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Circ_0006220 Contributes to NSCLC Progression

through miR-342-3p/GOT2 Axis

Jichun Tang, Xuan Li, Lili Zhao, Jiajun Hui, and Ning Ding

Purpose: Dysregulated circular RNAs (circRNAs) have shown crucial modulatory functions
in tumorigenesis, containing non-small cell lung cancer (NSCLC). The purpose of this study
was to explore the biological functions and regulatory theory of circ_0006220 in NSCLC.
Methods: Reverse transcription-quantitative polymerase chain reaction and Western blot
assay were conducted to measure RNA and protein expression, respectively. A total of 73
cases of NSCLC tumor samples were collected for expression analysis, and A-549 and
NCI-H1299 cell lines were used for functional experiments. Cell proliferation was assessed
by cell counting kit-8 assay, colony formation assay, 5-ethynyl-2’-deoxyuridine assay, and
flow cytometry. Cell apoptosis, motility, and angiogenesis ability were analyzed by flow
cytometry, transwell assays, and capillary-like network formation assay. Dual-luciferase
reporter assay and RNA immunoprecipitation assay were conducted to verify the target
relationships.

Results: Circ_0006220 was highly expressed in NSCLC tissues and cell lines. Circ_0006220
silencing inhibited the proliferation, migration, invasion, and angiogenesis but induced the
apoptosis of NSCLC cells. Circ_0006220 acted as a microRNA-342-3p (miR-342-3p)
sponge, and circ_0006220 knockdown-induced changes on the phenotypes of NSCLC cells
were largely overturned by the knockdown of miR-342-3p. miR-342-3p interacted with the
3’ untranslated region of glutamic-oxaloacetic transaminase 2 (GOT2), and GOT2 overex-
pression largely diminished miR-342-3p overexpression-mediated influences in NSCLC
cells. Circ_0006220 could up-regulate GOT2 expression by sponging miR-342-3p.
Conclusion: Circ_0006220 promoted the malignant behaviors of NSCLC cells through
mediating the miR-342-3p/GOT2 regulation cascade.
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Introduction

Lung cancer is a high-risk malignancy.” According to
the differences in pathological and etiological aspects, there
are two subtypes of lung cancer, including non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC).?
With the proportion of about 80%, NSCLC is the major
subtype of lung cancer.® Although a significant progression
has been made in the prevention, diagnosis, and treatment,
the 5-year survival rate of NSCLC patients is still far from
satisfactory.>® Therefore, identifying novel effective molec-
ular targets is essential in NSCLC treatment.
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Circular RNAs (circRNAs) are a special class of
non-coding RNAs with covalently closed continuous
loop structure via back-splicing.” CircRNAs are more
stable than linear RNAs because of their closed loop
structure and are ideal biomarkers for human diseases.
CircRNAs can bind to RNA-binding proteins to regulate
the expression of target genes.® In addition, circRNAs
are also known as miRNA sponges, which interact with
miRNAs through miRNA response elements (MREs) to
release messenger RNAs (mRNAs) from the inhibition
of miRNAs, thereby resulting in the upregulation of
downstream mRNAs.”® CircRNAs are widely dysregu-
lated in human cancers, and many researchers have
revealed the pivotal regulatory roles of circRNAs in tum-
origenesis, including NSCLC.-'» For instance,
circ_0000376 is reported to contribute to cell prolifera-
tion, motility, and drug-resistance in NSCLC cells.'?
Circ_0006220 is a functional circRNA derived from
transcriptional adaptor 2A (TADA2A) that is suggested
to have elevated expression in NSCLC tissues via ana-
lyzing the GSE101586 data from Gene Expression
Omnibus (GEO) public database. However, the biologi-
cal significance behind the abnormal upregulation of
circ_0006220 in NSCLC remains unclear.

Through StarBase database, we found that miR-342-3p
harbored the seed sequence with circ_0006220. Previ-
ous studies demonstrated that miR-342-3p restrains the
malignant behaviors of NSCLC cells by regulating LIM
And SH3 Protein 1 (LASP1)'¥, Ras-related protein Rap-2b
(RAP2B),'® or Anterior gradient protein 2 homolog
(AGR2)." In this study, we analyzed the interaction
and functional correlation between circ_0006220 and
miR-342-3p in NSCLC cells.

Glutamic-oxaloacetic transaminase 2 (GOT2) is an
aspartate aminotransferase, and it is implicated in the
metabolic process of cancer cells in multiple aspects.!'6-'®
Jin et al. found that circ-SEC31A aggravates NSCLC
development by binding to miR-520a-5p to increase
GOT2 expression.'” StarBase database predicted that
GOT?2 possessed the complementary sites with miR-
342-3p. In this study, the binding relationship and func-
tional relevance between miR-342-3p and GOT2 were
explored in NSCLC.

