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Extracellular vesicles are cell-derived membranous vesicles that are secreted into biofluids.
Emerging evidence suggests that EVs play an essential role in the pathogenesis of many
diseases by transferring proteins, genetic material, and small signaling molecules between
cells. Among these molecules, microBRNAs (miRNAs), a type of small noncoding RNA, are
one of the most important signals and are involved in various biological processes. Lung
cancer is one of the leading causes of cancer-related deaths worldwide. Early diagnosis of
lung cancer may help to reduce mortality and increase the 5 years survival rate and thereby
reduce the associated socioeconomic burden. In the past, EV-miRNAs have been
recognized as biomarkers of several cancers to assist in diagnosis or prognosis. In this
review, we discuss recent findings and clinical practice for EV-miRNAs of lung cancer in
several biofluids, including blood, bronchoalveolar lavage fluid (BALF), and pleural lavage.

Keywords: extracellular vesicles (EVs), lung cancer, microRNAs (miRNAs), bronchoalveolar lavage fluid (BALF),
pleural lavage, blood

INTRODUCTION

Extracellular vesicles (EVs) are a series of vesicles about 50 nm-1 um in diameter that are delimited
by a lipid bilayer. EVs are released from most cell types and can be detected in several biofluids,
including blood, urine, sputum, and bronchoalveolar lavage fluid (BALF) (Xu et al, 2016). The
membrane of EVs is similar to that of their “mother cells”, which also comprise a phospholipid
bilayer (Raposo and Stoorvogel, 2013). Diverse materials are found within the EV membrane,
including RNA, DNA, proteins, and other molecules (Raposo and Stoorvogel, 2013). It is believed
that EVs, together with these materials, could act as a messenger between cells (Densmore et al., 2006;
Tkach and Thery, 2016; Aiello et al., 2020). Emerging evidence shows that EVs play an important role
in the pathogenesis of diseases (Kubo, 2018; Hill, 2019). Moreover, EVs have been recognized as a
biomarker of these diseases and can help in diagnosis or prognosis (Becker et al., 2016; Jansen et al.,
2017; Rahbarghazi et al., 2019).

MicroRNAs (miRNAs), which comprise 20-22 nucleotides, are a class of small noncoding RNAs.
miRNAs have been shown to play important roles in various biological activities, such as cell
proliferation, cell death, inflammation, tumorigenesis, and angiogenesis (O’Brien et al., 2018).
Increasing evidence suggests that circulating or local miRNAs that are involved in cancer

Abbreviations: EVs, extracellular vesicles; miRNAs, microRNAs; BALF, bronchoalveolar lavage fluid; NSCLC, non-small cell
lung cancer; SCC, squamous cell carcinoma; LA, ung adenocarcinomas; SCLC, small cell lung cancer; DFS, disease-free survival;
OS, overall survival; CT, computed tomographic; AUC, area under the curve; MPE, malignant pleural effusion.
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development can be detected and identified (Wang et al., 2018);
they can be released into biofluids via the decomposition of dying
cells or may be packed in EVs from live cells or together with
RNA-binding proteins (Zhu and Fan, 2011). Importantly, it is
now generally accepted that EVs provide protection, resulting in
the enrichment of stable miRNAs whether in biofluids or extreme
conditions (Fabris and Calin, 2016; Momen-Heravi et al., 2018).
Furthermore, the isolation of EVs improves the sensitivity of
miRNA detection from human biofluids (Gallo et al., 2012).

Lung cancer is the leading cause of cancer-related deaths
worldwide with its morbidity still the highest among cancers
(Malvezzi et al., 2017; Bray et al., 2018). About 80%-90% cases of
lung cancer are non-small cell lung cancer (NSCLC), which
includes squamous cell carcinoma (SCC), large cell carcinoma,
and adenocarcinoma (Molina et al., 2008; Jemal et al., 2011), and
the number of diagnosed cases of small cell lung cancer (SCLC)
has been decreasing in many countries over the past 2 decades
(Molina et al., 2008; Jemal et al., 2011). Although SCLC responds
well to chemotherapy and radiation therapy, it may relapse and
undergo rapid growth. The 5 years survival rate of NSCLC is
about 15% (Molina et al., 2008) while for SCLC, it is lower than
7% (Byers and Rudin, 2015), which represents a huge threat to
human health. Two-thirds of lung cancer patients are diagnosed
with locally advanced or metastatic disease at the initial diagnosis
(Molina et al, 2008). Different cancer types and stages are
recognized followed by appropriate therapy (Fruh et al., 2013;
Postmus et al., 2017; Planchard et al., 2018). For the stage I or I
NSCLC patients, surgical resection is recommended. Surgical
resection remains the most successful and beneficial therapy
for NSCLC patients with stage I and II (Postmus et al., 2017).
However, for the late stages (e.g., locally advanced or metastatic
diseases), which accounts for the majority of diagnosed patients,
chemotherapy, targeted therapy, and immunotherapy are the
common and widely used treatments (Planchard et al., 2018).
Based on molecular diagnostics of oncogenic driver, targeted
therapies (e.g., epidermal growth factor receptor tyrosine kinase
inhibitors) have been introduced for treating NSCLC patients
(Modjtahedi and Essapen, 2009; Frezzetti et al., 2017; Guo et al.,
2018). There are, however, still no approved drugs targeting
SCLC oncogenes (Byers and Rudin, 2015). Overall survival
(OS) of stage IV SCLC is less than 10 months (Fruh et al,
2013). Hence, the development of methods for early diagnosis,
continuous monitoring and additional drugs is still urgently
needed for lung cancer.

miRNAs and EVs have been shown to participate in the
pathogenesis of cancers (Yang et al., 2011; Luga et al., 2012;
Melo et al., 2014; Peinado et al., 2017). Moreover, it has been
reported that miRNAs and EVs can be utilized in relation to
diagnosis (Huang et al., 2014; Zhou et al, 2017), treatment
response (Acharya et al, 2015; Dinh et al, 2016), or
predicting prognosis (Wu et al., 2014; Shi et al., 2016). Aushev
et al. analyzed 10 plasma samples of SCC patients and found that
most species of miRNAs were enriched in exosomes, and not the
exosome-free fraction (Aushev et al., 2013), indicating that EV-
miRNAs may play an essential role in lung cancer. To date, there
were already 18 clinical trials evaluating the role of exosomes in
lung cancer, and four trials concerning EVs in lung cancer
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registered on clinicaltrials.gov. In this review, we discuss EV-
miRNAs as a potential tool for liquid biopsy in various samples of
lung cancer patients derived from serum, plasma, BALF, and
pleural lavage.

BLOOD EV-MIRNAS IN LUNG CANCER

Diagnostic Value
In 2009, Rabinowits et al. detected 12 specific miRNAs in both
plasma epithelial-derived exosomes and tumor tissues
(Rabinowits et al, 2009) (Table 1). These miRNAs had
demonstrated upregulation in NSCLC tumor tissues compared
with normal lung tissues using genome-wide miRNA expression
profiling (Yanaihara et al., 2006). The 12 miRNAs could also be
detected in plasma exosomes and showed similar signatures with
tumor miRNAs, meaning the profile of plasma exosomal
miRNAs parallels that of tumor-derived miRNAs. The
diagnostic ability was not evaluated at that time. The
prediction potential of these miRNAs was limited, as the ages
and tumor stages of the enrolled patients were variable
(Rabinowits et al., 2009). Remarkably, the miRNA levels inside
the plasma exosomes of NSCLC patients were higher than those
from healthy donors, which gave researchers confidence to carry
out further studies (Rabinowits et al., 2009). Similarly, Wu et al.
also demonstrated that serum exosomal miRNA-96 was
upregulated in lung cancer patients and correlated with cancer
stage (Wu et al., 2017), based on analysis of data previously
collected from a cancer tissue miRNA array (Ma et al.,, 2011).
Subsequently, researchers increased their efforts to investigate
the diagnostic and/or prognostic potential of EV-miRNAs in lung
cancer (Table 1). One of the most impressive pieces of evidence
was from a paper published in ERJ in 2011, where Garcia et al.
analyzed the total EVs from the plasma of 28 matched NSCLC
patients and 20 controls (Silva et al., 2011). Using miRNA arrays,
they found that 10 miRNAs to be significantly differentially
expressed, namely hsa-let-7 days, hsa-miR-223, hsa-miR-383,
hsa-miR-192, hsa-miR-30e-3p, hsa-miR-301, hsa-let-7f, hsa-
miR-572, hsa-miR-20b, and hsa-miR-345. Five of these (let-7f,
miR-20b, miR-30e-3p, miR-223, and miR301) were randomly
selected for further clinical evaluation on a new set of 78 NSCLC
patients and 48 controls. Only let-7f, miR-20b, and miR-30e-3p
were significantly decreased in the plasma EVs of NSCLC
patients. Impressively, a higher level of let-7f and miR-30e-3p
distinguished patients with resection (stages L, II, and IITA) from
those without (stages IIIB and IV). Meanwhile, researchers
conducted long-term follow-up and found that higher plasma
EV levels of miR-30e-3p and let-7f were associated with a higher
rate of disease-free survival (DFS) and OS, respectively, (Silva
etal, 2011). This evidence supports the important role of miRNA
from plasma EVs as new biomarkers for lung cancer. Rodriguez
also found that miR-223 presented a 200-fold increase in plasma
exosomes derived from NSCLC compared to healthy controls
(Rodriguez et al., 2014). Dr Cazzoli et al. attempted to evaluate a
screening value for exosomal miRNA based on people with and
without lung nodules, and in diagnosis, a value that might
distinguish lung adenocarcinomas (LA) from benign lung
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TABLE 1 | Blood EV-miRNAs in lung cancer.

