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of lung cancer,
orld. Circular RNA
ith the pathogenesis of
remains unknown. In the
present study, we aimed to evalu ARCAS in NSCLC and the
underlying mechanism.

Methods: The expression
NSCLC samples and cell
NSCLC tissues was detect:

assay. Cell migrgtion and

Targe and miRanda to predict circRNA-miRNA and

w ther, the regulatory role of circSMARCAS in the malignant
n vivo was examined.

owed that circSMARCAS was down-regulated in NSCLC tissues as

normal tissues. Overexpression of circSMARCAS in NSCLC cell
hibited the proliferation, migration, and invasion. Furthermore,

bioinformatics

RCAS exerted its tumor-suppressive activity through acting as a sponge for
iR)-19b-3p. Suppression of miR-19b-3p exhibited inhibitory effects on pro-
ration, migration, and invasion of NSCLC cell lines, which could be attributed to the
re ion of homeobox A9 expression. Finally, overexpression of circSMARCAS inhibited
tumor growth in vivo.

Conclusion: Collectively, circSMARCAS executed its inhibitory effects on NSCLC cell
lines through miR-19b-3p/HOXAS9 axis. The results indicated that circSMARCAS might be a
therapeutic target for the treatment of NSCLC.

Keywords: non-small cell lung cancer, NSCLC, circSMARCAS, miR-19b-3p, HOXA9,

tumor suppressor

Introduction

Lung cancer is one of the leading causes of cancer-related mortality around the
world.! There are two main types of lung cancer are small cell lung cancer and non-
small cell lung cancer (NSCLC). NSCLC accounts for approximately 85% of all
lung cancer cases.” Despite advances in clinical and experimental oncology have
been made in recent years, the S-year overall survival (OS) rate of NSCLC is still
limited. That is because many NSCLC patients are diagnosed at advanced stages
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due to the insensitivity of diagnostic techniques.*”
Besides, NSCLC patients diagnosed at early-stage always
suffer from tumor metastasis, even after surgical
resection.” Consequently, better understanding of molecu-
lar mechanisms underlying the development and progres-
sion of NSCLC is essential for making early diagnosis and
achieving improvements in NSCLC treatments.

Circular RNAs (circRNAs) are a newly identified class of
endogenous RNAs extensively in mammalian cells that con-
tain a covalently closed continuous loop without 5’ caps and 3’
tails.* Previously, circRNAs have been thought to be incorrect
products resulted from splicing errors with no function.
However, a large number of circRNAs have been discovered
because of the rapid development of high-throughput
sequencing.”® In recent years, several properties of
circRNAs have been uncovered. They function as miRNA
sponges, regulators of transcription, and RNA-binding protein
sponges. In addition, few circRNAs have been observed to be
translated into proteins/peptides.’

Emerging evidence suggests that circRNAs have the
ability to facilitate or inhibit the development and progres-
sion of various tumors, including NSCLC.*'° Circular
RNA SMARCA5(CircSMARCAS) is a novel circRNA
that has been demonstrated to be implicated in sev
types of cancers, such as prostate cancer,'' gastric cancer,
cervical cancer,13 glioblastoma multiforme,14 3
cellular carcinoma.'> However, the role of ci
in NSCLC has not been elucidated. In the
investigated the functions of circSM AS

explored the underlying mechanis,

Materials and
Tissue collecti

1ssues from patients
ere collected from the
m May 2016 to June 2017 at
ncology, Huaihe Hospital of Henan
University (Kaifen$
informed consents before the study. The study was

hina). The patients have signed the

approved by the ethics committee of Huaihe Hospital of
Henan University. Clinical parameters of NSCLC patients
enrolled in this study are shown in Table 1.

Cell culture and transfection
Normal human airway epithelial cell line 16HBE and
NSCLC cell lines (A549, H1299, H1975, and H358)

Table | Clinical parameters of NSCLC patients enrolled in this

study
Variables Number
All cases 45
Age
260 29
<60 16
Gender
Male 36
Female 9
Tumor size (cm)
<3 14
>3 |
Lymph nodes metastasis
Positive 27
Negative 18
TNM stage
| 16

(Shanghai, China). The cells were cultured in
MI-1640 medium (Hyclone, Logan, UT, USA) contain-
ing 10% fetal bovine serum (FBS, Gibco Laboratories,
and Island, NY, USA) and incubated under an atmo-
sphere containing 5% CO, at 37 °C.

The packaged lentivirus-containing circSMARCAS-over-
expressing vector (LV-circSMARCAS) or empty vector (LV-
NC), homeobox A9 (HOXA9)-overexpressing plasmid
(pcDNA3.1-HOXA9) or control plasmid (pcDNA3.1) was
purchased from GeneChem (Shanghai, China). The miR-
19b-3p mimics, miR-NC, miR-19b-3p inhibitor, and control
inhibitor were obtained from GenePharma (Shanghai, China).
The transfections were performed using Lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. The A549 cells were infected with LV-
circSMARCAS or LV-NC, and the stable cells were selected.

