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Introduction

Abstract

Background: Early diagnosis improves the prognosis for non-small cell lung
cancer (NSCLC); therefore, there is a pressing need for effective diagnostic
methods for NSCLC. Increasing evidence indicates that serum exosomal micro
RNAs (miRNAs) represent promising diagnostic and prognostic markers for
multiple cancers. Here, we explored a panel of miRNAs for NSCLC diagnosis
and functionally characterized miR-1269a in the pathogenesis of NSCLC.
Methods: First, we analyzed high-throughput data from The Cancer Genome
Atlas (TCGA) to identify differentially expressed miRNAs between NSCLC
patients and healthy controls. We examined the expression profiles of the identi-
fied miRNAs using qRT-PCR.

Results: We found that four micro-RNAs (hsa-miR-9-3p, hsa-miR-205-5p, hsa-
miR-210-5p, and hsa-miR-1269a) were more abundant in serum exosomes from
NSCLC patients. A logistic regression model validated the diagnostic efficacy of
the four-microRNA panel, allowing us to distinguish NSCLC patients from
healthy controls with AUCs of 0.915 and 0.878 for the training and validation
sets, respectively. Functionally, NSCLC cell proliferation, migration, and invasion
were affected by the aberrant expression of hsa-miR-1269a in culture. Reduced
expression of miR-1269a resulted in reduced proliferation, migration, and inva-
sion through targeting the forkhead box O1 gene (FOXO1I).

Conclusions: Taken together, our study identified a panel of four serum exo-
somal miRNAs as a potential noninvasive diagnostic biomarker for NSCLC. The
interactions between FOXOI and miR-1269a represent novel potential targets for
NSCLC therapy.

considerable research, the etiology of NSCLC is not fully
understood and efficient diagnostic techniques remain to

Lung cancer is the most frequent malignancy among both
males and females; it is a major cause of cancer deaths
globally." ? It accounts for approximately 12% of new can-
cer cases and 18% of cancer-related deaths annually.” Lung
cancers are broadly classified into two main subtypes: non-
small cell lung cancer (NSCLC) and small cell lung cancer
(SCLC).* NSCLC is the more common form, accounting
for 80%-85% of all lung cancer cases.’” Despite

be identified. Early diagnosis offers significantly improved
prognosis for NSCLC patients. Patients are often diagnosed
at an advanced stage owing to the lack of visible signs of
the disease and have no option for surgical resection,
which leads to a significantly reduced overall five-year sur-
vival rate.” 7 In light of this, there is an urgent need to
identify robust biomarkers for NSCLC diagnosis that will
enable early intervention and decrease mortality.
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Liquid biopsy, a blood test used to identify biological
materials that have been excreted from tumors, is being
increasingly used in cancer diagnostics.® Tumor cells, cell-
free DNA, and extracellular vesicles, specifically exosomes,
constitute the major components of interest.”'° Exosomes
are membrane-enclosed extracellular vesicles with diame-
ters of 30-150 nm that are released by all cell types.'' They
are found in blood, ascites, urine, and saliva,'”” and are
quite stable due to their lipid bilayer structures.'” They
influence tumor initiation, growth, progression, and
metastasis,'” '* and contain a diverse combination of bio-
molecules, including lipids, proteins, and nucleic acids,
which are potential biomarkers.'®'® An upregulation of
exosome levels in body fluids has been reported in lung
cancer patients, indicating a key role for exosomes in lung
cancer development and progression.'” Exosomes are
secreted by most types of cancer cells, including melanoma,
colorectal, breast, lung, and prostate. A notable feature of
cancer cells is that they produce exosomes in greater
amounts than normal cells.’® These data suggest that
exosomes represent promising biomarkers for diagnosis in
clinical oncology.

