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Abstract \
Background: Recent studies have demonstrated that microRNAs (miRNAs) in the blood circulation can serve as promising
diagnostic markers for cancers. This four-stage study aimed at finding serum miRNAs as potential biomarkers for lung
adenocarcinoma (LA) diagnosis.

Methods: The study was carried out between 2016 and 2017. The Exiqon miRNA qPCR panel (3 LA vs. 1 normal control [NC]
pooled serum samples) was used for initial screening to acquire miRNA profiles. Thirty-five dysregulated miRNAs were further
evaluated in the training (24 LA vs. 24 NCs) and testing stages (110 LA vs. 110 NCs) using quantitative real-time polymerase chain
reaction assays.

Results: Four serum miRNAs (miR-133a-3p, miR-584-5p, miR-10b-5p, and miR-221-3p) were significantly overexpressed in LA
patients compared with NCs. The diagnostic value of the four-miRNA panel was validated by an external cohort (36 LA vs. 36
NGCs). The areas under the receiver operating characteristic curve of the four-miRNA panel in the training, testing, and external
validation stages were 0.734, 0.803, and 0.894 respectively. Meanwhile, the expression level of miR-221-3p was much higher in LA
tumor samples than that in the adjacent normal tissues (19 LA vs. 19 NCs). The expression level of miR-10b-5p was also elevated in
the serum-derived exosomes samples (18 LA vs. 18 NCs). The expression of miR-133a-3p, miR-584-5p, and miR-10b-5p was
significantly elevated in LA patients with epidermal growth factor receptor mutation compared with NCs.

Conclusion: The study established a four-miRNA signature in serum that could improve the diagnostic capability of LA.
Keywords: Serum microRNA; Lung adenocarcinoma; Diagnostic biomarker; Exosomes; Epidermal growth factor receptor

Introduction been recommended as an effective tool in the early detection
of lung cancer. However, the extra radiation exposure, high
misdiagnosis rate, and costly inspection fee restricted its
wide application.!* The protein biomarkers such as carcino-
embryonic antigen, cytokeratin-19-fragment (CYFRA21-1)
have limited sensitivity and specificity, which restricted their
further application in NSCLC detection.®! Thus, it is pivotal
to discover novel non-invasive biomarkers with high
diagnostic power for NSCLC.

Lung cancer is the most lethal disease worldwide and has
two main histological types: non-small-cell lung cancer
(NSCLC) and small-cell lung cancer,! with NSCLC
representing 80% to 85%.1! If NSCLC is discovered at
an early stage, surgical resection can offer a satisfying
prognosis, with a 5-year survival rate of 70% to 90% for
stage I patients.*! However, approximately 75% of patients
have advanced diseases (stage ITII/IV) at the time of diagnosis
for the lack of early symptoms. Although signiﬁcgnt MicroRNAs (miRNAs) are a class of small (21-23
developments have been achieved in the oncological nucleotides) and highly conserved non-coding RNAs.
management of advanced-stage lung cancer in recent years, Acting through translational inhibition or degradation of

tEe Pf1 ng(;loslis 1 55111 poor Wlfhj S-year surﬁ/lVal rate of llfss messenger RNA tarlgets, miRNAs are essential regulators of
than 1570. Low dose computed tomograpily SCreening has — gene expression.'”! Accumulating evidence has proved that

circulating miRNAs are reliable non-invasive biomarkers
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for various cancers, including NSCLC."®"!) However, the
results so far are inconsistent. Lung adenocarcinoma (LA) is
the most common histological subtype of NSCLC.!"?! The
molecular profiling characteristics drawn by the Cancer
Genome Atlas project revealed the different genomic profiles
between LA and lung squamous cell carcinoma which
provided the foundation for NSCLC classification.!"?!
Moreover, NSCLC patients with point driver mutations
can greatly benefit from personalized targeted therapy. By
now, the most common driver mutation in NSCLC is the
mutant activation of the epidermal growth factor receptor
(EGFR). More than 70% of NSCLC patients carrying the
point mutation in exon 21 (p.L858R) or deletion in exon 19
achieved a favorable response to tyrosine kinase inhibitors
of EGFR (EGFR-TKIs) treatment.!"* Several circulating
miRNAs have been reported as a potential supplement to
genetic testing and could predict the response to EGFR-
TKIs, which further emphasized the critical roles of
circulating miRNAs in LA.[">'®/ In a previous study, we
had developed a six-miRNA signature in plasma for the
diagnosis of LA.”) Here, we further explored miRNA
expression in serum to identify a specific serum miRNA
signature that might be used as a non-invasive biomarker for
LA diagnosis.