The expression pattern and structural feature of
circ_0006220 were first analyzed. Through knockdown
experiments, we assessed the roles of circ_0006220 in
regulating the phenotypes of NSCLC cells. Finally, the
downstream signaling of circ_0006220 was explored by
bioinformatics database and verified by rescue experiments.
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Materials and Methods

Tissue specimens

NSCLC tissue specimens and corresponding healthy
lung specimens were harvested after acquiring the writ-
ten informed consents from 73 patients at Wuxi Huishan
District People’s Hospital. Serum samples from NSCLC
patients (n = 32) and healthy volunteers (n = 20) were
collected at Wuxi Huishan District People’s Hospital.
Patients receiving either chemotherapy or radiotherapy
were excluded in this clinical experiment. Tissue speci-
mens were stored at —80°C before RNA isolation.
Human materials were utilized with the authorization of
the Ethics Committee of Wuxi Huishan District People’s
Hospital (Approval No. 20210428).

Cell lines and cultivation

Normal lung cell line BEAS-2B, two common
NSCLC cell lines (A-549 and NCI-H1299), and human
umbilical vein endothelial cell line (HUVEC) were
acquired from BeNa Culture Collection (Beijing, China)
and cultivated in a complete medium at 37°C and 5%
CO, atmosphere, which contained Dulbecco’s Modified
Eagle Medium (DMEM; Gibco, Carlsbad, CA, USA),
10% fetal bovine serum (FBS; Thermo Fisher Scientific,
Waltham, MA, USA), and 1% antibiotic mixture (Gibco).

Subcellular fractionation

The distribution ratio of circ_0006220 in cell nuclear
fraction and cytoplasmic fraction was evaluated via the
commercial PARIS™ Kit Protein and RNA Isolation
System (Thermo Fisher Scientific).

RNase R digestion

RNase R (3 U/ug; Epicentre Technologies, Madison, W1,
USA) was added to RNA samples for 40 min. Subsequently,
RNA expression was determined by reverse transcription-
quantitative polymerase chain reaction (RT-qPCR).

RT-qPCR

For miR-342-3p, RNA was reverse-transcribed using
miRNA-specific primer (Ribobio, Guangzhou, China).
For circ_0006220, TADA2A, and GOT?2, complemen-
tary DNA (cDNA) was synthesized using commercial
Bio-Rad iScript kit (Bio-Rad, Hercules, CA, USA).
gPCR reaction was implemented via commercial iQ
SYBR Green Supermix reagents (Bio-Rad) and primers
(Supplementary Table 1; all supplementary files are
available online). The relative abundance of molecules
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was analyzed as 2 (-Delta Delta C(T))*® and normalized
to the references.

Cell transfection

The specific small interference (si)RNAs targeting the
back-splicing sites of circ_0006220 (si-circ_0006220#1,
#2, and #3), negative control siRNA (si-NC),
circ_0006220 overexpression plasmid (circ_0006220),
circRNA NC vector pLO-ciR (circ-NC), miR-342-3p,
NC, anti-miR-342-3p, anti-NC, GOT2 re-constructed
plasmid (GOT2), and pcDNA plasmid (vector) were pro-
vided by GenePharma (Shanghai, China) and Ribobio.

Short hairpin (sh)RNA targeting circ_0006220 was
designed and subcloned into a lentiviral vector pGLV2-
U6-Puro (GenePharma) to form a Lenti-sh-circ_0006220
construct. The Lenti-sh-circ_0006220 or negative con-
trol lentiviral (Lenti-sh-NC) was packaged and harvested
from 293T cells. The supernatant of 293T cells was col-
lected and then infected A-549 cells for 5 h with poly-
brene. Stable cell lines were selected using puromycin
(5.0 pg/ml for 5 days). The knockdown of circ_0006220
was evaluated by gqRT-PCR.

Cell Counting Kit-8 (CCKS8) assay

NSCLC cells were plated onto 96-well plates, and cell
viability was examined via the commercial CCK8 kit (Bey-
otime, Jiangsu, China) after transfecting for the indicated
time points. The optical density was examined at 450 nm.

Colony formation assay

Transfected NSCLC cells were harvested and re-sus-
pended in a medium to obtain low-density cell suspen-
sion. Cell suspension was pipetted into 6-well plates.
NSCLC cells were continued to culture for 14 days in a
DMEM medium added with 10% FBS. Colonies were
photographed and counted after they were immobilized
and stained.