MicroRNAs (miRNAs) are a class of endogenous non-
coding RNAs of 21-25 nucleotides in length.>' Substantial
evidence indicates that they are actively engaged in several
biological processes in cancers, including lung cancer.”* In
breast cancer, miR-5188 was identified as a novel onco-
miRNA; it induces breast cancer stemness, proliferation,
and metastasis.”® In lung cancer, miR-31 initiates tumori-
genesis through targeting and reducing the expression of
proteins in the RAS/MAPK signaling pathway.** In addi-
tion, several miRNAs, including miR371, miR-182, and
miR-605-5p, appear to have tissue-specific functions and
serve as biomarkers for early diagnosis of several kinds of
cancer.”® The miRNAs contained in exosomes remain
secure, and are the main small RNA constituents in
them.”® For these reasons, exosomal miRNAs are rec-
ommended as excellent biomarker candidates for the diag-
nosis of cancer.’”” However, limited data is currently
available on the significance of exosomes in NSCLC. The
biological roles of most miRNAs in NSCLC also remain
unclear.

In this study, we identified four potential miRNA
markers  (hsa-miR-9-3p, hsa-miR-205-5p, hsa-miR-
210-5p, and hsa-miR-1269a) that were significantly
upregulated in NSCLC serum exosomes. A panel con-
sisting of these four miRNAs was established and its
NSCLC diagnostic performance was assessed. The molec-
ular mechanisms and precise roles of these miRNAs in
NSCLC have not been fully elucidated. We determined
the effect of one of the miRNAs, miR-1269a, on the pro-
liferation, migration, and invasion of NSCLC cells.
Finally, we identified forkhead box O1 (FOXOI) as the
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potential target of miR-1269a, which may provide a newly
therapeutic target for NSCLC.

Methods

Peripheral blood samples used in this study were obtained
from patients registered at the Qilu Hospital of Shandong
University between January 2017 and October 2019. The
samples included those obtained from 147 patients with
NSCLC collected prior to pharmacological interventions or
surgical resections, as well as from 149 healthy individuals
who were attending routine health examinations in the
same hospital. Clinical details for the subjects are listed in
Table S1. Classification of tumor stage was based on the
eighth Tumor Node Metastasis staging system developed
by the American Joint Committee on Cancer. In compli-
ance with the Declaration of Helsinki, written informed
consent was obtained from each participant. This study
was approved by the institutional ethics committee of the
Qilu Hospital of Shandong University.

Isolation and identification of serum
exosomes

ExoQuick (ExoQuick, SBI, USA) was used for the extrac-
tion of exosomes according to the manufacturer’s protocol.
ExoQuick (63 pL) was added to 250 pL of serum sample
and incubated for 30 minutes at 4°C to precipitate
exosomes. Subsequently, the mixture was centrifuged at
1500 g for five minutes at 4°C, followed by another centri-
fugation at 1500 g for five minutes at 4°C, to eliminate
contaminating apoptotic bodies and cellular debris. The
precipitates were collected, resuspended in 50 pL of
phosphate-buffered saline (PBS), and stored at —80°C until
further use.

Transmission electron microscopy (TEM) was used to
analyze the concentration and size distribution of
exosomes using nanoparticle tracking analysis (NTA). Exo-
somal suspensions in PBS were analyzed using ZetaView
software (Particle Metrix, Germany) according to the man-
ufacturer’s instructions. Filtered PBS was used as the con-
trol. Total proteins were extracted from serum exosomes
and exosome-depleted supernatants (EDS); western blot-
ting was performed according to the manufacturer’s
instructions. Antibodies against exosome-specific proteins
including anti-CD9 antibody (#13403, Cell Signaling Tech-
nology, ) and TSG101 (#ab125011, Abcam) were used to
detect the exosome-specific proteins.

RNA isolation and quantitation
The miRNeasy Micro kit (Qiagen, Hilden, Germany) and

TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) were used
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for total RNA extraction from the exosomes and cells,
respectively. Specific primers for reverse transcription and
PCR, including miRNA (TaKara, Dalian, China), and
FOXOI1 and GAPDH primers (BioSune, Shanghai, China)
were used for target amplification. Expression levels of
miRNAs were evaluated based on the fluorescence inten-
sity of TB Green (TaKaRa, Dalian, China). Melting curve
analysis was used to confirm the specificities of the PCR
products. Hsa-let-7a-5p*® and GAPDH were used as refer-
ence genes. All the primer sequences used in this study are
listed in Table S2. Relative quantification of gene expres-
sion was performed using the 274" method.