Methods

Ethical approval

The study was conducted with the approval of the
Institutional Review Board and the Ethics Committee of
the First Affiliated Hospital of Nanjing Medical University
(ID: 2016-SRFA-148).
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Patient selection and study design

Our study enrolled 170 LA patients and 170 healthy
individuals (as normal controls [NCs]) between 2016 and
2017 from the First Affiliated Hospital of Nanjing Medical
University and Jiangsu Cancer Hospital. All the LA
patients were accurately diagnosed by pathology evidence.
Briefly, only tumors with clear morphologic features of
adenocarcinoma or supported by specific immunohisto-
chemical stains (ie, thyroid transcription factor-1 positive)
were included in this study. Patients who met any of the
following exclusion criteria were excluded from the
experiment: (i) metastasis of other cancers confirmed by
judicious immunohistochemical stains and clinical evalua-
tion; (ii) LA patients who had received clinical treatment
(ie, chemotherapy, radiotherapy, surgery, immunothera-
py) before the study; (iii) patients without informed
consents or considered to be unsuitable for the experiment.
The clinical and histopathological baseline data including
age, sex, smoking status, histologic classification, tumor
location, and tumor nodes metastases (TNM) stage (based
on the seventh edition American Joint Committee on
Cancer) were collected from each patient retrospectively.

The experimental process was separated into four phases
[Figure 1]. In the screening stage, 30 serum samples from
LA patients and ten from NCs were randomly selected. Per
ten serum samples were combined to get three LA and one
NC pooled serum samples. Exiqon miRCURY-Ready-to-
Use PCR-Human-panel-I+II-V1.M (Exiqon, Vedbaek,
Denmark) was used to initially select the differentially
expressed miRNAs in LA according to our previous
study.””! In the next training stage, the dysregulated
miRNAs identified in the screening stage were examined by

Screening phase: Exiqon panel
(3 LA pools vs. 1 NC pool)

<
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Exploration in exosomes: qRT-PCR
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Exploration in EGFR

Identification in
tissues: qRT-PCR
(19 LA vs.19 NCs)

External validation phase: qRT-PCR
(36 LA vs. 36 NCs)

mutation samples: qRT-PCR
(9 mutant samples vs. 5 wild-type samples)

Figure 1: Flow chart of the experiment design. EGFR: Epidermal growth factor receptor; LA: Lung adenocarcinoma; mi-RNA: MicroRNA; NC: Normal control; gRT-PCR: Quantitative real-time

polymerase chain reaction.
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quantitative real-time polymerase chain reaction (qRT-
PCR) in the serum samples of 24 LA and 24 NCs. In the
following testing stage, the selected miRNAs were confirmed
in 110 LA patients and 110 NCs. The identified miRNA
panel was validated in an external cohort of 36 LA patients
and 36 NCs. The expression levels of these identified
miRNAs were also evaluated among tissue (19 LA vs. 19
NCs) and serum exosomes samples (18 LA vs. 18 NCs).

Sample preparation

Venous blood samples (5 mL) were collected and stored in
a serum separator tube. Then, the cell-free serum sample
was separated from whole blood within 6 h by
centrifugation at 2000 xg for 10 min, and then kept at —
80°C for further usage. Liquid nitrogen was used to store
tissue specimens.

Isolation of exosomes

With the usage of ExoQuick™ (System Biosciences, Palo
Alto, CA, USA), exosomes were isolated from serum in
accordance with the manufacturer’s protocol. Exosome
granules extracted from 200 pL serum and 50 pL
ExoQuick exosome precipitation solutions were dissolved
in 200 pL RNase-free water until further usage.

