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miRNAs in circulating extracellular vesicles (EVs) are promising biomark-
ers for cancer. However, their diagnostic ability for early-stage non-small-
cell lung cancer (NSCLC) is not well known. In this study, the circulating
EV miRNAs profiling was initially performed in 36 untreated NSCLC
patients and 36 healthy controls by TagMan Low Density Array (TLDA).
Subsequently, we performed quantitative reverse-transcription PCR assay
(RT-gPCR) validation in several independent cohorts that included 159
NSCLC patients, 120 age/sex-matched healthy controls and 31 benign nod-
ule patients enrolled from three different clinical centres. In addition, 38
cases of NSCLC were analysed before and after surgery. We demonstrated
that miR-520c-3p and miR-1274b were significantly and steadily increased
in NSCLC patients in comparison with healthy controls and benign nodule
patients (P < 0.001) and decreased markedly after tumour resection
(P <0.001). The areas under the curve (AUCs) of the ROC curve of the
two-miRNA panel were 0.857 (95% CI, 0813-0.901; P < 0.0001) and 0.845
(95% CI, 0.793-0.896; P < 0.0001) for NSCLC and NSCLC stage I,
respectively. Furthermore, the panel was able to differentiate NSCLC from
benign nodules with an AUC of 0.823 (95% CI, 0.730-0.915; P < 0.0001).
Furthermore, logistic regression analysis revealed the two-miRNA panel as
an independent risk factor for NSCLC (OR = 16.128, P < 0.0001). In con-
clusion, miR-520c-3p and miR-1274b have biomarker potential for early
diagnosis of NSCLC in multiple centres.

1. Introduction

According to Cancer Statistics 2020, lung cancer is one of
the most common cancers worldwide and the leading cause

Abbreviations

of cancer-related deaths among males and females [1].
Non-small-cell lung cancer (NSCLC) accounts for 80-90%
of lung cancers [2]. Early-stage NSCLCs are asymptomatic
and difficult to diagnose, and approximately 60% of

AUC, area under of the ROC curve; Ct, quantification cycle; DEPC, diethylpyrocarbonate; EVs, Extracellular vesicles; miRNA, microRNA;
MVs, microvesicles; NSCLC, non-small-cell lung cancer; ROC, receiver operating characteristic curves; RT-gPCR, quantitative reverse-
transcription polymerase chain reaction; TLDA, TagMan Low Density Array.
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NSCLC patients are diagnosed at an advanced stage with
a S-year survival rates of only approximately 5% [3]. At
present, NSCLC diagnosis mainly relies on imaging
examinations, such as X-rays, computed tomography
(CT) scans and PET-CT scans, and validated by bron-
choscopy and biopsy, which are challenging tissue sam-
pling procedures. Although low-dose CT (LDCT) has the
potential for earlier lung cancer diagnosis among high-
risk individuals, only a few people have been screened by
this method [1]. Additionally, neuron-specific enolase
(NSE), squamous cell carcinoma antigen (SCC), cancer
antigen 125 (CAI125), carcinogen-embryonic antigen
(CEA) and cytokeratin 19 fragment (CYFRA2I1-1) are
commonly used as serologic tumour markers for NSCLC
diagnosis and prognosis in clinical settings. Nevertheless,
these indexes are limited by low sensitivity and speci-
ficity [4]. For these reasons, finding a convincing, sensitive
and specific way to diagnose NSCLC remains an urgent
task for clinicians and researchers.

Extracellular  vesicles (EVs),  cell-derived  lipid
bilayer-delimited particles, are released after fusion of
endosomes with the plasma membrane (exosomes) or
shed from the plasma membrane (microvesicles, MVs).
EVs diameter range from 30-1000 nm, and the vast
majority of EVs are smaller than 200nm. It has been
demonstrated that multiple cell types can secrete EVs,
which can be found in diverse body fluids [5]. In recent
years, multiple studies have investigated the function
of EVs in tumours. These tumour-derived EVs can
mediate communication between cells in the tumour
microenvironment [-7].