5-Ethynyl-2’-deoxyuridine (EdU) assay

Commercial EAU Cell Proliferation Kit (Ribobio) was
adopted in this assay. NSCLC cells were cultured in the
EdU-mixed medium for 2 h. Hoechst 33342 reagent
(Sigma, St. Louis, MO, USA) was used to mark cell
nucleus. Cells were imaged via the fluorescence micro-
scope (Olympus, Tokyo, Japan).

Flow cytometry (cell cycle)

After fixing, NSCLC cells were re-suspended, and
RNA content was digested through incubating with 10 uM
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RNase (Sangon Biotech, Shanghai, China) at 37°C for
30 min. DNA content was marked through staining with
propidium iodide (PI; Sigma) at 4°C for 1 h. The ratio of
NSCLC cells at different phases of cell cycle progres-
sion was evaluated on the FACS Calibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA).

Flow cytometry (cell apoptosis)

Transfected NSCLC cells were first suspended in
Annexin-V binding buffer (BestBio, Shanghai, China),
and then the phosphatidylserine and DNA content were
marked with Annexin V-fluorescein isothiocyanate (FITC)
and PI of Annexin V-FITC/PI Detection Kit (BestBio).
The apoptotic NSCLC cells with FITC* and PTI*- were dis-
tinguished from necrotic cells and normal cells via a
FACSCalibur flow cytometer (BD Biosciences).

Transwell assays

Cell migration and invasion abilities were analyzed
using cell culture inserts (8.0 um pore; Costar, Corning,
NY, USA). Transfected NSCLC cells were serum-
starved for 24 h and then plated onto the compartments
that coated with (to assess cell invasion capacity) or
without (to assess cell migration capacity) Matrigel (BD
Biosciences) in a serum-free medium. The lower cham-
bers were filled with culture medium plus 10% FBS.
Cells that migrated or invaded through the membrane
were fixed, stained, and photographed at 100x.

Capillary-like network formation assay

The culture supernatant of transfected NSCLC cells
was added to the wells of 96-well plates that coated with
Matrigel (BD Biosciences) and plated with HUVECs.
Cells were cultured at 37°C and 5% CO, for 10 h. Cell
angiogenesis capacity was evaluated through counting
the number of tubes in each node in random visual fields.

Western blot assay

Radioimmunoprecipitation assay lysis buffer (Sigma)
was adopted to obtain protein samples. Forty micro-
grams of protein samples were run on sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and blotted
onto the polyvinylidene fluoride membrane (Millipore,
Billerica, MA, USA). After sealing for 1 h in 5% milk,
primary antibodies were incubated with the membrane,
including anti-Cyclin D1 (ab40754; Abcam, Cambridge,
MA, USA), anti-caspase 3 (ab13585; Abcam), anti-matrix
metallopeptidase 2 (anti-MMP2; ab181286; Abcam), anti-
matrix metallopeptidase 2 (anti-MMP9; ab137867; Abcam),
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anti-GOT?2 (SAB2100950; Sigma), anti-proliferating cell
nuclear antigen (anti-PCNA; ab29; Abcam), and anti-[3-
Actin (ab8226; Abcam). After washing using Tris buft-
ered saline-Tween 20 (Sangon Biotech) for 3 times,
secondary antibody (Abcam) was added to mark the pri-
mary antibodies. Protein bands were determined using
chemiluminescence reagents (Bio-Rad).

Bioinformatics database

The GSE101586 dataset,?” which was downloaded
from the GEO datasets, analyzed circRNA expression
profile in five pairs of lung adenocarcinoma tissues and
adjacent healthy tissues by microarrays.

CircRNA-miRNA interactions and miRNA-mRNA
interactions were predicted using StarBase database
(http://starbase.sysu.edu.cn).

Dual-luciferase reporter assay

Full length fragment of circ_0006220 and the 3’
untranslated region (3° UTR) of GOT2 as well as their
corresponding mutant sequences were cloned into pmir-
GLO vector (Promega, Madison, WI, USA). These
constructed plasmids were termed as circ_0006220-wt,
circ_0006220-mut, GOT2-wt, and GOT2-mut. NC or
miR-342-3p was co-transfected into NSCLC cells with
luciferase plasmids. Luciferase intensities were deter-
mined using the dual-luciferase detection kits (Promega).
Renilla luciferase activity was regarded as the control.

RNA immunoprecipitation (RIP) assay

The magnetic beads of EZ-Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit (Millipore)
were incubated with antibody against Argonaute2 (Milli-
pore) or immunoglobulin G (Millipore) to obtain antibody-
coated beads. NSCLC cells were lysed using lysis buffer
added with RNase inhibitor (Millipore), and RNA sam-
ples were incubated with antibody-coated beads. The
enriched RNAs were examined by RT-qPCR.

