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Impact statement

The high mortality of non-small cell lung
cancer (NSCLC) is mainly because the
cancer has progressed to a more
advanced stage before diagnosis. If
NSCLC can be diagnosed at early stages,
especially stage 0 or |, the overall survival
rate will be largely improved by definitive
treatment such as lobectomy. We herein
validated two novel circulating serum
ExmiRs as diagnostic biomarkers for early-
stage NSCLC to fulfill the unmet medical
need. Considering the number of speci-
mens in this study, circulating serum exo-
somal miR-20b-5p and miR-3187-5p are
putative NSCLC biomarkers, which need to
be further investigated in a larger random-
ized controlled clinical trial.

Abstract

Circulating exosomal microRNAs (ExmiRNAs) provide an ideal non-invasive method for
cancer diagnosis. In this study, we evaluated two circulating ExmiRNAs in NSCLC patients
as a diagnostic tool for early-stage non-small lung cancer (NSCLC). The exosomes were
characterized by gNano, transmission electron microscopy, and Western blot, and the
ExmiRNA expression was measured by microarrays. The differentially expressed miRNAs
were verified by RT-gqPCR using peripheral blood specimens from NSCLC patients
(n=276, 0 and | stage: n=104) and healthy donors (n =282). The diagnostic values were
measured by receiver operating characteristic (ROC) analysis. The results show that the
expression of both ExmiR-20b-5p and ExmiR-3187-5p was drastically reduced in NSCLC
patients. The area under the ROC curve (AUC) was determined to be 0.818 and 0.690 for
ExmiR-20b-5p and ExmiR-3187-5p, respectively. When these two ExmiRNAs were com-
bined, the AUC increased to 0.848. When the ExmiRNAs were administered with either
carcinoembryonic antigen (CEA) or cytokeratin-19-fragment (CYFRA21-1), the AUC was

further improved to 0.905 and 0.894, respectively. Additionally, both ExmiR-20b-5p and ExmiR-3187-5p could be used to dis-
tinguish early stages NSCLC (0 and | stage) from the healthy controls. The ROC curves showed that the AUCs were 0.810 and
0.673, respectively. Combination of ExmiR-20b-5p and ExmiR-3187-5p enhanced the AUC to 0.838. When CEA and CYFRA21-1
were administered with the ExmiRNAs, the AUCs were improved to 0.930 and 0.928, respectively. In summary, circulating serum
exosomal miR-20b-5p and miR-3187-5p could be used as effective, non-invasive biomarkers for the diagnosis of early-stage
NSCLC, and the effects were further improved when the ExmiRNAs were combined.
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Introduction

Lung cancer accounts for 14% of all newly diagnosed cancers
worldwide in 2018." Despite the fact that the rapid develop-
ment of current diagnostic methods and much improved treat-
ment strategies, such as targeted molecular therapies, the
survival rate has not been significantly improved (<15%) for
lung cancer patients.> In current oncology studies, liquid
biopsy has been extensively used in the diagnosis of cancers
and the response measurements of cancer treatments.*™
Liquid biopsy can be used to study circulating tumor cells
(CTC), cell-free non-coding RNAs, cell-free DNA (cfDNA),
and extracellular vesicles (EVs), including exosomes.””

Exosomes are produced by cells and secreted into many
types of human body fluids, such as urine, hydrothorax,
ascites, etc.” ™! Exosomes function as carriers for a variety
of substances such as DNAs, proteins, and other genetic
materials, which play essential roles in the regulations of
their target genes and cells. In recent years, exosomes have
been an emerging focus in scientific cancer research.
Growing evidence has shown that exosomes regulate the
progress and resistance of tumors by modulating a wide
range of pathways.">* Additionally, one of the most prin-
cipal and interesting respects of exosomes is its diagnostic
and/or prognostic potential in the treatment of diseases,
especially malignancies.

