, J.; Zhang, J.; Yang, W.-M.; et al.
Differential miRNA expression in pleural effusions derived from extracellular vesicles of patients with lung
cancer, pulmonary tuberculosis, or pneumonia. Tumour Biol. 2016. [CrossRef] [PubMed]

55. Qin, X.; Yu, S.; Zhou, L.; Shi, M.; Hu, Y.; Xu, X.; Shen, B.; Liu, S.; Yan, D.; Feng, J. Cisplatin-Resistant Lung
Cancer Cell & Ndash; Derived Exosomes Increase Cisplatin Resistance of Recipient Cells in Exosomal
Mir-100 & Ndash; 5p-Dependent Manner. Available online: https://www.dovepress.com/cisplatin-resistant-
lung-cancer-cell-derived-exosomes-increase-cisplat-peer-reviewed-article-IJN (accessed on 21 July 2020).

56. Ma, Y.; Yuwen, D.; Chen, J.; Zheng, B.; Gao, J.; Fan, M.; Xue, W.; Wang, Y.; Li, W.; Shu, Y.; et al. Exosomal
Transfer of Cisplatin-Induced MiR-425-3p Confers Cisplatin Resistance in NSCLC Through Activating
Autophagy. Available online: https://www.dovepress.com/exosomal-transfer-of-cisplatin-induced-mir-425-
3p-confers-cisplatin-re-peer-reviewed-article-IJN (accessed on 21 July 2020).

57. Jing, C.; Cao, H.; Qin, X.; Yu, S.; Wu, J.; Wang, Z.; Ma, R.; Feng, J. Exosome-mediated gefitinib resistance in
lung cancer HCC827 cells via delivery of miR-21. Oncol. Lett. 2018, 15, 9811–9817. [CrossRef]

58. Zhang, Y.; Li, M.; Hu, C. Exosomal transfer of miR-214 mediates gefitinib resistance in non-small cell lung
cancer. Biochem. Biophys. Res. Commun. 2018, 507, 457–464. [CrossRef] [PubMed]

59. He, S.; Li, Z.; Yu, Y.; Zeng, Q.; Cheng, Y.; Ji, W.; Xia, W.; Lu, S. Exosomal miR-499a-5p promotes cell
proliferation, migration and EMT via mTOR signaling pathway in lung adenocarcinoma. Exp. Cell Res. 2019,
379, 203–213. [CrossRef]

60. Fang, H.; Liu, Y.; He, Y.; Jiang, Y.; Wei, Y.; Liu, H.; Gong, Y.; An, G. Extracellular vesicle-delivered miR-505-5p,
as a diagnostic biomarker of early lung adenocarcinoma, inhibits cell apoptosis by targeting TP53AIP1.
Int. J. Oncol. 2019, 54, 1821–1832. [CrossRef]

61. Qi, Y.; Zha, W.; Zhang, W. Exosomal miR-660-5p promotes tumor growth and metastasis in non-small cell
lung cancer. J. BUON 2019, 24, 599–607.

62. Rabinowits, G.; Gerçel-Taylor, C.; Day, J.M.; Taylor, D.D.; Kloecker, G.H. Exosomal microRNA: A diagnostic
marker for lung cancer. Clin. Lung Cancer 2009, 10, 42–46. [CrossRef] [PubMed]

63. Rodríguez, M.; Silva, J.; López-Alfonso, A.; López-Muñiz, M.B.; Peña, C.; Domínguez, G.; García, J.M.;
López-Gónzalez, A.; Méndez, M.; Provencio, M.; et al. Different exosome cargo from plasma/bronchoalveolar
lavage in non-small-cell lung cancer. Genes Chromosomes Cancer 2014, 53, 713–724. [CrossRef]