Xenograft tumors in nude mice

A total of ten nude mice (strain: BALB/c) from Vital
River Laboratory Animal Technology (Beijing, China)
were split into two groups (n = 5). Cell suspension was
prepared using A-549 cells (3 x 10°) stably expressing
Lenti-sh-NC or Lenti-sh-circ_0006220. Cell suspension
was then subcutaneously inoculated into the nude mice.
The length and width of the xenograft tumors were mea-
sured using a vernier caliper every 5 days, and tumor size
was assessed as length x width? x 0.5. Nude mice were
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killed via CO, asphyxia method after 30-d inoculation,
and tumors were resected and weighed. RT-qPCR and
Western blot assay were utilized to analyze RNA and
protein expression. Immunohistochemistry (IHC) assay
was implemented to detect ki-67 abundance using its
antibody (ab833; Abcam) at the dilution of 1:100. This
assay had gotten the authorization of the Animal
Research Committee of Wuxi Huishan District People’s
Hospital.

Statistical analysis

Through GraphPad Prism 7.0 software (GraphPad, La
Jolla, CA, USA), the results were analyzed and expressed
as mean =+ standard deviation (SD). The survival curve of
patients was drawn by Kaplan—Meier plot and evaluated
by the log-rank test. Linear correlation was analyzed by
Pearson correlation coefficient. The data were analyzed
by Student’s #-test or one-way analysis of variance. Val-
ues of P <0.05 were considered to be indicative of statis-
tical significance.

Results

Circ_0006220 expression is elevated in NSCLC tissues
and cell lines

The data of GSE101586 dataset revealed that
circ_0006220 was upregulated in five NSCLC tumor
specimens relative to that in adjacent normal lung tissues
(Fig. 1A). Circ_0006220 is a circular transcript derived
from the back-splicing of its host gene TADA2A. To
confirm the expression pattern of circ_0006220 in
NSCLC, we collected 73 pairs of NSCLC tissues and
adjacent normal tissues. Compared with adjacent normal
tissues (n = 73), circ_0006220 expression was observed to
be markedly elevated in NSCLC tissues (n = 73) (Fig. 1B).
Next, we measured the expression of circ_0006220 in
the serum samples of NSCLC patients (n = 32) and
healthy volunteers (n = 20). We found that circ_0006220
was markedly upregulated in the serum samples of NSCLC
patients (Supplementary Fig. 1), suggesting that it might
be a novel biomarker for the diagnosis of NSCLC. Next,
patients were grouped as a high circ_0006220 group and
a low circ_0006220 group based on the median level of
circ_0006220. It was found that higher circ_0006220
expression was correlated with advanced TNM (primary
tumor [T], regional lymph nodes [N], and distant metas-
tases [M]) stages and distant metastasis (Supplementary
Table 2). Also, circ_0006220 was upregulated in NSCLC
cell lines including A-549 and NCI-H1299 compared
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Fig. 1 Circ_0006220 expression is elevated in NSCLC tissues and cell lines. (A) Based on the data of GSE101586 dataset, the expres-
sion of circ_0006220 in five pairs of NSCLC tissues and adjacent normal tissues was shown. (B) RT-qPCR was adopted to mea-
sure the expression of circ_0006220 in 73 pairs of NSCLC tissues and matched normal tissues. (C) The level of circ_0006220 in
two NSCLC cell lines including A-549 and NCI-H1299 along with BEAS-2B cell line was examined by RT-qPCR. (D) The
subcellular localization of circ_0006220 was analyzed with U6 and 18S rRNA as references. (E) Exonuclease RNase R was used
to analyze whether circ_0006220 was a circular transcript with its linear form TADA2A as reference. (F) NSCLC patients were
divided into circ_0006220"¢" group and circ_0006220"" group with the median value of circ_0006220 expression as the cutoff.
The 5-year survival rate curve of NSCLC patients in two groups was drawn. *P <0.05. NSCLC: non-small cell lung cancer;
RT-gqPCR: reverse transcription-quantitative polymerase chain reaction; TADA2A: transcriptional adaptor 2A

