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Background: Lung cancer is the most commonly diagnosed cancer and the major cause of
cancer-related deaths worldwide. The increasing studies have demonstrated that circular
RNA (circRNA) was involved in the progression of various cancers, including non-small-
cell lung cancer (NSCLC). This study was designed to assess the expression, roles and
functional mechanisms of circ_0000735 in NSCLC.

Materials and Methods: The expression levels of circ_0000735, miR-940 and bone
morphogenetic protein binding endothelial cell precursor-derived regulator (BMPER) were
estimated by the real-time quantitative polymerase chain reaction (RT-qPCR). The biological
behaviors of NSCLC cells such as proliferation, migration and invasion were analyzed by
cell counting kit-8 (CCK-8), colony-forming assays and transwell assay, respectively.
Furthermore, extracellular acid ratio and lactate production were tested to assess glycolysis
levels of NSCLC cells. The interaction relationship among circ_0000735, BMPER and miR-
940 was analyzed by bioinformatics database and dual-luciferase reporter assay. The protein
expression level of BMPER was assessed by Western blot assay. Tumorigenesis assay was
established to clarify the functional roles of circ_0000735 in vivo.

Results: Circ_0000735 was upregulated and significantly correlated with overall survival
in patients with NSCLC. In addition, the loss-of-functional experiments revealed that
knockdown of circ_0000735 repressed proliferation, migration, invasion and glycolysis of
NSCLC cells and tumor growth in vivo, which was overturned by overexpression of
BMPER. Similarly, overexpression of circ_0000735 enhanced proliferation, migration,
invasion, and glycolysis of NSCLC cells. In addition, we also confirmed that overexpres-
sion of miR-940 impeded proliferation, migration, invasion, and glycolysis of NSCLC
cells. Furthermore, overexpression of BMPER abolished si-circ_0000735 induced effects
on NSCLC cells.

Conclusion: Circ_ 0000735 regulated proliferation, migration, invasion, and glycolysis in
NSCLC cells by targeting miR-940/BMPER axis.
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Introduction

Non-small-cell lung cancer (NSCLC) was the most commonly diagnosed cancer with
high incidence and mortality all over the world.! NSCLC was the main pathological
type in clinical practice of lung tumor, which occupied 80-85% of the proportion in all
lung cancer cases.” Currently, poor prognosis of NSCLC might be partly attributed to

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2020:13 8427-8439 8427

© 2020 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

T php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:pvlpl4@163.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Huang et al

Dove

tumor metastasis and recurrence.>* Therefore, research on
underlying mechanisms of NSCLC was crucial and urgent.

Increasing evidence has indicated that circular RNA
(circRNA), with covalently closed-loop structures with-
out 5 end caps or 3’ end poly (A) tails,” played a key
role in carcinogenesis.® The numerous potential func-
tions to circRNA in human cancer might be attributed
to the following factors like enormously abundant, sig-
nificantly stable, evolutionary conservation, and tissue-
specific expression.” Mechanically, circRNA exerted its
biological functions in cellular physiology by various
mechanisms including, as miRNA sponge, as intermedi-
ate in gene splicing or transcription, interacting with
protein, and epigenetic regulation.®® Furthermore, Li
et al reported that circRNA was a key regulator and
novel diagnostic and prognostic biomarker in
NSCLC.'" Circ_0000735 was derived from the P2RX1
gene and located on chrl7 (3802927-3808661). Li et al
revealed that circ 0000735 could target miR-1179/1182
to regulate cell growth, mobility, and apoptosis in
NSCLC cells,'! raising questions as to whether
circ_0000735 had other target miRNAs in NSCLC.

miRNA was evolutionarily conserved single-stranded
RNA with about 21-24 nucleotides in length, which
played a critical role in mRNA expression through degra-
dation mRNA or inhibition translation via binding to 3’
untranslated region (UTR) of mRNA."? In addition,
numerous studies have reported that miRNA contributed
to regulating oncogene expression, which further affected
the development of malignant cancers, including
NSCLC."*!'* Recent research of miR-940 revealed that
miR-940 was a prognostic biomarker in breast cancer,'
papillary thyroid carcinoma,'® and NSCLC.'"'®

Furthermore, bone morphogenetic protein binding
endothelial cell precursor-derived regulator (BMPER),
a secreted glycoprotein, contained five cysteine-rich
domains, von Willebrand D domain and a trypsin-
inhibitor domain in construction.'” In addition, the
bone morphogenetic protein (BMP) signaling pathway
was regulated by BMPER in a concentration-dependent
fashion.”® Another important thing worth mentioning
was that BMP signaling pathway was tightly associated
with progression of malignancies.”’ Therefore, it was
significant to establish the role of circ 0000735 in
NSCLC
BMPER, which may provide a novel treatment strategy
for NSCLC.