Western blotting

Cells and exosomes were lysed with western/IP lysis buffer
(Beyotime, Haimen, China) on ice for 30 minutes and cen-
trifuged at 12 000 g/minute for 30 minutes at 4°C. The
extracted proteins were separated using 8% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto 0.22 mm polyvinylidene fluoride
membranes (Merck-Millipore, Darmstadt, Germany). The
membranes were blocked using 5% nonfat milk in TBST
buffer (1% Tween 20 in Tris-buffered saline) for two hours
and then incubated with primary antibodies against:
GAPDH (#5174, CST), CD9 (#13403, CST), TSGI101
(#ab125011, Abcam), or FOXO1 (#66457-1-Ig, Pro-
teintech) overnight. The membranes were washed with
TBST and incubated with the appropriate secondary anti-
body (#7074 or #7076, CST). Quantitative analysis of pro-
tein expression was performed using Image] and
normalized to GAPDH intensity.

Cell culture and transfection

Two human NSCLC cell lines, A549 and H1975, were pur-
chased from the Institute of Basic Medical Sciences, Chi-
nese Academy of Medical Sciences (Beijing, China). H1975
was cultured in Roswell Park Memorial Institute 1640
medium (Sagecreation, South America) and A549 was cul-
tured in McCoy’s 5A medium (both supplemented with
10% FBS) in a 5% CO, humidified incubator at 37°C.

For transfection, cells were plated in six-well plates at a
density of 20 x 10* cells/well. After 24 hours of incubation,
transient transfection with miR-1269a agomir (RiboBio,
China), miR-1269a antagomir (RiboBio, China), negative
control (RiboBio, China), or FOXO1 siRNA (RiboBio,
China) was performed wusing Lipofectamine 2000
(Invitrogen) in Opti-MEM I reduced serum medium (Life
Technologies) following the manufacturer’s instructions.
After 48 hours of transfection, the cells were used for fur-
ther analysis. The sequences of FOXO1 siRNA used were
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as follows: 5-GGAUCUCAGCAUAAGGAGU-3' (sense)
and 5-ACUCCUUAUGCUGAGAUCC-3' (antisense).

Cell counting kit-8 (CCK-8) assay

H1975 and A549 cells were plated in 96-well plates at den-
sities of 2000 or 1500 cells/well, respectively. After cultur-
ing for 0, 24, 48, 72 and 96 hours, 10 pL of CCK8 reagent
(BestBio, Shanghai, China) was added to each well,
followed by incubation for 1.5 hours at 37°C in the dark.
The optical density of each well was measured at 450 nm
using a microplate reader.

Colony formation assay

H1975 and A549 cells were plated in six-well plates at a
density of 500 cells/well and cultured in complete medium
for 10 days until colonies were visible. Colonies were
washed three times with PBS and fixed with methanol for
30 minutes. After staining with crystal violet, of colonies
with cell of more than 50 cells were counted.

EdU proliferation assay

Following 48 hours of transfection, the cells were plated in
96-well plates and incubated in complete medium for
24 hours under standard conditions. Proliferation was ana-
lyzed using the EdU Cell Proliferation Assay Kit (RiboBio,
China) according to the manufacturer’s instructions.
Hoechst stain (RiboBio, China) was used to stain nuclei.
The proportions of nucleated cells containing EAU were
measured using fluorescence microscopy.

Transwell assays

Transwell chambers (BD Biosciences, San Jose, CA, USA)
were used for cell migration and invasion assays. After
48 hours of transfection, the cells were trypsinized and
suspended in serum-free medium. For the migration assay,
aliquots of 200 L of suspension containing 5.0 x 10* cells
were added to the upper chamber. For the invasion assay,
equal volumes of cell suspension containing 1.0 x 10> cells
were added to the upper chamber with Matrigel
(BD Biosciences, Franklin Lakes, NJ, USA). The lower
chamber was filled with 700 pL medium containing 20%
FBS in both cases. The chambers were placed in 24-well
plates and cultured for 24 or 48 hours at 37°C, then stained.

Dual-luciferase assay

The ¢cDNA fragments from the mutant or wild-type miR-
1269a and FOXOI were cloned into the pmirGLO vector
(GenePharma, Shanghai, China) to create dual-luciferase
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reporter vectors of the mutant or wild-type groups. We
then cotransfected mutant or wild-type luciferase reporter
vectors with miR-1269a agomir or negative control into
H293T cells. After 48 hours of culture, the relative lucifer-
ase activities were detected using Dual-Luciferase Reporter
Assay Kit (Promega, Shanghai, China).