with BEAS-2B cell line (Fig. 1C). With U6 and 18S
rRNA as nuclear marker and cytoplasmic marker, we
found that circ_0006220 was majorly localized in the
cytoplasm of NSCLC cells (Fig. 1D), manifesting the
potential of circ_0006220 to be a miRNA sponge. Exo-
nuclease RNase R can only digest linear RNA with 3’
terminal but not circRNAs. Thus, we tested whether
circ_0006220 was a circular transcript using RNase R.
As shown in Fig. 1E, RNase R addition markedly
degraded linear TADA2A mRNA but not circ_0006220,
suggesting that circ_0006220 was indeed a circular tran-
script. To analyze the association between circ_0006220
expression and the prognosis of NSCLC patients, NSCLC
patients (n = 47) were followed up for 5 years to draw a
survival curve. NSCLC patients were divided into two
groups with the median value of circ_0006220 expres-
sion as the cutoff. Patient death was recorded as 1, and
patient survival or loss to follow-up (for whatever reason)
was recorded as 0. The results showed that patients with
high circ_0006220 expression had shorter survival time
than those with low circ_0006220 expression based on
Kaplan—Meier survival curve analysis (Fig. 1F). Overall,
circ_0006220 might regulate NSCLC progression.
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Circ_0006220 exerts an oncogenic role in NSCLC
cells

To clarify the role of circ_0006220 in NSCLC cells,
we designed three circ_0006220-specific siRNAs,
named as si-circ_0006220#1, si-circ_0006220#2, and
si-circ_0006220#3. As verified by RT-qPCR,
circ_0006220 expression was markedly reduced in three
knockdown groups, with the highest knockdown effi-
ciencies in si-circ_0006220#1 and si-circ_0006220#2
groups (Fig. 2A). CCKS8 assay uncovered that
circ_0006220 knockdown restrained the proliferation of
NSCLC cells (Fig. 2B). Circ_0006220 silencing caused
a notable reduction in the colony number than that in the
si-NC group (Fig. 2C). The percentage of EAU* cells
was reduced by circ_0006220 silencing (Fig. 2D). The
fraction of NSCLC cells in the S phase was reduced by
circ_0006220 knockdown, whereas the fraction of cells
in the GO/G1 phase was elevated (Fig. 2E), indicating
that circ_0006220 silencing induced cell cycle arrest in
G1/S transition. The apoptotic rate of both NSCLC cell
lines was markedly increased by circ_0006220 silencing
(Fig. 2F). The silence of circ_0006220 decreased the
numbers of migratory and invasive cells (Figs. 2G and

15



Tang J, et al.

>

g NCI-H1299
o1 T2
§ 15 o N E
g g 09 I{"
2| g 0.6
E 0.5 E o
2 a
E 0.0 O o
s A-549 NCI-H1299 24 4 72
X [siNC Time(h)
B si-circ_0006220#1 -+ si-NC
I si-circ_0006220#2 - s!-cim_uooszlw
3 si-circ_0006220#3 -+ si-circ_0006220#2
D A-549 NCI-H1299
EdU Hochest Merge EdU  Hochest
N
= 50 * *
3 A =
o % (!
°
:E 30
o g 20
§ g 10
g g,
o A-549  NCI-H1299
K3 O si-Ne
a I si-circ_0006220#1
I si-circ_0006220#2
si-circ_0006220
F si-NC # #2 G
Sl =8 = g
@ : y o | H = )
s ' @ 0 ]
3 g2 Fd 3k
b1 ® ® M < &
i ‘”‘ l & - gw 2
T v 8
my rom) o) o
<o
3 & A-549  NCI-H1299
g . \ O si-Ne
T . e I si-circ_0006220#1
3] ' e I si-circ_0006220#2
= B "
3
@
a
3! £
B 2
< i, 3
o
< o
2
]
& §
N £
g
X
3]
H4
J A-549 NCI-H1299 <
Cyclin D1 e o o e - 3!
€
£-CaSPase 3 e wmm w— - — — 3°
2,
s
C-caspase 3 “== wms wmy = = - 24
s
MMP2 s o e - o E ]
MMPQ weme e s — S — o
= = ¢
B-Actin  wes s w— |
O @t O g o
N 0¥ gk NO o ¥ &
S g2 a8 3 g2 &
e :@"1@@11 R

RUPIOD,
P

\ P z ad
©\ o

&

NCI-H1299

A-549

NCI-H1299

<

si-circ_0006220

3? 150

R e B e
2 i =

E 100

=]

<, 50

c

s

Q

9 A-549  NCI-H1299

si-NC
H si-circ_0006220#1
I sicirc_0006220#2

CcoGt s HG2M
150

A-549 NCI-H1299

00

Cell cycle distribution (%)

O,

"

Doty F
5
3
0,
%
~
%

%%

2
PN
%,
4o
2
%%,
%,

[}
%

% o

N

&

w

Relative protein level
° ~

s,
-9/!"
%,

g
f

g B
2

Migratory cell number
°

A-549
O si-NC
irc_0006220#1

NCI-H1299

s =
B si-circ_0006220#2

HUVEC tube formation
(fold)