MicroRNAs (miRNAs) are a family of small, single-
stranded noncoding RNAs that are found in
diverse organisms and may play a crucial role in gene
regulation [8]. It has been reported that miRNAs are
related to various biological processes, such as cell
death, differentiation, cell proliferation and metasta-
sis [9]. Furthermore, multiple studies have investigated
the diagnostic value of miRNAs in cancer [10]. Our
group and others also demonstrated that circulating
miRNAs in patients with NSCLC have unique pro-
files, and we identified some miRNAs that are elevated
or decreased specifically in serum or plasma samples
of NSCLC patients [11-13].

Recently, miRNAs carried by EVs, as opposed to
free miRNAs, were demonstrated to be as more specific
and excellent candidate molecular biomarkers for
cancers [14-16]. It has been demonstrated that the
EV miRNAs pattern of NSCLC patients is different
from that of healthy people [17-21]. For instance, miR-
181-5p, miR-30a-3p, miR-361-5p and miR-30e-3p in
EVs were reported as adenocarcinoma-specific of
NSCLC patients, while miR-15b-5p, miR-10b-5p and
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miR-320b in EVs were found to be squamous cell carci-
noma-specific of NSCLC patients [18]. Moreover,
levels of EV-associated let-7f and miR-30e-3p are re-
ported to be correlated with poor outcome of NSCLC
patients [21]. Nevertheless, only two focused on the
potential diagnostic value of circulating EV-re-
lated miRNAs in early-stage NSCLC, and a multicen-
tric study of NSCLC miRNAs has not been reported.
Therefore, a systematic analysis of circulating miRNAs
from multicentric NSCLC cases, especially in the early
stage, is needed.

In this study, we used high-throughput TagMan
Low Density Array (TLDA) to initially identify a
unique pattern of circulating EV miRNAs of NSCLC
patients and then applied quantitative reverse-tran-
scription polymerase chain reaction PCR (RT-qPCR)
to validate the TLDA results in individual samples
from several medical centres. We further estimated the
value of early-stage diagnosis and differential diagnosis
of the identified miRNAs for NSCLC and their abil-
ity to evaluate the tumour dynamics.

2. Materials and methods

2.1. Participants and sample collection

We enrolled 207 participants who were diagnosed
with NSCLC according to WHO criteria from three
different medical centres that included Jinling Hospital,
Nanjing Drum Tower Hospital and Nanjing Chest
Hospital. In addition, we also collected samples from
168 age- and sex-matched healthy individuals and 31
benign nodule patients from Jingling Hospital as nor-
mal and benign disease controls, respectively. A total
of  3-10 mL of peripheral venous blood after
12 h of fasting was obtained from each patient
before surgery and pharmacotherapy to acquire the
serum or plasma samples. In brief, the blood samples
of all participants were collected using a vacuum tube
with EDTA-K, for preparing plasma samples, and
serum was collected using a vacuum tube with separa-
tion gel for preparing serum samples. The bloods were
centrifugated at 1500 g for 10 min at room temperature
to remove cell fractions, and the supernatants were re-
centrifuged at 12 000 g for 10 min at 4 to completely
remove cell debris. The final supernatants were trans-
ferred to a new tube and stored at —80 for fur-
ther analysis. The project was approved by the ethics
committee of each participating medical centre was in
accordance with the Declaration of Helsinki. Each
participant  that joined this study provided
informed consent.
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2.2. Study design

We first enrolled 36 participants who were diagnosed
with NSCLC and 36 age- and sex-matched healthy indi-
viduals from Jinling hospital, and every 12 samples in
each group were mixed as a pool. The high-throughput
TagMan Low Density Array (TLDA) was then
applied to scan the unique pattern of EV miRNAs of
NSCLC in the 6 pooled plasma samples (Table S1). We
subsequently confirmed the results of TLDA by individ-
ual RT-qPCR assays of 38 serum and 38 correspond-
ing plasma samples (from 19 patients and 19 controls)
from Jinling Hospital. Furthermore, we examined the
significantly increased serum miRNAs in three indepen-
dent cohorts from Jinling Hospital (training set with 41
NSCLC patients and 41 controls) and two other medi-
cal centres, including Nanjing Drum Tower Hospital
(validation set with 30 NSCLC patients and 29 con-
trols) and Nanjing Chest Hospital (testing set with 31
NSCLC patients and 31 controls). In addition, we also
investigated the changes of the identified miRNAs in 38
NSCLC patients before and after surgery (from Jinling
Hospital). Detailed clinical information of patients
involved in RT-qPCR validation is shown in Table 1.

