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Abstract

Background: Circular RNAs (circRNAs) have been reported to play roles in lung can-
cer development. The purpose of this work was to explore the function and mecha-
nism of circ_0043256 in lung cancer tumorigenesis.

Methods: Quantitative real-time polymerase chain reaction (QRT-PCR) and western
blot were used for the detection of the levels of genes and proteins. Cell growth, angio-
genesis ability, migration, and invasion were analyzed by using 5-ethynyl-2'-
deoxyuridine (EdU) assay, flow cytometry, tube formation assay, transwell assay, and
murine xenograft model, respectively. The target between miR-1206 and circ_0043256
or Kriippel-like factor 2 (KLF2) was verified by dual-luciferase reporter assay.

Results: Circ_0043256 was a stable circRNA, which was found to be decreased in lung
cancer tissues and cells. Functionally, forced expression of circ_0043256 suppressed
lung cancer cell growth, angiopoiesis, migration, and invasion. Mechanistically,
circ_0043256 directly bound to miR-1206 and miR-1206 targeted KLF2, circ_0043256
could regulate KLF2 expression via absorbing miR-1206. Rescue assay showed that
miR-1206 overexpression reversed the anticancer effects of circ_0043256 on lung can-
cer cells. Moreover, inhibition of miR-1206 could suppress the malignant phenotypes
of lung cancer cells, which was attenuated by KLF2 knockdown. Pre-clinically,
lentivirus-mediated circ_0043256 overexpression impeded lung cancer growth in
nude mice.

Conclusion: Forced expression of circ_0043256 could impede the tumorigenesis of
lung cancer via miR-1206/KLF2 axis, indicating a potential therapeutic approach for
lung cancer.
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of lung cancer is necessary for developing novel and effective
therapeutic strategy.
Circular RNAs (circRNAs) are a class of conserved RNA

Globally, lung cancer is still one of the most fatal malignan-
cies, accounting for the leading cause of cancer death.' The
morbidity of lung cancer is higher; there are ~1.76 million
deaths and 2.09 million new cases in 2018."* Although pro-
gress has been made in treatment, the prognosis of lung can-
cer shows an unsatisfactory 5-year survival rate (16%) in
patients who are diagnosed at late stage and metastasis.’
Therefore, an in-depth understanding on the carcinogenesis
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molecules that are resistant to the degradation by exonucle-
ase.™” CircRNAs are implicated in regulating various cellular
crucial biological processes linked with carcinogenesis, dif-
ferentiation, growth, apoptosis, and drug resistance.®™®
Moreover, deregulated circRNAs have been identified in
lung cancer, and some circRNAs have crucial regulatory
roles in the tumorigenesis of lung cancer.” For example,
circRNA-002178 was confirmed to act as an oncogene in
lung adenocarcinoma to stimulate T-cell exhaustion by
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elevating programmed death-ligand 1 (PDL1) expression.'’
Zhang et al.'' showed that highly expressed hsa_circRNA_
101237 was linked to poor outcome in lung cancer patients
and knockdown of hsa_circRNA_101237 repressed cancer
cell proliferative, migratory and invasive abilities. Moreover,
circ_0007385 was also confirmed to promote lung cancer
growth and cisplatin resistance.'* In addition, a decreased
circ_0043256 was found in lung cancer."” However, the
action of circ_0043256 in lung cancer carcinogenesis
remains unclear.

Here, this study focused on exploring the role of
circ_0043256 in lung cancer cell malignant phenotypes and
growth. It has been proposed that circRNAs can exert their
functions by acting as competitive endogenous RNAs (ceR-
NAs), namely, circRNAs sequester microRNAs (miRNAs)
to modulate the target genes.'*'® Furthermore, a ceRNA
network was constructed to elucidate the potential mecha-
nism of circ_0043256 in lung cancer tumorigenesis.

MATERIAL AND METHODS
Human samples

In total, 36 pairs of tumor tissues and adjacent para-tumor
tissues were collected from lung cancer patients at Jingmen
No.1 People’s Hospital. All cases did not obtain preoperative
therapy. All samples were stored at —80°C. Informed con-
sent was collected from all patients. This study was
approved by the Ethics Committee of Jingmen No.1 People’s
Hospital according to the Declaration of Helsinki.

Cell culture

Human lung cancer cells (PC9 and A549) and normal
human bronchial epithelial cell (Beas-2B) were obtained
from Procell and cultured in Dulbecco’s modified Eagle
medium (Procell) harboring 1% antibiotics (Invitrogen) and
10% fetal bovine serum (FBS) (Procell) with 5% CO,
at 37°C.

Cell transfection

The pCD5-ciR/circ_0043256 overexpression plasmids (oe-
circ_0043256), Kriippel-like factor 2 (KLF2) specific small
interference RNA (si-KLF2), miR-1206 mimic or inhibitor
were constructed by GenePharma with empty pCD5-ciR
plasmids (vector), non-target siRNA (si-NC), miR-NC, or
miR-NC inhibitor as the contrasts. Thereafter, transient
transfection was conducted using Lipofectamine 2000
(Invitrogen).