Category

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC
and SCLC

NSCLC

Cancer type

Lung adenocarcinoma
of stage I-IV

NSCLC of stage I-IV

Nodule including lung
adenocarcinomas and
lung granulomas of
stage |

Lung
adenocarcinomas and
lung granulomas of
stage |

NSCLC and non-
NSCLC

Lung
adenocarcinomas,
SCC, and healthy
volunteers

Lung
adenocarcinomas,
SCC, and healthy
volunteers

Lung
adenocarcinomas
NSCLC and healthy
controls

SCLC and healthy
controls

SCLC and NSCLC

NSCLC and healthy
controls

miRNAs

hsamiR-17-3p, hsa-mir-
21, hsa-mir-106a, hsa-mir-
146, hsa-miR155, hsa-mir-
191, hsa-mir-192, hsa-mir-
203, hsa-mir-205

Hsa-miR-210, hsa-mir-
212, and hsa-mir-214
let7f, miR-20b, miR-
30e-3p

miR-378a, miR-379, mir-
139-5p and miR-200b-5p

miR-151a-5p, miR-30a-
3p, miR-200b-5p,
miR-629, miR-100 and
mir-154-3p

Let-7b-5p, let-7e-5p, mir-
24-5p, and mir-21-5p

miR-181-5p, miR-30a-3p,
miR-30e-3p, and mir-
361-5p

miR-10b-5p, miR-15b-5p,
and miR-320 b

miR-21-5p, mir-126-3p,
mir-140-5p
Hsa-miR-451a, hsa-mir-
486-5p, hsa-mir-363-3p,
hsa-mir-660-5p, hsa-mir-
15b-5p, hsa-mir-25-3p,
hsa-mir-16-2-3p
Hsa-miR-1180

Hsa-miR-331-5p, hsa-mir-
451a, hsa-mir-363-3p

Hsa-miR-660-5p

Samples

Plasma
epithelial-
derived
exosomes
and tumor
tissue

Plasma EVs

Plasma
exosomes

Plasma
exosomes

Plasma
exosomes

Plasma
exosomes

Plasma
exosomes

Serum
exosomes
Serum
exosomes

Serum
exosomes

Serum
exosomes

Blood
exosomes

EVs isolation methods

Size exclusion
chromatography and
magnetic activated cell
sorting using
anti—epithelial cell
adhesion molecule
(EpCAM)

Super-paramagnetic
beads coated with
epithelial antibody
ExoQuick exosome
precipitation solution

ExoQuick exosome
precipitation solution

Ultracentrifugation

Ultracentrifugation

Ultracentrifugation

NA

NA

NA

NA

Ultracentrifugation

miRNA
detection
methods

Selected from
tissue MIRNA
arrays

Taqman® low-
density arrays
(365 miRNAs)
Wide range
microRNAs
analysis (742
microRNAs)
Wide range
microRNAs
analysis (742
microRNAs)
miRNA-seq
using the
NEBNext,
multiplex small
RNA library prep
set for
illumina (NEB)
miRNA-seq
using the
NEBNext,
multiplex small
RNA library prep
set for
illumina (NEB)
miRNA-seq
using the
NEBNext,
multiplex small
RNA library prep
set for
illumina (NEB)
RT-gPCR

Small RNA
sequencing kit of
illumina

Small RNA
sequencing kit of
illumina

Small RNA
sequencing kit of
illumina
RT-gPCR

EV-miRNAs in Lung Cancer

Clinical potential

Detectable, but
failed to show
diagnostic ability

Discriminating and
prognostic value

Screen value

Diagnostic value

Diagnostic value

Adenocarcinoma-
specific

SCC-specific

Diagnostic value

Diagnostic value

Diagnostic value

Diagnostic value

Diagnostic value

References

Rabinowits
et al. (2009)

Silva et al.
(2011)

Cazzoli et al.
(2013)

Cazzoli et al.
(2013)

Jin et al.
(2017)

Jin et al.
(2017)

(Jin et al.,
2017)

Feng et al.
(2018)
Poroyko et al.
(2018)

Poroyko et al.
(2018)

Poroyko et al.
(2018)

Qi et al.
(2019)

(Continued on following page)
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TABLE 1 | (Continued) Blood EV-miRNAs in lung cancer.

Category

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

NSCLC

granuloma (Cazzoli et al., 2013). Out of the 742 miRNAs assayed,
miR-378a, miR-379, miR-139-5p, and miR-200b-5p showed a
screening value with 97.5% sensitivity, 72.0% specificity, and an

Cancer type

Lung
adenocarcinomas and
healthy controls

Lung
adenocarcinomas and
healthy controls

SCC and healthy
controls

NSCLC, non-
malignant respiratory
diseases, and healthy
volunteers

Lung
adenocarcinomas and
healthy volunteers

Lung
adenocarcinomas pre-
operation and healthy
volunteers

Lung
adenocarcinomas and
healthy volunteers
Both LA and SCC,
health controls
NSCLC, lung benign
lesion (LBL), and
healthy controls
Patients with or without
recurrence after
surgery

Lung
adenocarcinomas and
healthy volunteers
Platinum-resistant
patients vs. platinum-
sensitive patients

Advanced EGFR/ALK
wild-type (WT) NSCLC
who received PD-1/
pd-I1 inhibitors

miRNAs

38 miRNAs were
significantly upregulated,
e.g., mir-96-5p, miR-
151a-5p, mir-342-3p,
miR-374a-5p, mir-126-5p,
and mir-16-2-3p; 37
miRNAs downregulated
miR-151a-5p, miR-10b-
5p, mir-192-5p, miR-
106b-3p, and miR-484
miR-181a-5p, mir-21-5p,
miR-106a-5p, and mir-
93-5p

miR-1246

31 exosomal miRNAs were
upregulated and 29
exosomal mRNAs were
downregulated, e.g., miR-
7977, mir-98-3p

159 miRNAs significantly
dysregulated in LA-pre
samples vs. healthy
volunteers; 24

miRNAs significantly
dysregulated in LA-pre- vs.
post-operation; 12
miRNAs showed same
trend. E.g. mir-342-5p,
mir-574-5p and mir-
222-3p

miR-1290

miR-17-5p

miR-146a-5p and mir-
486-5p

miR-21 and miR-4257

miR-23b-3p, miR-10b-5p
and mir-21-5p

miR-425-3p

Hsa-miR-320 days, hsa-
mir-320c, hsa-mir-320b,
hsa-mir-125b-5p

Samples

Plasma
exosomes

Plasma
exosomes

Plasma
exosomes

Serum
exosomes

Serum
exosomes

Plasma
exosomes

Serum
exosomes

Serum
exosomes
Serum
exosomes

Plasma
exosomes

Plasma
exosomes

Serum

exosomes

Serum
exosomes

EVs isolation methods

Ultracentrifugation

Ultracentrifugation
ExoQuick™ of system
biosciences

NA

Total exosome isolation
kit from serum of
invitrogen

Ultracentrifugation

Total exosome isolation
kits of invitrogen

ExoQuick of SBI

Exosome extraction kit
of umibio shanghai

Ultracentrifugation

ExoQuick exosome
precipitation solution kit
of SBI

ExoQuick of SBI

Ultracentrifugation

miRNA
detection
methods

lllumina
HiSeq3000
platform

lllumina
HiSeq3000
platform

Exigon miRNA
gPCR panel (168
miRNAS)
RT-gPCR

Agilent human
miRNA
microarray of
agilent
technologies
Small RNA
sequencing
using NEBNext”
multiplex small
RNA library prep
set for illumina

RT-gPCR

RT-gPCR

RT-qPCR

miRNA
microarray using
3D-Gene human
miRNA oligo
chips ver. 20 of
toray industries
qPCR

RNA sequencing
using NEBNext
small RNA library
prep set

Small RNA next-
generation
sequencing

EV-miRNAs in Lung Cancer

Clinical potential

Diagnostic value

Prognostic value
Failed to show
difference
Diagnostic and

prognostic value

Diagnostic value

Diagnostic value

Diagnostic and
prognostic value

Diagnostic value

Diagnostic value

Prognostic value

Prognostic value

Prognostic value

Prognostic value

References

Xue et al.
(2020)

Xue et al.
(2020)

Shan et al.
(2018)

Huang and
Qu (2020)

Chen et al.
(2020)

Han et al.
(2020)

Wu et al.
(2020Db)

Zhang et al.
(2019)

Wu et al.
(2020a)

Dejima et al.
(2017)

Liu et al.
(2017)

Yuwen et al.
(2019)