Statistical analysis

All statistical analyses were performed using GraphPad
Prism 6.0 and SPSS 13.0. Differences between groups were
assessed using either Student’s t-test or the Mann-Whitney
U test. Differences in miRNA expression between healthy
controls and NSCLC patients were assessed using the non-
parametric Mann-Whitney U test. Scatter diagrams were
generated using GraphPad Prism 6. MATLAB software
was used for logistic regression analysis and to validate the
diagnostic panel. Receiver operating characteristic (ROC)
curves were generated using Medcalc 15.2.2 and areas under
the curve (AUC) were used to calculate the diagnostic perfor-
mance of the miRNA markers in distinguishing between con-
trols and patients. P < 0.05 was considered to be statistically
significant. All results are expressed as means + standard
deviation (SD) from three independent experiments.

Results

Identification of aberrantly expressed
miRNAs in NSCLC using TCGA database

The TCGA database (https://cancergenome.nih.gov/) is an
open-access tumor database that provides detailed and
comprehensive genomic datasets. We examined this data-
base to identify differentially expressed miRNAs in
NSCLC. There were 522 NSCLC samples in the dataset
of 661 samples. Using the screening criteria (P < 0.05
and |log2FC| > 2.0), 95 miRNAs were identified to be
differentially expressed between NSCLC tumor samples
and normal samples, including 76 upregulated and
19 downregulated miRNAs (Fig la). We profiled expres-
sion levels in the 76 upregulated specimens, of which
10 candidates qualified for subsequent analyses (Fig 1b).
Principal component analysis was used to identify signifi-
cant differences (Fig 1c). The differences in expression of
the 10 selected miRNAs were statistically significant.

Characterization of serum exosomes

TEM revealed that isolated exosomes were spherical vesi-
cles of 30-150 nm in diameter with double layered mem-
branes (Fig 2a). NTA verified that the size distribution of
exosomes was distributed around 94 nm in diameter,
which corresponded with the size distribution of
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exosomal particles (Fig 2c). Higher concentrations of the
exosomal protein markers, CD9 and TSG101, were observed
in the samples containing exosomes compared to the EDS
(Fig 2b). Taken together, these results revealed that intact
exosomes were successfully isolated from serum.

Identification miRNAs in serum exosomes

Of the 10 candidate miRNAs, only the differentially expressed
mature miRNAs were selected for further analysis. We quanti-
fied their abundance in serum exosomes from 74 NSCLC
patients and 74 controls using qRT-PCR. We found that the
levels of four (hsa-miR-9-3p, hsa-miR-205-5p, hsa-miR-
210-5p and hsa-miR-1269a) were significantly different
between patients and controls (P < 0.05) (Fig 3a-d, Table 1).
We defined these 74 patients and 74 controls as the training
set. To further evaluate the miRNAs identified in the training
set, their expression was assessed in a validation set consisting
of another 73 NSCLC patients and 75 healthy controls. We
found that expression in the validation set was consistent with
that of the training set (Fig Sla-d, Table S3). To determine
whether the four miRNAs could distinguish NSCLC patients
from healthy controls, we calculated AUC for the ROC curves.
The AUC values were 0.827, 0.806, 0.839, and 0.852 (Fig 3e-
h) in the training set, and 0.741, 0.742, 0.788, and 0.793 in the
validation set (Fig Sle-h).

Establishment of a diagnostic miRNA
panel

From the training set, a stepwise logistic regression model
was constructed to predict the risk of being diagnosed with
NSCLC. The predicted probability from the logit model
based on the four-miRNA panel, logit
(P = NSCLC) = 0.7237-hsa-miR-9-3p X 0.0854-hsa-miR-
205-5p X 0.0041-hsa-miR-210-5p X 0.1082-hsa-miR-1269a
X 0.0935, was used to construct a ROC curve. The diagnos-
tic efficacy of the established miRNA panel was evaluated
by ROC analysis. The combined AUC of the established
miRNA panel was 0.915 with a sensitivity of 0.77 and a
specificity of 0.89.