64. Roman-Canal, B.; Moiola, C.P.; Gatius, S.; Bonnin, S.; Ruiz-Miró, M.; González, E.; Ojanguren, A.; Recuero, J.L.;
Gil-Moreno, A.; Falcón-Pérez, J.M.; et al. EV-associated miRNAs from pleural lavage as potential diagnostic
biomarkers in lung cancer. Sci. Rep. 2019, 9, 15057. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.bbrc.2016.07.124
http://dx.doi.org/10.1016/j.canlet.2015.10.011
http://dx.doi.org/10.1038/onc.2014.300
http://dx.doi.org/10.18632/oncotarget.14369
http://www.ncbi.nlm.nih.gov/pubmed/28055956
http://dx.doi.org/10.1016/j.lfs.2020.117297
http://dx.doi.org/10.1186/s12943-019-0959-5
http://dx.doi.org/10.1097/JTO.0b013e318299ac32
http://www.ncbi.nlm.nih.gov/pubmed/23945385
http://dx.doi.org/10.1007/s13277-016-5410-6
http://www.ncbi.nlm.nih.gov/pubmed/27743380
https://www.dovepress.com/cisplatin-resistant-lung-cancer-cell-derived-exosomes-increase-cisplat-peer-reviewed-article-IJN
https://www.dovepress.com/cisplatin-resistant-lung-cancer-cell-derived-exosomes-increase-cisplat-peer-reviewed-article-IJN
https://www.dovepress.com/exosomal-transfer-of-cisplatin-induced-mir-425-3p-confers-cisplatin-re-peer-reviewed-article-IJN
https://www.dovepress.com/exosomal-transfer-of-cisplatin-induced-mir-425-3p-confers-cisplatin-re-peer-reviewed-article-IJN
http://dx.doi.org/10.3892/ol.2018.8604
http://dx.doi.org/10.1016/j.bbrc.2018.11.061
http://www.ncbi.nlm.nih.gov/pubmed/30458987
http://dx.doi.org/10.1016/j.yexcr.2019.03.035
http://dx.doi.org/10.3892/ijo.2019.4738
http://dx.doi.org/10.3816/CLC.2009.n.006
http://www.ncbi.nlm.nih.gov/pubmed/19289371
http://dx.doi.org/10.1002/gcc.22181
http://dx.doi.org/10.1038/s41598-019-51578-y
http://www.ncbi.nlm.nih.gov/pubmed/31636323


Int. J. Mol. Sci. 2020, 21, 6024 18 of 20

65. Zhang, Y.; Zhang, Y.; Yin, Y.; Li, S. Detection of circulating exosomal miR-17-5p serves as a novel non-invasive
diagnostic marker for non-small cell lung cancer patients. Pathol. Res. Pract. 2019, 215, 152466. [CrossRef]
[PubMed]

66. Jin, X.; Chen, Y.; Chen, H.; Fei, S.; Chen, D.; Cai, X.; Liu, L.; Lin, B.; Su, H.; Zhao, L.; et al. Evaluation of
Tumor-Derived Exosomal miRNA as Potential Diagnostic Biomarkers for Early-Stage Non-Small Cell Lung
Cancer Using Next-Generation Sequencing. Clin. Cancer Res. 2017, 23, 5311–5319. [CrossRef]

67. Silva, J.; García, V.; Zaballos, Á.; Provencio, M.; Lombardía, L.; Almonacid, L.; García, J.M.; Domínguez, G.;
Peña, C.; Diaz, R.; et al. Vesicle-related microRNAs in plasma of nonsmall cell lung cancer patients and
correlation with survival. Eur. Respir. J. 2011, 37, 617–623. [CrossRef]

68. Zhang, Y.; Xu, H. Serum exosomal miR-378 upregulation is associated with poor prognosis in non-small-cell
lung cancer patients. J. Clin. Lab. Anal. 2020, e23237. [CrossRef]

69. Dejima, H.; Iinuma, H.; Kanaoka, R.; Matsutani, N.; Kawamura, M. Exosomal microRNA in plasma as a
non-invasive biomarker for the recurrence of non-small cell lung cancer. Oncol. Lett. 2017, 13, 1256–1263.
[CrossRef]

70. Shukuya, T.; Ghai, V.; Amann, J.M.; Okimoto, T.; Shilo, K.; Kim, T.-K.; Wang, K.; Carbone, D.P. Circulating
miRNAs and extracellular vesicle containing miRNAs as response biomarkers of anti PD-1/PD-L1 therapy in
non-small-cell lung cancer. J. Thorac. Oncol. 2020. [CrossRef]

71. Yuwen, D.-L.; Sheng, B.-B.; Liu, J.; Wenyu, W.; Shu, Y.-Q. MiR-146a-5p level in serum exosomes predicts
therapeutic effect of cisplatin in non-small cell lung cancer. Eur. Rev. Med. Pharmacol. Sci. 2017, 21, 2650–2658.