(2020)

area under the curve (AUC) of 90.8%. Values determined for
miR-151a-5p, miR-30a-3p, miR-200b-5p, miR-629, miR-100,
and miR-154-3p were found to be distinct between LA and
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benign lung granuloma after the screening test. Meanwhile, a
variety of studies have examined EVs’ diagnostic value for
NSCLC. For example, Jin and Xie attempted to identify
exosomal biomarkers that could discriminate between LA
and SCC using a small RNA library system (Jin et al., 2017).
The profiles of let-7b-5p, let-7e-5p, miR-24-5p, and miR-21-5p
in plasma exosomes could distinguish NSCLC patients from
non-NSCLC patients, with a sensitivity of 80.25%, specificity of
92.31%, and AUC value of 0.899 (Jin et al., 2017). Consistently,
Feng isolated serum exosomes of LA patients and found that the
AUC value for miR-21-5p was as high as 0.97 (Feng et al., 2018).
miR-181-5p, miR-30a-3p, miR-30e-3p, and miR-361-5p were
LA-specific overall, while miR-10b-5p, miR-15b-5p, and miR-
320 b were SCC-specific (Jin et al., 2017). When establishing the
diagnostic value based on a combination of miRNAs, the
combination of miR-181-5p and miR-361-5p raised the
AUC value to 0.936, with a sensitivity of 80.65% and a
specificity of 91.67% in distinguishing LA patients from
NSCLC patients (Jin et al., 2017). A similarly high diagnostic
value of combined miR-320b and miR-10b-5p was found to
distinguish SCC patients from NSCLC patients (Jin et al., 2017).
Another study regarding small cell lung cancer, NSCLC, and
healthy controls found that hsa-miR-451a, hsa-miR-486-5p,
hsa-miR-363-3p, hsa-miR-660-5p, hsa-miR-15b-5p, hsa-miR-
25-3p, and hsa-miR-16-2-3p can distinguish NSCLC and
control samples with high prediction accuracy using serum
exosomes (Poroyko et al., 2018). Yongjian also confirmed
that hsa-miR-660-5p was excessively released in plasma and
exosomes in a total of 40 NSCLC patients (Qi et al., 2019).
Meanwhile, hsa-miR-1180 can distinguish SCLC from controls.
This is a remarkable finding, since there is no predictive
molecule for treatment selection available so far (Fruh et al.,
2013). Serum exosomal-miR-1180 might be an onco-molecule
in SCLC. Notably, hsa-miR-331-5p, hsa-miR-451a, and hsa-
miR-363-3p demonstrated excellent performance in
discriminating between SCLC and NSCLC patients, with
100% sensitivity and specificity (Poroyko et al., 2018). To
date, the diagnosis of lung cancer and follow-up of lung
nodules have all relied on lung computed tomographic (CT)
screening (National Lung Screening Trial Research et al., 2011).
On the one hand, there is no doubt that CT scanning has
reduced the mortality rate of lung cancer in recent decades
compared to X-ray. On the other hand, whether the use of CT
has been unnecessarily popularized is still a matter of debate,
with 96.4% of the positive results determined using low-dose CT
shown to be false positives after three rounds of screening. As
several miRNAs have demonstrated perfect sensitivity and
specificity in diagnosis, we strongly believe that EV-miRNAs
could offer us a new strategy for lung cancer screening.
Several new studies on LA have recently been published. A
recent study using exosomal miRNA profiling showed that 38
miRNAs were significantly upregulated in plasma exosomes of
LA compared with a healthy control, e.g., miR-96-5p (about 800-
fold), miR-151a-5p, miR-342-3p, miR-374a-5p, miR-126-5p,
miR-16-2-3p, and miR-106b-3p (Xue et al., 2020), whereas 37
downregulated miRNAs were detected. miR-129-5p and miR-9-
3p were highly enriched in the exosomes of the healthy control

EV-miRNAs in Lung Cancer

but undetectable in the plasma exosomes of LA patients. Sun et al.
also demonstrated that blood exosomal miR-106b was
upregulated and associated with cancer stages and lymph node
metastasis in lung cancer patients (Sun et al, 2020). Serum
exosomal miR-1246 was also shown to have an early
diagnostic value in distinguishing NSCLC from healthy
controls with an AUC value of 0.827, and an AUC value of
0.757 when discriminating between NSCLC and non-malignant
respiratory diseases (Huang and Qu, 2020). miR-7977 was
confirmed by Chen et al. to be the miRNA with the highest
fold change for upregulation in the serum exosomes of LA
patients based on miRNA arrays (Chen et al, 2020). The
diagnostic test showed that the AUC value of miR-7977 was
0.787 (Chen et al., 2020). miR-98-3p was demonstrated to be the
most dramatic downregulated miRNA, with an AUC value of
0.719 (Chen et al,, 2020). Another study regarding LA recruited
three groups of patients comprising LA pre- and post-operation
and healthy volunteers (Han et al., 2020). miRNA sequencing was
performed using plasma exosomes representing all three groups.
In total, 159 miRNAs were found to be significantly dysregulated
in LA-pre samples vs. healthy volunteers; 24 miRNAs were
significantly dysregulated in LA-pre- vs. post-operation; and a
further 12 miRNAs showed the same trend, e.g., miR-342-5p
(consistent with above study (Xue et al., 2020), miR-574-5p, and
miR-222-3p (Han et al., 2020). The AUC values of miR-342-5p
and miR-574-5p were both greater than 0.7 (Han et al., 2020).
Wu et al. selected six miRNA candidates based on published
papers that they assayed in the serum exosomes of 20L A
patients, including miR-21, miR-221-3p, miR-222-3p, miR-
223, miR-638, and miR-1290 (Wu et al., 2020b). They found,
however, that only miR-1290 showed significant differences in
the exosomes of LA and healthy patients. ROC analysis using 90
patients demonstrated that exosomal miR-1290 showed better
diagnostic efficiency than CEA, CYFRA21-1, and NSE in
discriminating between LA patients and healthy controls (Wu
et al.,, 2020b). Serum exosomal miR-146a-5p and miR-486-5p
were also shown to have a diagnostic marker with an AUC value
of 0.813 (sensitivity of 68.75%, specificity of 90%) and 0.886
(sensitivity of 70.83%, specificity of 95%), respectively, (Wu et al.,
2020a).

For SCC, another study enrolled 102 SCC patients and 101
healthy controls (Shan et al,, 2018). They performed miRNA
microarray experiments using the plasma of 30 SCC and 10
healthy controls selected randomly. miR-181a-5p, miR-21-5p,
miR-106a-5p, and miR-93-5p showed consistent upregulation
and had overall AUC values of more than 0.7, which indicated
their potential as diagnostic markers of SCC (Shan et al., 2018).
However, the expression of these four miRNAs failed to show
significance differences when examining plasma exosomes.
Further research similar to Jin and Xie’s clinical study (Jin
et al, 2017) on SCC will be needed to elucidate the
physiological significance of EV-miRNAs. Apparently, one of
our goal is to find new EV-miRNAs markers that contribute to
early diagnosis. Therefore, clinical studies evaluating early stage
(stage I and II) lung cancer are important. In the meantime, the
specific EV-miRNAs that have diagnostic value in advanced stage
lung cancer should be taken into prospective studies.
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Prognostic Value
Besides diagnostic value, EV-miRNAs are also potential

prognostic markers. A miRNA microarray from NSCLC
patients with or without recurrence after surgery revealed
differences in the levels of several miRNAs (Dejima et al,
2017). Among these, patients with high plasma exosomal miR-
21 and miR-4257 showed a significantly worse survival rate
(Dejima et al., 2017). Plasma exosomal miR-23b-3p, miR-10b-
5p, and miR-21-5p were independently associated with poor
overall survival (Liu et al., 2017). Kaplan-Meier survival analysis
showed that higher expression of miR-151a-5p, miR-10b-5p,
miR-192-5p, miR-106b-3p, and miR-484 was associated with
a lower survival rate (Xue et al, 2020), implicating them as
prognostic biomarker candidates. Survival analysis showed that
NSCLC patients with high serum exosomal miR-1246 had shorter
OS and DFS than patients with low serum exosomal miR-1246
(Huang and Qu, 2020). Aside from diagnostic value, miR-1290
also demonstrated potential as a prognostic biomarker (Wu et al.,
2020b). People with elevated exosomal miR-1290 had shorter
progression-free survival (PFS) than those with lower levels (Wu
et al., 2020b). High serum exosomal miR-378 was found to be
indicative of shorter OS in NSCLC patients (Zhang and Xu,
2020). More cross-sectional studies and prospective studies
should be conducted to evaluate the prognostic value of EV-
miRNAs, such as monitoring the change of specific or a cluster of
miRNAs and the relationship with DEFS, OS, or PFS. The
intervention of these EV-miRNAs could extend life for
patients in the future.