Validation of the miRNA panel

The panel obtained from the training set was used to pre-
dict the possibility of NSCLC in the validation set. The
AUC of the four-miRNA panel in the validation set was
0.878 (sensitivity 0.66, specificity 0.90, Fig 3j). Interestingly,
the four-miRNA panel outperformed the individual
miRNAs in all sets (all P < 0.05, Fig 3k,1), showing the high
sensitivity and specificity of our panel for diagnosing
NSCLC.
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Figure 1 Identification of differentially expressed miRNAs in NSCLC (a) Volcano plot of differentially expressed miRNAs. The red dot represents
76 upregulated miRNAs, and green dot represents 19 downregulated miRNAs @, UP; @, NOT; ®, DOWN. (b) The expression heatmap of 10 candidate
miRNAs m, Normal; m, Tumor. (c) Principal component analysis plots for normal samples and cancer specimens ®, Tumor; ®, Normal.
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Figure 2 Identification of serum exosomes. (a) Representative TEM images of serum exosomes as indicated by the arrows. Scale bar, 200 and
500 nm. (b) Western blotting analysis of TSG101 and CD9 in exosomes and exosome-depleted supernatants (EDS). (c) NTA of the size distribution
and number of exosomes.

Upregulation of miR-1269a promotes
proliferation, migration, and invasiveness
of NSCLC cells

H1975 cells were transfected with miR-1269a agomir to
achieve miR-1269a overexpression. CCK-8 and EdU assays
demonstrated that cells with miR-1269a grew more rapidly
than those transfected with negative controls (Fig 4a,b).
Meanwhile, more  colonies  were formed in
H1975-overexpressing group compared to negative con-
trols (Fig 4c). The effects of miR-1269a on the migratory
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and invasive abilities of cells were evaluated using transwell
assays. Both abilities were significantly enhanced compared
to the negative controls (Fig 4d.e).

Downregulation of miR-1269a inhibits
proliferation, migration, and invasiveness
of NSCLC cells

CCK-8 and EdU assays revealed that transfection with the
miR-1269a antagomir significantly suppressed the proliferation

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Figure 3 Relative expression and ROC curves analysis of four selected miRNAs in serum exosomes. (a—d) Relative expressions of four selected serum
exosomes MiRNAs in patients with NSCLC (n = 74) and control individuals (n = 74) using gRT-PCR assay in training set, P < 0.001. ROC curve analysis
for NSCLC detection using hsa-miR-9-3p (e), hsa-miR-205-5p (f), hsa-miR-210-5p (g) and hsa-miR-1269a (h) in the training set. ROC curves analysis
for the prediction of NSCLC using four-miRNA panel in training set (i) and validation set (j). Comparison of diagnostic performance between four-
mMIiRNA panel and hsa-miR-1269a for NSCLC detection in training set (k) ——, Four-miRNA panel; ——, hsa-miR-1269a and additional validation set

(I) ——, Four-miRNA panel; ——, hsa-miR-1269a.

of A549 cells relative to negative controls (Fig 5a,b). Moreover,
the formation of colonies was markedly reduced by miR-1269a
downregulation (Fig 5c). Transwell assays indicated that
decreased expression of miR-1269a decreased migration and
invasiveness of A549 cells relative to the negative controls
(Fig 5d.e).

FOXO1 is a direct target of miR-1269a in
NSCLC

To understand the mechanism of miR-1269a in NSCLC,
we identified potential targets of miR-1269a regulation
using multiple bioinformatics tools, including mirDIP
(http://ophid.utoronto.ca/mirDIP/), miRDB (http://www.
mirdb.org/), and TargetScan (http://www.targetscan.org/
vert_72/). We identified FOXOI as a potential target
(Fig 6a). Analysis of RNA sequencing data from TCGA
revealed that FOXO1 was downregulated in NSCLC tissues
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relative to normal tissues (Fig 6b). Luciferase activity was
significantly decreased by wild-type miR-1269a relative to
that in the mutant vector (Fig 6c). To verify whether
FOXO1 is directly targeted by miR-1269a, we transfected
miR-1269a agomir into cells and found that both the
FOXOI mRNA and protein levels were markedly lower in
H1975 cells compared to the negative controls. In contrast,
when we transfected cells with miR-1269a antagomir,
FOXOI1 mRNA and protein levels were significantly higher
in A549 cells compared to the negative controls (Fig 6d,e).
These results suggest that FOXO1 is a direct target of miR-
1269a in NSCLC.