Cell proliferation assay

Cell proliferation was measured using the cell counting
kit-8 assay (CCK-8; Dojindo, Kumamoto, Japan). Cells
were seeded into 96-well plates at a density of 2 x 10°
cells/well and incubated for 0, 24, 48, or 72 hrs. Then,
CCK-8 solution was added to each well and incubated for
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4 hrs. After that, the absorbance at 450 nm was measured
on a microplate reader (Bio-Tek, Winooski, VT, USA).

Cell migration and invasion assays
Migrative and invasive abilities were evaluated using
transwell assay with transwell chambers (Corning, NY,
USA). A549 cells with different transfections were,
respectively, seeded into the upper chambers with serum-
free medium. The chambers used in the invasion assay
were coated with matrigel. The lower chambers were
loaded with normal medium. After incubation for 24 hrs,
the cells moved to the lower surfaces of the membranes
were fixed with methanol, followed by staining with crys-
tal violet. The cell number on five fields was counted
under a light microscope.

Quantitative real-time PCR (qRT-PCR)

Total RNA of tissues and cells was extracted by Trizol
reagent (Invitrogen) following the manufacturer’s direc-
tions. The cDNA was synthesized with the PrimeScript
RT reagent Kit (Takara Bio, Shiga, Japan). And the PCR
amplification was conducted using the TB Green Pgemi
Ex Taq II (Takara). For the determination of miR-
expression, total RNA was isolated using a High

calculated by 2744

circSMARCA4
o
(6]

Norlmal NSéLC

Figure | Downregulation of circSMARCAS in NSCLC tissues and cell lines.

Luciferase reporter assay

The luciferase plasmids including pGL3-circSMARCAS-
WT, pGL3-circSMARCAS-Mut, pGL3-HOXA9-WT, and
pGL3-HOXA9-Mut were co-transfected with miR-19b-3p
mimics or control mimics into A549 cells. At 48 hrs after
transfection, the luciferase activity in each group was
detected by wusing Dual-Luciferase
(Promega, Madison, WI, USA).

Assay System

Mouse xenograft model

Ethics
University. All protoco

Committee of

mor volume was calculated using the for-
width®/2.

W¥stical analysis
All data analyses were conducted using SPSS 22.0 (SPSS
Inc., Chicago, IL, USA). Student’s f-test (two groups) or
one-way ANOVA (more than two groups) was performed
to compare the differences. p-values lower than 0.05 were
considered statistically significant.

W

circSMARCADS (vs. U6 mRNA)

)
oy

Notes: (A) Expression levels of circSMARCAS in 45 pairs of NSCLC tumor tissues and adjacent normal tissues. (B) Expression levels of circSMARCAS in human airway
epithelial cell line 16HBE and four NSCLC cell lines including A549, H1299, H1975, and H358 cells. *p<0.05.
Abbreviations: circSMARCAS, circular RNA SMARCAS; NSCLC, non-small cell lung cancer.
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Results
CircSMARCAS was lowly expressed in

NSCLC tissues and cell lines

To identify the importance of cirtcSMARCAS in NSCLC, we
first analyzed the expression levels of circSMARCAS in 45
pairs of NSCLC tumor tissues and adjacent normal tissues.
As shown in Figure 1A, the circSSMARCAS was markedly
down-regulated in NSCLC tissues as compared to the normal
tissues. Next, the circSMARCAS expressions in cultured cell
lines were also detected. Compared with the human airway
epithelial cell line 16HBE, the circSMARCAS expressions
were significantly decreased in NSCLC cell lines including
A549, H1299, H1975, and H358 cells (Figure 1B).

CiIrcSMARCAS (vs. U6 mRNA) 3>

Overexpression of circSMARCADS
inhibited the proliferation, migration, and

invasion of NSCLC cells

To further investigate the role of circSMARCAS in NSCLC,
A549 cells were infected with LV-circSMARCAS or LV-NC.
As shown in Figure 2A, the circSMARCAS expression level
was dramatically increased in LV-circSMARCAS5-infected
A549 cells. Through CCK-8 assay, we found that
circSMARCAS overexpression significantly inhibited the
cell proliferation of A549 cells (Figure 2B). Transwell
assay illustrated that cell migratio on of A549

cells were also reduced by circ
(Figure 2C and D).