Treatment Responses
The use of EV-miRNAs has been examined for determining not
only outcomes of lung cancer patients but also treatment

responses. Yuwen et al. found that high miR-425-3p
expression in circulating exosomes indicated disease
progression and low responsiveness to platinum-based

chemotherapy (Yuwen et al, 2019). A mechanistic study
showed that miR-425-3p could target AKT1 (Yuwen et al,
2019). In recent years, the use of PD-1/PD-L1 inhibitors in
immunotherapy has emerged. A total of 30 patients with
advanced EGFR/ALK wild-type (WT) NSCLC who received
PD-1/PD-L1 inhibitors were recruited by Peng et al., and
plasma exosomal miRNAs were profiled using small RNA
next-generation sequencing (Peng et al., 2020). A total of 155
differential expressed miRNAs were identified. Among these, a
high level of hsa-miR-320 days, hsa-miR-320c, and hsa-miR-
320 b appeared to be correlated with an unfavorable response
to anti-PD-1 treatment (Peng et al, 2020). hsa-miR-125b-5p
might be used as a potential indicator to monitor the efficacy
of anti-PD-1 treatment (Peng et al., 2020). Numerous studies
have investigated the targets or pathways related to differentially
expressed miRNAs in lung cancer (Poroyko et al., 2018; Xue et al.,
2020). One study identified the biological processes of serum
exosomal miRNAs in both NSCLC and SCLC patients (Poroyko
etal, 2018). As expected, the top biological functions of exosomal
miRNAs were found to be related to cancer and organ injury in
NSCLC, SCLC, or SCLC after chemotherapy treatment. As for
molecular and cellular functions, the most dramatic example was

EV-miRNAs in Lung Cancer

of cellular assembly and organization in SCLC samples, which did
not even show up in the top five functions for NSCLC samples.
The exosomal miRNA-related cellular functions may contribute
to the rapid progress and early metastasis of SCLC. After
chemotherapy treatment, the analysis of cellular growth and
proliferation functions showed a switch to the top differential
cellular functions in SCLC patients, which matched the good
response to chemotherapy in SCLC patients (Poroyko et al,
2018). This gives us confidence in evaluating the top
exosomal-miRNA-related pathways for developing promising
targeted drugs, such as molecular mechanisms of cancer,
glioblastoma multiforme signaling, glioblastoma signaling,
PI3K/AKT signaling, and glucocorticoid receptor signaling
(Poroyko et al., 2018). Nonetheless, aberrancies in more well-
recognized molecules, such as EGFR mutation and ALK
rearrangement in NSCLC, may be involved in lung cancer
drug resistance and should be further studied, along with
targeted therapy. Almost all patients who had EGFR mutation
and been treated with EGFR-TKIs led to resistance (Planchard
et al,, 2018). Closer analysis of T790 M mutation is required as it
accounts for over 50% of first and second generation EGFR-TKIs
resistances (Planchard et al., 2018). Notably, one study suggested
that exosomal-miR-522-3p may induce first-generation EGFR-
TKI resistance in NSCLC cells (Liu et al., 2020¢). In the current
guideline, cell-free DNA blood test for detecting T790 M
mutation is a common way, but has a low sensitivity. Thus, in
many cases, a second biopsy with lung tissue was needed be
performed (Planchard et al., 2018). However, the second biopsy is
hard to be accomplished, especially for those patients with severe
progression and high performance status score. In this context,
EV-miRNAs can be a promising marker that evaluate drug
resistance efficiently. This will improve our scientific
understanding for approaching EV-based lung cancer
precision therapy.

Combination for Higher Diagnostic Value

Doing a diagnostic test based only on a single miRNA may not
result in a satisfied AUC being reached. Combining different
items, however, may help to improve the diagnostic value
(Table 2). As shown before, combined miR-181-5p and miR-
361-5p raised the AUC value to 0.936, with a sensitivity of 80.65%
and a specificity of 91.67% in identifying LA patients from
NSCLC patients (Jin et al., 2017). Meanwhile, the combination
of miR-320b and miR-10b-5p could be used to establish a
diagnostic value for distinguishing SCC patients from NSCLC
patients (Jin et al., 2017). Zhang et al. also found that the
combination of miR-17-5p and three tumor markers (CEA,
CYFRA21-1, and SCCA) could increase AUC from 0.738 to
0.86 (Zhang et al., 2019). A similar conclusion was reached for
serum exosomal miR-216 b (Liu et al., 2020b). Although serum
exosomal miR-146a-5p and miR-486-5p were good potential
markers with high specificity, the combination of four serum
miRNAs (miR-21-5p, miR-141-3p, miR-222-3p, and miR-
486-5p) and these two exosomal miRNAs increased the AUC
to 0.96 (Wu et al., 2020a). Similarly, other evidence showed that
regardless of the specific combination of serum exosomal miR-
378 and CEA or multiple miRNAs, an improvement in the
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TABLE 2 | Combination for higher diagnostic value in blood.

miRNAs

Combination of miR-181-5p and miR-361-5p
NSCLC patients
Combination of miR-320 b and miR-10b-5p

Combination of mir-17-5p and three tumor markers (CEA,
CYFRA21-1 and SCCA)

Combined detection of 4 serum miRNAs (mir-21-5p, mir-
141-3p, mir-222-3p, mir-486-5p) with serum exosomal miR-
146a-5p and mir-486-5p

Combination of exosomal miR-7977 and miR-98-3p Diagnosis of LA

Combination of serum exosomal miR-378 expression and
carcinoembryonic antigen (CEA)

diagnostic value of NSCLC patients can be achieved (Chen et al.,
2020; Zhang and Xu, 2020). Nevertheless, extensive clinical
research should be performed to investigate and identify
convincing miRNAs that can be combined for the diagnosis of
lung cancer. Additionally, development of a fast detection kit for
assaying the combined miRNAs would be conducive to clinical
application.

LUNG SPECIFIC LIQUIDS: BALF AND
PLEURAL LAVAGE

The use of BALF represents a direct approach to assessing the
lungs which is essential in the diagnosis of lung infection, lung
cancer, and immunological lung diseases. The role of BALF EVs
in the diagnosis of lung cancer is still unclear. Total BALF EVs
were isolated in smokers and lung cancer by Wu et al. (Wu et al,,
2019). Lung cancer patients were shown to have a higher level of
BALF EVs, also indicating a greater amount of cargo that is held
within the EVs (Wu et al., 2019). miRNA profiles showed
dysregulation in both smokers vs. controls and lung cancer
patients vs. smokers (e.g., miR-107, miR-126, miR-124-3p)
(Wu et al,, 2019). Rodriguez et al. collected exosomes of both
plasma and BALF from NSCLC patients, and miRNA profiling
was performed (Rodriguez et al., 2014). miR-7-5p, miR-424-5p,
miR-196b-5p, miR-124-3p, miR-185-5p, and miR-18a-5p were
the most significantly upregulated (fold change >5) miRNAs in
tumor BALF (Rodriguez et al., 2014). Kim et al. detected several
miRNAs in the BALF exosomes of LA patients and found that
miR-126 and Let-7a levels were significantly higher in the LA
patients than in the control subjects (Kim et al., 2018). All the
above papers regarding BALF EV-miRNA did not include a
diagnostic test. Further studies should be conducted on BALF
EV-related biomarkers.

Pleural lavage is one of the symptoms of lung cancer or lung
infection. LA-related malignant pleural effusion (MPE) is a
commonly the initial reason to visit the hospital and is
relatively easily contracted. In 2019, Canal et al. conducted
pleural lavage of lung cancer patients and controls (Roman-
Canal et al, 2019). EVs were isolated and miRNA profiling
was performed. In total, 14 miRNAs were found to be

Clinical potential

Identify LA patients out of
Distinguish SCC patients
out of NSCLC patients
Diagnosis of NSCLC

Diagnosis of NSCLC

Diagnosis of NSCLC

EV-miRNAs in Lung Cancer

Samples Diagnostic value References
Plasma AUC value was 0.936, with a sensitivity of ~ Jin et al. (2017)
exosomes 80.65% and a specificity of 91.67%

Plasma AUC value was 0.911, with a sensitivity of ~ Jin et al. (2017)
exosomes 83.33% and a specificity of 90.32%

Serum AUC value was 0.86 Zhang et al.
exosomes (2019)

Serum AUC value was 0.96 Wu et al.
exosomes (2020a)

Serum AUC value was 0.816 Chen et al
exosomes (2020)

Serum AUC value was 0.886 Zhang and Xu
exosomes (2020)

dysregulated, including miR-150-5p, miR-144-5p, miR-1-3p,
and miR-584-5p (Roman-Canal et al, 2019). miR-150-5p,
miR-144-5p, and miR-1-3p were evaluated as being diagnostic
EV-miRNA markers for lung cancer (Roman-Canal et al,, 2019).
Tamiya et al. isolated exosomes from LA-related MPE and benign
(non-neoplastic) pleural effusion (BPE) (Tamiya et al., 2018). The
expression of exosomal miR-182 and miR-210 was significantly
higher in the LA-MPE than in the BPE samples. It is worth noting
that the diagnostic performance of miR-182 was good, with an
AUC of 0.87, sensitivity of 92.7%, and specificity of 73.3%
(Tamiya et al., 2018). miRNA profiling of LA-MPE and BPE
showed 17 exosomal miRNAs to be differentially expressed
(Hydbring et al., 2018). The top miRNAs displayed an average
AUC of 0.95, such as miR-375, miR-200b, miR-200c, and miR-
141 (Hydbring et al., 2018) (Table 3). Although no result has been
posted yet, the phase two clinical trial (NCT03228277) is
recruiting T790 M-positive confirmed in BALF samples of
NSCLC patients. This can be great supporting evidence that
BALF and pleural lavage are promising liquids for lung cancer
patients.

