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Abstract: Circular RNAs (circRNAs) are a class of non-coding RNAs could affect expression of specific genes which
may induce tumor occurrence and progression. In this study, we identified 32 differentially expressed circRNAs be-
tween five pairs of lung adenocarcinoma and paracancerous tissues using circRNA microarray. And circ_0007142
expression was the most upregulated in five lung adenocarcinoma tissues. Meanwhile, circ_0007142 expression
was remarkably over-expressed in lung adenocarcinoma tissues and cells. In addition, knockdown of circ_0007142
inhibited proliferation, migration, invasion and induced apoptosis of lung adenocarcinoma cells. Furthermore,
knockdown of circ_0007142 inhibited the biological behavior of lung adenocarcinoma through miR-186/FOXK1
axis and inactivated the Wnt/B-catenin signaling pathway. Altogether, our study suggests Circ_0007142/miR-186/
FOXK1 axis may play as an important role in progression of lung adenocarcinoma, which provided a novel potential

mechanism about this disease.
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Introduction

Lung cancer is one of the most prevalent ma-
lighancies and the 5-year survival rate is only
approximately 20% [1]. Lung cancers usually
are grouped into two main types, namely, small
cell lung cancer and non-small cell lung cancer.
Lung adenocarcinoma is known as the most
common histological subtypes and accounts
for about 80% of non-small cell lung cancer [2].
Despite great advances in lung cancer diagnos-
tic and therapeutic strategies, the clinical prog-
nosis of patients remain unsatisfactory due to
its recurrence and metastasis [3-5]. Thus, a
detailed understanding of the molecular mech-
anisms underlying lung adenocarcinoma pro-
gression is essential.

As a class of non-coding RNAs, circular RNAs
(circRNAs) have a covalently closed loop struc-
ture with neither a 5’ cap nor a 3’ polyadenyl-
ated tail [6]. Recent studies indicate circRNAs
modulate diverse biological processes, includ-
ing “miRNA sponge”, transcriptional regulation,
protein-binding and translation [7, 8]. However,
aberrant circRNAs levels could affect expres-
sion of specific genes which may induce tumor
occurrence or progression [9, 10]. For instance,

high circ_0023404 expression was correlated
with poor prognosis of patients with lung cancer
[11]. Circ-RAD23B could facilitate cell growth
and metastasis in non-samll cell lung cancer
[12]. Hence, exploring the functions of circRNAs
in lung cancer development may lead to new
strategies for lung cancer therapies.

MicroRNAs are short endogenous non-coding,
single stranded RNAs (around 19-23 nucleo-
tides in length) that could regulate gene expres-
sion by binding to the 3’-untranslated regions
(3-UTRs) of target mRNAs [13]. Competing
endogenous RNA (ceRNA) hypothesis demon-
strated that miRNAs sponging function of cir-
cRNAs [7, 14]. However, the molecular function
of circ_0007142 has yet to be fully explored.
In the current study, we aimed to investigate
the expression level and biological function of
circ_0007142 in lung adenocarcinoma, and
further study its potential mechanism.

Materials and methods
Participants and clinical specimens

Seventy clinical cancer tissues and paired ad-
jacent normal tissues were acquired from


http://www.ajtr.org
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Table 1. The correlation of circ_0007142 expression with clinical parameters in patients with lung

adenocarcinoma

circ_0007142 expression

Variables Clinical parameters High (n=38) Low (1=32) P value

Gender Male 17 13 0.576
Female 21 21

Age (years) <65 18 14 0.762
>65 20 18

Size (cm) <5 21 17 0.858
>5 17 15

Differentiation Well/Moderate 21 14 0.337
Poor 17 18

TNM stage /1 21 10 0.044*
1] 17 22

Lymphatic metastasis Yes 26 13 0.020"
No 12 19

“P<0.05.

patients who had received surgical resection
between January 2016 and December 2017 in
Peking Union Medical College Hospital. The
patients had not yet received preoperative
radiotherapy or chemotherapy. And the charac-
teristics of participants enrolled in the study
are shown in Table 1. All the specimens were
immediately snap-frozen after isolation for fur-
ther analysis. The study was approved by
Peking Union Medical College Hospital, written
informed consent was obtained from all par-
ticipants.