LV-NC LV-circSMARCAS

2y Y

250 -

No. of invaded cells/field

Figure 2 CircSMARCADS overexpression inhibited the proliferation, migration, and invasion in NSCLC cells.
Notes: (A) CircSMARCAS expression levels after infection with LV-circSMARCAS or LV-NC. (B) CCK-8 assay was performed to evaluate cell proliferation. (C and D)

Transwell assay was carried out to examine cell migration and invasion. *p<0.05.

Abbreviations: circSMARCAS, circular RNA SMARCAS; NSCLC, non-small cell lung cancer.
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CircSMARCAS exerted its tumor-
suppressive activity via sponging miR-19b-
3p in NSCLC cell lines

According to the predicted results, miR-19b-3p might be

target miRNA of circSMARCAS (Figure 3A). Luciferase

A

cireSSMARCAS WT: 5'-AAAGCAACCAAUG--UUUGCACU-3"

miR-19b-3p

¢ireSMARCAS MUT: 5’-AAAGCAACCAUAC--UAACGACU-3’

-
[¢)]

-
o

o
3

Relative mRNA expression )
of miR-19b-3p

o
=}

rated cells/field

)

3"-AGUCAAAACGUACCUAAACGUGU-S’

reporter assay proved that luciferase activity was signifi-
cantly reduced in the cells co-transfected with pGL3-
circSMARCAS-WT and miR-19b-3p mimics (Figure 3B).
The miR-19b-3p expression was obviously suppressed by
circSMARCAS overexpression (Figure 3C). Then, we

15 - 1 miR-NC
’ = miR-19b-3p

1.0 -

0.5 1

0.0

O Relative lucifernse acativity CQ

450 nm)

24 h 48 h 72 h

No. of invaded cells/field

Figure 3 MiR-19b-3p mimics reversed the inhibitory effects of circSSMARCAS5 on NSCLC cells.

Notes: (A) Predicted results of the binding sites between circSMARCAS and miR-19b-3p. (B) Luciferase reporter assay was performed to confirm the correlation between
circSMARCAS and miR-19b-3p. *p<0.05 vs control group. (C) Effect of circSSMARCAS5 overexpression on miR-19b-3p expression. ¥p<0.05 vs LV-NC group. (D-F) Effects of
miR-19b-3p mimics on cell proliferation, migration, and invasion in circSMARCAS5-overexpressed NSCLC cells. #5<0.05 vs LV-NC group; #p<0.05 vs LV-circSMARCAS group.
Abbreviations: circSMARCAS, circular RNA SMARCAS; NSCLC, non-small cell lung cancer.
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found that the expression of miR-19b-3p was negatively
correlated with that of circSMARCAS in NSCLC tissues
(Figure S1). Furthermore, the

circSMARCAS overexpression on cell proliferation,

inhibitory effects of

migration, and invasion were mitigated by miR-19b-3p
mimics (Figure 3D-F).

MiR-19b-3p executed its roles via

targeting HOXA9 in NSCLC cell lines
Next, we found that HOXA9 might be a target gene of
miR-19b-3p, which was screened by the online software
(Figure 4A). To confirm the interaction between miR-19b-
3p and HOXADY, luciferase reporter assay was performed.
The results showed that A549 cells co-transfected with
miR-19b-3p mimics and pGL3-HOXA9-WT exhibited
lower luciferase activity than the cells with other transfec-
tions (Figure 4B). Moreover, qRT-PCR analysis demon-
strated that transfection with miR-19b-3p mimics in A549
cells caused a significant decrease in HOXA9 expression
(Figure 4C). In addition, miR-19b-3p inhibitor resulted in
remarkable decrease in cell proliferation, migration, and
invasion. However, the tumor-suppressive effects were
enhanced by overexpression of HOXA9 (Figure 4D—
Furthermore, we found that miR-19b-3p mimics signi
cantly promoted cell proliferation, migration, and invasio
of A549 cells (Figure S2).

Overexpression of circSM

group exhibited sig
and weight than

Discu
CircSMARC
tumorigenesis 0

s been found to be associated with the
any types of cancers. Cai et al'?
proved that circS CAS expression is decreased in
gastric cancer tissues. Low circSMARCAS expression is
correlated with poor OS and disease-free survival.
Upregulation of circSSMARCAS inhibits the proliferation,
migration, and invasion of gastric cancer cells.'?
CircSMARCAS is down-regulated in cervical cancer,
while overexpression of circSMARCAS suppresses cell
proliferation, migration, and invasion, and induces cell

cycle arrest in cervical cancer cell lines.'* These findings

that circSMARCAS exerts
effects and functions as a potential biomarker for the

reveal tumor-suppressive
prognosis and diagnosis for several cancers. Additionally,
circSMARCAS was found to act as an oncogene in other
cancers. For instance, Kong et al,11 demonstrated that
circSMARCAS expression is up-regulated in prostate can-
cer tissue samples as compared to match normal tissues.
Functional experiments denote that circSMARCAS pro-
motes cell cycle and inhibits cell apoptosis of prostate
cancer cell lines, indicating that circSMARCAS acts as
an oncogene in prostate cancer. In tha