and its relationship with miR-940 and

Materials and Methods

Patient Specimens

In total 70 paired tissue samples of NSCLC tissue (T)
and matched nontumorous tissue (N; at least 3 cm away
from the edge of the NSCLC) tissue were received from
patients with a surgical procedure at the First Affiliated
Hospital of Shantou University Medical College as well
as the five-year Kaplan—Meier survival analysis from
2012-2017. In addition, the clinicopathologic features
of NSCLC patients were presented in Table 1. The
specimens were independently classified with NSCLC
with NSCLC were
assigned to different groups based on the median

by two pathologists. Patients
expression levels of circ 0000735 or stage tumor,
node, and metastasis (TNM). The human materials
were collected with the written informed consent of
patients and authorized by the Ethics Committee of the
First Affiliated Hospital of Shantou University Medical

Table | The Clinical Pathological Characteristics of NSCLC
Patients

Circ_0000735
Expression
Clinical Parameter Number | High Low P value
Age (years) 0.615
<60 46 21 25
>60 24 13 11
Gender 0.532
Male 55 28 27
Female 15 96
Tumor size 0.353
<5cm 41 23 18
>5cm 29 1316
With or without EGFR 0.114
mutation
With 22 157
Without 48 23 25
TNM stages 0.022
land Il 43 28 15
Il and IV 27 10 17
Lymphatic metastasis 0.032
Yes 21 147
No 49 19 30
Differentiation grade 0.229
Well/moderately 24 1311
Poorly/undifferentiated | 46 18 28
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College. All excised tissue was rapidly transferred to
liquid nitrogen and then maintained at —80°C.

Cell Lines and Cell Culture

The human NSCLC cell lines (SK-MES-1, H1299, H1755,
A549, and H1581) were obtained from the American Type
Culture Collection (Rockville, MD, USA). The human
bronchial epithelial cell line (16HBE) was provided form
Medical Sciences of Central South University (Hunan,
China). Notably, the use of 16HBE was permitted by the
Ethics Committee of the First Affiliated Hospital of
Shantou University Medical College. All cells were cul-
tured in RPMI 1640 medium (Wisent, Shanghai, China)
supplemented with 10% (v/v) fetal bovine serum (FBS;
Hyclone, South Logan, UT, USA) and 1% penicillin/strep-
tomycin (Wisent) in a humidified atmosphere containing
5% CO, at 37°C.

RNA Isolation and Real-time Quantitative
Polymerase Chain Reaction (RT-qPCR)

Total RNA was extracted from tissue and cells using
Trizol reagent (Invitrogen, Carlsbad, CA, USA) under
the manufacturer’s protocols. The complementary DNA
was synthesized with 5 pg of total RNA wusing
PrimeScript™ RT reagent kit (Takara, Dalian, China)
or Mir-X miR First-Strand Synthesis Kit (Takara). RT-
gPCR assay was performed with an SYBR Green Real-
Time PCR Master Mix (Thermo Fisher Scientific,
Waltham, MA, USA) under AB7300 thermorecycler
(Applied Biosystems, Foster City, CA, USA). The para-
meters of RT-qPCR analysis were consistent with opera-
tion of Xu et al.?®> The transcript level of circRNA/
mRNA or miRNA was normalized to glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) or endogenous
small nuclear RNA U6 (U6) based on the 2 **" method,
respectively. In addition, for analysis of half-life of
circ_ 0000735 and mp2RX1, A549 and H1299 cells
were treated with actinomycin D at the indicated time.
Moreover, for analysis of location of circ 0000735,
RNA in the cytoplasm or nucleus was respectively
extracted using NE-PER Reagent (Thermo Fisher
Scientific) with GAPDH or U6 as positive controls,
correspondingly.

The sequences of primers were displayed:

circ_0000735 (F, 5-GAAGACAGTGGCTGTACCCC
-3"; R, 5'-CGTTGAAGGCCACACACTTG-3";

p2RX1 (F, 5-CGTCATCGGGTGGGTGTTTCTCTA
-3"; R, 5'-AGGGCGCGGGATGTCGTCA-3");

miR-940 (F, 5'-GCCGAGAAGGCAGGGCCCCCG-3
R, 5'-CTCAACTGGTGTCGTGGA-3');

BMPER (F, 5-TTTATCACAGACAACCCTTGCAT
-3, R, 5'-TCCTGGCACTGGCGTAGAA-3');

GAPDH (F, 5'-TCCCATCACCATCTTCCAGG-3'"; R,
5'-GATGACCCTTTTGGCTCCC-3');

U6 (F, 5-AACGAGACGACGACAGAC-3"; R, 5'-
GCAAATTCGTGAAGCGTTCCATA-3").