Next, we investigated whether FOXOI affects NSCLC
cell function. We found that FOXOI mRNA and protein
levels were decreased in H1975 cells compared to A549
cells (Fig 6f,g). Western blotting and qRT-PCR were used
to determine the effect of RNA interference in A459 cells
(Fig 6h,i). As expected, transfection with FOXOI siRNA
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Table 1 Expression of four serum exosome-derived miRNAs in NSCLC patients and healthy controls in training set (median [interquartile range])

Training set
miRNA Controls (n = 74) NSCLCs (n = 74) P-value
hsa-miR-9-3p 1.050 (0.6256-1.552) 3.541(1.860-6.057) <0.0001
hsa-miR-205-5p 0.9346 (0.6232-1.561) 2.219(1.331-4.714) <0.0001
hsa-miR-210-5p 1.083 (0.6880-1.559) 2.333(1.467-3.574) <0.0001
hsa-miR-1269a 1.149 (0.7067-1.675) 2.585 (1.708-4.233) <0.0001
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Figure 4 Overexpression of miR-1269a promoted proliferation, migration and invasion of H1975 cells. (a) The EdU assay was performed to deter-
mine the proliferation of miR-1269a agomir-transfected or negative controls-transfected H1975 cells. (b) CCK8 viability assays were performed
0, 24, 48, 72 and 96 hours after transfection with miR-1269a agomir or negative controls —@—, Negative control, —m—, miR-1269a-agomir. (c) Repre-
sentative images and quantitative results of colony formation were obtained after transfection. (d and e) Representative images and quantitative
results of the transwell assay were obtained after the transfection of miR-1269a agomir or negative controls. All experiments were repeated at least
three times, and representative data are shown. Data are means + SEM. *P < 0.05, **P < 0.01, ***P < 0.001.

significantly increased viability, percentage of EdU-positive ~ antagomir alone or miR-1269a antagomir and negative

cells, and colony formation relative to the cells transfected ~ control siRNA. Finally, CCK-8, EdU, colony formation,

with the negative control siRNA (Fig 6j,]). Furthermore, and Transwell assays showed that FOXOI knockdown

transfection with FOXO1 siRNA markedly increased the  partially abolished the inhibitory action of miR-1269a

migratory and invasive abilities of A549 cells (Fig 6m,n). antagomir on A549 cell proliferation, migration, and
invasion (Fig 7b-f).

MiR-1269a regulates NSCLC cell function

by inhibiting FOXO1 Discussion

To confirm that miR-1269a regulation is mediated by = Four essential characteristics of a good biomarker, fulfilled
FOXOI1, we performed rescue experiments. Western by exosomes, are sensitivity, specificity, stability, and avail-
blotting was used to determine the effects of cotrans- ability through minimal or noninvasive sampling.*’ Car-
fection of miR-1269a antagomir and FOXOI siRNA in adec et al. found polymeric precipitation (ExoQuick) to be
A459 cells (Fig 7a). Cotransfected cells exhibited signifi- an optimal method for exosome isolation because of its
cantly higher proliferation, migration, and invasiveness high extraction efficiency.’® Because exosomal miRNAs are

relative to control cells transfected with miR-1269a highly stable and exhibit good specificity and sensitivity,
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Figure 5 Downregulation of miR-1269a inhibited proliferation, migration and invasion of A549 cells. (a) The EdU assay was performed to determine
the proliferation of miR-1269a antagomir-transfected or negative controls-transfected A549 cells. (b) CCK8 viability assays were performed 0, 24,
48, 72 and 96 hours after transfection with miR-1269a antagomir or negative controls , Negative control; —m—, miR-1269a-antagomir. (c) Repre-
sentative images and quantitative results of colony formation were obtained after transfection. (d and e) Representative images and quantitative
results of the transwell assay were obtained after the transfection of miR-1269a antagomir or negative controls. All experiments were repeated at
least three times, and representative data are shown. Data are means & SEM. *P < 0.05, **P < 0.01, ***P < 0.001.