MiRNAs are short and non-coding RNAs; dysregulation
of miRNAs is closely related with the derivation and pro-
gression of many diseases, such as cardiovascular diseases,
nervous system diseases, and cancers.'>™"” Increasing stud-
ies have reported that miRNAs are stably contained within
exosomes rather than plasma or serum.'®'” In addition,
exosomal miRNAs often respond differently to different
pathological conditions, which directly reflect the physio-
logical status of originally derived cells. Hence, exosomal
miRNAs have been proposed as non-invasive diagnostic
biomarkers for cancer.’"??> In colorectal cancer patients,
poor prognosis is found to be related with the decreased
expression of exosomal miR-150-5p in serum, suggesting it
may be used in colorectal cancer diagnosis and prognosis.?
Ma et al.'° revealed that, in neuroblastoma patients, exoso-
mal hsa-miR199a-3p shows an increased expression, which
in turn promotes tumor proliferation and migration, indi-
cating that it may be applied as a diagnostic biomarker for
neuroblastoma. Compared with chronic pancreatitis (CP)
patients, the relative expression of ex-miR21 and ex-miR-
155 is dramatically elevated in pancreatic ductal adenocar-
cinoma (PDAC) patients, indicating these two Ex-miRNAs
may be applied as diagnostic biomarkers for PDAC.*

The clinical significance of circulating serum exosomal
miRNA-20b-5p and miRNA-3187-5p as biomarkers in
NSCLC patients has yet to be investigated. In this study,
we evaluated the expression signature and diagnostic
power of these Ex-miRNAs in early-stage NSCLC patients.

Materials and methods

Patients, sample preparation, and study design

A total of 276 NSCLC patients (stage 0-1, # =104 and stage
[I-1V, n=172) and 282 healthy controls from Shandong

Cancer Hospital Affiliated to Shandong First Medical
University were enrolled between April 2019 to July 2019.
All the enrolled patients had not received any treatment
before sampling. The healthy control was selected from a
healthy population who participated in the physical exam-
ination. Pathological and clinical characteristics of patients,
such as gender and age, were obtained from the patients’
records (Table S1). The participants who had a history of
any tumor disease were excluded, as well as those with
increased levels of serum tumor markers (Table S2).

Approximately 4 mL peripheral blood from each patient
and healthy donor was collected and stored in separating
gel coagulating-promoting tubes. Within 1 h, the serums
were centrifuged at 1000 x g at 4°C for 10min and stored
at —80°C.

A four-phase study was conducted to obtain serum exo-
somal miRNAs for the diagnosis of early-stage NSCLC. In
the screening phase, differentially expressed ExmiRNAs
was identified between one pool of healthy control (HC)
and two pools of NSCLC samples (five peripheral serum
samples from the healthy control, five non-metastatic
NSCLC patients, and five metastatic NSCLC patients)
using microarray. Five samples were combined together
as one pool sample. A total of 28 miRNAs (19 down-
regulated and nine up-regulated, Table 1) were selected
using the criteria of >2.0-fold difference. In the training
stage, these 28 dysregulated ExmiRNAs were determined
by qRT-PCR using 48 HCs and 48 NSCLC samples. In the
testing stage, the identified ExmiRNAs were validated in
serum exosome samples of 72 HCs and 72 NSCLC patients.
In the last stage, 318 samples (162 controls and 156 NSCLC)
were collected to further evaluate the ExmiRNAs in
NSCLC.

Isolation of exosomes

The exosomes were collected by ultracentrifugation accord-
ing to the procedure described previously.”” In summary,
the serum was thawed on ice, and subject to centrifugation
at 10,000 x g at 4°C for 30 min. Then, the exosomes were
isolated by ultracentrifuge at 100,000 x g at 4°C for 2h.

Characterization of exosomes

The size and distribution of the nanoparticle were detected
on a qNano (New Zealand) according to the operation
manual, which was then analyzed using the Izon Control
Suite. Then, exosomes samples (15pL) were added on a
formvar-coated copper grid. The remaining liquid was
removed using a filter paper, and the exosomes were
stained in 15uL 2% uranyl acetate staining solution at
20°C for 1min. After wiping off the excessive liquid, the
copper grid was baked for 10 min. Then, the exosomes were
observed on a FEI Tecnai T20 transmission electron micro-
scope (FEI Company, USA).