2.3. TLDA of circulating EV miRNAs

The TLDA was designed for two-step RT-qPCR. In
the reverse-transcription step, total RNA
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was reverse transcribed to cDNA using random pri-
mers from a high capacity CM Archive kit and per-
formed according to operating manual. All steps were
performed by the 7900 HT Fast Real-Time PCR Sys-
tem (Applied Biosystems, Foster City, CA, USA). The
results are shown as Ct and normalized to the refer-
ence gene according to the manufacturer’s recommen-
dations. The relative level was calculated using the
comparative Ct method (272<Y).

2.4. Serum and plasma EVs isolation

For TLDA analysis, EVs were isolated by ultracen-
trifugation (UC) from pooled plasma samples. The
UC method was performed according to previously
described methods [22]. For the RT-qPCR assay,
EVs of plasma or serum were isolated by ExoQuick
solution (System Biosciences Inc., Mountain View,
CA, USA). According to the manufacturer’s instruc-
tion, 250 pL of serum or plasma was transferred to a
new sterile tube and then mixed with 63 pL of EV pre-
cipitation solution. The acquired EVs were used for
further analysis.

2.5. Transmission electron microscopy

The EVs were isolated from pooled plasma and serum
samples using ExoQuick solution, resuspended with
1 x PBS, dropped on a cooper mesh and incubated at

Table 1. Demographic and clinical features of the NSCLC patients and controls of the three hospitals cohorts

Jinling Hospital

Drum Tower Hospital Nanjing Chest Hospital

Variable Normal control NSCLC Benign nodules Normal control NSCLC Normal control NSCLC
Number n=60 n=98 n=31 n=29 n=30 n=31 n=31
Age 55.3 + 7.6 60.3 + 11.2 52.7 £ 12.7 57.2 +7.8 60.7 + 7.3 50.2 + 5.7 58.6 + 9.3
<59 52 37 17 21 18 28 17
>b9 8 61 14 8 12 3 14
Sex
Male 33 54 21 17 19 14 18
Female 27 44 10 12 I 17 13
Smoking status
Ever and current 22 41 14 7 10 8 20
Never 38 57 17 22 20 23 11
Tumour subtype
AC - 82 - - 25 - 25
SCC - 16 - - 5 - 6
Tumour stage
| - 61 - - 19 - 16
Il - 13 - - 5 - 5
I - 19 - - 5 - 8
\% - 5 - - 1 - 0
Unknown - 0 - - 0 - 2
The data are expressed as the mean (SD).
Molecular Oncology 15 (2021) 2439-2452 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 2441
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room temperature for 20 min. Excess liquid at the
edge was cleaned. Sequentially, 2% phosphotungstic
acid solution was added, negative staining was per-
formed at room temperature for 10 min, and the cop-
per plate was air-dried. The microphotographs were
acquired by using a JEM-1011 transmission electron
microscope.

2.6. Western blot and NanoSight

EV proteins were lysed with RIPA buffer and separated
on a 10% SDS/PAGE gel followed by transfer onto a
PVDF membrane. The membrane was incubated with
the following antibodies: anti-CD 9, 1 : 1000 diluted,
abs102483, Absin; anti-TSG101, 1 : 5000 diluted,
DF8427, Affinity bioscience; anti-CD 63, 1 : 1000
diluted, Abs110250, Absin; anti-Alix, 1 : 1000 diluted,
DF9027, Affinity bioscience; and anti-ALB, 1 : 1000
diluted, DF6396, Affinity bioscience. Subsequently, the
membrane was rinsed four times in Tris-buffered saline
containing 0.5% Tween-20 (TBST) and incubated with
secondary antibody (Anti-rabbit IgG, HRP-linked
Antibody, 1: 3000 diluted, 7074, CST). We detected the
proteins with ECL western blotting substrate (Thermo
Fisher Scientific, Waltham, MA, USA). We used the
NS300 equipment (NanoSight, Malvern Panalytical,
Worcestershire, UK) to analyse the size distribution
of EVs. Videos were recorded at camera level 9 with the
minimal expected particle size, minimum track length,
and blur setting, all set to automatic. Every sample for
NanoSight was diluted with PBS (1 : 1000, Gibco, Wal-
tham, NY, USA), and 1000 pL of each sample
was added to the chamber under the video recording.