RNA extraction

The mirVana PARIS Kit (Ambion, Austin, TX, USA) was
utilized to extract total RNA from 200 pL serum or
exosomes according to the manufacturer’s protocol. The §
1L of synthetic Caenorhabditis elegans miR-39 (5 mmol/L;
RiboBio, Guangzhou, China) was spiked into each sample
normalization. Trizol (Invitrogen, Carlsbad, CA, USA)
was utilized to extract total RNA from tissue specimens.
RNA was eluted with 100 pL RNase-free water and stored
at —80°C for further processing. The concentration and
purity of the RNA samples were quantified by the
ultraviolet spectrophotometer.

qRT-PCR

The expression of each miRNA was quantified in triplicate
with the specific primers of reverse transcription (RT) and
polymerase chain reaction (PCR) (RiboBio). The processes
of RT and PCR were carried out as described in our previous
study.'”"”1 A LightCycler 480 (Roche 480, Penzberg,
Germany) real-time thermal cycler was used to amplify and
detect miRNA expression with SYBR Green dye. The
melting analysis was added to assess our PCR products’
specificity. The 2724 method relative to the combination of
cel-miR-39 and endogenous reference gene (miR-103a-3p)
was used to calculate the expression of serum and exosomal
miRNAs (ACt = Ct RNA 1/2(Ctcer-mir-39 + Clmir-103a-3p5
Ct: cycle thlreshold).lijio miRNA expression in tissue samples
was determined using the 2"**“ method relative to RNU6B
(U6) and cel-miR-39.

Statistical analysis

We compared the miRNA expression levels between the
two groups using the Mann-Whitney U test. Multiple
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logistic regression analysis was used to construct the
miRNA panel. The association between miRNAs and the
clinical characteristics was evaluated by the one-way
analysis of variance or Chi-square test. Receiver operating
characteristic (ROC) curves and the area under the ROC
curve (AUC) were evaluated to estimate the diagnostic
performance of the identified miRNA panel. SPSS software
(version 23.0, IBM, Chicago, IL, USA) and GraphPad
Prism 7.0 (GraphPad Software, San Diego, CA, USA) were
used for statistical analyses and graph construction. A two-
sided P value < 0.05 was considered to be statistically
significant.

Results

Characteristics of patient samples

The study enrolled 170 LA patients and 170 NCs in a
whole. Their clinicopathological characteristics in the
training, testing, and external validation stage were listed
in Table 1. There was no significant difference in the
distribution of age, gender, or smoking status between LA
patients and NCs in each stage (P > 0.05).

Discovery of candidate miRNAs from pooled samples

To select candidate miRNAs for LA diagnosis, we
examined miRNAs profiles from three LA and one NC
pooled serum samples with Exiqon miRCURY-Ready-to-
Use PCR-Human-panel-I+II-V1.M. This panel can detect
the expression of 168 miRNAs which are relatively higher
expressed in blood circulation. The miRNAs with a Ct §
lower than the negative control or at least 1.5-fold altered
expressed were included. Furthermore, miRNAs with
limited expression levels (Ct-value > 37) were removed
from the candidate list. As a result, 35 miRNAs were
selected as candidate miRNAs for further examination via
qRT-PCR [Supplementary Table 1, http://links.lww.com/
CM9/A330].

Evaluation of stable internal reference genes

Hemolysis would limit the application of certain
miRNAs as disease biomarkers. Therefore, our study
evaluated two hemolysis markers (miR-23a, miR-451) in
serum samples.”! In this study, a ACt (Ctmir-23a —
Ctmir-451) greater than 5 indicated a high risk of
hemolysis.””"! Samples with high hemolysis probability
would be filtered out. The result turned out that the
expression levels of miR-23a and miR-451 were not
altered between serum samples of NSCLC and NCs
[Supplementary Table 2, http:/links.lww.com/CM9/
A330]. MiR-16-5p**?3! and miR-103a-3p****! were
potential internal reference genes according to previous
studies. However, the expression of serum miR-16-5p
was unstable between LA patients and NCs [Supplemen-
tary Figure 1, http:/links.lww.com/CM9/A331]. There-
fore, miR-103a-3p was selected as the endogenous
reference gene in this study. Both two miRNAs were
not stable enough to act as internal reference genes in

serum exosomes [Supplementary Figure 2, http:/links.
Iww.com/CM9/A331].
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Table 1: Characteristics of the 170 lung adenocarcinoma patients and 170 normal controls enrolled in the study.