Western immunoblotting was performed using rabbit
primary antibodies against GM130, TSG101 and CD9 at
4°C, respectively. The PVDF membrane was then incubated
with HRP-conjugated secondary antibodies for 1h at 20°C.
The ECL blotting detection reagent (Bio-Rad, USA) was
used for the visualization of the immunoreactive bands.
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Table 1. miRNAs expression profiling (9 up-regulated and 19 down-regulated).

miRNA Fold change Description miRNA Fold change Description
hsa-miR-764 3.9459 Up hsa-miR-26b-5p 0.3113 Down
hsa-miR-520c-3p 3.8483 Up hsa-miR-5197-5p 0.3084 Down
hsa-miR-936 3.1372 Up hsa-miR-3136-3p 0.3048 Down
hsa-miR-593-3p 2.8005 Up hsa-miR-107 0.3008 Down
hsa-miR-522-3p 2.7530 Up hsa-miR-146a-5p 0.2972 Down
hsa-miR-204-3p 2.3536 Up hsa-miR-185-5p 0.2721 Down
hsa-miR-588 2.1621 Up hsa-miR-103a-3p 0.2712 Down
hsa-miR-96-3p 2.1256 Up hsa-miR-375 0.2622 Down
hsa-miR-642a-5p 2.0915 Up hsa-miR-186-5p 0.2554 Down
hsa-miR-335-3p 0.4292 Down hsa-miR-491-3p 0.2531 Down
hsa-miR-425-5p 0.3811 Down hsa-miR-4764-3p 0.2413 Down
hsa-miR-320a 0.3643 Down hsa-miR-20b-5p 0.2387 Down
hsa-miR-30c-5p 0.3313 Down hsa-miR-502-3p 0.2335 Down
hsa-miR-126-5p 0.3236 Down hsa-miR-3187-5p 0.1324 Down

RNA isolation

All experiments were conducted in an RNase-free area. The
total RNAs were isolated using the TRIzol reagent (CA,
USA). The RNAs was quantified using a NanoDrop spec-
trophotometer (MA, USA). Then, complementary DNA
(cDNA) was obtained by reverse-transcription using the
Mix-X miRNA first strand synthesis kit (Kusatsu, Japan).

MiRNA profiling and data analyses

Serum exosomal RNAs were extracted from 5 additional
healthy controls and 10 NSCLC patients. The samples
were hybridized onto a miRCURYTM LNA array (v.19.0),
after the exosomal RNAs were labeled by the miRCURY™
Hy3™/Hy5™ power labeling kit (Vedbaek, Denmark),
The expression data were normalized using the miRNAs
with intensities >30. The significantly differentially
expressed miRNAs were obtained using the criteria of
fold change >2.0. MiRNA expression levels between the
samples were distinguished by hierarchical clustering.

MicroRNA detection by real-time PCR

RT-PCR was performed on the Roche LightCycler480
System (Basel, Switzerland). The relative expression of
miRNAs was calculated using the following equation,
ACT = CtmiRNA-CtU6, as described previously.26 Each
experiment was performed in triplicate with U6 as an inter-
nal control.?’

Statistical analyses

Statistical analyses were performed by GraphPad Prism 6.0
(CA, USA) and SPSS 22.0 (Ehningen, Germany). The
Mann-Whitney unpaired test and paired t-test were used
to validate different miRNAs among groups. The paired-
samples t test and > test were employed to evaluate the
relationship between miRNAs and clinical characteristics.
The diagnostic power of the candidate predictors was cal-
culated by receiver operating characteristic (ROC) and area
under the curve (AUC). A P-value of < 0.05 was considered
to be statistically significant.

Results

Identification of exosomes

The size of exosome nanoparticles was distributed between
50nm and 150 nm in diameter as shown by the qNano anal-
ysis (Figure 1(a)). Similarly, the exosomes exhibited a spher-
ical morphology with a diameter of 50-150nm (Figure 1
(b)). Two well-known markers, TSG101 and CD9,” were
detected in the exosomes but absent in cells as revealed
by Western blot analysis (Figure 1(c)). However, the nega-
tive control, GM130, was only found in the cells. These
results indicated that the exosomes were successfully
obtained by ultracentrifugation.

Exosomal miRNA profiling

According to the raw exosomal miRNA expression profile,
a total of 1937 differentially expressed ExmiRNAs were
screened, among which, 28 (nine up-regulated and 19
down-regulated, Table 1) were selected using the criteria
of >2.0-fold difference between the healthy donors (H)
and NSCLC patients (C) (Figure 2).