Transfection Assay
Specific small interfering RNA (siRNA) objecting
circ_0000735 (si- circ_0000735) and siRNA scrambled
control (si-NC), miR-940 mimic (miR-940) and its nega-
tive control (miR-NC), and miR-940 inhibitor (anti-miR
-940) and its negative control (anti-NC) were generated
and synthesized by Biossci Company (Wuhan, China). The
lentiviral vectors with sh-circ_0000735 (sh-circ_0000735)
(sh-NC), and circ_0000735-
(circ_0000735),  BMPER-
overexpression vector (BMPER) and their negative control

or matched control

overexpression  vector
(vector) were purchased from RiboBio Corporation
(Guangzhou, China). Lipofectamine 2000 (Invitrogen)
was utilized for oligonucleotides and vectors transfection
as instructed by the manufacturer.

Cell Proliferation Assay

Cell counting kit-8 (CCK-8) assay was conducted to
assay cell proliferation in vitro as described by Xue
et al.?> A549 and H1299 cells were injected into 96-
well plates at a concentration of 1000 cells/well. After
incubation for 24 h the 10 pL of CCK-8 reagent
(Dojindo Laboratories, Kumamoto, Japan) was added
to each well and incubated for four hours in
a humidified incubator at 37°C with 5% CO,. At the
end of incubation, absorbance value (OD) of each well
was measured at 450 nm on a microplate spectrophot-
ometer (BioTek Instruments, Winooski, VT, USA).
Furthermore, colony-forming assay was performed as
described by Wang et al.** In brief, stably transfected
A549 and H1299 cells (500 cells/well) were seeded into
a 12-well plate and then cultured at 37°C with 5% CO..
At the 14 d time points, the A549 and H1299 cells were
fixed and stained with 0.5% crystal violet solution.
A microscope (Olympus, Tokyo, Japan) was used to
record colonies of different groups.
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Transwell Migration and Invasion Assays

The 24-well transwell chamber adhered with matrigel
CA, USA) or
without matrigel was applied to assess cell invasion or

(Becton Dickinson, San Jose,
migration ability, correspondingly. NSCLC cells (2x10*
cells) in 200 pL of serum-free medium were added into
the upper chamber, whereas the lower chamber was filled
with 600 pL of complete medium containing 10% FBS.
After incubation for 24 h, migrated or invaded cells were
fastened with 4% formaldehyde and then dyed with 0.1%
crystal violet. For transwell assay, a microscope (Olympus,
Tokyo, Japan) and Image J software (National Institutes of
Health, Bethesda, MD, USA) were used to photograph and

calculate cell number of migrated or invaded cells.

Extracellular Acidification Rate (ECAR)

and Lactate Production Assays

ECAR assay was carried out using the commercial
Test Kit (Agilent
Technologies, Suzhou, China) in the light of the user’s

Seahorse XF Glycolysis Stress
guideline and previously described.”> Furthermore, the
Lactate Assay Kit (Solarbio, Beijing, China) was used
for detection lactate production based on user’s guideline.

Dual-luciferase Reporter Assay

We predicted the miR-940 binding sites in circ_0000735
or 3'UTR of BMPER using the bioinformatics databases
circular RNA Interactome (https://circinteractome.nia.nih.

gov/bin/mirnasearch) or TargetScanHuman (http://www.

targetscan.org/vert 72/), respectively. The fragments of
circ_0000735 or BMPER 3’ UTR containing the predicted
wild and mutant sites on miR-940 were synthesized and

directly inserted into PGL3 vector (Promega, Madison,
WI, USA) to establish luciferase reporter vectors WT-
circ_0000735, MUT-circ_0000735, WT-BMPER 3’ UTR,
or MUT-BMPER 3’ UTR, respectively. A549 and H1299
cells were co-transfected with indicated vectors along with
miR-940 mimic or miR-NC. After 48 h of culture, the
luciferase activity was detected by the dual-luciferase
reporter assay system (Promega), with Renilla luciferase
activity as the internal control.