2.7. RNA extraction and RT-qPCR assays

EVs total RNA was extracted with the TRIzol Reagent
(Invitrogen, MA, USA) according to our previous
report [23]. A hydrolysis probe-based RT-qPCR assay
of miRNAs was performed as previously reported
[23]. Relative quantitation was used, and the levels of
miRNAs in serum or plasma samples were normalized
to the level of reference cel-miR-39 (a synthetic miRNA
5-UCACCGGGUGUAAAUCAGCUUG-3’,  Gene-
Pharma) by 27, where ACt = ACturget miRNA —
Cleel-mir-39-

2.8. Evaluation of miRNA levels in EVs and EV-
free fraction by RT-qPCR assays

To determine whether the significantly altered miR-
NAs are primarily encapsulated in EVs or circulating
freely in circulation, EVs and corresponding EV-free
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fractions were separated from individual samples of
additional 12 NSCLC patients and 12 controls using
UC method according to previously described [22].
MiRNAs in EVs and EV-free were extracted and puri-
fied using Trizol Reagent (Invitrogen, Carlsbad, CA),
per manufacturer’s instructions with minor modifica-
tion as described [24]. The absolute concentrations of
miRNA in EVs and EV-free samples were assessed by
RT-qPCR assays as previously described [24].

2.9. Statistical analysis

Statistical analysis was performed by SPSS 24.0 statis-
tical software and GraPHPAD PRISM 7.0 (Graphpad, San
Diego, CA, USA). The nonparametric Mann-Whitney
U-test was used to assess the differences between the
groups, and the differences for other variables were
calculated by Student’s t-test or two-sided y° test. A
P-value < 0.05 was considered to be statistically signif-
icant. For our two-miRNA signature, the risk score
for each patient was calculated as follows:

Risk score = (4.553 x expression level of miR-520c-
3p) + (0.422 x expression level of miR-1274b). The
ROC curves were generated to evaluate the accuracy
of miRNA predication for NSCLC. Finally, univariate
and multivariate logistic regression analyses were car-
ried out to assess the predictive power of the candidate
miRNAs for NSCLC.

2.10. Target gene prediction and GO/KEGG
pathway enrichment analysis

For each miRNA with differential expression between
NSCLC and normal controls, its potential target
genes that were predicted by miRanda [25] (http://
www.microrna.org/microrna/home.do) were included
for further analysis. Afterward, we performed Gene
Ontology (GO) annotation and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway analyses
using the cluster Profiler package of R software.
P-value < 0.05 was set as the cut-off criterion.

3. Results

3.1. Characterization of serum and plasma EVs

Because the quality of the EVs separation is a prereq-
uisite for the accurate analysis of EV miRNAs, we
used three different techniques to characterize
the EVs that were isolated from serum and plasma
by the ExoQuick kit. We visualized EVs by transmis-
sion electron microscopy (TEM) to observe the typical
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morphologies of EVs (Fig. 1A). Then, we measured
the size distribution and concentrations of the EVs by
NanoSight. The EVs were approximately 50-150 nm
in size (Fig. 1B). Finally, we performed western blot-
ting to confirm the presence of the classic markers of
Alix, CD63, TSG101, CD9 and one negative marker
ALB (Fig. 1C). All the results demonstrated that
we successfully isolated EVs from serum and plasma.

3.2. Analysis of plasma EV miRNA profiles by
TLDA

TLDA was used to initially measure 745 miRNAs in 6
pools. There was no significant difference in age or sex
distribution between the different groups (Table S1). A
heat map visualized significant differences in miRNA

Extracellular vesicles-associated miRNAs in non-small-cell lung cancer

profiles between the NSCLC and healthy control
groups (Fig. 2). We considered a miRNA to be no-
tably upregulated if its average Ct was < 35 in at least
two pools of NSCLC, and the concentra-
tion had a > twofold increase in the NSCLC groups
in comparison with the normal groups. According to
this criterion, 37 miRNAs were regarded as upregu-
lated and 33 were downregulated (Fig. 2).