Correlations between exosomal miRNAs and clinical
pathological and clinical characteristics

The relationships between the clinical pathological and
clinical characteristics of NSCLC patients and the expres-
sion of ExmiRNAs are summarized in Table 2. Neither miR-
20b-5p nor miR-3187-5p had correlation with gender, age,
smoking, drinking, lymph node metastasis, histological
type, and distant metastasis.

Exosomal miR-20b-5p and miR-3187-5p for diagnosis
of NSCLC

The expression of the exosomal miRNAs was verified in
both serum exosomes and cells by qPCR. Out of 28 selected
miRNAs, 16 were not further studied because of low spe-
cificity of the primers. The other 12 miRNAs were further
verified using a larger set of samples (Table S3). Among
these miRNAs, miR-20b-5p and miR-3187-5p were greatly
down-regulated (P <0.0001), both of which showed
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Figure 1. Characteristics of the exosomes. (a) Size distribution of the exosomes (50-150 nm in diameter). (b) Representative exosomes with a diameter of 50-150 nm
from NSCLC patients by transmission electron microscopy (high voltage (HV) =20 kV; scale bar: 100 nm). (c) Western blot of TSG101 and CD9, and GM130.
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Figure 2. Exosomal miRNAs from NSCLC patients. The down-regulated and up-regulated miRNAs are shown in green and red, respectively. (A color version of this

figure is available in the online journal.)

differential expressions between healthy controls and
NSCLC patients (Figure 3(a) and (b)). The diagnostic
power of these two ExmiRNAs was evaluated by the
ROC curve, which showed that the AUC was 0.818 (95%
CI: 0.784-0.853) and 0.690 (95% CI: 0.646-0.733) for miR-
20b-5p and miR-3187-5p, respectively (Figure 3(c) and
(d)). Combining the results of miR-20b-5p and miR-3187-
5p could improve the AUC to 0.848 (95% CI: 0.817-0.880)
(Figure 3(e)). Furthermore, both ExmiR-20b-5p and miR-
3187-5p had a significant correlation with early stage
NSCLC (0 and I stage, n=104) compared to the controls
(P <0.0001) (Figure 4(a) and (b)). AUCs were 0.810 (95% CI:
0.764-0.865) and 0.673 (95% CI: 0.617-0.728) for miR-20b-5p
and miR-3187-5p, respectively (Figure 4(c) and (d)). Using
the combination of miR-20b-5p and miR-3187-5p, the AUC
was improved to 0.838 (95% CI: 0.794-0.881) (Figure 4(e)).

Diagnostic value of the combination panel of exosomal
miRNAs with conventional biomarkers

We further assessed the effects of CYFRA21-1 and CEA
with  ExmiR-20b-5p and miR-3187-5p on the
diagnostic power for NSCLC. As shown in Figure 5(a)
and (b), diagnosis of NSCLC was greatly improved by
using CEA in combination with ExmiR-20b-5p and
ExmiR-3187-5p, and the AUC was increased to 0.905 (95%
CIL: 0.880-0.929) in 282 healthy donors and 276 NSCLC
patients. Similarly, combination of ExmiR-20b-5p, ExmiR-
3187-5p, and CYFRAZ21-1 also improved the diagnosing
power of NSCLC, and the AUC was increased to 0.894
(95% CI: 0.868-0.920). In Figure 5(c) and (d), combination
of exosomal miR-20b-5p, miR-3187-5p, and CEA for diag-
nosis of early-stage NSCLC was evaluated, which showed
that the AUC was increased to 0.930 (95% CI: 0.900-0.959)
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Table 2. Characteristics of NSCLC patients for differentially expressed ExmiR-20b-5p and miR-3187-5p.