Western Blot Assay

Briefly, cells or tissue were lysed with radio-

immunoprecipitation assay (RIPA; Beyotime, Shanghai,
China) buffer and protease inhibitors (Beyotime) then
centrifuged for 10 min (12,000xg, 4°C). Total protein for

each sample was subjected to 12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and shifted onto poly-
vinylidene fluoride (GE Healthcare, Piscataway, NI,
USA). Membranes were immersed with 3% albumin
bovine V (Amyjet scientific, Wuhan, China) in Tris-
buffered saline and then incubated with primary antibody
anti-BMPER  (1:1000 dilution; ab75183; Abcam,
Cambridge, MA, USA) overnight at 4°C, with GAPDH
(1:2000 dilution; ab181602; Abcam) as the internal con-
trol. Afterwards, the blots were re-probed with secondary
antibody conjugated with horseradish peroxidase (1:2000
dilution; ab205718; Abcam). Finally, immunoreactive
bands were visualized and analyzed with ECL Western
Blotting Detection Kit (Solarbio) and Image J software
(National Institutes of Health), respectively.

In vivo Experiment

The animal experiment was strictly obeyed the guidelines
of China Science Review of Laboratory Animal Welfare,
and this animal experiment was permitted by the
Institutional Animal Care and Use Committee of the
First Affiliated Hospital of Shantou University Medical
College. A549 cells stably transfected with lentiviral vec-
tors with sh-circ_0000735 (sh-circ_0000735) or matched
control (sh-NC) were hypodermically injected into right
flanks of 12 female nude mice (four weeks; Shanghai
Experimental Animal Center, Shanghai, China), respec-
tively. After 28 days, the mice were euthanized and the
tumors were removed for weight detection and RT-qPCR
assay.

Statistical Analysis

All analyses were carried out using the SPSS 21.0 soft-
ware (IBM, Somers, NY, USA). The differences of results
were assessed by using Student’s f-test when there were
only two groups, or analyzed by one-way analysis of
variance when there were multiple groups. All data were
exhibited as mean +standard deviation and P-value less
than 0.05 was considered statistically significant.

Results

Circ_0000735 was Upregulated in
NSCLC Tissue and Cells and Connected
with Poor Prognosis of NSCLC

The expression level of circ_ 0000735 was analyzed using
RT-qPCR analysis in cancerous tissue and neighboring
normal tissue from NSCLC patients. Circ 0000735
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Figure | The expression level of circ_0000735 in NSCLC tissue and cells. (A) The abundance of circ_0000735 in NSCLC tissue and nearby normal tissue was detected by
RT-qPCR assay. (B) RT-qPCR assay was used to show circ_0000735 expression in NSCLC tissue with different TNM stage. (C) Prognostic significance of circ_0000735
expression for NSCLC patients was conducted using the Kaplan—Meier method. (D) RT-qPCR assay was performed for examining circ_0000735 level in NSCLC cell lines
and human bronchial epithelial cell line (I16HBE). (E and F) The expression levels of circ_0000735 and mp2RXI were estimated by RT-qPCR at the indicated time after

treatment with actinomycin D. *P<0.05.

expression was considerably higher in NSCLC tissue
relative to contiguous normal tissue (Figure 1A). The
70 NSCLC patients were separated into I+II (n=40) or
II+IV (n=30) grade groups in accordance with World
Health Organization classification. As shown in Figure
1B, the advanced TNM
circ_0000735 level than early group. In accordance with

stage showed higher
the median expression level of circ_ 0000735, patients
were divided into two groups. We found that cumulative
survival time of NSCLC patients with a high level of
circ_0000735 was shorter than that with low level of
circ_ 0000735 by Kaplan—Meier curve analysis (Figure
1C). We also measured the expression of circ_0000735
in SK-MES-1, H1299, H1755, A549, H1581, and 16HBE
cells, and the results indicated that the expression of
circ_0000735 was upregulated in NSCLC cells compared
to that in 16HBE cells, especially in A549 and H1299
cells (Figure 1D). Actinomycin D was used to repress
transcription in A549 and H1299 cells. As displayed in
Figure 1E and F, circ 0000735 was more stable than
mp2RX1 by performing RT-qPCR assay. Taken together,
circ_0000735 was increased in NSCLC cells and tissue,

which might be correlated with poor outcome of NSCLC
patients.

Initially, RT-qPCR assay suggested the predominant
cytoplasmic distribution of circ_0000735, instead of nuclear
(Figure 2A and B). Subsequently, we transfected si-circ
0000735 into A549 and H1299 cells, with si-NC as con-
trol. The results of RT-qPCR assay showed that the inhibi-
tion of circ_ 0000735 was found in A549 and H1299 cells
after transfection with si-circ_0000735 (Figure 2C). CCK-8
and colony-forming assays indicated that knockdown of
circ_0000735 profoundly impeded proliferation ability of
NSCLC cells (Figure 2D and E). Consistently, migration
and invasion capacities of A549 and H1299 cells declined
significantly by silencing of circ 0000735 (Figure 2F and
G). The results of the ECAR assay indicated that basal
glycolysis and maximum glycolytic capacity declined in
A549 and HI1299 cells after circ 0000735 knockdown
(Figure 2H and I). Knockdown of circ 0000735 led to an
obvious decrease of lactate production in A549 and H1299
cells (Figure 2J and K). All the above date implied that
suppression of circ_0000735 blocked proliferation, migra-
tion, invasion and glycolysis in NSCLC cells.