3.3. Validation of the TLDA results by RT-qPCR

Of the 37 upregulated miRNAs, we selected those ele-
vated by at least threefold in the NSCLC groups to vali-
date. Furthermore, newly identified miRNAs, miRNA-
star miRNAs and nonconserved miRNAs were also
excluded for further investigation (Table S2). According
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hsa-miR-190b-002263
has-miR-1305-002867
hsa-miR-206-000510
hsa-miR-573-001615
dme-miR-7-000268
hsa-miR-409-3p-002332
hsa-miR-30e-3p-000422
hsa-miR-181a-4373117
hsa-miR-571-001613
hsa-miR-31-4395390
hsa-miR-193b-4395478
hsa-miR-1298-002861
hsa-miR-212-4373087
hsa-miR-1274b-002884
hsa-miR-203-4373095
hsa-miR-127-3p-4373147
hsa-miR-422a-4395408
hsa-miR-720-002895
hsa-miR-142-5p-4395359
hsa-miR-590-5p-4395176
hsa-miR-136-4373173
hsa-miR-645-001597
hsa-miR-601-001558
hsa-miR-374a-4373028
hsa-miR-15b-4373122
hsa-miR-518f-4395499
hsa-miR-520¢-3p-002400
hsa-miR-34a-4395168
hsa-miR-30a-5p-000417
hsa-miR-302c-4378072
hsa-miR-208-4373091
hsa-miR-126"-000451
hsa-miR-548¢-3p-4380993
hsa-miR-26b-4395167
hsa-miR-520d-5p-4395504
hsa-miR-17-4395419
hsa-miR-151-3p-002254
hsa-miR-142-3p-4373136
hsa-miR-186-4395396
hsa-miR-19a-4373099
hsa-miR-222-4395387
hsa-miR-19b-4373098
hsa-miR-342-3p-4395371
hsa-miR-16-4373121
hsa-miR-451-4373360
hsa-miR-372-4373029
hsa-miR-20a-4373286
hsa-miR-378-000567
hsa-let-7g-4395393
hsa-miR-335-4373045
hsa-miR-146b-5p-4373178
hsa-miR-323-3p-4395338
hsa-miR-302b-4378071
hsa-miR-766-001986
hsa-miR-338-5p-002658
hsa-miR-130a-4373145
hsa-let-7e-4395517
hsa-miR-218-4373081
hsa-miR-572-001614
hsa-miR-544-4395376
hsa-let-7d-4395394
hsa-miR-194-4373106
hsa-let-7b-4395446
hsa-miR-638-001582
hsa-miR-374b-4381045
hsa-miR-125a-5p-4395309
hsa-miR-483-5p-4395449
hsa-miR-99b-4373007
hsa-miR-324-5p-4373052
hsa-miR-221-4373077

Fig. 2. Heat map describing the markedly upregulated EV miRNAs
from TLDA. EVs were derived from 3 pooled serum samples of
NSCLC patients and 3 pooled serum samples of controls. Each
pool was consisted of 12 individual samples. Heatmap of pairwise
correlation values of the 6 samples. 37 miRNAs were upregulated
and 33 were downregulated for more than 2-fold.

to these criteria, 13 miRNAs were identified and
selected for individual validation in the screening set
that included 19 NSCLC cases and 19 controls from
Jinling Hospital. We examined the 13 miRNAs in both
plasma and serum samples. Of the 13 miRNAs tested,
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three miRNAs miR-7, miR-181a and miR-573 were
undetectable; ten were detectable in either plasma or
serum EVs, but only miR-520c-3p and miR-1274b
showed uniformly significant increases in EVs from
both plasma and serum (P < 0.05); and the two miR-
NAs were chosen for further study (Fig. 3). In addition,
by comparison, we found that miRNAs in EVs
from serum had higher levels than that from plasma
(Fig. 3). Therefore, we chose serum as the candidate
specimen type for the following experiments.

3.4. Validation of miR-520c-3p and miR-1274b in
serum samples from three different medical
centres

miR-520c-3p and miR-1274b were further validated
in serum of NSCLC patients from three different med-
ical centres that included Jinling Hospital (training
set), Nanjing Drum Tower Hospital (validation set)
and Nanjing Chest Hospital (testing set). Consistent
with the results of the screening set, the levels of miR-
520c-3p and miR-1274b in the three independent sets
were consistently significantly elevated in the NSCLC
patients in comparison with the healthy controls
(P <0.001, Fig. 4).