Circular RNA microarrays

The circular RNAs were enriched from total
RNA of samples, amplified, transcribed into flu-
orescent cRNA, and then hybridized onto the
Arraystar circRNA Array (8 x 15 K, Arraystar)
(Rockville, MD, USA). After washing, the arrays
were scanned by the Agilent Scanner G2505C.
Agilent Feature Extraction software (version
11.0.1.1) was used to analyze acquired array
images. A heat map of differentially expressed
circRNAs/genes in cancer tissues and matched
normal tissues was then constructed.

Cell culture and transfection

The human lung adenocarcinoma cell lines
(HCC827, A549, H125, and NCI-23) and one
human normal lung epithelial cell line BEAS-2B
were purchased from the Chinese Academy
of Sciences Cell Bank (Shanghai, China). Cells
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were cultured in dulbecco’s modified eagle
medium (DMEM, Gibco, USA) supplemented
with 10% fetal bovine serum (FBS; Solarbio)
and 1% penicillin/streptomycin (Solarbio) at
37°C in a humidified atmosphere containing
5% CO,. Circ_0007142 small interfering RNA
(siRNA) against circ_0007142, miR-186 mim-
ics, miR-186 inhibitors and negative controls
were all designed and synthesized by Gene-
Pharma (Shanghai, China). For cell transfec-
tion, AB49 and H125 cells were seeded in
six-well plates at a density of 5 x 10%/well and
cultured to a confluency of 50-60%. Then
circ_0007142 expression vector (Invitrogen,
CA, USA), miR-186 mimics, miR-186 inhibitors
and circ_0007142 small interfering RNA (Ge-
ne-Pharma, Shanghai, China) were, respecti-
vely, alone or in combination transfected into
A549 and H125 cells using Lipofectamine
2000 (Invitrogen, MA, USA) in accordance wi-
th manufacturer’'s protocol. At 48 h after tr-
ansfection, cells were harvested for RT-PCR
analysis or western blotting.

CCK-8 cell proliferation assay

2 x 102 cells A549 and H125 cells were plant-
ed in 96-well plate and cultured in a humid
atmosphere with 5% CO, at 37°C for 96 h.
Next, 10 ul CCK-8 solution (Beyotime, Shang-
hai, China) was added into each well for 3
hours incubation. The absorbance of each we-
Il at 490 nm was measured at 24 h, 48 h, 72 h
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and 96 h using FLx800 Fluorescence Micro-
plate Reader (Biotek, USA).

Cell apoptosis assay

Cultured cells were harvested after transient
transfection for 24 hours and washed with
PBS, followed by cell resuspension in binding
buffer. And then cells were fixed in ice-cold 70%
ethanol, stained with Annexin V-FITC and pro-
pidium iodide (Pl). Cell apoptosis was then
detected by flow cytometry (FCM) FACS Cali-
bur (BD Biosciences, CA, USA) and analyzed by
software FACS Diva.

Scratch assay

Cells were collected and resuspended in RPMI-
1640 medium. Each well of a six-well plate was
seeded with 5 x 105 cells and cultured for 24 h
to 100% confluence. The cells were scratched
with the head of a 200 pl tip and washed with
serum-free medium. These cells were further
cultured for 24 h in serum-free medium. After
that, serum-free medium were replaced with
RPMI-1640 medium containing 3% FBS and
continued to culture for 72 h; these cells were
then photographed for analysis.

Cell migration and invasion assays

For cell migration, cells were resuspended in
serum-free medium and added into the top
chamber. Medium containing 10% FBS was
added to the lower chamber. For cell invasion,
100 pl matrigel (BD, USA) was firstly added
onto the bottom chamber. After 24 hours of
incubation, cells on the upper surface of the
transwell membrane were gently removed us-
ing a cotton swab, and cells on the lower sur-
face of the transwell membrane were fixed in
4% paraformaldehyde, stained with 0.1% cr-
ystal violet, and counted under a microscope
at 20 x magnification in random fields in each
well.