miR-20b-5p miR-3187-5p
Median with interquartile Median with interquartile
Characteristic No. cases range P-value range P-value
Age (year) <62 145 3.9400 (3.2650-4.7125) 0.6691 3.2250 (2.4750-3.9000) 0.2207
>62 131 4.1200 (3.4250-4.7600) 3.0100 (2.4225-3.6800)
Gender Male 162 4.4125 (3.4500-4.7200) 0.2399 3.2275 (2.5550-3.8550) 0.0801
Female 114 3.9025 (3.2100-4.7550) 3.0725 (2.4150-3.5350)
Histological SCC 63 3.9500 (3.5050-4.6900) 0.6935 3.2250 (2.6125-3.8000) 0.4299
type AD 197 4.0050 (3.2925-4.7200) 3.1300 (2.4150-3.7525)
Others 16
Smoking Smoker 142 4.1125 (3.4000-4.7200) 0.4552 3.2850 (2.5800-3.8250) 0.0859
history Non-smoker 134 3.9375 (3.2650-4.7550) 3.0125 (2.4150-3.5600)
Drinking Drinker 90 4.1000 (3.3250-4.9400) 0.3899 3.2000 (2.3900-3.7350) 0.4626
history Non-drinker 186 3.9825 (3.3600-4.6650) 3.1200 (2.4900-3.8100)
Lymph node Yes 130 3.9425 (3.2000-4.7050) 0.3056 3.0775 (2.4100-3.7300) 0.4324
metastasis No 139 4.1150 (3.4200-4.7200) 3.2050 (2.5650-3.7750)
Unknown 7
Distant metastasis Yes 190 3.9825 (3.4150-4.7150) 0.7788 3.0825 (2.4150-3.6800) 0.1992
No 80 4.0900 (3.2075-4.7200) 3.3050 (2.5675-3.9100)
Unknown 6

SCC: squamous cell carcinoma; AC: adenocarcinoma.

in 104 early-stage NSCLC patients (0+I stage) and 282
healthy donors. Similarly, the combination of exosomal
miR-20b-5p, miR-3187-5p, and CYFRA21-1 was evaluated,
and the results show that the AUC was increased to 0.928
(95% CI: 0.896-0.959).

Discussion

The development of lung cancer is not only driven by
genetic changes of neoplasm, but also regulated by other
mechanisms, one of which is through cell interactions in the
tumor microenvironment.'>*® Exosomes, specially the
enclosed miRNA contents, have significant effects on cell-
to-cell communication.” Emerging studies have demon-
strated that exosomes function in lung cancer initiation,
progression, and metastasis. Thus, ExmiRNAs could be
used as potential no-invasive biomarkers for NSCLC.

It has been found that the expression levels of plasma
miRNA-23a and miRNA-21 are significantly different
between patients with different histological grades of
lung adenocarcinoma, suggesting they may be used as
prognostic biomarkers for lung adenocarcinoma.*® We con-
ducted correlation analysis between serum ExmiRNAs and
different clinical and pathological characteristics, such as
age, drinking, histological type, etc. However, the expres-
sion level of ExmiR-20b-5p and ExmiR-3187-5p showed no
significant difference among NSCLC patients with different
pathological and clinical characteristics (P > 0.05).

In our study, we investigated the vital role of serum
exosomal miRNAs. We observed the expression of
ExmiR-20b-5p and ExmiR-3187-5p was greatly decreased
in NSCLC patients compared with that of the controls,
reflecting their role in tumor suppression during the devel-
opment of NSCLC.

MiR-20b-5p has been reported for its roles in inflamma-
tion, immunity and, in particular, human rnalignancies.é'31

A four-miRNA panel, including miR-20b-5p, has been
found as a diagnostic biomarker for patients with breast
cancer.”” Reduced expression of miR-20b-5p attenuates
apoptosis by up-regulating Mcl-1, thereby promoting the
survival of M. tuberculosis in RAW 264.7 macrophages,
which may be a potential treatment for tuberculosis.” A
previous study has found that five serum miRNAs show
elevated expressions in esophageal squamous cell carcino-
ma (ESCC), which may also be employed as diagnostic
markers for ESCC.2* Taken together, these studies reveal
the oncogenic features of miR-20b-5p. In our study, the
expression of ExmiR-20b-5p was greatly down-regulated,
which could be used to distinguish healthy controls from
NSCLC patients, especially the patients with 0 and I stage
NSCLC.

miR-3187-3p has been linked to carcinogenesis by a
number of studies. However, no report has shown that
miR-3187-5p plays a similar function. In previous
studies, exosomal miR-3187-3p can reduce the responses
of T-cell through down-regulating TCR signaling and low-
ering the secretion of cytokines and granzyme B, suggest-
ing that melanoma-derived exosomal miRNAs facilitate
immune escape and can be employed as a therapeutic
target.>> In addition, down-regulation of miR-3187-3p is
found to be related with shorter recurrence-free survival
(RFS) of nonmuscle-invasive bladder cancer.®® In our
study, we demonstrated that the expression of ExmiR-
3187-5p was significantly reduced in NSCLC patients,
which could be used to distinguish from the healthy
controls.