3.5. Comparison of miR-520¢-3p and miR-1274b
between NSCLC and benign nodules

Furthermore, we analysed miR-520c-3p and miR-
1274b in serum from patients with benign nodules
(n = 31). We observed no significant differences in the
levels of the two miRNAs between benign nodule

patients and healthy controls (Table S3), but miR-
520c-3p and miR-1274b were markedly lower
than those in NSCLC patients (P <0.001 and

P < 0.01) (Fig. 5).

3.6. The levels of miR-520¢c-3p and miR-1274b in
different stages and subtypes

We then analysed the levels of miR-520c-3p and miR-
1274b in different pathological stages and histological
subtypes of NSCLC. The levels of miR-520c-3p and
miR-1274b were significantly increased in clinical stage
I NSCLC patients, and the mean fold change of miR-
520c-3p and miR-1274b was 2.5 and 2.2 in comparison
with the healthy group. In addition, the levels of the
two miRNAs were also obviously increased in other
stages, but there was no significant difference among
the different stages (Table S4). Furthermore, when com-
pared with the healthy group and benign nodules, the
mean fold change of miR-520c-3p was 2.5 and 2.7 in

2444 Molecular Oncology 15 (2021) 2439-2452 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.
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NSCLC adenocarcinoma (AC) patients, 2.9 and 2.9 in patients and 2.1 and 1.6 in SCC patients. Neverthe-
NSCLC squamous carcinoma (SCC) patients, and the less, there was no significant difference of the two miR-
mean fold change of miR-1274b was 2.3 and 1.7 in AC NAs between AC patients and SCC patients (Table S3).
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Fig. 5. Expression levels of miR-520¢-3p (A) and miR-1274b (B) between normal controls, benign nodules patients and NSCLC patients. The
relative expression of miR-520c-3p (A) and miR-1274b (B) was detected in healthy groups (n = 120), benign nodules patients (n = 31) and
NSCLC patients (n = 159). The level of two miRNAs was elevated significantly in NSCLC patients, but there is no difference between
healthy groups and benign nodules patients. P-values were measured by Mann-Whitney independent t-test. ***P < 0.001.

3.7. Prediction of NSCLC cases by ROC curve
analysis

Subsequently, we generated a ROC curve to analyse the
diagnostic value of miR-520c-3p and miR-1274b for
NSCLC in different patient sets. The areas under the
curve (AUCS) of the two miRNAs ranged from 0.790 to
0.895 in the above sets. Additionally, the AUCs of
miR-520c-3p and miR-1274b were 0.819 (95% CI,
0.770-0.868) and 0.788 (95% CI, 0.736-0.880) when all
sets were combined (Tables S5 and S6).

To evaluate the diagnostic value of the two-miRNA
panel, we calculated a risk score and used it to predict
NSCLC case and control status. Because early-stage
NSCLC patients can undergo a complete tumorectomy
and early detection of this cancer will greatly prolong
greatly, therefore, we investigated the diagnostic values
of the miR-panel for stage I and stages II-IV in all cases.
The AUC:s for stage I and stage II-IV were observed to
be 0.845 (95% CI, 0.793-0.829) and 0.881 (95% CI,
0.831-0.932), respectively (Table S6). When the optimal
cut-off value was 2.69, the diagnostic sensitivity of the
panel for stage I NSCLC was 82.3% and the specificity
was 73.9% (Fig. 6B). Furthermore, the AUC of the
two-miRNA panel differentiating NSCLC from benign
nodules was 0.823 (95% CI, 0.730-0.915) (Fig. 6A).

3.8. Changes in miR-520¢-3p and miR-1274b in
NSCLC patients after tumorectomy

Whether miR-520c-3p and miR-1274b in EVs could
dynamically monitor the progression of NSCLC is also

an important factor to weight their clinical value.
Therefore, we compared the levels of miR-520c-3p and
miR-1274b in 38 NSCLC cases before and 7 days after
tumorectomy. We observed that the levels of the two
miRNAs were markedly decreased after surgery
(P <0.001) (Fig. 7).

3.9. Logistic regression analysis of miR-520c-3p
and miR-1274b

We conducted a wunivariate logistic regression
analysis to investigate the risk prediction value of
the two miRNAs for NSCLC. The odds ratios
(ORs) of miR-520c-3p, miR-1274b and the two-
miRNA panel were 10.048 (95% CI, 4.153-24.432),
9.771 (95% CI, 4.036-23.655) and 16.128 (95% ClI,
6.702-38.813), respectively. Then, a multivariate logis-
tic regression analysis was used to investigate the
association between the levels of the two miRNAs
and clinical characteristics of NSCLC patients.
miR-520c-3p, miR-1274b and the two-miRNA panel
were independently associated with NSCLC after
adjusting for gender, age and  smoking  status
(Table S7).