72. Giallombardo, M.; Jorge Chacartegui, J.; Reclusa, P.; Van Meerbeeck, J.P.; Alessandro, R.; Peeters, M.;
Pauwels, P.; Rolfo, C.D. Follow up analysis by exosomal miRNAs in EGFR mutated non-small cell lung
cancer (NSCLC) patients during osimertinib (AZD9291) treatment: A potential prognostic biomarker tool.
JCO 2016, 34, e23035. [CrossRef]

73. Munson, P.B.; Hall, E.M.; Farina, N.H.; Pass, H.I.; Shukla, A. Exosomal miR-16-5p as a target for malignant
mesothelioma. Sci. Rep. 2019, 9, 11688. [CrossRef] [PubMed]

74. Cavalleri, T.; Angelici, L.; Favero, C.; Dioni, L.; Mensi, C.; Bareggi, C.; Palleschi, A.; Rimessi, A.; Consonni, D.;
Bordini, L.; et al. Plasmatic extracellular vesicle microRNAs in malignant pleural mesothelioma and
asbestos- exposed subjects suggest a 2-miRNA signature as potential biomarker of disease. PLoS ONE 2017,
12, e0176680. [CrossRef] [PubMed]

75. Rohlenova, K.; Goveia, J.; García-Caballero, M.; Subramanian, A.; Kalucka, J.; Treps, L.; Falkenberg, K.D.;
de Rooij, L.P.M.H.; Zheng, Y.; Lin, L.; et al. Single-Cell RNA Sequencing Maps Endothelial Metabolic
Plasticity in Pathological Angiogenesis. Cell Metab. 2020, 31, 862–877.e14. [CrossRef]

76. Cao, M.; Seike, M.; Soeno, C.; Mizutani, H.; Kitamura, K.; Minegishi, Y.; Noro, R.; Yoshimura, A.; Cai, L.;
Gemma, A. MiR-23a regulates TGF-β-induced epithelial-mesenchymal transition by targeting E-cadherin in
lung cancer cells. Int. J. Oncol. 2012, 41, 869–875. [CrossRef] [PubMed]

77. Wu, H.; Zhou, J.; Mei, S.; Wu, D.; Mu, Z.; Chen, B.; Xie, Y.; Ye, Y.; Liu, J. Circulating exosomal microRNA-96
promotes cell proliferation, migration and drug resistance by targeting LMO7. J. Cell. Mol. Med. 2017, 21,
1228–1236. [CrossRef] [PubMed]

78. Paget, S. The distribution of secondary growths in cancer of the breast. 1889. Cancer Metastasis Rev. 1989, 8,
98–101.

79. Popper, H.H. Progression and metastasis of lung cancer. Cancer Metastasis Rev. 2016, 35, 75–91. [CrossRef]
80. Finn, R.S.; Brims, F.J.H.; Gandhi, A.; Olsen, N.; Musk, A.W.; Maskell, N.A.; Lee, Y.C.G. Postmortem findings of

malignant pleural mesothelioma: A two-center study of 318 patients. Chest 2012, 142, 1267–1273. [CrossRef]
81. Liu, Y.; Fan, J.; Xu, T.; Ahmadinejad, N.; Hess, K.; Lin, S.H.; Zhang, J.; Liu, X.; Liu, L.; Ning, B.; et al.

Extracellular vesicle tetraspanin-8 level predicts distant metastasis in non–small cell lung cancer after
concurrent chemoradiation. Sci. Adv. 2020, 6. [CrossRef]

82. Hoshino, A.; Costa-Silva, B.; Shen, T.-L.; Rodrigues, G.; Hashimoto, A.; Mark, M.T.; Molina, H.; Kohsaka, S.;
Di Giannatale, A.; Ceder, S.; et al. Tumour exosome integrins determine organotropic metastasis. Nature
2015, 527, 329–335. [CrossRef]