METHODS AND QUESTIONS

EV-related miRNAs have been a topic of focus as a liquid biopsy
tool. Some papers on standard and emerging were recently
published. Giallombard et al. presented a protocol for the used
of exosomes in diagnosis in 2016, which included exosome
isolation from plasma, exosome characterization, exosomal
RNA extraction and quantification, reverse transcription, and
real-time PCR (Giallombardo et al., 2016). They suggest using
mir-1228-3p as an endogenous control. However, it might be
further evaluated and demonstrated as a general control in
various physiological conditions. We had published a review
paper regarding different methods to isolate EVs from BALF
(Carnino et al., 2019). So far, miRNA profiling, sequencing, and
arrays have been extensively used in various EV-miRNA studies,
and a relatively large number of samples were needed for analysis.
A next-generation RNA sequencing with small RNA libraries is
now a widely used technique. 1 pg of total RNA isolated from
each EV sample can be applied for the small RNA sequencing
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TABLE 3 | Lung specific liquids: BALF and pleural lavage.

Category Cancer type miRNAs Samples
NSCLC NSCLC, smokers, 31 miRNAs dyregulation, e.g., BALF EVs
and healthy controls  miR-107, miR-126, mir-124-3p
NSCLC NSCLC patients and  miR-7-5p, mir-424-5p, miR- BALF
patients with 196b-5p, mir-124-3p, mir- exosomes
nontumor pathology ~ 185-5p, miR-18a-5p
NSCLC LA and controls with  miR-126 and Let-7a BALF
non-tumor exosomes
pathology
NSCLC NSCLC and control 14 miRNAs were found Pleural
with BPE dysregulated including mir- lavage EVs
150-5p, mir-144-5p, mir-1-3p,
mir-584-5p
NSCLC LA related MPE miR-182 and miR-210 Pleural lavage
and BPE exosomes
NSCLC LA related MPE 17 differential expression of Pleural lavage
and BPE exosomal miRNAs, e.g., miR- exosomes

375, miR-200b, miR-200c,
miR-141

using the Illumina MiSeq platform (Huang et al., 2013; Hannafon
et al., 2016; Zhang et al, 2020). Ma et al. developed a new
exosomal miRNA detection method based on surface-
enhanced Raman scattering, which presents high sensitivity to
blood samples (Ma et al., 2018). Researchers from the State
University of New York developed another non-PCR-based
detection system, which is a tethered cationic lipoplex
nanoparticle (tCLN) biochip (Liu et al, 2020a). Higher
sensitivity, specificity, and AUC than those of the traditional
qPCR method were demonstrated (Liu et al., 2020a).

As shown in Table 1, there were few miRNAs that overlapped
in the different studies. One possible reason is that the sample
type and analysis methods were different in similar studies. A
meta-analysis reviewed liquid exosomes in lung cancer patients of
13 articles and found that the diagnostic accuracy of serum
samples was higher than that of plasma samples (Song et al,
2019). The other difference might be a technical method to isolate
EVs from biofluids. Although meta evidence supported the fact
that the commercial kit method had a better diagnostic value, this
still needs to be elucidated. More studies using other methods
should be included for better analysis. A consensus of sample
types (e.g., plasma or serum) and EV-isolation methods should be
made before introducing EV-miRNAs into clinical use.
Furthermore, miRNA clusters should be evaluated for broad
application in liquid biopsy for lung cancer instead of single
miRNAs.

DISCUSSION AND PROSPECTIVE

There are limitations to the research of the EV-containing
miRNAs. First, EVs are actually highly heterogeneous. Thus, it
would be necessary to develop a method to isolate a particular
population of EVs in the body fluids. For example, in our previous

EV-miRNAs in Lung Cancer

EVs isolation methods miRNA Clinical References
potential
Ultracentrifugation Agilent NA Wu et al. (2019)
bioanalyzer RNA
6000 chip
Ultracentrifugation miRNA profiles NA Rodriguez et al.
(2014)
ExoQuick exosome gPCR NA Kim et al. (2018)
precipitation solution
of SBI
Ultracentrifugation Sanger mirbase Diagnostic Roman-Canal
v14 of 7564 value et al. (2019)
miRNAs
Total exosome isolation ~ gPCR Diagnostic Tamiya et al.
reagent of invitrogen value (2018)
NA miRNA array Diagnostic Hydbring et al.
value (2018)

study, we developed a method to purify a miRNA-rich EV
population from BALF (Lee et al, 2019). Second, it is
extremely hard to isolate pure EVs without any
contaminations. Until recently, there are many methodological
trials to improve the purify of EVs (Carnino et al, 2019).
Therefore, to clearly detect EV-miRNAs as a biomarker,
various isolation methodologies should be tried in the further
clinical studies. Cross-sectional studies focused on the EV-
miRNAs using different isolation methods in lung cancer
patients may give us chances to address these questions.
Subsequently, standard technical guideline should be
established for the clinical practice in the future.

With the emerging of next-generation sequencing (NGS), the
sequencing technique had played an essential role in the
screening of oncogenes, such as EGFR mutation, BRAF
mutation, ALK and ROSI rearrangements. This enables more
efficient and multiplex oncogenic target screening, which results
in reducing the wait time for patients. Nevertheless, the
detection and monitoring of protein levels for those
biomarkers are still required. Thus, profiling EV-miRNAs
which is a RNA-based analysis can provide much better
performance for the clinical practice. Notably, hsa-miR-320
cluster was predicted to reveal a poor response to PD-L1
inhibitors (Peng et al., 2020). Pembrolizumab was the first
approved drug as a PD-L1 inhibitor. In the KEYNOTE-407
study, the combination of pembrolizumab plus chemotherapy
was recommended as the first-line standard treatment in
patients with metastatic SCC, regardless of PD-L1 expression
(West et al., 2019). Thus, the TPS score of PD-L1 expression in
each type of NSCLC may not fully reflect the patient status. EV-
miRNA cluster detected using RNA sequencing can be a
powerful next-generation biomarker for the response of
immunotherapy, or epoch-making treatment target for lung
cancer especially for SCLC.
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As per Response Evaluation Criteria in Solid Tumors
(RECIST) v1.1, RECIST can be used to evaluate responses
of targeted therapies. Although this still is the standard
method of clinical practice, it is still debatable (Planchard
et al., 2018). As we talked above, the T790 M mutation is the
most common cause of EGFR-TKI resistance. There already is
a study that found a certain exosomal-miRNA, miR-522-3p,
accounts for gefitinib resistance in vitro (Liu et al., 2020c¢).
However, sufficient evidence should be explored and
provided before we adapt EV-miRNA to clinical practice.
Over the past decades, there has been an emerging trend in
clinical trials regarding EVs or exosomes and their roles in
lung cancer. Biomarkers for diagnosis, prognosis and
treatment responses are needed. As we mentioned in the
first part, several clinical trials had been registered online,
trying to examine EV-miRNAs and their roles in lung cancer
in several conditions (such as NCT03542253, NCT04529915,
NCT04629079, NCT04427475). Regretfully, no advanced
clinical trials were available now. All the clinical trials are
still in the recruiting stage or pre-recruiting stage, which
shows just how cutting-edge this topic is. Three clinical trials
regarding exosomes or EVs in lung cancer are found to be in
phase IT (NCT01159288, NCT03228277, and NCT01629498).
However, EV-miRNAs were not listed as outcome measures
in these three advanced clinical trials. As the importance of
EV-miRNAs in lung cancer is rising, they may run RNA
sequencing of EVs as additional outcomes.
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SUMMARY

In summary, EV-miRNA is now considered to be a promising
biomarker for lung cancer based on the fact that EV's contain stable
miRNAs and are actively released from stimulated cells in our body.
Emerging evidence shows that EV-miRNAs have a high diagnostic
and prognostic value whether they are in blood or BALF or obtained
from pleural lavage of lung cancer patients. Although more studies
are needed for establishing EV-miRNAs as a novel tool for clinical
analysis, this review shows that EV-miRNA is a strong candidate for
lung cancer diagnosis, prognosis, and treatment responses.

AUTHOR CONTRIBUTIONS

Writing—original draft preparation, XH; Writing—review and
editing, SP, YC and HL All authors have read and agreed to the
published version of the manuscript.

FUNDING

This work was supported by the National Research Foundation of
Korea (NRF) grant funded by the Korean government (MSIT)
(No. NRF-2020R1F1A1074822), the National Science
Foundation of China (No. 81873410), and the National Key
Clinical Specialty Construction Projects of China.