Training stage

Testing stage External validation stage

Cases Controls Cases Controls Cases Controls

Variables (n=24) (n=24) (n=110) (n=110) (n=136) (n=36)
Age

<60 years 9 (37.5) 11 (45.8 42 (38.2) 45 (40.9) 23 (63.9) 22 (61.1

>60 years 15 (62.5) 13 (54.2) 61.8) 65 (59.1 13 (36.1) 14 (38.9
Sex

Male 12 (50.0) 11 (45.8) 51 (46.4) 55 (50.0 14 (38.9) 12 (33.3

Female 12 (50.0 13 (54.2 59 (53.6) 55 (50.0 22 (61.1) 24 (66.7
Smoking

Current smokers 8 (33.3) 7 (29.1) 30 (27.3) 31 (28.2) 10 (27.8) 11 (30.5)

Former smokers 2 (8.3) 3 (12.5) 19 (17.3) 20 (18.2) 4 (11.1) 2 (5.6)

Non-smokers 14 (58.4) 14 (58.4) 61 (55.4) 59 (53.6) 22 (61.1) 23 (63.9)
TNM stage

I 11 (45.8) 47.3) 21 (58.3)

I 9 (37.5) 26 (23.6) 10 (27.8)

I 4 (16.7) 13.6) 5 (13.9)

v - 15.5) -
Lymph node

Negative 15 (62.5 71 (64.5 23 (63.9)

Positive 9 (37.5 39 (45.5 13 (36.1)
Differentiation

Well-moderate 19 (79.2) 80 (72.7 15 (41.6

Poor 5(20.8) 30 (27.3 21 (58.4)
Location

Upper-left 4 (16.7) 27 (24.5) 12 (33.3)

Lower-left 7 (29.2) 12 (10.9) 5(13.9)

Upper-right 9 (37.5) 41 (37.3) 13 (36.1)

Middle-right 1(4.2) 16 (14.5) 2 (5.5)

Lower-right 3(12.4) 14 (12.8) 4 (11.2)
General type

Peripheral 16 (66.7 64.5) 29 (80.5

Central 8 (33.3) 39 (35.5) 7 (19.5)
Histologic classification

Nodular 12 (50.0) 58 (52.7) 17 (47.2)

Lump 7 (29.2) 32 (29.1) 13 (36.1)

Spheroidal 5(20.8) 20 (18.2) 6 (16.7)
Tumor size (cm)

<3cm 15 (62.5) 61 (55.5) 23 (63.9)

>3 cm, <5cm 5 (20.8) 24 (21.8) 10 (27.8)

>5cm, <7 cm 3 (12.5) 16 (14.5) 3 (8.3)

>7cm 1(4.2) 8.2) -

Confirmation of candidate serum miRNAs by qRT-PCR

Based on the qRT-PCR analysis, the candidate miRNAs
chosen in the screening phase were further validated in the
training phase (24 LA vs. 24 NCs). Nine miRNAs that
demonstrated differential expression were tested in the
testing phase (110 LA ws. 110 NCs). In this larger cohort,
four (miR-133a-3p, miR-584-5p, miR-10b-5p, and miR-
221-3p) of the nine miRNAs demonstrated consistent up-
regulation (P < 0.05). The expression level of the identified
miRNAs was further validated in an independent cohort of
36 LA patients and 36 NCs. All the miRNAs were up-
regulated with fold change >2 compared with NCs
[Supplementary Table 3, http:/links.Iww.com/CM9/
A330]. What’s more, when the data of the three cohorts

were combined, the four miRNAs showed consistently
higher expression in the serum samples of LA patients than
NGCs [Figure 2].

Diagnostic value of the candidate miRNAs

The diagnostic accuracy of the four candidate miRNAs in
serum was measured by ROC curves. When the data of
training, testing, and external validation stages were
combined, the corresponding AUCs were 0.754, 0.652,
0.713, and 0.668 for miR-133a-3p, miR-584-5p, miR-
10b-5p, and miR-221-3p, respectively [Supplementary
Figure 3, http:/links.lww.com/CM9/A331]. We then
combined the identified serum miRNAs and established
a four-miRNA panel to distinguish LA patients from NCs
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Figure 2: Expression of the four miRNAs in the serum of 170 lung adenocarcinoma (LA) patients and 170 normal controls (NCs). The relative e)ipression levels of miRNAs were compared
between LA patients and NCs using the Mann-Whitney U test. Horizontal line: Mean with 95% confidence interval (Cl). (A) miR-133a-3p: P < 0.001, Z=-4.839; (B) miR-584-5p:
P<0.001, Z=-5.230; (C) miR-10b-5p: *P < 0.006, Z=—4.723; (D) miR-221-3p: P < 0.001, Z=—4.924. mi-RNA: MicroRNA.