83. Mammadova-Bach, E.; Zigrino, P.; Brucker, C.; Bourdon, C.; Freund, M.; De Arcangelis, A.; Abrams, S.I.;
Orend, G.; Gachet, C.; Mangin, P.H. Platelet integrin α6β1 controls lung metastasis through direct binding to
cancer cell-derived ADAM9. JCI Insight 2016, 1, e88245. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.prp.2019.152466
http://www.ncbi.nlm.nih.gov/pubmed/31146974
http://dx.doi.org/10.1158/1078-0432.CCR-17-0577
http://dx.doi.org/10.1183/09031936.00029610
http://dx.doi.org/10.1002/jcla.23237
http://dx.doi.org/10.3892/ol.2017.5569
http://dx.doi.org/10.1016/j.jtho.2020.05.022
http://dx.doi.org/10.1200/JCO.2016.34.15_suppl.e23035
http://dx.doi.org/10.1038/s41598-019-48133-0
http://www.ncbi.nlm.nih.gov/pubmed/31406207
http://dx.doi.org/10.1371/journal.pone.0176680
http://www.ncbi.nlm.nih.gov/pubmed/28472171
http://dx.doi.org/10.1016/j.cmet.2020.03.009
http://dx.doi.org/10.3892/ijo.2012.1535
http://www.ncbi.nlm.nih.gov/pubmed/22752005
http://dx.doi.org/10.1111/jcmm.13056
http://www.ncbi.nlm.nih.gov/pubmed/28026121
http://dx.doi.org/10.1007/s10555-016-9618-0
http://dx.doi.org/10.1378/chest.11-3204
http://dx.doi.org/10.1126/sciadv.aaz6162
http://dx.doi.org/10.1038/nature15756
http://dx.doi.org/10.1172/jci.insight.88245
http://www.ncbi.nlm.nih.gov/pubmed/27699237


Int. J. Mol. Sci. 2020, 21, 6024 19 of 20

84. Choi, B.H.; Quan, Y.H.; Rho, J.; Hong, S.; Park, Y.; Choi, Y.; Park, J.-H.; Yong, H.S.; Han, K.N.; Choi, Y.H.; et al.
Levels of Extracellular Vesicles in Pulmonary and Peripheral Blood Correlate with Stages of Lung Cancer
Patients. World J. Surg. 2020. [CrossRef] [PubMed]

85. Liu, Q.; Xiang, Y.; Yuan, S.; Xie, W.; Li, C.; Hu, Z.; Wu, N.; Wu, L.; Yu, Z.; Bai, L.; et al. Plasma exosome levels
in non-small-cell lung cancer: Correlation with clinicopathological features and prognostic implications.
Cancer Biomark. 2018, 22, 267–274. [CrossRef] [PubMed]

86. Sabbagh, Q.; Andre-Gregoire, G.; Guevel, L.; Gavard, J. Vesiclemia: Counting on extracellular vesicles for
glioblastoma patients. Oncogene 2020, 1–10. [CrossRef]

87. Clark, D.J.; Fondrie, W.E.; Yang, A.; Mao, L. Triple SILAC quantitative proteomic analysis reveals differential
abundance of cell signaling proteins between normal and lung cancer-derived exosomes. J. Proteom. 2016,
133, 161–169. [CrossRef]

88. Sandfeld-Paulsen, B.; Aggerholm-Pedersen, N.; Bæk, R.; Jakobsen, K.R.; Meldgaard, P.; Folkersen, B.H.;
Rasmussen, T.R.; Varming, K.; Jørgensen, M.M.; Sorensen, B.S. Exosomal proteins as prognostic biomarkers
in non-small cell lung cancer. Mol. Oncol. 2016, 10, 1595–1602. [CrossRef]

89. Yanaihara, N.; Caplen, N.; Bowman, E.; Seike, M.; Kumamoto, K.; Yi, M.; Stephens, R.M.; Okamoto, A.;
Yokota, J.; Tanaka, T.; et al. Unique microRNA molecular profiles in lung cancer diagnosis and prognosis.
Cancer Cell 2006, 9, 189–198. [CrossRef]

90. Castellano, J.J.; Marrades, R.M.; Molins, L.; Viñolas, N.; Moises, J.; Canals, J.; Han, B.; Li, Y.; Martinez, D.;
Monzó, M.; et al. Extracellular Vesicle lincRNA-p21 Expression in Tumor-Draining Pulmonary Vein Defines
Prognosis in NSCLC and Modulates Endothelial Cell Behavior. Cancers (Basel) 2020, 12, 734. [CrossRef]