OncoTargets and Therapy 2020:13

submit your manuscript

8431

Dove


http://www.dovepress.com
http://www.dovepress.com

Huang et al

Dove

A A549 B H1299
c [ Cytoplasm c [ Cytoplasm
% 12 W Nuclear S 12 mm Nuclear
o o = 2 -
Los £ o9
s ]
< 0.6
> ; 0.6
x 4
g 0.3 g 0.3
5 5
&£ oo & 0o
ue GAPDH circ_0000735 ue GAPDH circ_0000735
- 0 150 3 si-NC . si-circ_0000735
°
o
°
2 100
<]
o * *
-
[
» 50
H1299 8
1
3
e = 2 . -
si-NC si-circ_0000735 AS549 H1299
@ 1507 =3 siNC = si-circ_0000735
]
Qo
£
2 100 *
3 *
< o
' 5 50
ta ‘®
R i
L~ L ;
si-NC si-circ_0000735 AS29 1589
A549 H1299
T 150 T 150
3 3
h-Ary Ty
8 5100 8 $100
] ]
= © b=
1‘3; S . g6 *
o2 50 02 50
X 28
8 s
° 7]
g o 2 .
si-NC si-circ_0000735 si-NC sicirc_0000735

O
v

. si-circ_0000735

i-NC
159 3 si 1.5 H1299

Em si-circ_0000735

Relative circ_0000735
expression

o ° =

> o o

B

I

OD value (A=450nm)
o o =

o o
*
*
*

0
Oh 24h 48h 72h Oh 24h 48h 72h

-n

=3 si-NC

N
=3
S

. si-circ_0000735

M |

H1299

Migration cell numbers
o o
[5] o o
3 8 8

=)

A549

A549

£ 5
£ £
z z
E 100 Glc l £
4 o
< <
o [$]
w w

H1299
si-NC

si-NC
=~ si-circ_0000735 l

-=— si-circ_0000735 l

150

-
o
S

Gle

0

a
=]

0

6 12 18 24 30 36 42 48 54 60 66 72
Times (min)

6 12 18 24 30 36 42 48 54 60 66 72
Times (min)

Figure 2 Influence of circ_0000735 silencing on proliferation, migration, invasion, and glycolysis of NSCLC cells. (A and B) The abundant of circ_0000735 in the cytoplasm
and nuclear of A549 and H1299 cells was analyzed by RT-qPCR assay, GAPDH and U6 were used as positive controls, respectively. (C—K) A549 and H1299 cells were
administrated with si-circ_0000735 or si-NC. (C) The interference efficiency of si-circ_0000735 was checked by RT-qPCR assay. (D and E) Effect of circ_0000735 silencing
on proliferation of A549 and H1299 cells was measured with CCK-8 and colony-forming assays. (F and G) Transwell migration and invasion assays were implemented to
examine the migration and invasion ability of A549 and H1299 cells. (H and I) Extracellular acidification rate (ECAR) of A549 and H1299 cells was shown. (J and K) Lactate

production was detected in A549 and H1299 cells by indicated kit. *P<0.05.
Abbreviations: Glc, glucose; O, oligomycin; 2-DG, 2-deoxy-D-glucose.

As presented in Figure 3A, circ_ 0000735 was increased in
A549 and H1299 cells after transfection with circ_0000735.
Furthermore, overexpression of circ_ 0000735 enhanced pro-
liferation of A549 and H1299 cells (Figure 3B and C). After
overexpression of circ_ 0000735, A549 and H1299 cells
showed higher migration and invasion than the negative
group (Figure 3D and E). The results of ECAR assay revealed
that basal glycolysis and maximum glycolytic capacity were
more enhanced in the circ_0000735 group than the vector
group (Figure 3F and G). Consequently, lactate production
was increased in A549 and H1299 cells with circ_0000735-
overexpressing compared with the control group (Figure 3H
and I). Based on all data, circ 0000735 might play an onco-
gene role in NSCLC.