Dejima, H., linuma, H., Kanaoka, R., Matsutani, N., and Kawamura, M. (2017).
Exosomal microRNA in plasma as a non-invasive biomarker for the recurrence
of non-small cell lung cancer. Oncol Lett. 13 (3), 1256-1263. doi:10.3892/0l.
2017.5569

Densmore, J. C., Signorino, P. R., Ou, J., Hatoum, O. A., Rowe, J. ], Shi, Y., et al.
(2006). Endothelium-derived microparticles induce endothelial dysfunction
and acute lung injury. Shock 26(5), 464-471. doi:10.1097/01.shk.0000228791.
10550.36

Dinh, T. K., Fendler, W., Chalubinska-Fendler, J., Acharya, S. S., O’Leary, C,,
Deraska, P. V., et al. (2016). Circulating miR-29a and miR-150 correlate with
delivered dose during thoracic radiation therapy for non-small cell lung cancer.
Radiat. Oncol. 11, 61. doi:10.1186/5s13014-016-0636-4

Fabris, L., and Calin, G. A. (2016). Circulating free xeno-microRNAs - the new kids
on the block. Mol Oncol. 10 (3), 503-508. doi:10.1016/j.molonc.2016.01.005

Feng, M., Zhao, J., Wang, L., and Liu, J. (2018). Upregulated expression of serum
exosomal microRNAs as diagnostic biomarkers of lung adenocarcinoma. Ann.
Clin. Lab. Sci. 48 (6), 712-718.

Frezzetti, D., Gallo, M., Maiello, M. R., D’Alessio, A., Esposito, C., Chicchinelli, N.,
et al. (2017). VEGF as a potential target in lung cancer. Expert Opin. Ther.
Targets. 21 (10), 959-966. doi:10.1080/14728222.2017.1371137

Frith, M., De Ruysscher, D., Popat, S., Crino, L., Peters, S., Felip, E., et al. (2013).
Small-cell lung cancer (SCLC): ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann. Oncol. 24 (Suppl. 6), vi99-vil05.
doi:10.1093/annonc/mdt178

Gallo, A, Tandon, M., Alevizos, I, and Illei, G. G. (2012). The majority of
microRNAs detectable in serum and saliva is concentrated in exosomes.
PloS One. 7 (3), €30679. doi:10.1371/journal.pone.0030679

Giallombardo, M., Chacértegui Borrds, J., Castiglia, M., Van Der Steen, N.,
Mertens, 1., Pauwels, P., et al. (2016). Exosomal miRNA analysis in non-
small cell lung cancer (NSCLC) patients’ plasma through qPCR: a feasible liquid
biopsy tool. JoVE. (111), 53900. doi:10.3791/53900

Guo, S., Martin, M. G., Tian, C., Cui, J., Wang, L., Wu, S., et al. (2018). Evaluation of
detection methods and values of circulating vascular endothelial growth factor
in lung cancer. J. Canc. 9 (7), 1287-1300. doi:10.7150/jca.22020

Frontiers in Molecular Biosciences | www.frontiersin.org

February 2021 | Volume 8 | Article 630718


https://doi.org/10.1126/scitranslmed.aaa6593
https://doi.org/10.1126/scitranslmed.aaa6593
https://doi.org/10.1016/j.cytogfr.2019.12.003
https://doi.org/10.1371/journal.pone.0078649
https://doi.org/10.1016/j.ccell.2016.10.009
https://doi.org/10.3322/caac.21492
https://doi.org/10.1002/cncr.29098
https://doi.org/10.1186/s12931-019-1210-z
https://doi.org/10.1186/s12931-019-1210-z
https://doi.org/10.1097/JTO.0b013e318299ac32
https://doi.org/10.1002/jcb.29612
https://doi.org/10.3892/ol.2017.5569
https://doi.org/10.3892/ol.2017.5569
https://doi.org/10.1097/01.shk.0000228791.10550.36
https://doi.org/10.1097/01.shk.0000228791.10550.36
https://doi.org/10.1186/s13014-016-0636-4
https://doi.org/10.1016/j.molonc.2016.01.005
https://doi.org/10.1080/14728222.2017.1371137
https://doi.org/10.1093/annonc/mdt178
https://doi.org/10.1371/journal.pone.0030679
https://doi.org/10.3791/53900
https://doi.org/10.7150/jca.22020
https://www.frontiersin.org/journals/moleculariosciences
www.frontiersin.org
https://www.frontiersin.org/journals/moleculariosciences#articles

He et al.

Han, Z,, Li, Y., Zhang, J., Guo, C,, Li, Q., Zhang, X, et al. (2020). Tumor-derived
circulating exosomal miR-342-5p and miR-574-5p as promising diagnostic
biomarkers for early-stage lung adenocarcinoma. Int. J. Med. Sci. 17 (10),
1428-1438. doi:10.7150/ijms.43500

Hannafon, B. N, Trigoso, Y. D., Calloway, C. L., Zhao, Y. D., Lum, D. H., Welm, A.
L., et al. (2016). Plasma exosome microRNAs are indicative of breast cancer.
Breast Cancer Res. 18 (1), 90. doi:10.1186/s13058-016-0753-x

Hill, A. F. (2019). Extracellular vesicles and neurodegenerative diseases. J. Neurosci.
39 (47), 9269-9273. doi:10.1523/J]NEUROSCI.0147-18.2019

Huang, D., and Qu, D. (2020). Early diagnostic and prognostic value of serum
exosomal miR-1246 in non-small cell lung cancer. Int. J. Clin. Exp. Pathol. 13
(7), 1601-1607.

Huang, X., Yuan, T., Tschannen, M., Sun, Z., Jacob, H., Du, M,, et al. (2013).
Characterization of human plasma-derived exosomal RNAs by deep
sequencing. BMC Genom. 14, 319. doi:10.1186/1471-2164-14-319

Huang, J., Wu, ], Li, Y., Li, X,, Yang, T., Yang, Q., et al. (2014). Deregulation of
serum microRNA expression is associated with cigarette smoking and lung
cancer. BioMed Res. Int. 2014, 364316. doi:10.1155/2014/364316

Hydbring, P., De Petris, L., Zhang, Y., Brandén, E., Koyi, H., Novak, M., et al.
(2018). Exosomal RNA-profiling of pleural effusions identifies adenocarcinoma
patients through elevated miR-200 and LCN2 expression. Lung Canc. 124,
45-52. d0i:10.1016/j.lungcan.2018.07.018

Jansen, F., Nickenig, G.,and Werner, N. (2017). Extracellular vesicles in cardiovascular
disease: potential applications in diagnosis, prognosis, and epidemiology. Circ. Res.
120 (10), 1649-1657. doi:10.1161/CIRCRESAHA.117.310752

Jemal, A., Bray, F., Center, M. M., Ferlay, J., Ward, E., and Forman, D. (2011).
Global cancer statistics. CA Canc. J. Clin. 61 (2), 69-90. d0i:10.3322/caac.20107

Jin, X., Chen, Y., Chen, H., Fei, S., Chen, D., Cai, X., et al. (2017). Evaluation of
tumor-derived exosomal miRNA as potential diagnostic biomarkers for early-
stage non-small cell lung cancer using next-generation sequencing. Clin. Canc.
Res. 23(17), 5311-5319. doi:10.1158/1078-0432.CCR-17-0577

Kim, J. E., Eom, J. S., Kim, W. Y, Jo, E. ., Mok, J., Lee, K., et al. (2018). Diagnostic
value of microRNAs derived from exosomes in bronchoalveolar lavage fluid of
early-stage lung adenocarcinoma: a pilot study. Thorac Cancer. 9 (8), 911-915.
doi:10.1111/1759-7714.12756

Kubo, H. (2018). Extracellular vesicles in lung disease. Chest. 153 (1), 210-216.
doi:10.1016/j.chest.2017.06.026

Lee, H., Groot, M., Pinilla-Vera, M., Fredenburgh, L. E., and Jin, Y. (2019).
Identification of miRNA-rich vesicles in bronchoalveolar lavage fluid:
insights into the function and heterogeneity of extracellular vesicles.
J. Contr. Release. 294, 43-52. d0i:10.1016/j.jconrel.2018.12.008

Liu, Q., Yu, Z,, Yuan, S., Xie, W,, Li, C,, Hu, Z,, et al. (2017). Circulating exosomal
microRNAs as prognostic biomarkers for non-small-cell lung cancer.
Oncotarget. 8 (8), 13048-13058. doi:10.18632/oncotarget.14369

Liu, C,, Kannisto, E., Yu, G., Yang, Y., Reid, M. E,, Patnaik, S. K., et al. (2020a).
Non-invasive detection of exosomal MicroRNAs via tethered cationic lipoplex
nanoparticles (tCLN) biochip for lung cancer early detection. Front. Genet. 11,
258. doi:10.3389/fgene.2020.00258

Liu, W,, Liu, J., Zhang, Q., and Wei, L. (2020b). Downregulation of serum exosomal
miR-216b predicts unfavorable prognosis in patients with non-small cell lung
cancer. Canc. Biomarkers. 27 (1), 113-120. doi:10.3233/CBM-190914

Liu, X, Jiang, T., Li, X,, Zhao, C,, Li, ], Zhou, F,, et al. (2020c). Exosomes transmit T790M
mutation-induced resistance in EGFR-mutant NSCLC by activating PI3K/AKT
signalling pathway. J. Cell Mol. Med. 24(2), 1529-1540. doi:10.1111/jcmm.14838