the detection of miRNAs in serum exosomes is considered ~ mechanisms by which hsa-miR-1269a functions in carcino-
to have immense clinical potential in the diagnosis of lung  genesis are not fully understood, and the regulatory effects

cancer, and when used in combination with tumor markers of hsa-miR-1269a on metastasis and invasion in NSCLC
can improve diagnostic efficacy.®” ** There are currently ~ are yet to be confirmed. Using functional experiments,
no specific and effective diagnostic biomarkers for clinical  including CCK8, EdU proliferation, and colony formation

application in NSCLC. In this study, we identified four assays, we demonstrated that upregulation of miR-1269a
miRNAs that were significantly upregulated in NSCLC.  promoted cell growth in H1975 cells transfected with miR-
We established a four-miRNA diagnostic panel with supe- 1269a agomir. Conversely, knockdown of miR-1269a
rior diagnostic efficiency to distinguish patients with  inhibited the proliferation of A549 cells transfected with
NSCLC from healthy controls, as shown by a multivariate ~ miR-1269a antagomir. These results suggest that ectopic
logistic regression model. This diagnostic panel could clini- miR-1269a expression regulates cell proliferation and
cally serve as a novel diagnostic biomarker for NSCLC. affects NSCLC initiation and progression. We found that

Of the four miRNAs identified in our study, hsa-miR-  that transfection with miR-1269a agomir promoted cell
1269a showed the highest AUC values in both the training ~ migration and invasion, while transfection with miR-1269a
and validation sets. This suggested that it offers better diag- antagomir had the opposite effects showing that

nostic potential, with higher specificity and sensitivity. =~ upregulation of miR-1269a promotes migration and inva-
Therefore, we focused on it in subsequent functional stud- sion in vivo.

ies. According to Min et al. a single-nucleotide variation in To determine the specific mechanism involved in
hsa-miR-1269a contributes to the occurrence of hepatocel- miR-1269a-mediated effects, we identified FOXOI as a
lular carcinoma.”® Another study reported that hsa-miR-  target gene. The FOXO family of transcription factors
1269a expression was increased in late-stage colorectal integrate multiple signals to affect patterns of gene
cancer (CRC), was correlated with recurrence and metasta- expression that impact multiple physiological and path-
sis in disease-free stage II CRC patients, promoted ological processes, including cancer and aging.*> Aber-
epithelial-mesenchymal transition (EMT), and promoted rant expression of FOXO1 has been reported in several
metastasis of CRC in vivo.”* However, the molecular  cancers. It affects tumor immunity, control of the cell
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Figure 6 FOXO1 was the direct target of miR-1269a in NSCLC (a) Bioinformatics analysis showed that there were three regulatory sites on FOXO1
3'-UTR for miR-1269a. (b) Relative expression of FOXO1 in NSCLC compared with normal tissue was analyzed by using TCGA database. (c) The lucif-
erase reporter plasmid containing WT- and Mut-FOXO1 was cotransfected into HEK293T cells with miR-1269a in parallel with negative controls.
(d and e) Relative mRNA and protein levels of FOXO1 in NSCLC cells transfected with miR-1269a agomir, miR-1269a antagomir or negative controls.
(f and g) FOXO1 expression was measured in H1975 and A549 cells using qRT-PCR and western blot analyses. (h and i) gRT-PCR and western blot
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Figure 7 MiR-1269a regulated NSCLC cell function via inhibiting FOXO1. (a) The FOXO1 protein levels were determined by western blotting in
A549 cells. (b) EJU assay of the proliferation of A549 cells transfected with negative controls, miR-1269a antagomir, miR-1269a antagomir plus neg-
ative controls-FOXO1-siRNA, miR-1269a antagomir plus FOXO1-siRNA. (c) Cell proliferation ability in A549 cells treated with negative controls, miR-
1269a antagomir, miR-1269a antagomir plus negative controls-FOXO1-siRNA, miR-1269a antagomir plus FOXO1-siRNA were measured by the
CCK8 assay , Negative control; , MiR-1269a-antagomir + Negative control-FOXO1-si; —m—, miR-1269a-antagomir; , miR-1269a-
antagomir+FOXO01-si. (d) Cell growth ability was measured by colony formation assay after transfection. (e and f) Representative images and quanti-
tative results of transwell assay were obtained after transfection. All experiments were repeated at least three times, and representative data are
shown. Data are means & SEM. *P < 0.05, **P < 0.01, ***P < 0.001.