Many reports confirmed that circulating miRNAs
(CmiRNAs) are more stable in vesicles such as exosomes.
Moreover, miRNAs are highly increased in exosomes in
plasma and serum.”” A study conducted by Tanaka et al.'®
demonstrated that CmiR-21 stems from exosomes.
However, after exosomes were extracted, the expression
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of miR-21 was evidently higher in exosomes. These find-
ings indicate ExmiRs are more suitable as diagnostic
markers than CmiRs and provide a theoretical basis for
precise assessment of the clinical diagnostic power of
serum ExmiRNAs in NSCLC.

Elevated levels of serum ExmiR-20b-5p and ExmiR-
3187-5p (with an AUC of 0.818 and 0.690, respectively)
were observed in NSCLC patients, indicating these
ExmiRNAs might be used as non-invasive circulatory

biomarkers for the early detection of NSCLC patients, espe-
cially in stage 0 and I. Therefore, if patients with NSCLC are
identified and diagnosed early, there will be more treat-
ment options, which will ensure better overall survival of
NSCLC.

Serum biomarkers for NSCLC, such as CEA, CA125,
NSE, CYFRA21-1, and CA153, have been widely studied
and applied in clinical practices. Among them, CEA and
CYFRA21 have been commonly investigated for lung
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cancer.”® The combination of CEA with CYFRA 21 greatly
improves the diagnosis power of lung cancer.”* However,
no effective biomarker has been discovered for the diagno-
sis of early-stage NSCLC probably because the biomarkers
such as CYFRA21-1 and CEA have only been revealed as
meaningful prognostic markers to measure the therapeutic
effects or metastasis and recurrence. Our study showed
that CEA and CYFRA21-1 could be combined for the diag-
nosis of early-stage NSCLC patients. These two ExmiRNAs
(miR-20b-5p and miR-3187-5p) in combination with CEA

and CYFRAZ21-1 could improve the diagnostic power for
early-stage NSCLC to 0.930 and 0.928, respectively. In sum-
mary, our study provided a new method for effective diag-
nosis of early-stage NSCLC.

Our study provides the first survey of serum ExmiR-
20b-5p and ExmiR-3187-5p as biomarkers for NSCLC.
Considering the size of the specimens in our study, the
results we obtained were convincing. However, the present
study has several limitations. On the one hand, due to the
lack of long-term clinical follow-up data, we could not
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Figure 5. Diagnostic value of the combination of miR-20b-5p, miR-3187-5p, serum CEA, and CYFRA21-1 for NSCLC. (a) Combination of miR-20b-5p, miR-3187-5p,
and CEA for NSCLC. (b) Combination of miR-20b-5p, miR-3187-5p, and CYFRA21-1 for NSCLC. (c) Combination of Exosomal miR-20b-5p, miR-3187-5p, and CEA for
diagnosing early-stage NSCLC. (d) Combination of miR-20b-5p, miR-3187-5p, and CYFRA21-1 for diagnosing early-stage NSCLC. (A color version of this figure is

available in the online journal.)

evaluate the prognostic power of ExmiR-20b-5p and
ExmiR-3187-5p. On the other hand, this study focused on
healthy donors and NSCLC patients, but did not include
cases with benign lung diseases, such as pneumonia, pul-
monary fibrosis, etc. A further analysis that includes
patients with those diseases should be conducted to dem-
onstrate if these biomarkers could be used to distinguish
NSCLC patients from healthy individuals and patients
benign lung diseases.

In conclusion, down-regulation of circulating ExmiR-
20b-5p and ExmiR-3187-5p was critical for the diagnosis
of NSCLC, especially the early-stage NSCLC (0 and I
stage). Combination of these two ExmiRs could improve
the diagnostic power. These serum exosomal miRNAs
might be used as a new strategy for the diagnosis of
early-stage NSCLC.
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