Luga, V., Zhang, L., Viloria-Petit, A. M., Ogunjimi, A. A., Inanlou, M. R,, Chiu, E,,
et al. (2012). Exosomes mediate stromal mobilization of autocrine Wnt-PCP
signaling in breast cancer cell migration. Cell 151 (7), 1542-1556. doi:10.1016/j.
cell.2012.11.024

Ma, L., Huang, Y., Zhu, W., Zhou, S., Zhou, J., Zeng, F., et al. (2011). An integrated
analysis of miRNA and mRNA expressions in non-small cell lung cancers. PloS
One. 6 (10), €26502. doi:10.1371/journal.pone.0026502

Ma, D., Huang, C., Zheng, J., Tang, |, Li, J., Yang, J., et al. (2018). Quantitative
detection of exosomal microRNA extracted from human blood based on
surface-enhanced Raman scattering. Biosens. Bioelectron. 101, 167-173.
doi:10.1016/j.bios.2017.08.062

Malvezzi, M., Carioli, G., Bertuccio, P., Boffetta, P., Levi, F., La Vecchia, C,, et al.
(2017). European cancer mortality predictions for the year 2017, with focus on
lung cancer. Ann. Oncol. 28 (5), 1117-1123. doi:10.1093/annonc/mdx033

EV-miRNAs in Lung Cancer

Melo, S. A., Sugimoto, H., O’Connell, J. T., Kato, N., Villanueva, A., Vidal, A., et al.
(2014). Cancer exosomes perform cell-independent microRNA biogenesis and
promote tumorigenesis. Canc. Cell. 26(5), 707-721. doi:10.1016/j.ccell.2014.
09.005

Modjtahedi, H., and Essapen, S. (2009). Epidermal growth factor receptor
inhibitors in cancer treatment: advances, challenges and opportunities. Anti
Canc. Drugs. 20 (10), 851-855. doi:10.1097/CAD.0b013e3283330590

Molina, J. R,, Yang, P., Cassivi, S. D., Schild, S. E., and Adjei, A. A. (2008). Non-
small cell lung cancer: epidemiology, risk factors, treatment, and survivorship.
Mayo Clin. Proc. 83 (5), 584-594. doi:10.4065/83.5.584

Momen-Heravi, F., Getting, S. J., and Moschos, S. A. (2018). Extracellular vesicles
and their nucleic acids for biomarker discovery. Pharmacol. Ther. 192,170-187.
doi:10.1016/j.pharmthera.2018.08.002

National Lung Screening Trial ResearchAberle, D. R,, Adams, A. M., Berg, C. D.,
Black, W. C,, Clapp, J. D., et al. (2011). Reduced lung-cancer mortality with low-
dose computed tomographic screening. N. Engl. J. Med. 365 (5), 395-409.
doi:10.1056/NEJMoal1102873

O’Brien, J., Hayder, H., Zayed, Y., and Peng, C. (2018). Overview of MicroRNA
biogenesis, mechanisms of actions, and circulation. Front. Endocrinol. 9, 402.
doi:10.3389/fendo.2018.00402

Peinado, H., Zhang, H., Matei, I. R., Costa-Silva, B., Hoshino, A., Rodrigues, G.,
et al. (2017). Pre-metastatic niches: organ-specific homes for metastases. Nat.
Rev. Canc. 17(5), 302-317. doi:10.1038/nrc.2017.6

Peng, X. X,, Yu, R, Wu, X, Wu, S. Y., Pi, C,, Chen, Z. H., et al. (2020). Correlation
of plasma exosomal microRNAs with the efficacy of immunotherapy in EGFR/
ALK wild-type advanced non-small cell lung cancer. J Immunother Cancer. 8
(1), e000376. doi:10.1136/jitc-2019-000376

Planchard, D., Popat, S., Kerr, K., Novello, S., Smit, E. F., Faivre-Finn, C,, et al.
(2018). Metastatic non-small cell lung cancer: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 29 (Suppl.
4), iv192-iv237. doi:10.1093/annonc/mdy275

Poroyko, V., Mirzapoiazova, T., Nam, A., Mambetsariev, 1., Mambetsariev, B., Wu,
X., et al. (2018). Exosomal miRNAs species in the blood of small cell and non-
small cell lung cancer patients. Oncotarget. 9 (28), 19793-19806. doi:10.18632/
oncotarget.24857

Postmus, P. E., Kerr, K. M., Oudkerk, M., Senan, S., Waller, D. A., VansteenKiste, .,
et al. (2017). Early and locally advanced non-small-cell lung cancer (NSCLC):
ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann.
Oncol. 28 (Suppl. 1-4), ivl-iv21. doi:10.1093/annonc/mdx222

Qi, Y., Zha, W,, and Zhang, W. (2019). Exosomal miR-660-5p promotes tumor
growth and metastasis in non-small cell lung cancer. ] BUON 24 (2), 599-607.

Rabinowits, G., Gergel-Taylor, C., Day, J. M., Taylor, D. D., and Kloecker, G. H.
(2009). Exosomal microRNA: a diagnostic marker for lung cancer. Clin. Lung
Canc. 10 (1), 42-46. doi:10.3816/CLC.2009.n.006

Rahbarghazi, R,, Jabbari, N., Sani, N. A., Asghari, R., Salimi, L., Kalashani, S. A,,
et al. (2019). Tumor-derived extracellular vesicles: reliable tools for Cancer
diagnosis and clinical applications. Cell Commun. Signal. 17 (1), 73. doi:10.
1186/512964-019-0390-y

Raposo, G., and Stoorvogel, W. (2013). Extracellular vesicles: exosomes,
microvesicles, and friends. J. Cell Biol. 200 (4), 373-383. do0i:10.1083/jcb.
201211138

Rodriguez, M., Silva, J., Lopez-Alfonso, A., Lopez-Muniz, M. B., Pena, C,
Dominguez, G., et al. (2014). Different exosome cargo from plasma/
bronchoalveolar lavage in non-small-cell lung cancer. Genes Chrom. Canc.
53 (9), 713-724. doi:10.1002/gcc.22181

Bonilla, B., Moiola, C. P., Gatius, S., Bonnin, S., Ruiz-Mir6, M., Gonzalez, E., et al.
(2019). EV-associated miRNAs from pleural lavage as potential diagnostic
biomarkers in lung cancer. Sci. Rep. 9 (1), 15057. doi:10.1038/s41598-019-
51578-y

Shan, X., Zhang, H., Zhang, L., Zhou, X, Wang, T., Zhang, J., et al. (2018).
Identification of four plasma microRNAs as potential biomarkers in the
diagnosis of male lung squamous cell carcinoma patients in China. Cancer
Med. 7 (6), 2370-2381. doi:10.1002/cam4.1490

Shi, S. B., Wang, M, Tian, J., Li, R,, Chang, C. X, and Qj, J. L. (2016). MicroRNA 25,
microRNA 145, and microRNA 210 as biomarkers for predicting the efficacy of
maintenance treatment with pemetrexed in lung adenocarcinoma patients who are
negative for epidermal growth factor receptor mutations or anaplastic lymphoma
kinase translocations. Transl Res. 170, 1-7. doi:10.1016/j.trs1.2015.11.006

Frontiers in Molecular Biosciences | www.frontiersin.org

February 2021 | Volume 8 | Article 630718


https://doi.org/10.7150/ijms.43500
https://doi.org/10.1186/s13058-016-0753-x
https://doi.org/10.1523/JNEUROSCI.0147-18.2019
https://doi.org/10.1186/1471-2164-14-319
https://doi.org/10.1155/2014/364316
https://doi.org/10.1016/j.lungcan.2018.07.018
https://doi.org/10.1161/CIRCRESAHA.117.310752
https://doi.org/10.3322/caac.20107
https://doi.org/10.1158/1078-0432.CCR-17-0577
https://doi.org/10.1111/1759-7714.12756
https://doi.org/10.1016/j.chest.2017.06.026
https://doi.org/10.1016/j.jconrel.2018.12.008
https://doi.org/10.18632/oncotarget.14369
https://doi.org/10.3389/fgene.2020.00258
https://doi.org/10.3233/CBM-190914
https://doi.org/10.1111/jcmm.14838
https://doi.org/10.1016/j.cell.2012.11.024
https://doi.org/10.1016/j.cell.2012.11.024
https://doi.org/10.1371/journal.pone.0026502
https://doi.org/10.1016/j.bios.2017.08.062
https://doi.org/10.1093/annonc/mdx033
https://doi.org/10.1016/j.ccell.2014.09.005
https://doi.org/10.1016/j.ccell.2014.09.005
https://doi.org/10.1097/CAD.0b013e3283330590
https://doi.org/10.4065/83.5.584
https://doi.org/10.1016/j.pharmthera.2018.08.002
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.1038/nrc.2017.6
https://doi.org/10.1136/jitc-2019-000376
https://doi.org/10.1093/annonc/mdy275
https://doi.org/10.18632/oncotarget.24857
https://doi.org/10.18632/oncotarget.24857
https://doi.org/10.1093/annonc/mdx222
https://doi.org/10.3816/CLC.2009.n.006
https://doi.org/10.1186/s12964-019-0390-y
https://doi.org/10.1186/s12964-019-0390-y
https://doi.org/10.1083/jcb.201211138
https://doi.org/10.1083/jcb.201211138
https://doi.org/10.1002/gcc.22181
https://doi.org/10.1038/s41598-019-51578-y
https://doi.org/10.1038/s41598-019-51578-y
https://doi.org/10.1002/cam4.1490
https://doi.org/10.1016/j.trsl.2015.11.006
https://www.frontiersin.org/journals/moleculariosciences
www.frontiersin.org
https://www.frontiersin.org/journals/moleculariosciences#articles

He et al.