Colony formation assay

Cells were plated into 6-well plates at a density
of 1000 each well and cultured for two weeks.
And then cells were washed with PBS three
times, fixed with 4% paraformaldehyde, and
stained with methyl violet. The number of colo-
nies containing =50 cells was counted under
an inverted microscope.
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Real time quantitative PCR analysis

Total RNAs were extracted from tissues and
cells using TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc.) following the manufacturer’s
protocol. The concentrations of total RNAs were
measured by the NanoDrop spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA).
For miRNA analysis, total RNAs were convert-
ed into cDNAs using a First-Strand cDNA Syn-
thesis Kit (Takara, Dalian, China), followed by
RT-gPCR analysis using SYBR Premix Ex Tag-
TM kit (Takara). For the quantification of
circ_0007142, FOXK1, B-catenin, c-myc and
cyclinD1, total RNAs were used to measure the
expression by One Step TB Green™ Prime-
Script™ RT-PCR Kit (Takara). All primers were
designed and synthesized by Shanghai Gene-
Pharma Co., Ltd. The primers were as follows:
circ_0007142 forward, 5 GAACTCTGCCTCAG-
GATGAA 3’ and reverse, 5° AACGTGTAACCTC-
GGTACCA 3’; miR186 forward, 5° ACGAGGAC-
GACAGAC 3’ and reverse, 5 CTTGGGGATAGG-
TCATTGGGGG GT 3’ sicirc_0007142 5 GA-
TGGCCTCCTGGCGGT TA 3’; siNC 5" UGGGGGG
ACAACAUGGGGGGGCUCU 3’ miR186 mimic: 5’
ACGAGGUCUGUCUGAC 3’; miRNC 5 AGUGC-
GUAUACGAGCUGU 3’; FOXK1 forward, 5 AT-
GGGAA TACCCTGGGCCGGGGTGT 3’ and re-
verse, 5" GGGACATCATGGGTCAGGGT 3’; U6 for-
ward, 5 CTCGCTTCGGCAGCACA 3’ and reverse,
5 AACGCTTCACGAATTTGCGT 3’; GAPDH for-
ward, 5° GGGAGCCAAAAGGGTCAT 3’ and re-
verse, 5" GAGTCCTTCCACGATACCAA 3'. The ge-
ne expression levels were calculated by 2-AACT
method with GADPH or U6 as internal controls.

Luciferase reporter assay

Circ_0007142 sequences and FOXK1 3-UTR
with or without miR-186 binding sites were
generated and inserted into luciferase repor-
ter vectors psiCHECK-2, (Promega, Madison,
WI, USA). Subsequently, reporter plasmid and
miR-186 or control mimics were transduced
into A549 and H125 cells by Lipofectamine
2000 (Invitrogen). Two days after transfection,
renilla luciferase activities were detected us-
ing the Dual-Luciferase Reporter Assay System
(Promega, Madison, WI, USA) following the
manufacturer’s instructions.

Western blotting analysis

Proteins were isolated from H125 cells using
RIPA buffer containing protease inhibitors, and
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Figure 1. Circ_0007142 was enhanced in lung adenocarcinoma tissues and correlated with poor prognosis. A. 32
differentially expressed IncRNAs were upregulated in lung adenocarcinoma tissues and paracancerous tissues.
B. The expression of circ_0007142 was most up-regulated in lung adenocarcinoma tissues. C. The expression of
circ_0007142 in 60 pairs of lung adenocarcinoma tissues and adjacent normal tissues. D. Circ_0007142 expres-
sion was obviously higher in patients with advanced clinical stage (lll phase) than that with early clinical stage (I-l
phase). E. Kaplan-Meier curves of overall survivals and log-rank test showed that patients with high circ_0007142
expression had poor overall survivals. "P<0.05 compared to normal, I-ll group; “*P<0.01 compared to normal group.

then separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride membranes.
After blocked with 5% skimmed milk, the mem-
brane was incubated with the primary antibod-
ies anti-FOXK1, anti-B-catenin, anti-c-myc, an-
ti-cyclinD1 and anti-GAPDH at 4°C overnight,
followed by incubating with anti-rabbit horse-
radish peroxidase-conjugated secondary anti-
body (ZSGB-BIO, Beijing, China), and detected
using enhanced chemiluminescence detection
system.