We found that a supposed circ_0000735 binding site
was located in the miR-490 (Figure 4A). The elevated
expression of miR-490 noticeably repressed the luciferase
activity of the WT-circ_0000735 reporter vector by 70%,
whereas luciferase activity of the MUT- circ_0000735 was
not changed by the transfection of miR-490 mimic (Figure
4B and C). After that, we used RT-qPCR to assess the
effect of circ_0000735 overexpression on miR-490 expres-
sion. The results indicated that shortage of circ_0000735
remarkably enhanced miR-490 levels, while the opposite
phenomenon was found in A549 and H1299 cells trans-
fected with si-circ_ 0000735 (Figure 4D and E). In sum-
mary, miR-490 was negatively regulated by circ 0000735
in NSCLC.
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Figure 3 Influence of circ_0000735 overexpression on proliferation, migration, invasion, and glycolysis of NSCLC cells. (A-1) A549 and H1299 cells were transfected with
vector or circ_0000735. (A) The overexpression efficiency of circ_0000735 was assessed by RT-qPCR assay. (B and C) The proliferation ability of A549 and H1299 cells was
determined with CCK-8 and colony-forming assays. (D and E) the migration and invasion of A549 and HI1299 cells were assessed by transwell assay. (F and G) The
extracellular acidification rate curves of A549 and H1299 cells were plotted after overexpression of circ_0000735. (H and I) Lactate production was shown in A549 and

H1299 cells. *P<0.05.

Overexpression of miR-940 Constrained
the Growth, Migration, Invasion and
Glycolysis of NSCLC Cells

miR-940 was downregulated in NSCLC tissue and cells
compared with matched adjacent normal tissue and
16HBE, correspondingly 5A and B).
Furthermore, miR-940 was in A549 and
H1299 cells after transfection with miR-940 compared

(Figure

increased

with the control (Figure 5C). The cell proliferation was
greatly reduced in A549 and H1299 cells by miR-940
overexpression (Figure 5D and E). Analogously, the
significant decrease of migration and invasion abilities
of A549 and H1299 cells could be seen in the group of
miR-940, compared the group of miR-NC (Figure S5F
and G). Moreover, the glycolytic capacity and lactate
production were reduced by the overexpression of miR-
940 in A549 and H1299 cells (Figure 5H and I). In
summary, these data indicated an important role for
miR-940 in growth, migration, invasion, and glycolysis
of NSCLC cells.

miR-490 Interacted with the 3'UTR of
BMPER in NSCLC Cells

The miR-490 putative binding sites and matched mutant
sites in the 3'UTR of BMPER were shown in Figure 6A.
To explore whether miR-490 could interact with
BMPER, the sequences of BMPER 3'UTR containing
intact target sites of miR-490 or matched mutation were
cloned into luciferase reporter vector. The luciferase
activity was greatly inhibited in A549 and H1299 cells
co-transfected with miR-490 and WT-BMPER 3'UTR,
but not that of MUT-BMPER 3'UTR (Figure 6B and C).
Next, we analyzed the expression level of miR-490 in
A549 and H1299 cells transfected with anti-miR-940 or
anti-NC. The results suggested that miR-490 expression
in anti-miR-940 group was lower than that in anti-NC
group (Figure 6D and E). Importantlyy, BMPER was
upregulated in A549 and H1299 cells transfected with
anti-miR-940, while miR-940 mimic generated opposite
results (Figure 6F and G). Also, A549 and H1299 cells
circ_ 0000735 had an

transfected with obvious
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Figure 4 miR-940 was a direct target of circ_0000735. (A) Binding domain between miR-940 and circ_0000735, as well as matched mutated nucleotide sites were shown.
(B and C) Dual-luciferase reporter assay was employed to detect the luciferase activity in A549 and HI299 cells co-transfected with WT-circ_0000735 or MUT-circ
0000735 and miR-940 mimic or miR-NC, respectively. (D and E) RT-qPCR assay was performed to evaluate the expression level of miR-940 in A549 and H1299 cells

infected with si-circ_0000735, circ_0000735, si-NC, or vector. *P<0.05.

enhancement of BMPER expression, which was abol-
ished by reintroduction of miR-940 (Figure 6H and I).
These data uncovered that circ_ 0000735 regulated
BMPER expression by sponging miR-940.
Overexpression of BMPER was validated in A549
and H1299 cells transfected with BMPER overexpres-
sion vector by performing Western blot assay (Figure
7A). Moreover, deficiency of circ_0000735 resulted in
decreased expression of BMPER, whereas it was res-
cued by BMPER overexpression (Figure 7B). We also
investigated the effect of BMPER overexpression on
cell proliferation. The results indicated that upregula-
tion of BMPER si-circ_0000735-
mediated repression for proliferation (Figure 7C and