91. 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. Oncol. Rep. 2018, 40, 3438–3446. [CrossRef]

92. Dilsiz, N. Role of exosomes and exosomal microRNAs in cancer. Future Sci. OA 2020, 6, FSO465. [CrossRef]
93. Thind, A.; Wilson, C. Exosomal miRNAs as cancer biomarkers and therapeutic targets. J. Extracell. Vesicles

2016, 5, 31292. [CrossRef] [PubMed]
94. Bolukbasi, M.F.; Mizrak, A.; Ozdener, G.B.; Madlener, S.; Ströbel, T.; Erkan, E.P.; Fan, J.-B.; Breakefield, X.O.;

Saydam, O. MiR-1289 and “Zipcode”-Like Sequence Enrich mRNAs in Microvesicles. Mol. Ther. Nucleic Acids
2012, 1, e10. [CrossRef] [PubMed]

95. Marleau, A.M.; Chen, C.-S.; Joyce, J.A.; Tullis, R.H. Exosome removal as a therapeutic adjuvant in cancer.
J. Transl. Med. 2012, 10, 134. [CrossRef] [PubMed]

96. Fabbri, M.; Paone, A.; Calore, F.; Galli, R.; Gaudio, E.; Santhanam, R.; Lovat, F.; Fadda, P.; Mao, C.; Nuovo, G.J.;
et al. MicroRNAs bind to Toll-like receptors to induce prometastatic inflammatory response. Proc. Natl.
Acad. Sci. USA 2012, 109, E2110–E2116. [CrossRef] [PubMed]

97. Matsumoto, A.; Takahashi, Y.; Nishikawa, M.; Sano, K.; Morishita, M.; Charoenviriyakul, C.; Saji, H.;
Takakura, Y. Accelerated growth of B16BL6 tumor in mice through efficient uptake of their own exosomes by
B16BL6 cells. Cancer Sci. 2017, 108, 1803–1810. [CrossRef] [PubMed]

98. De Jong, O.G.; Van Balkom, B.W.M.; Schiffelers, R.M.; Bouten, C.V.C.; Verhaar, M.C. Extracellular vesicles:
Potential roles in regenerative medicine. Front. Immunol. 2014, 5, 608. [CrossRef] [PubMed]

99. Takenaka, T.; Nakai, S.; Katayama, M.; Hirano, M.; Ueno, N.; Noguchi, K.; Takatani-Nakase, T.; Fujii, I.;
Kobayashi, S.S.; Nakase, I. Effects of gefitinib treatment on cellular uptake of extracellular vesicles in
EGFR-mutant non-small cell lung cancer cells. Int. J. Pharm. 2019, 572, 118762. [CrossRef]

100. Kim, M.S.; Haney, M.J.; Zhao, Y.; Mahajan, V.; Deygen, I.; Klyachko, N.L.; Inskoe, E.; Piroyan, A.; Sokolsky, M.;
Okolie, O.; et al. Development of exosome-encapsulated paclitaxel to overcome MDR in cancer cells.
Nanomedicine 2016, 12, 655–664. [CrossRef]

101. Colao, I.L.; Corteling, R.; Bracewell, D.; Wall, I. Manufacturing Exosomes: A Promising Therapeutic Platform.
Trends Mol. Med. 2018, 24, 242–256. [CrossRef]

102. Del Piccolo, N.; Placone, J.; He, L.; Agudelo, S.C.; Hristova, K. Production of plasma membrane vesicles with
chloride salts and their utility as a cell membrane mimetic for biophysical characterization of membrane
protein interactions. Anal. Chem. 2012, 84, 8650–8655. [CrossRef]