Fig.2 Circ_0006220 exerts an oncogenic role in NSCLC cells. (A) The knockdown efficiencies of circ_0006220-specific siRNAs
(si-circ_0006220#1, si-circ_0006220#2 and si-circ_0006220#3) were determined by RT-qPCR. (B-J) NSCLC cells were introduced
with si-NC, si-circ_0006220#1, or si-circ_0006220#2. (B) CCKS assay was conducted to draw cell proliferation curve. (C) Colony
formation assay was performed to assess cell proliferation ability. (D) EdU assay was used to analyze the rate of DNA synthesis
through measuring the incorporating of EdU. (E) Cell cycle distribution (G0/G1, S, and G2/M) was analyzed by flow cytometry. (F)
Flow cytometry was applied to measure the apoptotic rate of NSCLC cells. (G and H) Transwell assays were adopted to analyze cell
migration and invasion abilities. (I) Capillary-like network formation assay was adopted to show the formation of capillary-like
structures. (J) Western blot assay was performed to measure the protein expression of proliferation marker (Cyclin D1), apoptosis
marker (caspase 3), and motility marker (MMP2 and MMP9). *P <0.05. NSCLC: non-small cell lung cancer; RT-qPCR: reverse
transcription-quantitative polymerase chain reaction; si-NC: negative control siRNA; CCKS8: Cell Counting Kit-8; EdU:
5-ethynyl-2’-deoxyuridine; PIPE-A: propidium iodide/phycoerythrin-Area under curve; MMP2: matrix metallopeptidase 2; MMP9:
matrix metallopeptidase 9; FITC: fluorescein isothiocyanate; HUVEC: human umbilical vein endothelial cell line

16

Ann Thorac Cardiovasc Surg Vol. 29, No. 1 (2023)



2H), manifesting that circ_0006220 knockdown blocked
the migration and invasion of NSCLC cells. Circ_0006220
silencing suppressed the tube formation ability of
NSCLC cells (Fig. 2I). Circ_0006220 interference
reduced the expression of Cyclin D1, MMP2, and MMP9
but upregulated the level of cleaved caspase 3 (C-caspase
3)/total caspase 3 (t-caspase 3) (Fig. 2J), indicating that
circ_0006220 knockdown suppressed cell proliferation
and motility but induced cell apoptosis in NSCLC cells.
Overall, circ_0006220 knockdown suppressed NSCLC
progression in vitro.

Circ_0006220 acts as a sponge for miR-342-3p

CircRNAs are reported to mediate post-transcriptional
regulation of genes by interacting with miRNAs.?? By
searching StarBase database, we predicted the possible
miRNA targets of circ_0006220. A total of eight miRNAs
(miR-221-3p, miR-222-3p, miR-483-3p, miR-342-3p,
miR-520f-3p, miR-214-3p, miR-761, and miR-3619-5p)
were predicted to be potential targets of circ_0006220.
We analyzed the regulatory relationships between
circ_0006220 and these miRNAs, and found that miR-
342-3p was significantly negatively regulated by
circ_0006220 in H1299 cells. Therefore, we further
explored the binding relationship between circ_0006220
and miR-342-3p. The putative binding sites between
circ_0006220 and miR-342-3p are shown in Fig. 3A.
To verify that, dual-luciferase reporter assay and RIP
assay were conducted. With the overexpression of
miR-342-3p, the luciferase activity of wild-type reporter
plasmid (circ_0006220-wt) but not mutant plasmid
(circ_0006220-mut) was notably decreased (Fig. 3B).
RIP assay further validated the binding between
circ_0006220 and miR-342-3p because of the simultane-
ous enrichment of circ_0006220 and miR-342-3p in
RNA-induced silencing complex (Fig. 3C). The trans-
fection efficiency of circ_0006220 plasmid in NSCLC
cells was confirmed (Fig. 3D). Circ_0006220 overex-
pression reduced miR-342-3p level, and miR-342-3p
expression was markedly elevated in circ_0006220-
silenced NSCLC cells (Fig. 3E). miR-342-3p was sig-
nificantly downregulated in NSCLC tumor tissues than
that in adjacent normal tissues (Fig. 3F). An inverse
correlation between the expression of circ_0006220
and miR-342-3p was observed (Fig. 3G). Compared
with BEAS-2B cell line, miR-342-3p expression was
reduced in both NSCLC cell lines (Fig. 3H). Overall,
circ_0006220 directly interacted with miR-342-3p in
NSCLC cells.
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Circ_0006220 plays an oncogenic role partly by
sponging miR-342-3p in NSCLC cells