could resume
D). In addition, the results of transwell analysis dis-
played that knockdown of circ 0000735 drastically
impaired the migration and invasion of A549 and
H1299 cells, while this inhibition was attenuated by re-
expressing BMPER (Figure 7E and F). The basal gly-
colysis and maximum glycolytic capacity were
declined in A549 and H1299 cells transfected with si-
circ_0000735,

whereas co-transfection with si-circ

0000735 and BMPER attenuated these effects
(Figure 7G). We also found that A549 and H1299
si-circ_ 0000735  exhibited
a lower lactate production level than si-NC group,

cells transfected with
which was inverted by upregulating BMPER (Figure
7H). In summary, data that
circ_ 0000735 silencing could impede proliferation,
migration, invasion and glycolysis of NSCLC cells by

above supported

affecting BMPER expression.

To assess the role of circ_ 0000735 in NSCLC pro-
gression, A549 cells that stably transfected with lentiviral
vectors with sh-circ_ 0000735 or corresponding control
(sh-NC) were inoculated into nude mice. The xenograft
experiments confirmed that the downregulation of
circ_0000735 obviously suppressed subcutaneous tumor
growth and weight compared with the sh-NC control
group (Figure 8A and B). Additionally, RT-qPCR analy-
sis revealed that circ_0000735 declined, while miR-940
increased in the sh-circ_ 0000735 group when compared
with the sh-NC group (Figure 8C). In addition, silencing
of circ_0000735 also suppressed BMPER expression
8D and E). Above data that

(Figure suggested
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Figure 5 Overexpression of miR-940 impeded proliferation, migration, invasion, and glycolysis of NSCLC cells. (A and B) The expression level of miR-940 was tested with
RT-qPCR in NSCLC tissue and adjacent normal tissue, as well as in |6HBE, A549, and H1299 cells. (C) RT-qPCR was performed to confirm the overexpression efficiency of
miR-940 in A549 and H1299 cells. (D and E) CCK-8 and colony-forming assays were applied to evaluate cell viability of A549 and H1299 cells transfected with miR-940 or
miR-NC. (F and G) The migration and invasion abilities of A549 and H1299 cells were estimated by transwell assay after transfection with miR-940 or miR-NC. (H) The
extracellular acidification rate curves were plotted using glucose, oligomycin, and 2-deoxy-D-glucose at specific times. (I) Lactate production level was detected in A549 and

H1299 cells after being transfected with miR-940 or miR-NC. *P<0.05.

circ_0000735 silenced impeding tumor growth in vivo by
regulation of miR-940 and BMPER.

Discussion
Our study revealed that circ_ 0000735 was upregulated in
NSCLC tissue and cells compared with control groups.
Simultaneously, the expression level of circ 0000735
was closely connected with poor survival of NSCLC
patients. Loss-of functional experiments uncovered that
downregulation of circ_0000735 impeded cell growth,
mobility, and glucose metabolism of NSCLC cells and
tumor growth in vivo. Mechanically, circ_0000735 modu-
lated miR-940 to BMPER

regulate expression.

Collectively, our findings showed that circ_0000735/miR-
940/BMPER axis played an important role in NSCLC
progression.

Circ_0000735 was upregulated in NSCLC tissue
rather than nontumorous tissue.''° In this study, we
clarified the mechanism of circ_0000735 in the progres-
sion of NSCLC. Based on obvious findings,'' we won-
dered whether circ_0000735 could adsorb other
miRNAs to regulate NSCLC. miR-940 could mediate
family sequence similarity 83 member F (FAMS3F)
expression, consequently repressing the NSCLC cell
proliferation.'” In addition, miR-940 could inhibit cell
invasion by targeting snail in NSCLC.'® Analogous
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Figure 6 BMPER was negatively regulated by miR-940. (A) The predicted binding sites between miR-940 and mRNA 3'UTR of BMPER were displayed. (B and C) Dual-
luciferase reporter assay was carried out to confirm the interaction between miR-940 and BMPER. (D and E) Transfection efficiency of anti-miR-940 was tested using RT-
qPCR assay. (F and G) The Western blot assay was applied to measure BMPER protein level in A549 and H1299 cells introduced with anti-miR-940, anti-NC, miR-NC, or
miR-940. (H and I) The protein expression level of BMPER was evaluated by Western blot assay in A549 and HI1299 cells transfected with vector, circ_0000735,

circ_0000735+miR-NC, circ_0000735+ miR-940. *P<0.05.

tumor inhibition impacts by miR-940 were also reported
in other types of tumors such as hepatocellular carci-
noma and glioblastoma.?’*® Nevertheless, Zhou et al
confirmed that miR-940 was upregulated in endometrial
carcinoma tissue and cells rather than controls, and its
expression was associated with poor outcome.?’ The
different functions of miR-940 in human cancers may
be attributed to tissue-specific expression of miRNA. By
searching online database, circular RNA Interactome,
miR-940 was identified as a potential target of
circ_ 0000735, and we also confirmed that miR-940
was significantly reduced in NSCLC tissue and cells
compared to normal controls. Besides, elevated expres-
sion of miR-940 inhibited proliferation, migration, inva-
sion, and glycolysis of NSCLC cells. Importantly, we
also demonstrated that BMPER was the functional target
of miR-940.