Statistical analysis

All statistical analyses were performed using
the SPSS 17.0 software and GraphPad Prism
6. All data were expressed as the mean * st-
andard deviation. Differences were calcuated
with Student’s t-test or one-way ANOVA. Pe-
arson’s correlation analysis was used to ana-
lyze the expression correlation. Kaplan-Meier
method and logrank test were utilized to ana-
lyze the overall survival rate of patients. The
value of P less than 0.05 indicated a statisti-
cally significant difference.
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Results

Circ_0007142 was enhanced in lung adeno-
carcinoma tissues and correlated with poor
prognosis

To assess the expression of circRNAs in lung
adenocarcinoma, we initially analyzed altered
expression of circRNAs between five lung ade-
nocarcinoma tissues and five paracancerous
tissues using circRNA microarray. We observ-
ed 32 circRNAs were upregulated in lung ade-
nocarcinoma tissues (Figure 1A). And circ_
0007142 expression was the most upregulat-
ed in lung adenocarcinoma tissues (Figure
1B). Moreover, we measured the expression of
circ_0007142 in 70 pairs of lung adenocarci-
noma tissues and adjacent normal tissues. The
results confirmed that circ_0007142 expres-
sion was obviously enhanced in cancer tissues
(Figure 1C). In addition, we analyzed the asso-
ciation of circ_0007142 expression with lung
adenocarcinoma clinical features. The results
demonstrated that increased circ_0007142
expression was associated with TNM stage,
lymphatic and distant metastases (Figure 1D;
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Table 1). The Kaplan-Meier curves and Log-
rank test indicated that patients with high
circ_0007142 expression had significantly sh-
orter overall survival time than patients with
low circ_0007142 expression (Figure 1E).

Knockdown of circ_0007142 suppressed
proliferation, migration and invasion, induced
apoptosis in lung adenocarcinoma cells

To identify the potential role of circ_0007142
in lung adenocarcinoma cells, we first mea-
sured the circ_0007142 expression in 4 lung
adenocarcinoma cell lines. The results showed
circ_0007142 expression was remarkably en-
hanced in cancer cell lines than that in norm-
al cell line. Among all lung cancer cell lines,
circ_0007142 expression was the highest in
A549 and H125 cells (Figure 2A). Thus we con-
structed stable circ_0007142 knockdown in
A549 and H125 cells via siRNA transfection
(Figure 2B). CCK-8 assay revealed circ_000-
7142 knockdown inhibited the proliferation of
A549 and H125 cells significantly (Figure 2C).
The cell apoptosis assay manifested si-circ_-
0007142 induced a higher cell apoptosis per-
centage than the si-NC group (Figure 2D). In
addition, colony formation assay showed circ_-
0007142 silencing decreased the colony form-
ing ability of two cell lines (Figure 2E). In con-
trast to control si-NC group, knockdown of
circ_0007142 inhibited the migration and in-
vasion ability of cells (Figure 2F).

Circ_0007142 serves as a sponge for miR-186

Growing evidences had illustrated that circR-
NAs function as miRNA sponges to regulate ge-
ne expression post-transcriptionally. Thus, we
investigated the potential candidate targets of
circ_0007142 using circinteractome (https://
circinteractome.nia.nih.gov/). And the bioinfor-
matics analysis predicted that miR-186 was a
potential target of circ_0007142 (Figure 3A).
Besides, miR-186 level was significantly down-
regulated in lung adenocarcinoma cancer tis-
sues compared to adjacent normal tissues
(Figure 3B). Similarly, miR-186 expression level
was obviously lower in 4 cancer cell lines than
that in normal cell line (Figure 3C). Luciferase
reporter assay revealed miR-186 overexpres-
sion repressed the luciferase activity of only
circ_0007142 wild type in A549 and H125
cells (Figure 3D). As shown, circ_0007142 ex-
pression was negatively correlated with miR-
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186 expression in cancer tissues (Figure 3E).
CCK-8 assay revealed that miR-186 inhibitor
could rescue the suppression by si-circ_000-
7142 in the proliferation of two cells (Figure
3F). After cells were transfected with si-
circ_0007142, miR-186 expression was sig-
nificantly up-regulated which was enhanced by
miR-186 inhibitor (Figure 3G). Colony formation
assay and transwell assay showed that miR-
186 inhibitor could rescue the suppression by
si-circ_0007142 in the migration and invasion
number of two cells (Figure 3H, 3l).