103. Pick, H.; Schmid, E.L.; Tairi, A.-P.; Ilegems, E.; Hovius, R.; Vogel, H. Investigating cellular signaling reactions
in single attoliter vesicles. J. Am. Chem. Soc. 2005, 127, 2908–2912. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s00268-020-05630-y
http://www.ncbi.nlm.nih.gov/pubmed/32504273
http://dx.doi.org/10.3233/CBM-170955
http://www.ncbi.nlm.nih.gov/pubmed/29660899
http://dx.doi.org/10.1038/s41388-020-01420-x
http://dx.doi.org/10.1016/j.jprot.2015.12.023
http://dx.doi.org/10.1016/j.molonc.2016.10.003
http://dx.doi.org/10.1016/j.ccr.2006.01.025
http://dx.doi.org/10.3390/cancers12030734
http://dx.doi.org/10.3892/or.2018.6762
http://dx.doi.org/10.2144/fsoa-2019-0116
http://dx.doi.org/10.3402/jev.v5.31292
http://www.ncbi.nlm.nih.gov/pubmed/27440105
http://dx.doi.org/10.1038/mtna.2011.2
http://www.ncbi.nlm.nih.gov/pubmed/23344721
http://dx.doi.org/10.1186/1479-5876-10-134
http://www.ncbi.nlm.nih.gov/pubmed/22738135
http://dx.doi.org/10.1073/pnas.1209414109
http://www.ncbi.nlm.nih.gov/pubmed/22753494
http://dx.doi.org/10.1111/cas.13310
http://www.ncbi.nlm.nih.gov/pubmed/28667694
http://dx.doi.org/10.3389/fimmu.2014.00608
http://www.ncbi.nlm.nih.gov/pubmed/25520717
http://dx.doi.org/10.1016/j.ijpharm.2019.118762
http://dx.doi.org/10.1016/j.nano.2015.10.012
http://dx.doi.org/10.1016/j.molmed.2018.01.006
http://dx.doi.org/10.1021/ac301776j
http://dx.doi.org/10.1021/ja044605x
http://www.ncbi.nlm.nih.gov/pubmed/15740126


Int. J. Mol. Sci. 2020, 21, 6024 20 of 20

104. Mendt, M.; Kamerkar, S.; Sugimoto, H.; McAndrews, K.M.; Wu, C.-C.; Gagea, M.; Yang, S.; Blanko, E.V.R.;
Peng, Q.; Ma, X.; et al. Generation and testing of clinical-grade exosomes for pancreatic cancer. JCI Insight
2018, 3. [CrossRef] [PubMed]

105. Battaglia, L.; Ugazio, E. Lipid Nano-and Microparticles: An Overview of Patent-Related Research. Available
online: https://www.hindawi.com/journals/jnm/2019/2834941/ (accessed on 17 August 2020).

106. Vázquez-Ríos, A.J.; Molina-Crespo, Á.; Bouzo, B.L.; López-López, R.; Moreno-Bueno, G.; de la Fuente, M.
Exosome-mimetic nanoplatforms for targeted cancer drug delivery. J. Nanobiotechnol. 2019, 17, 85. [CrossRef]
[PubMed]

107. Tian, Y.; Li, S.; Song, J.; Ji, T.; Zhu, M.; Anderson, G.J.; Wei, J.; Nie, G. A doxorubicin delivery platform using
engineered natural membrane vesicle exosomes for targeted tumor therapy. Biomaterials 2014, 35, 2383–2390.
[CrossRef]

108. Dingemans, A.-M.C.; van den Boogaart, V.; Vosse, B.A.; van Suylen, R.-J.; Griffioen, A.W.; Thijssen, V.L.
Integrin expression profiling identifies integrin alpha5 and beta1 as prognostic factors in early stage non-small
cell lung cancer. Mol. Cancer 2010, 9, 152. [CrossRef]

109. Jhan, Y.-Y.; Prasca-Chamorro, D.; Palou Zuniga, G.; Moore, D.M.; Arun Kumar, S.; Gaharwar, A.K.; Bishop, C.J.
Engineered extracellular vesicles with synthetic lipids via membrane fusion to establish efficient gene delivery.
Int. J. Pharm. 2020, 573, 118802. [CrossRef]

110. Boisgerault, N.; Grégoire, M.; Fonteneau, J.-F. Viral cancer therapies: Are they ready for combination with
other immunotherapies? Future Oncol. 2017, 13, 1569–1571. [CrossRef]

111. Ran, L.; Tan, X.; Li, Y.; Zhang, H.; Ma, R.; Ji, T.; Dong, W.; Tong, T.; Liu, Y.; Chen, D.; et al. Delivery of oncolytic
adenovirus into the nucleus of tumorigenic cells by tumor microparticles for virotherapy. Biomaterials 2016,
89, 56–66. [CrossRef]