It was well recognized that activation of the BMP
pathway was tightly connected with tumor evolution.
BMP, extracellular protein, could signal via interacting
cell-surface serine/threonine

receptors of kinase,

intracellular 30,31

consequently activating signaling.
Importantly, BMP signaling pathway was regulated by
multiple factors, including BMPER, and BMPER could
directly interact with BMP2,*?> BMP4,** and BMP6.**
Heinke et al reported that BMPER performed a vital
function in tumorigenesis by regulating of behavior of
malignant cells such as proliferation and migration.”
Importantly, overexpression of BMPER was confirmed
as an important phenotype of malignant tumor.*® In
addition, Lockyer et al reported the anti-inflammatory
function of BMPER, which could greatly relieve pul-
inflammation and

monary injury of mice caused

by lipopolysaccharide.’” Here, we revealed the
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Figure 7 Upregulation of BMPER reversed si-circ_0000735-induced the effects on proliferation, migration, invasion, and glycolysis in NSCLC cells. (A) The protein
expression level of BMPER was measured by Western blot assay in A549 and H1299 cells infected with vector or BMPER. (B—H) A549 and H1299 cells were infected with
si-NC, si-circ_0000735, si-circ_0000735+vector, or si-circ_0000735+BMPER. (B) Western blot assay was performed for examining protein expression of BMPER in A549
and H1299 cells posttransfection. (C and D) The cell proliferation of A549 and H1299 cells was assessed by CCK-8 and colony-forming assays. (E and F) Cell migration and
invasion capabilities were examined in transfected A549 and H1299 cells using transwell analysis. (G) Extracellular acid ratio of cells was measured in A549 and H1299 cells
after transfection. (H) The lactate production of transfected A549 and H1299 cells were shown. *P<0.05.

carcinogenic function of BMPER in NSCLC, overex-
si-circ_0000735-
on proliferation,

pression of BMPER overturned
the effects
invasion, and glycolysis in NSCLC cells. Conversely,
loss of BMPER in A549 impeded proliferation and
invasion in vitro as well as tumorigenesis in vivo,
that
BMPER was a characteristic of malignant tumors.*’

induced migration,

and further pointed out overexpression of

Conclusively, our study revealed that circ_ 0000735
was overexpressed in NSCLC. Importantly, high-express
ion of circ 0000735 was closely associated with
NSCLC development, indicating that circ_0000735
might be a possible biomarker for NSCLC patients,
which might be useful in NSCLC diagnosis. After

that, functional experiments further suggested that

circ_0000735 promoted NSCLC progression via spong-
ing miR-940 to regulate BMPER, thereby regulating
proliferation, migration, invasion, and glycolysis of
NSCLC cells. Furthermore, the circ_0000735/miR-940/
BMPER signaling pathway may be a potential diagnosis
target for NSCLC. In the current study, our results
extended the role of circ 0000735 and enriched data
basis for NSCLC diagnosis, which might be helpful in
developing potential targets in NSCLC therapies.

Conclusion

Collectively, our data suggested that circ 0000735 may be
a prognostic biomarker in patients with NSCLC. The onco-
genic function of circ_0000735 was attributed to its regula-
tion of miR-940/BMPER axis in NSCLC. Moreover, the
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Figure 8 Silencing of circ_0000735 repressed tumor growth in vivo. (A) The growth curves of xenograft tumors were shown by measuring tumor size every seven days. (B)
Tumor weight was calculated on the day when mice were euthanized. (C and D) The expression levels of circ_0000735, miR-940, and circ_0000735 in tumor tissue were
detected by RT-qPCR assay. (E) Western blot assay was conducted for examining protein expression of BMPER in tumor tissue. *P<0.05.

regulatory role of the circ_0000735/miR-940/BMPER path-
way in NSCLC was preliminarily confirmed.

Highlights
1. Circ_0000735 was elevated in NSCLC tissue and cells
and was associated with poor prognosis.
2. Knockdown of circ 0000735 impeded proliferation,
migration and invasion of NSCLC cells.
3. Circ_0000735 regulated BMPER by sponging miR-
940 was first reported.
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