FOXK1 is a direct target of miR-186

Increasing reports demonstrate miRNAs may
regulate gene expression via binding to 3’-UTR
of target mRNAs. Thus we explored potential
target genes of miR-186 using TargetScan
(http://www.targetscan.org/) and identified
FOXK1 as a potential target candidate (Figure
4A). Luciferase reporter assay validated miR-
186 significantly decreased the luciferase ac-
tivity of wild type (WT) but not the mutant (Mut)
3-UTR of FXOK1 in lung cancer cells (Figure
4B). Besides, we observed the FOXK1 expres-
sion was significantly increased in cancer tis-
sues and cells (Figure 4C, 4D). Moreover, we
confirmed a reverse correlation between miR-
186 and FOXK1 in lung cancer tissues (Figure
4E). Furthermore, miR-186 overexpression ob-
viously suppressed FOXK1 expression at both
mMRNA and protein level (Figure 4F).

Circ_0007142 silencing alleviated the activa-
tion of Wnt/B-catenin signaling pathway

The Wnt/B-catenin signaling pathway has been
documented to serve as an important role in
tumor progression [15]. Thus, we explored the
effect of circ_0007142 on this signaling path-
way in H125 cells transfected with si-circ_000-
7142 using gRT-PCR and western blot. The
results showed circ_0007142 knockdown do-
wnregulated the expression level of FOXK1 in
H125 cells, which was reversed by miR-186
inhibitor (Figure 5A). Furthermore, miR-186 in-
hibition could rescue suppressed abilities ca-
used by circ_0007142 knockdown in the ex-
pression of B-catenin, c-myc and cyclinD1 at
both mRNA and protein levels (Figure 5B).
These data suggested circ_0007142 silencing
may suppress through the inactivation of Wnt/
B-catenin pathway.

Am J Transl Res 2020;12(8):4728-4738
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Figure 2. Knockdown of circ_0007142 suppressed proliferation, migration and invasion, induced apoptosis in lung adenocarcinoma cells. A. Circ_0007142 expres-
sion level was remarkably enhanced in cancer cell lines than that in normal cell line. B. Circ_0007142 knockdown was established via siRNA transfection in A549
and H125 cell. C. CCK-8 assay revealed circ_0007142 knockdown inhibited the proliferation of A549 and H125 cells significantly. D. Flow cytometry revealed that
silencing of circ_0007142 markedly augmented apoptosis in cells compared with the non-transfected cells. E. Colony formation assay showed circ_0007142 silenc-
ing decreased the colony forming ability of two cell lines. F. Transwell assay showed circ_0007142 silencing inhibited the migration and invasion ability of cells.
“P<0.05 compared to BEAS-2B, si-NC group; “"P<0.01 compared to BEAS-2B.
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Figure 3. Circ_0007142 serves as a sponge for miR-186. A. Bioinformatics analysis showed that miR-186 was a
potential target of circ_0007142. B. miR-186 level was significantly down-regulated in lung adenocarcinoma cancer
tissues compared to adjacent normal tissues. C. miR-186 expression level was obviously lower in 4 cancer cell lines
than that in normal cell line. D. The dual-luciferase reporter assay verified the binding with the decreasing fluores-
cence within miR-186 mimic and circ_0007142 wild type. E. Circ_0007142 expression was negatively correlated
with miR-186 expression in cancer tissues. F. CCK-8 assay revealed that miR-186 inhibitor could rescue the sup-
pression by si-circ_0007142 in the proliferation of two cells. G. After cells were transfected with si-circ_0007142,
miR-186 expression was significantly up-regulated which was enhanced by miR-186 inhibitor. H, I. miR-186 inhibitor
could rescue the suppression by si-circ_0007142 in the migration and invasion number of two cells. "P<0.05 com-
pared to BEAS-2B, miR-NC, si-NC group; “"P<0.01 compared to BEAS-2B, normal group.
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Figure 4. FOXK1 is a direct target of miR-186. A. TargetScan predicted FOXK1 as a potential target candidate of miR-
186. B. Luciferase reporter assay validated miR-186 significantly decreased the luciferase activity of wild type (WT)
but not the mutant (Mut) 3’-UTR of FXOK1 in lung cancer cells. C, D. FOXK1 expression was significantly increased
in cancer tissues and cells. E. A reverse correlation was found between miR-186 and FOXK1 in lung cancer tissues.
F. miR-186 overexpression obviously suppressed FOXK1 expression at both mRNA and protein level. “P<0.05 com-
pared to miR-NC, normal group; "*P<0.01 compared to BEAS-2B.