112. Garofalo, M.; Saari, H.; Somersalo, P.; Crescenti, D.; Kuryk, L.; Aksela, L.; Capasso, C.; Madetoja, M.;
Koskinen, K.; Oksanen, T.; et al. Antitumor effect of oncolytic virus and paclitaxel encapsulated in
extracellular vesicles for lung cancer treatment. J. Control. Release 2018, 283, 223–234. [CrossRef]

113. Garofalo, M.; Villa, A.; Rizzi, N.; Kuryk, L.; Rinner, B.; Cerullo, V.; Yliperttula, M.; Mazzaferro, V.; Ciana, P.
Extracellular vesicles enhance the targeted delivery of immunogenic oncolytic adenovirus and paclitaxel in
immunocompetent mice. J. Control. Release 2019, 294, 165–175. [CrossRef]

114. Morse, M.A.; Garst, J.; Osada, T.; Khan, S.; Hobeika, A.; Clay, T.M.; Valente, N.; Shreeniwas, R.; Sutton, M.A.;
Delcayre, A.; et al. A phase I study of dexosome immunotherapy in patients with advanced non-small cell
lung cancer. J. Transl. Med. 2005, 3, 9. [CrossRef] [PubMed]

115. Besse, B.; Charrier, M.; Lapierre, V.; Dansin, E.; Lantz, O.; Planchard, D.; Le Chevalier, T.; Livartoski, A.;
Barlesi, F.; Laplanche, A.; et al. Dendritic cell-derived exosomes as maintenance immunotherapy after first
line chemotherapy in NSCLC. Oncoimmunology 2016, 5, e1071008. [CrossRef] [PubMed]

116. Guo, M.; Wu, F.; Hu, G.; Chen, L.; Xu, J.; Xu, P.; Wang, X.; Li, Y.; Liu, S.; Zhang, S.; et al. Autologous tumor
cell-derived microparticle-based targeted chemotherapy in lung cancer patients with malignant pleural
effusion. Sci. Transl. Med. 2019, 11. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1172/jci.insight.99263
http://www.ncbi.nlm.nih.gov/pubmed/29669940
https://www.hindawi.com/journals/jnm/2019/2834941/
http://dx.doi.org/10.1186/s12951-019-0517-8
http://www.ncbi.nlm.nih.gov/pubmed/31319859
http://dx.doi.org/10.1016/j.biomaterials.2013.11.083
http://dx.doi.org/10.1186/1476-4598-9-152
http://dx.doi.org/10.1016/j.ijpharm.2019.118802
http://dx.doi.org/10.2217/fon-2017-0135
http://dx.doi.org/10.1016/j.biomaterials.2016.02.025
http://dx.doi.org/10.1016/j.jconrel.2018.05.015
http://dx.doi.org/10.1016/j.jconrel.2018.12.022
http://dx.doi.org/10.1186/1479-5876-3-9
http://www.ncbi.nlm.nih.gov/pubmed/15723705
http://dx.doi.org/10.1080/2162402X.2015.1071008
http://www.ncbi.nlm.nih.gov/pubmed/27141373
http://dx.doi.org/10.1126/scitranslmed.aat5690
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Exosome Biogenesis and Secretion 
	Exosome Content 
	Lipids 
	Proteins 
	Nucleic Acids 

	Lung Cancer-Derived Exosomes Foster Pro-Tumorigenic Macrophages 
	Immunosuppressive Function of Thoracic Tumor-Derived Exosomes 
	Thoracic Tumor-Derived Exosomes as Pro-Angiogenic Cues 
	Thoracic Cancer-Derived Exosomes in Tumor Invasion and Dissemination 
	Thoracic Tumor-Derived Exosomes as Relevant Biomarkers 
	Biomarkers of Diagnosis and Cancer Stages 
	Prognostic Biomarkers 
	Biomarkers of Response to Treatment and Resistance 

	Targeting Exosomes and Their miRNAs for Therapy 
	Therapeutic Potential of EVs in Lung Cancers 
	EV-Based Clinical Trials in Lung Cancer 
	Conclusions 
	References