analyses were used to detect the effect of si-FOXO1 in A459 cells. (j) Representative images and quantitative results of the EJU assay were obtained
after the transfection of si-FOXO1 or negative controls. (k) CCK8 viability assays were performed 0, 24, 48, 72 and 96 hours after transfection .
Negative control; , FOXO1-si. (I) Representative images and quantitative results of colony formation were obtained after transfection. (m and n)
Transwell assay was performed to determine the migration and invasion of si-FOXO1-transfected or negative controls-transfected A549 cells. All
experiments were repeated at least three times, and representative data are shown. Data are means + SEM. *P < 0.05, **P < 0.01, ***P < 0.001.
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cycle, DNA damage repair, carcinogenesis, metabolism
of glucose, and apoptosis.”® *” For these reasons, we
sought to investigate whether the expression of FOXO1I
was regulated by miR-1269a in NSCLC cells. We found
that both the mRNA and protein levels of FOXO1 were
significantly decreased in cells with high expression of
miR-1269a, while their expressions were significantly
increased in cells with low expression of miR-1269a.
Interestingly, in our study, based on the data from
TCGA database, the expression level of FOXO1I was also
significantly lower in NSCLC tissues than in normal tis-
sues. Luciferase reporter assay results further validated
FOXOI1 as a target of miR-1269a. Functionally, inhibi-
tion of FOXOI suppressed A549 cell proliferation,
migration, and invasion. CCK-8, EAU proliferation, and
colony formation assays showed that proliferation was
upregulated when FOXO1l and miR-1269a were
decreased simultaneously. We found that migration and
invasiveness were also significantly increased following
knockdown of FOXOI and miR-1269a. Hence, miR-
1269a antagomir significantly rescued the suppressive
effect of FOXOI on proliferation, migration, and
invasion.

The limitations of this study are as follows: first, the
sample selection may be biased, but there was no signifi-
cant difference and did not affect our conclusions. Second,
the prognostic value of miR-1269a needs to be confirmed.
We are currently following-up the patients and will present
the outcomes in our future studies. In conclusion, miR-
1269a is an onco-miRNA whose role is the negative regula-
tion of FOXOI in NSCLC. The interactions between
FOXOI and miR-1269a may represent targets for future
NSCLC therapy.
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Supplementary Figure S1: Relative expression and ROC
curves analysis of four selected miRNAs in serum exosomes.
(a-d) Relative expressions of four selected serum miRNAs in
patients with NSCLC (n = 73) and control individuals (n = 75)
using qRT-PCR assay in validation set, P < 0.001. ROC curve
analysis for NSCLC detection using hsa-miR-9-3p (e), hsa-
miR-205-5p (f), hsa-miR-210-5p (g) and hsa-miR-1269a (h) in
the validation set. Comparison of diagnostic performance
between four-miRNA panel and hsa-miR-9-3p (i), hsa-miR-
205-5p (j) or hsa-miR-210-5p (k) for NSCLC detection in
training set. Comparison of diagnostic performance between
four-miRNA panel and hsa-miR-9-3p (1), hsa-miR-205-5p

(m) or hsa-miR-210-5p (n) for NSCLC detection in

validation set.

Supplementary Figure S2: Schematic representation of WT-
and Mut-FOXO1 sequences. Blue fonts represented the mutant
bases.

Supplementary Table S1 Clinicopathological characteristics of
patients and demographic information of controls in training
set and validation set.

Supplementary Table S2: Sequences of primers used for qRT-
PCR in this study.

Supplementary Table S3: Expression of four serum exosome-
derived miRNAs in NSCLC patients and healthy controls in
validation set (median [interquartile range]).

Supplementary Table S4: Correlations between serum
exosomal miRNA concentrations and clinicopathological
characteristics of patients with NSCLC in training set (median
[interquartile range]).

Supplementary Table S5: Correlations between serum
exosomal miRNA concentrations and clinicopathological
characteristics of patients with NSCLC in validation set (median
[interquartile range]).
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