using logistic regression analysis. The predicted probability
of PTC detection was figured by the formula: Logit
(P)=0.915 — 0.036 x miR-133a-3p + 0.013 x miR-584-
5p —0.066 x miR-10b-5p — 0.135 x miR-221-3p. The
combination of the four-miRNAs showed further improve-
ment in diagnostic capability (AUC = 0.765, 95% confidence
interval [CI]: 0.714-0.816, sensitivity: 66.5%, specificity:
76.5%; Figure 3A). The AUCs of the four-miRNA panel in
the separated training, testing, and external validation stages
were 0.734 (95% CI: 0.572-0.897; sensitivity: 70.8%,
specificity: 79.7%; Figure 3B), 0.803 (95 % CI: 0.745-0.860;
sensitivity: 78.5%, specificity: 68.2%; Figure 3C), and 0.894
(95% CI: 0.882-0.967; sensitivity: 72.2%, specificity:
97.2%; Figure 3D), respectively.

Sub-group analysis of the diagnostic efficiency of the four-
miRNA panel

The expression levels of the identified miRNAs were further
compared among LA patients with different clinicopatho-
logic features [Supplementary Table 4, http:/links.lww.
com/CM9/A330]. In addition, we further explored the
performance of the established miRNA panel in discrimi-
nating LA patients with different clinicopathological

features from NCs [Table 2]. The corresponding AUCs
for patients at TNM stages I, II, III, and IV were 0.736,
0.762, 0.811, and 0.865, respectively. Moreover, the
diagnostic value of the four-miRNA panel was assessed
according to different lymph node status. For those patients
without lymph node metastasis, the AUC was 0.740, while
for those patients with positive lymph node metastasis, the
AUC was 0.796. The comparison was also conducted
among samples with different features of tumor location,
general type, and histologic classification. These results
turned out that this serum four-miRNA panel could well
discriminate LA patients with different clinicopathologic
features from NCs.

Identification of miRNA expression levels in tissues

To investigate the origin of the four serum miRNAs, we
examined the expression of the four miRNAs in 24 paired
LA tissue specimens and adjacent normal tissue samples.
As shown in Figure 4, only miR-221-3p showed consistent
up-regulation in tumor tissues with P < 0.05. No signifi-
cant expression difference was observed in tissue samples
for the other three miRNAs.
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Figure 3: Receiver-operating characteristic (ROC) curves of the four-miRNA panel to discriminate lung adenocarcinoma (LA) patients from normal controls (NCs). (A): the combined three
phases (170 LA vs. 170 NCs): AUC = 0.765, 95% Cl: 0.714-0.816, P=0.001; (B): the training phase (24 LA vs. 24 NCs): AUC = 0.734, 95% Cl: 0.572—0.897, P=0.002; (C): the testing
phase (110 LA vs. 110 NCs): AUC = 0.803, 95% Cl: 0.745-0.860, P < 0.001; (D): the external validation phase (36 LA vs. 36 NCs): AUC = 0.894, 95% Cl: 0.882—0.967, P < 0.001.AUC:

Areas under the curve; Cl: Confidence interval; mi-RNA: MicroRNA.

Exploration of miRNA expression in exosomes derived from
serum

To assess the potential form of the four miRNAs in
peripheral serum, we tested exosomal miRNA expression
in the serum samples of 18 LA patients and 18 NCs. Only
miR-10b-5p was significantly up-regulated in the serum
exosomes of LA patients [Table 3].

Exploration of miBNA expression in LA patients with EGFR
mutation

To further decipher the link between miRNA expression
and the EGFR mutation status, the serum samples from 14

patients were tested (three LA patients with E19 DelE746-
A750 mutation vs. six LA patients with E21 p. L858
mutation vs. five LA patients with EGFR-wild type). As
shown in Figure 5, the expression of serum miR-133a-3p,
miR-584-5p, and miR-10b-5p was higher in patients with
EGFR mutation compared to NCs (P < 0.05). The AUC of
the three-miRNA panel to discriminate LA patients with
EGFR mutation status from NCs was 0.855 (95% CI:
0.673-1.00; sensitivity: 77.8%, specificity: 92.31%; Sup-
plementary Figure 4, http:/links.lww.com/CM9/A331).
Although without significant difference, the expression
levels of miR-133a-3p and miR-10b-5p were also elevated
in patients with EGFR mutation, compared to those with
the wild type [Supplementary Figure 5, http:/links.lww.
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Table 2: Subgroup analysis of the diagnostic value of the four-miRNA
panel.