Discussion cancer cases [16]. To date, circRNAs have been

identified as important regulators in tumorigen-
Lung cancer is the world’s leading cause of esis and progression. In this present study, we
cancer death (Available from: http://www.who. first explored the functions and regulatory
int/mediacentre/factsheets/fs297/en/). App- mechanism of circ_0007142 in lung adenocar-
roximately 40% of all the diagnosed cases are cinoma progression. We found circ_0007142
lung adenocarcinomas (LUADSs). As one of path- expression was dramatically increased in lung
ological subtypes, lung adenocarcinoma com- adenocarcinoma tissues and cell lines. In ad-
prises approximately 40% of all diagnosed lung dition, high expression of circ_0007142 was
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Figure 5. Circ_0007142 silencing alleviated the activation of Wnt/B-catenin signaling pathway. A. miR-186 inhibitor
could rescue the suppression of FOXK1 expression by si-circ_0007142 in H125 cells. B. miR-186 inhibition could
rescue suppressed abilities caused by circ_0007142 knockdown in the expression of 3-catenin, c-myc and cyclinD1
at both mRNA and protein levels. "P<0.05 compared to si-NC group.

closely associated with advanced TNM stage
and metastasis. Moreover, circ_0007142 level
may act as a potential factor to predict overall
survival. Furthermore, we observed circ_000-
7142 knockdown exhibited inhibitory effect on
lung adenocarcinoma cell proliferation, migra-
tion and invasion. These data suggested that
circ_0007142 may act as an important role in
regulating cell proliferation and motility of lung
adenocarcinoma cancet.

Growing evidence suggested that circRNA may
execute its regulatory function in gene expres-
sion as miRNA sponge. Similarly, we predicted
miR-186 was a potential target of circ_00071-
42 using bioinformatics analysis. Subsequently,
we found miR-186 expression level was lower
in cancer tissues and cell lines. And miR-186
inhibitor could rescue the suppression by si-
circ_0007142 in the proliferation, migration
and invasion of cancer cells. These results
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imply circ_0007142 may act as a sponge for
miR-186 in lung adenocarcinoma. To further
investigate the downstream effector molecule
of circ_0007142/miR-186 axis, we identified
FOXK1 as a potential target candidate of miR-
186 target using TargetScan. FOXK1 belongs to
FOX transcription factor family and regulates
gene expression in cell proliferation, metasta-
sis and metabolism [17, 18]. Accumulating evi-
dence has demonstrated FOXK1 level was
enhanced in several malignant tumors, includ-
ing esophageal cancer [19], gastric cancer [20]
and colorectal cancer [21]. Similarly, we found
FOXK1 was overexpression in lung adenocarci-
noma tissue and cells. Meanwhile, miR-186
overexpression obviously suppressed FOXK1
expression at both mRNA and protein level. The
Wnt/B-catenin signaling pathway plays an im-
portant role in the development of human can-
cers [22]. Previous studies have revealed aber-
rant activation of the Wnt/B-catenin pathway
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was involved in lung cancer progression [23].
Given that FOXK1 could regulate Wnt/3-caten-
in pathway in cancers [24-26], we further in-
vestigated the effect of circ_0007142 on this
signaling. The results demonstrated knockdo-
wn of circ_0007142 could downregulate the
expression level of FOXK1 in cells. Besides,
circ_0007142 silencing resulted in inhibition
of B-catenin, c-myc and cyclinD1 expression,
indicating that circ_0007142 knockdown sup-
pressed the activation of Wnt/B-catenin signal-
ing pathway through miR-186/FOXK1 axis.

Conclusion

In summary, we first identified that circ_000-
7142 was upregulated in lung adenocarcinoma
tissues and cells. Knockdown of circ_0007142
inhibited the proliferation and metastasis of
lung adenocarcinoma through miR-186/FOXK1
axis and inactivated the Wnt/[B-catenin signal-
ing pathway, which provided a novel potential
mechanism about lung adenocarcinoma de-
velopment.
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