Transfection efficiency of anti-miR-342-3p was con-
firmed in NSCLC cells (Fig. 4A). To investigate whether
circ_0006220 functioned by targeting miR-342-3p, com-
pensation experiments were performed. Circ_0006220
silencing-induced upregulation of miR-342-3p was
diminished by the addition of anti-miR-342-3p (Fig. 4B).
As verified by CCKS assay (Fig. 4C), colony formation
assay (Fig. 4D), EdU assay (Fig. 4E), and flow cytome-
try (Fig. 4F), we found that circ_0006220 silencing-
induced suppressive effect on cell proliferation of NSCLC
cells was largely attenuated by the knockdown of miR-
342-3p. Cell apoptosis was triggered by circ_0006220
silencing, and the introduction of anti-miR-342-3p
largely reduced the apoptotic rate (Fig. 4G). The addi-
tion of anti-miR-342-3p also largely rescued the migra-
tion and invasion abilities of circ_0006220-silenced
NSCLC cells, as verified by the increased numbers of
migratory and invasive cells in si-circ_0006220#1 and
anti-miR-342-3p co-transfected groups (Figs. 4H and 41).
Cell angiogenesis ability was also largely recovered by
the addition of anti-miR-342-3p (Fig. 4J). The introduc-
tion of anti-miR-342-3p largely recovered the expression
of Cyclin D1, MMP2, and MMP9 and reduced the
level of C-caspase 3/t-caspase 3 (Fig. 4K). Overall,
circ_0006220 silencing-mediated antitumor effects were
partly dependent on the upregulation of miR-342-3p.

GOT2 is controlled by circ_0006220/miR-342-3p
axis, and circ_0006220 exerts its oncogenic roles via
miR-342-3p/GOT?2 axis

To further disclose the molecular mechanism of miR-
342-3p in regulating NSCLC progression, the down-
stream targets of miR-342-3p were sought by StarBase
database. We examined GOT?2, which harbored the
potential binding sequence with miR-342-3p at its 3’
UTR (Fig. 5A). Next, we conducted dual-luciferase
reporter assay and RIP assay to test their binding rela-
tion. As shown in Fig. 5B, the wild-type plasmid
(GOT?2-wt) exhibited lower luciferase activity in NSCLC
cells expressing miR-342-3p than that in cells express-
ing scramble control. However, luciferase activity of
mutant plasmid (GOT2-mut) was unaffected in cells
expressing miR-342-3p or scramble control (Fig. 5B),
suggesting the target relation between miR-342-3p and
GOT2. RIP assay further verified the binding between
miR-342-3p and GOT2 (Fig. 5C). Circ_0006220 silenc-
ing downregulated GOT2 expression, and GOT?2
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expression was largely rescued by miR-342-3p silencing
(Fig. 5D), demonstrating that circ_0006220 positively
regulated GOT2 expression by sponging miR-342-3p in
NSCLC cells. GOT2 mRNA and protein expression
were both upregulated in NSCLC tissues compared with
adjacent normal tissues (Figs. SE and 5F). A positive
correlation between the expression of circ_0006220 and
GOT2 mRNA was found (Fig. 5G), and there was a

18

negative correlation between the expression of GOT2
mRNA and miR-342-3p (Fig. SH). GOT2 protein level
was upregulated in A-549 and NCI-H1299 cells relative
to BEAS-2B cells (Fig. 5I). Overall, GOT2 was a target
of miR-342-3p and was regulated by circ_0006220/miR-
342-3p axis. In addition, the xenograft experiments mani-
fested that circ_0006220 silencing restrained tumor growth
in vivo via miR-342-3p/GOT2 axis (Supplementary Fig. 2).
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Discussion