3.10. Majority of serum miR-520¢-3p and miR-
1274b are encapsulated in EVs

To determine whether miR-520c-3p and miR-1274b
are encapsulated inside of EVs or are freely circulat-
ing in serum, the concentrations of these two miR-
NAs in both EVs and EV-free samples of individual
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after operations in NSCLC patients

(n = 38). The expression levels of the two
miRNAs were markedly decreased after
surgery. P-values were measured by
paired t-test. ***P < 0.001.

participant from additional 12 NSCLC patients and
12 age sex-matched controls were then determined by
RT-qPCR. The demographic and clinical of these
patients and controls for EVs and EV-free fractions
separation is shown in Table S8. Consequently, we
found that the mean levels of miR-520c-3p were
markedly higher in serum EV than EV-free samples
in both NSCLC group and control group (Fig. 8A).
Moreover, the levels of miR-1274b were also higher
in EV than EV-free serum in both NSCLC group and
control group (Fig. 8B). Furthermore, the miR-1274b
levels in EV samples were still significant increased in
NSCLC patients when compared with controls
(Fig. 8B). Together, these results can partially prove
that miR-520c-3p and miR-1274b were mainly located
in EVs.

3.11. Target analysis of miR-520c-3p and miR-
1274b by KEGG/GO

We used miRanda [25] to predict the possible target
genes of miR-520c-3p and miR-1274b. The miRanda al-
gorithm predicted that miR-520c-3p could target 7550
genes, miR-1274b could target 6845 genes, and the two
miRNAs co-targeted 3647 genes. We used KEGG
enrichment of mRNAs predicted to be targeted by miR-
520c-3p and miR-1274b to reveal the potential function
of the two miRNAs (Fig. 9A,B). Then, we analysed the
two miRNA co-targeted genes, which were enriched in
pathways in cancer, such as the PI3K-Akt signalling
pathway, MAPK signalling pathway and Ras signalling
pathway (Fig. 9C). GO term enrichment analysis results
varied from GO classification (Fig. 9D.E).
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Regarding biological processes, the co-targeted
genes were significantly enriched in small GTPase-me-
diated signal transduction and regulation of GTPase
activity. For the cellular components, the co-targeted
genes were significantly enriched in cell leading edge and
endosome (Fig. 9F). Regarding the molecular function,
the co-targeted genes were enriched in GTPase binding,
small GTPase binding, Ras GTPase binding and
GTPase activator activity.

4. Discussion

Poor early detection is a major obstacle to improving
the low S5-year survival rates of patients with lung
cancer. Recently, EV miRNAs have been intensively
demonstrated as potential biomarkers to diagnose
tumorigenesis or evaluate prognosis [l4], and
EV miRNA signatures have been reported in NSCLC
[17,21]. Multicentric and repeatable validation studies
are essential for achieving true translation relevance
and advancing EV miRNAs from the bench to clini-
cal practice. In this study, we performed a systematic
analysis of circulating EV miRNA profiling by TLDA
and then conducted repeated validation of candidate
miRNAs in NSCLC patients from three different
hospitals by RT-qPCR. We found that the levels of
miR-520c-3p and miR-1274b were significantly and
steadily increased in stage I NSCLC patients in com-
parison with normal controls. The two-miRNA panel
exhibited high diagnostic accuracy for -early-stage
cases. Moreover, miR-520c-3p and miR-1274b could

ZHONG et al.

Additionally, we observed that the levels of the two

miRNAs obviously decreased after tumorectomy.
Furthermore, forward stepwise logistic regres-
sion analysis  showed that the ~ ORs  of the two
miRNAs and  their panel were higher than  9.97,

which suggests that the two miRNAs are independent
risk factors for NSCLC. Our results
revealed that miR-520c-3p and miR-1274b have poten-
tial to be auxiliary diagnostic tools for then of
NSCLC.