Variables SEN SPE AUC
TNM stage

I 0.634 0.799 0.736

I 0.531 0.812 0.762

I 0.867 0.712 0.826

v 0.818 0.918 0.865
Lymph node

Negative 0.620 0.818 0.740

Positive 0.872 0.623 0.796
Differentiation

Well-moderate 0.676 0.771 0.758

Poor 0.776 0.706 0.787
Location

Upper-left 0.676 0.882 0.821

Lower-left 0.957 0.882 0.964

Upper-right 0.771 0.553 0.694

Middle-right NONE

Lower-right NONE
General type

Peripheral 0.750 0.729 0.864

Central NONE
Histologic classification

Nodular 0.821 0.847 0.867

Lump 0.800 0.782 0.834

Spheroidal 0.692 0.847 0.786
Tumor size

<3 cm 0.593 0.835 0.749

3cm >, <5 cm 0.875 0.711 0.830

Scm >, <7 cm 0.889 0.671 0.749

>7 cm NONE

miRNAs: MicroRNAs; SEN: Sensitivity; SPE: Specificity; AUC: Areas
under the curve. TNM: The T (tumor)N (nodes)M (metastases)
classification of malignant tumor; NONE: Without significance.

com/CM9/A331]. Moreover, the comparison of the serum
exosomal miRNA expression in LA patients with different
EGFR mutation status (seven mutant cases vs. four wide-
type cases) was conducted, however, no difference of the
four-miRNA expression was observed (data not shown).

Bioinformatics analysis of miR-133a-3p, miR-584-5p, miR-
10b-5p, and miR-221-3p

DIANA-TarBase v7.0 was applied to identify the potential
target genes of miR-133a-3p, miR-584-5p, miR-10b-5p,
and miR-221-3p. The DIANA-miRPath v3.0 was then
used for KEGG pathway analysis [Supplementary Table 5,
http://links.lww.com/CM9/A330] and GO category anal-
ysis [Supplementary Table 6, http:/links.lww.com/CM9/
A330] to explore the pathways related to the four
miRNAs. The results turned out that both miR-10b-5p
and miR-221-3p have tight connections with the molecular
mechanisms of cancer (ie, the p53 signaling pathway).

Discussion

Accumulating studies have confirmed the potential of
tumor-specific miRNAs as new markers for the diagnosis
of malignancies, including NSCLC. However, NSCLC
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comprised a class of subtypes with histological heteroge-
neity.

The multi-phase study focused on the specific type of
NSCLC-LA and tried to discover differentially expressed
serum miRNAs for the diagnosis of LA patients. The
Exiqon miRNA gPCR panel used in the screening phase
was proved to have better linearity than the TagMan
platform. To reduce the false-positive rate, the research
carried out three phases of qRT-PCR validation after the
miRNA screening phase, which included a total of 170
patients and 170 NCs. Currently, the quantification of
miRNA expression did not have a recognized endogenous
control. Previous studies have discovered that miR-103a-
3p might be a promising internal reference gene.!***’!
Meanwhile, in this study, the expression of serum miR-
103a-3p was confirmed to be stable both in LA patients
and NCs in the training stage. Hence, miR-103a-3p was
selected as the reference miRNA in serum. However, in
exosomes, miR-103a-3p was not stable enough to act as a
reference gene. To investigate the probability of hemolysis
during sampling, the expression of serum miR-23a and
miR-451 were assessed. The relatively stable expression of
the two miRNAs helped to eliminate the effect of
hemolysis. As a result, four significantly up-regulated
miRNAs (miR-133a-3p, miR-584-5p, miR-10b-5p, and
miR-221-3p) showed relatively high accuracy in the
detection of LA. However, only the expression of 221-
3p was significantly higher in tumor samples than that in
paired adjacent normal tissues; conversely, miR-584-5p
had lower expression in tumor samples.