Currently, circRNAs have shown important regulatory
roles in multiple diseases, including vascular dis-
eases, 29 heart failure,?® and cancers.?> In NSCLC, cir-
cRNAs play crucial roles in regulating cell proliferation,
motility, apoptosis, and chemo-resistance.!'*!¥ For exam-
ple, circ_0067934 knockdown is reported to restrain the
proliferation and motility of NSCLC cells, and patients
with a high level of circ_0067934 are associated with
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poor prognosis. Circ_100565 is reported to contribute to
the proliferation and motility of NSCLC cells.?® Chen et al.
found that circ_0078767 expression is downregulated in
NSCLC tissues, and it suppresses the progression of
NSCLC by binding to miR-330-3p to induce the expression
of Ras association domain family 1 isoform A (RASSF1A).2V
Based on the data of GSE101586,2V circ_0006220 is
reported to be upregulated in NSCLC specimens than that
in adjacent normal specimens. Subsequently, we collected
73 pairs of NSCLC tissues and adjacent normal tissues to
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confirm the expression feature of circ_0006220. Consis-
tently, we found that circ_0006220 level was elevated in
NSCLC specimens relative to matched healthy specimens.
Meanwhile, we found that circ_0006220 was notably
upregulated in the serum samples of NSCLC patients
compared with those of healthy volunteers. The expression
pattern of circ_0006220 in different cancers may be different or
even opposite. For example, in breast cancer, circ_0006220
is reported to be downregulated in cancer tissues compared
with adjacent normal tissues,?? and the level of circ_0006220
is negatively correlated with aggressive phenotypes of
cancer.?” This phenomenon may be due to the complexity
of tumorigenesis and the differences in tumor microenvi-
ronment. Compared with BEAS-2B cell line, we found that
circ_0006220 level was upregulated in A-549 and NCI-
H1299 cell lines. Patients with high expression of circ_
0006220 were associated with short survival time. Through
loss-of-function experiments, we found that circ_0006220
knockdown suppressed the proliferation, migration, invasion,
and angiogenesis but induced the apoptosis of NSCLC cells.

CircRNAs can regulate the biological phenotypes of
cancer cells by acting as miRNA sponges.?® We found that
circ_0006220 was majorly distributed in the cytoplasmic
fraction of NSCLC cells, indicating that it might function
as an miRNA sponge. miR-342-3p was a possible target of
circ_0006220 through bioinformatics analysis using the
StarBase database. Accumulating evidence demonstrated
that miR-342-3p blocks the development of various malig-
nancies. For instance, miR-342-3p is reported to suppress
the motility of ovarian cancer cells by reducing the Fork-
head Box Q1 level. miR-342-3p is reported to restrain the
aggressive phenotypes of nasopharyngeal cancer cells.”
miR-342-3p is reported to inhibit the growth of hepatocel-
lular carcinoma by suppressing IGF-1R-induced glyco-
lytic metabolism.*® In NSCLC, miR-342-3p is reported to
hamper the malignant phenotypes of cancer cells by target-
ing multiple downstream molecules, including LASP1,"3
RAP2B, or AGR2. In this study, miR-342-3p was verified
to be a target of circ_0006220. We found that miR-342-3p
expression was decreased in NSCLC. Moreover,
circ_0006220 silencing-induced suppressive effects on the
malignant behaviors of NSCLC cells were largely attenu-
ated by the knockdown of miR-342-3p, manifesting that
circ_0006220 silencing suppressed NSCLC progression
largely by upregulating miR-342-3p.

miRNAs bind to target mRNAs to induce the degrada-
tion or suppress the translation of mRNAs. The interac-
tion between miR-342-3p and GOT?2 was validated in
this study. Aspartate is an important molecule in cell
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cycle progression, and GOT?2 is an aspartate aminotrans-
ferase. Previous articles reported that GOT2 regulates
cancer cell metabolism in multiple aspects. A previous
study pointed out the pro-tumor role of GOT2 in NSCLC
in promoting the proliferation, motility, and malate-
aspartate metabolism of NSCLC cells.'” We found that
the GOT2 level was elevated in NSCLC tissue specimens
and cell lines. miR-342-3p overexpression restrained the
malignant behaviors of NSCLC cells, and cell malignant
potential was largely rescued by the addition of GOT2
overexpression plasmid, manifesting that miR-342-3p
inhibited NSCLC development largely by downregulating
GOT?2. Circ_0006220 positively regulated GOT?2 expres-
sion by serving as miR-342-3p sponge in NSCLC cells.

The xenograft mice model was used to analyze the role
of circ_0006220 on tumor growth in vivo. Circ_0006220
knockdown suppressed tumor growth in vivo. In addition,
circ_0006220 silencing reduced the expression of proliferation-
related molecules in resected tumor tissues.

In future, the in vivo role of circ_0006220 in modulat-
ing the metastasis of NSCLC tumors needs to be
explored. Also, the clinical correlation between
circ_0006220 abundance and clinicopathologic features
in NSCLC patients needs to be investigated.

Conclusion

In conclusion, this study demonstrated that
circ_0006220 facilitated the proliferation, migration,
invasion, and tube formation abilities, and suppressed the
apoptosis of NSCLC cells by targeting the miR-342-3p/
GOT?2 axis. The circ_0006220/miR-342-3p/GOT?2 axis is
a novel potential therapeutic target for NSCLC therapy.
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