Some studies have detected ‘free-circulating’ miR-
NAs in NSCLC patients [11,12,26,27]. Nevertheless,
miR-520c-3p and miR-1274b have not been previously
identified in ‘free-circulating’ studies of lung cancer.
This is in line with the view that EVs undergo a
unique pathway for the release of nucleic acids from
cells and contain selectively packaged miRNA species,
which suggests that EV miRNAs may be more specific
for disease diagnosis [28]. Moreover, the correlation
between the two miRNAs and prognosis needs to be
investigated further. Finally, longitudinal studies
should be pursued to assess whether miR-520c-3p and
miR-1274b can detect time-critical NSCLC recur-
rences.

It has been reported that the expression level of
miR-520c-3p in nontumour tissues is higher than that
in lung adenocarcinoma tissues. miR-520c-3p may act
as a tumour suppressor to regulate various biologi-
cal processes [29-31]. For instance, miR-520c-3p inhi-
bits the invasion and migration of breast cancer by
targeting IL-8 and suppresses the invasion and migra-

accurately discriminate NSCLC from benign nodules. tion of lung cancer by targeting AKT1 and
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Fig. 9. GO/KEGG enrichment analysis result with a fold change > 2. GO/KEGG enrichment of mRNAs targeted by the two miRNAs. BP
biological process, CC cellular component, MF molecular function. (A) A bubble plot of enriched KEGG pathways (target genes of miR-520c-
3p). (B) A bubble plot of enriched KEGG pathways (target genes of miR-1274b). (C) A bubble plot of KEGG pathways (co-target genes of
miR-520c¢-3p and miR-1274b). (D) A bar plot of GO terms (target genes of miR-520c-3p). (E) A bar plot of GO terms (target genes of miR-

1274b). (F) A bar plot of GO terms (co-target genes of miR-520c-3p and miR-1274b).

AKT?2 [29,32]. miR-1274b was found to be upregu-
lated in human lung adenocarcinoma side popula-
tion cells, which is the root cause of tumour growth
and development [33]. Nonetheless, the function of
miR-1274b has not been clearly elucidated. In this
study, we used a bioinformatics method to predict the
biological function of miR-1274b and found that it
was involved in multiple signalling pathways, such
as the Ras signalling pathway, MAPK signalling path-
way and PI3K-Akt signalling pathway, which are asso-
ciated with tumorigenesis and development.

Adequate specimen type is an essential prerequisite
for accurate test results. In this study, we com-
pared the levels of the selected miRNAs between
plasma and serum in 38 individuals. We found that
the miRNA contents were higher in serum than in
plasma, which is consistent with previously reported
results [23]. Therefore, we chose serum as the specimen
type for further research because a higher content of
miRNAs leads to higher accuracy and less interference
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during testing. The reason why EV miRNAs in serum
are higher than in plasma is not clear. One possi-
ble reason is that platelets release more extracellular
vesicles in serum than in plasma during clot formation,
and the concentration of platelet microparticles in
serum is far higher than that in plasma [34].

EVs isolation methods have been extensively
explored in different biological fluids, such as plasma,
bronchoalveolar lavage and urine samples. Modi-
fied EVs isolation techniques have been applied in
RNA analysis and proteomics analysis [22]. Ultracen-
trifugation, ultrafiltration by nanomembranes, sedi-
mentation by polymers and immunoaffinity capture are
common methods used for EVs isolation. For plasma
and serum, ultracentrifugation is the classic isolation
method but is time-consuming and requires a large sam-
ple volume. The capture of immunoaffinity EVs relies
on the efficiency of the antibody and is currently limited
in the laboratory [35]. The other two methods are com-

mercialized, but sedimentation by polymers has
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more EVs yield than ultrafiltration by nanomem-
branes. For these reasons, sedimentation by polymers is
a better method for clinical application. In our previous
study, we compared several of the most commonly used
commercial EVs isolation kits and found that they
could successfully extract EVs from plasma and serum,
and ExoQuick solution (SBI) had the highest efficiency
of EVs extraction and low albumin impurities [23].
Therefore, in this study, SBI was wused to
extract EVs from blood samples.

5. Conclusions

In summary, we demonstrated that circulating miR-
520c-3p and miR-1274b were elevated in NSCLC
patients compared to healthy people and benign nod-
ule patients, and the levels of the two miRNAs obvi-
ously decreased after tumour resection. The two
miRNAs may be promising and effective biomarkers
for the development of precise tools for early NSCLC
diagnosis.
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