All the four miRNAs (miR-133a-3p, miR-584-5p, miR-
10b-5p, and miR-221-3p) have been found segarately to
have certain diagnostic value in NSCLC.?*?! Further-
more, plasma miR-221-3p and miR-584-5p were con-
firmed by our previous study as reliable biomarkers for the
early diagnosis of LA.!”) This indicates that the expressing
characteristics of serum miRNAs and plasma miRNAs are
similar to some extent. Among the four miRNAs, miR-
10b-5p is the most widely studied. Former studies have
provided evidence that overexpression of miR-10b-5p can
lead to the development of lung cancer. The high
expression of miR-10b-5p could promote the migration
and invasion of A549 cells.*®?°! Hung et al*"! reported
that the expression of miR-10b was higher in NSCLC
tissues compared with normal tissues. Evaluated miR-10b
could promote tumorigenesis via targeting the tumor
suppressor Fas, FasL, Bax, and caspase. Moreover, up-
regulated miR-10b-5p led to a poor prognosis of NSCLC
by targeting E-cadherin.*'! An evaluated level of circulat-
ing miR—lOb—SE was also observed in breast cancer,!??!
gastric cancer,'*®! and could predict the advanced disease
status and liver metastasis in colorectal cancer.**

The role of miR-584-5p in lung cancer is still unclear. Our
finding suggested that its expression was up-regulated in
LA serum samples but not in LA tissues. Previous studies
have revealed that miR-584-5p may play distinct roles in
different cancer types.>***! Considering the theory that
circulating miRNAs are released from cells,*”*%1 it is
possible that circulating miR-584-5p acts as a passenger
but not a driver in LA development.
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Figure 4: Expression of the four miRNAs in the 24 pairs of tissue samples. The relgtive expression levels of miRNAs were compared between lung adenocarcinoma tumor tissues
and the adjacent normal tissues using a paired non-parametric test. (A): miR-221-3p: P=0.008, Z=—2.704; (B): miR-133a-3p: "P=0.179, Z=—1.265; (C): miR-584-5p: *P= 0.429,

Z=-0.932; (D): miR-10b-5p: *P=0.407, Z=-1.118. mi-RNA: MicroRNA.

Table 3: Relative expression levels of the four miRNAs in the serum-derived exosomes samples of 18 lung adenocarcinoma patients and 18

normal controls.

miRNA Cases Controls FC V4 P

miR-10b-5p 3.155 (1.320, 5.193) 1.698 (—0.232, 3.571) 1.822 -2.722 0.006
miR-133a-3p 1.246 (0.012, 2.458) 1.242 (0.816, 2.034) 1.241 —-0.078 0.988
miR-584-5p 2.488 (—1.292, 4.845) 2.230 (0.673, 3.281) 1.124 —0.093 0.791
miR-221-3p 1.901 (0.524, 2.939) 1.088 (0.812, 1.510) 1.651 -1.114 0.192

Data are presented as median (P25, P75). miRNAs: MicroRNAs; FC: Fold change.

To our knowledge, the role of miR-221-3p in NSCLC is
controversial. Heegaard et al?”**! reported that serum
miR-221-3p expression was reduced in early-stage NSCLC
patients.*”! But in other studies, the up-regulation of miR-
221-3p was observed in NSCLC patients both in
circulation and tissue. Our previous study also reported
that miR-221-3p could act as a reliable biomarker for
LA.”! Reduction of miR-221 inhibited cell proliferation
and induced mitochondrial-mediated apoptosis in the
A549 lung cancer cell line by targeting PUMA21042732/
TIMP2."*'Meanwhile, it could inactivate the tumor
suppressor PTEN and TIMP3, induce TRAIL resistance,

and enhance cellular migration via activating the AKT
pathway and metallopeptidases.[*!! However, Yamashita
et al**! found the tumor-suppressive effects (intra-S-phase
arrest or apoptosis) of miR-221 in lung cancer cells. The
mechanism of miR-221-3p in lung cancer needs to be
further explored.