Silva, J., Garcia, V., Zaballos, A., Provencio, M., Lombardia, L., Almonacid, L., et al.
(2011). Vesicle-related microRNAs in plasma of nonsmall cell lung cancer
patients and correlation with survival. Eur. Respir. J. 37 (3), 617-623. doi:10.
1183/09031936.00029610

Song, Z., Wang, S., and Liu, Y. (2019). The diagnostic accuracy of liquid exosomes
for lung cancer detection: a meta-analysis. OncoTargets Ther. 12, 181-192.
doi:10.2147/OTT.S188832

Sun, S., Chen, H., Xu, C,, Zhang, Y., Zhang, Q., Chen, L., et al. (2020). Exosomal
miR-106b serves as a novel marker for lung cancer and promotes cancer
metastasis via targeting PTEN. Life Sci. 244, 117297. doi:10.1016/j.1fs.2020.
117297

Deng, H., Mitani, A., Saito, A., Ishimori, T., Saito, M., Isago, H., et al. (2018).
Exosomal MicroRNA expression profiling in patients with lung
adenocarcinoma-associated malignant pleural effusion. Anticancer Res.
38(12), 6707-6714. doi:10.21873/anticanres.13039

Tkach, M., and Théry, C. (2016). Communication by extracellular vesicles: where
we are and where we need to go. Cell. 164 (6), 1226-1232. doi:10.1016/j.cell.
2016.01.043

Wang, H., Peng, R., Wang, J., Qin, Z., and Xue, L. (2018). Circulating microRNAs
as potential cancer biomarkers: the advantage and disadvantage. Clin. Epigenet.
10, 59. doi:10.1186/s13148-018-0492-1

West, H., McCleod, M., Hussein, M., Morabito, A., Rittmeyer, A., Conter, H. J.,
etal. (2019). Atezolizumab in combination with carboplatin plus nab-paclitaxel
chemotherapy compared with chemotherapy alone as first-line treatment for
metastatic non-squamous non-small-cell lung cancer (IMpowerl30): a
multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 20 (7),
924-937. doi:10.1016/S1470-2045(19)30167-6

Wu, N, Zhang, C,, Bai, C,, Han, Y. P,, and Li, Q. (2014). MiR-4782-3p inhibited
non-small cell lung cancer growth via USP14. Cell. Physiol. Biochem. 33 (2),
457-467. do0i:10.1159/000358626

Wu, H., Zhou, J., Mei, S, Wu, D., Mu, Z., Chen, B,, et al. (2017). Circulating
exosomal microRNA-96 promotes cell proliferation, migration and drug
resistance by targeting LMO?7. J. Cell Mol. Med. 21 (6), 1228-1236. doi:10.
1111/jcmm.13056

Wu, F, Yin, Z, Yang, L, Fan, ], Xu, ], Jin, Y., et al. (2019). Smoking induced
extracellular vesicles release and their distinct properties in non-small cell lung
cancer. J. Canc. 10 (15), 3435-3443. doi:10.7150/jca.30425

Wu, Q,, Yu, L, Lin, X,, Zheng, Q., Zhang, S., Chen, D., et al. (2020a). Combination
of serum miRNAs with serum exosomal miRNAs in early diagnosis for non-
small-cell lung cancer. Canc. Manag. Res. 12, 485-495. doi:10.2147/CMAR.
$232383

Wu, Y., Wei, J., Zhang, W., Xie, M., Wang, X., and Xu, J. (2020b). Serum exosomal
miR-1290 is a potential biomarker for lung adenocarcinoma. OncoTargets Ther.
13, 7809-7818. doi:10.2147/OTT.S263934

EV-miRNAs in Lung Cancer

Xu, R, Greening, D. W., Zhu, H. J., Takahashi, N., and Simpson, R. J. (2016).
Extracellular vesicle isolation and characterization: toward clinical application.
J. Clin. Invest. 126 (4), 1152-1162. doi:10.1172/JCI81129

Xue, X., Wang, C., Xue, Z., Wen, ]., Han, J., Ma, X,, et al. (2020). Exosomal miRNA
profiling before and after surgery revealed potential diagnostic and prognostic
markers for lung adenocarcinoma. Acta Biochim. Biophys. Sin. 52 (3), 281-293.
doi:10.1093/abbs/gmz164

Yanaihara, N., Caplen, N., Bowman, E., Seike, M., Kumamoto, K., Yi, M., et al.
(2006). Unique microRNA molecular profiles in lung cancer diagnosis and
prognosis. Canc. Cell. 9 (3), 189-198. doi:10.1016/j.ccr.2006.01.025

Yang, M., Chen, J., Su, F., Yu, B,, Su, F,, Lin, L., et al. (2011). Microvesicles secreted
by macrophages shuttle invasion-potentiating microRNAs into breast cancer
cells. Mol. Canc. 10, 117. doi:10.1186/1476-4598-10-117

Yuwen, D., Ma, Y., Wang, D., Gao, ., Li, X., Xue, W., et al. (2019). Prognostic role
of circulating exosomal miR-425-3p for the response of NSCLC to platinum-
based chemotherapy. Canc. Epid. Biomarkers Prev. 28 (1), 163-173. doi:10.
1158/1055-9965.EPI-18-0569

Zhang, Y., and Xu, H. (2020). Serum exosomal miR-378 upregulation is associated
with poor prognosis in non-small-cell lung cancer patients. J. Clin. Lab. Anal.
34 (6), €23237. doi:10.1002/jcla.23237

Zhang, Y., Zhang, Y., Yin, Y.,and Li, S. (2019). 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. 215 (8), 152466. doi:10.1016/j.prp.2019.152466

Zhang, Y., Han, T, Feng, D., Li, J., Wu, M., Peng, X, et al. (2020). Screening of non-
invasive miRNA biomarker candidates for metastasis of gastric cancer by small
RNA sequencing of plasma exosomes. Carcinogenesis. 41.(5), 582-590. doi:10.
1093/carcin/bgz186

Zhou, X., Wen, W., Shan, X., Zhu, W,, Xu, J., Guo, R, et al. (2017). A six-
microRNA panel in plasma was identified as a potential biomarker for lung
adenocarcinoma diagnosis. Oncotarget 8 (4), 6513-6525. doi:10.18632/
oncotarget.14311

Zhu, H., and Fan, G. C. (2011). Extracellular/circulating microRNAs and their
potential role in cardiovascular disease. Am. J. Cardiovasc Dis. 1 (2), 138-149.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 He, Park, Chen and Lee. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Molecular Biosciences | www.frontiersin.org

11

February 2021 | Volume 8 | Article 630718


https://doi.org/10.1183/09031936.00029610
https://doi.org/10.1183/09031936.00029610
https://doi.org/10.2147/OTT.S188832
https://doi.org/10.1016/j.lfs.2020.117297
https://doi.org/10.1016/j.lfs.2020.117297
https://doi.org/10.21873/anticanres.13039
https://doi.org/10.1016/j.cell.2016.01.043
https://doi.org/10.1016/j.cell.2016.01.043
https://doi.org/10.1186/s13148-018-0492-1
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1159/000358626
https://doi.org/10.1111/jcmm.13056
https://doi.org/10.1111/jcmm.13056
https://doi.org/10.7150/jca.30425
https://doi.org/10.2147/CMAR.S232383
https://doi.org/10.2147/CMAR.S232383
https://doi.org/10.2147/OTT.S263934
https://doi.org/10.1172/JCI81129
https://doi.org/10.1093/abbs/gmz164
https://doi.org/10.1016/j.ccr.2006.01.025
https://doi.org/10.1186/1476-4598-10-117
https://doi.org/10.1158/1055-9965.EPI-18-0569
https://doi.org/10.1158/1055-9965.EPI-18-0569
https://doi.org/10.1002/jcla.23237
https://doi.org/10.1016/j.prp.2019.152466
https://doi.org/10.1093/carcin/bgz186
https://doi.org/10.1093/carcin/bgz186
https://doi.org/10.18632/oncotarget.14311
https://doi.org/10.18632/oncotarget.14311
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/moleculariosciences
www.frontiersin.org
https://www.frontiersin.org/journals/moleculariosciences#articles

	Extracellular Vesicle-Associated miRNAs as a Biomarker for Lung Cancer in Liquid Biopsy
	Introduction
	Blood EV-miRNAs in Lung Cancer
	Diagnostic Value
	Prognostic Value
	Treatment Responses
	Combination for Higher Diagnostic Value

	Lung Specific Liquids: BALF and Pleural Lavage
	Methods and Questions
	Discussion and Prospective
	Summary
	Author Contributions
	Funding
	References