gsent study, we

ical cancer cells through
ppressing its expression.'> We

usegonline software to predict the target miRNA of
cir e results showed that circSMARCAS
acte f miR-19b-3p, which has been found to

any types of cancers. For instance, miR-
significantly up-regulated in colon cancer
."° High expression of miR-19b-3p is significantly
ssociated with high N stage, high AJCC stage, poor
stologic grade, frequent venous and lymphatic invasion,
and liver metastasis. Besides, miR-19b-3p is an indepen-
dent prognostic factor associated with OS and disease-free
survival in colon cancer patients.'® The miR-19b expres-
sion level is significantly down-regulated in breast cancer
and may function as a tumor suppressor.'” In addition,
plasma miR-19b-3p level is significantly higher in the
lung cancer patients, compared with the healthy control
group.'® Our results proved that miR-19b-3p inhibitor
resulted in remarkable decrease in cell proliferation,
migration, and invasion. In addition, the inhibitory effects
of circSMARCAS5 overexpression on cell proliferation,
migration, and invasion were mitigated by miR-19b-3p
mimics in NSCLC cells, indicating that circSMARCAS
exerted its tumor-suppressive activity via sponging miR-
19b-3p.

MiRNAs are known to be involved in multiple biological
and pathological processes through modulating gene expres-
sion via direct base pairing to target sites within mRNAs.'**°
According to our predicted results, HOXA9 might be a target
gene of miR-19b-3p. Previous study has reported that
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HOXA9 WT: 5-AGCUUGAAUAUUGUUUUUGCACC-3’
miR-19b-3p: 3-AGUCAAAACGUACCUAAACGUGU-5’

HOXA9 MUT:
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isht be a target gene of miR-19b-3p. (B) MiR-19b-3p directly bound to the 3’-UTR of HOXA9. *p<0.05 vs miR-NC group. (C) MiR-19b-3p mimics
ssion. ¥p<0.05 vs miR-NC group. (D—F) Overexpression of HOXA9 enhanced the inhibitory effects of miR-19b-3p inhibitor on cell proliferation,

migration, and invasion. *p<0.05 vs control inhibitor group, #p<0.05 vs miR-19b-3p inhibitor group.

Abbreviation: NSCLC, non-small cell lung cancer.

HOXAY9 is markedly expressed in osteosarcoma tissues.
HOXADY9 is implicated in the progression of osteosarcoma
and validated as a direct target gene of miR-873.%' Yu et al,**
demonstrated that recombinant R10-HOXA9 protein signifi-
cantly reduces the invasion and migration rate of the NSCLC

cells. Treatment of NSCLC cells with recombinant R10-

HOXAO9 protein results in a significant increase in E-cadherin
expression, indicating that R10-HOXA9 suppresses the
epithelial-mesenchymal transition. Additionally, recombi-
nant R10-HOXA9 protein effectively reduces the rate of
lung cancer cell motility in an experimental metastatic
mouse model.”> Our results revealed that miR-19b-3p
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Figure 5 Overexpression of circSMARCAS inhibited tumor growth in vivo. (A and B) Tumor volume and weight were decreased in circd

*$<0.05.

directly bound to HOXA9 and inhibited its expression.
Moreover, the tumor-suppressive effects of miR-19b-3p inhi-
bitor were enhanced by overexpression of HOXA9. The
results implied that miR-19b-3p executed its role via target-
ing HOXA9 in NSCLC cell lines.

To conclude, the current study revealed that the
circSMARCAS was down-regulated in NSCLC tissues
and cell lines. Overexpression of circSMARCAS signifi-
cantly inhibited the proliferation, migration, and invasion
in cell lines, and suppressed tumor growth in wvi
Furthermore, circSMARCAS exerts its inhibitory effec
on NSCLC via regulating miR-19b-3p/HO gl i
Based on these results, circSMARCAS5 mi
tumor suppressor for NSCLC.
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Figure S| Expression correlation between miR-19b-3p and circSMARCAS in
NSCLC tissues by qRT-PCR.

Abbreviations: NSCLC, non-small cell lung cancer; circSMARCAS, circular RNA
SMARCAS; gRT-PCR, quantitative real-time PCR.
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Figure $2 miR-19b-3p mimics significantly promoted cell proliferation, migration, and invasion of A549 cells. A549 cells were transfected with miR-19b-3p mimics or miR-
NC for 24 hrs.
Notes: (A) CCK-8 assay was performed to evaluate cell proliferation. (B and C) Transwell assay was performed to evaluate cell migration and invasion. *p<0.05.
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