MiR-133a-3p was reported to inhibit cell invasiveness and
growth via suppressing IGF-1R, TGFBR1, and EGFR.!*?!
However, there was no significant difference of miR-133a-
3p expression in neither serum nor tumor tissues of
NSCLC patients in previous studies.**! However, our
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Figure 5: Expression of the three miRNAs in the serum samples of nine lung adenocarcinoma patients with epidermal growth factor receptor (EGFR) mutation (E19 DelE746-A750 mutation
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Horizontal line: Mean with SEM. (A): miR-133a-3p: P < 0.05, Z=-2.532; (B): miR-584-5p: "P < 0.001, Z=-3.890; (C): miR-10b-5p: *P < 0.05, Z=-2.164. mi-RNA: MicroRNA.

study found that miR-133a-3p was significantly up-
regulated in serum samples of LA patients, but its
expressing difference was not significant in tumor tissues.
Although these results might be contradictory, this
phenomenon showed exactly the duplicity of miRNA
function in cancer. Previous studies have reported different
miRNA profiles in extracellular and intracellular compo-
nents and suggested the existence of a cellular selection
mechanism for the miRNA release.*’! As a result, we
speculated that the LA cells may selectively secret or release
intracellular miR-133a-3p into the serum. Both our
previous studies and other research have discovered the
inconsistent miRNA expression between tissue samples
and blood samples.'”***) This phenomenon could possibly
be explained by the existence of miRNA-releasing or
-capturing mechanisms in the cells and the blood.

Exosomes, secreted by most types of cells including cancer
cells, are 40 to 100 nm nano-sized vesicles that protect
miRNAs against degradation by ribonuclease.l*”! There-
fore, this study further investigated the expression of the
candidate miRNAs in exosomes to identify its potential
form in the extracellular environment and seek the
diagnostic and therapeutic value in clinical practice.
MiR-10b-5p showed markedly higher expression in serum
exosomes of LA patients than the NCs. Liu et all*®! have
reported that elevated expression of exosomal miR-10b-5p
was independently associated with poor overall survival in
NSCLC. The other two up-regulated serum exosomal
miRNAs have not been explored in lung cancer and further
investigations are urgently needed. Previous studies have
reported that circulating miRNAs are not only co-
fractionated with exosomes but also co-purified with the
Ago2 ribonucleoprotein complex. Thus, we assumed that
those miRNAs might bind to proteins in serum rather than
exosomes molecules. The mechanisms of this phenomenon
need further research.

EGER is a crucial growth factor receptor and a critical
target of lung cancer treatment.*’! As an important
member of the receptor tyrosine 53 kinase family, it could
participate in NSCLC progression by regulating various
biological processes, including proliferation, apoptosis,
and differentiation.®® NSCLC patients with EGFR
mutations could benefit from the tyrosine kinase inhibitor
(EGFR-TKIs) therapy. Many biopsy materials can be used

to detect the EGFR status including tumor tissues acquired
from surgery or biopsy and cell-free tumor DNA. Besides,
certain serum miRNAs have been reported to correlate
with the EGEFR signaling pathway, such as miR-21 and
miR-10b.1"®" miR-10b is highly expressed in several
progressive diseases rather than complete remission or
stable disease.!'®! In this study, we also discovered that
miR-10b-5p is up-regulated in EGFR mutation cases
compared with NCs. These results indicated that circulat-
ing miRNA expression differed between healthy individu-
als and patients with positive or negative EGFR mutation
status. Further study will continue to explore the potential
role of miR-10b-5p in monitoring EGFR-TKI treatment
effectiveness and its prognostic value for LA patients.

Several limitations should be considered in this study. First,
only two types of EGFR mutation (exon 21 mutation and
exon 19 deletions) were recorded in our study, other
sensitizing mutations such as T790M mutation and ALK
rearrangement should also be included in further study to
acquire a comprehensive understanding. Second, our study
was conducted only in Chinese populations, but different
ethnicities might act differently in treatment response.
Third, the sample size was relatively small. Further
prospective clinical trials containing larger cohorts with
diverse populations are warranted. Last but not least, the
relationship between tissue miRNA expression and EGFR
status was not identified. Future studies focusing on the
association between miRNA expression and EGFR status
are needed.

In conclusion, our study identified a four-miRNA signa-
ture in serum that could distinguish LA patients from
healthy controls. Our study may provide a basis for the
application of the circulating miRNAs as reliable bio-
markers for the LA diagnosis. More efforts were needed to
explore the functions of these identified miRNAs in LA.
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