The overexpression plasmids of circ_0043256 were
subcloned into a lentiviral vector (GenePharma) to estab-
lish a Lenti-oe-circ_0043256. The puromycin (2-5 pg/
mL) was applied to select stable expressing lentiviral

particles, which were then transfected into A549 cells for
in vivo assay.

Subcellular fractionation and quantitative real-
time polymerase chain reaction

The PARIS kit (Life Technologies) was applied to determine
the cytoplasmic and nuclear circ_0043256 as per the instruc-
tion. Total RNA was extracted by using TRIzol reagent
(Invitrogen). Approximately 3 pg isolated RNAs were trea-
ted with mock without the enzyme or 5 U/ug RNase R at
37°C for 20 minutes to assess the stability of circ_0043256.
The complementary DNA (cDNA) was synthesized by using
the Prime Script RT Reagent Kit (Takara), followed by
quantitative real-time polymerase chain reaction (QRT-PCR)
analysis with SYBR Green kit (Takara). The relative fold
changes were calculated by 2~**“* method and GAPDH or
U6 was used as the internal reference. The primers are pre-
sented in Table 1.

5-Ethynyl-2'-deoxyuridine assay

After transfection, PC9 and A549 cells were placed into a
96-well plate containing 50 pM 5-Ethynyl-2'-deoxyuridine
(EdU) labeling solution (RiboBio) and incubated for 3 hours.
Following reacting with «click reaction solution for
30 minutes, DAPI was used for cell nuclei staining. Finally,
EdU-positive cells were detect to assess cell proliferation.

Colony formation assay

Following different transfection, PC9 and A549 cells
(500/well) were added into a six-well plate with complete
medium and incubated for 2 weeks. After being fixed by
methanol and stained with 0.1% crystal violet (Sigma-
Aldrich), visible colonies were imaged (100x) and counted
using a microscope.

Flow cytometry

After transfection, PC9 and A549 cells were dyed with 10 pL
Annexin V-FITC and 10 pL propiduim iodide
(BD Biosciences) in the darkness for 15 minutes. Last, the
FACSCanto II flow cytometer (BD Biosciences) was used to
assay cell apoptosis.

Western blotting

Total protein was isolated by using RIPA buffer (Beyotime)
containing protease inhibitors and the concentration of pro-
teins was qualified by BCA detecting kit (Keygen). Next,
protein electrophoresis membrane was transferred. Next, the
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TABLE 1 Primers sequences used for PCR
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Name Primers for PCR (5°-3°)

circ_0043256 Forward TGTACATCGGCTGAGTGACG
Reverse =~ GCCACCACCATGTTTCTATCC

KLF2 Forward  GTCCTTCTCCACTTTCGCCA
Reverse = ACAGGATGAAGTCCAGCACG

miR-1206 Forward GCCGAGTTCAAGTAATTCAGG
Reverse =~ CTCAACTGGTGTCGTGGA

U6 Forward CTCGCTTCGGCAGCACA
Reverse =~ AACGCTTCACGAATTTGCGT

GAPDH Forward AAGGCTGTGGGCAAGGTCATC
Reverse = GCGTCAAAGGTGGAGGAGTGG

ACACA Forward GAACCATCTCCCTTGGCCC

Reverse GCCCTCCTTCTCCTCCAGTA

circRNA

1. circ_0043256 circRNA Mature Sequence

AAACATGGTGGTGGCTTTGAAGGAGCTGTCTATTCGGGGTGACTTTCGAAC
TACAGTTGAATACCTGATCAAATTGTTAGAGACTGAAAGCTTTCAGATGAA
CAGAATTGATACTGGCTGGCTGGACAGACTGATAGCAGAAAAAGTACAGG
CTGAGCGACCTGACACCATGTTGGGGGTTGTGTGTGGTGCCCTCCACGTGG
CAGATGTGAGCCTGCGGAATAGCGTCTCTAACTTCCTTCACTCCTTAGAAA
GGGGTCAAGTCCTTCCTGCTCATACACTTCTGAATACAGTAGATGTTGAACT
TATCTATGAGGGAGTCAAGTATGTACTTAAGGTGACTCGACAGTCCCCCAA
CTCCTATGTGGTGATCATGAATGGCTCATGTGTAGAAGTAGATGTACATCGG
CTGAGTGACGGTGGACTGCTCTTGTCCTATGATGGCAGCAGTTATACTACGT
ATATGAAAGAGGAAGTGGATAG

2. circ_0043256 junction Sequence 3’end - 5’end of circRNA

CATGTGTAGAAGTAGATGTACATCGGCTGAGTGACGGTGGACTGCTCTTGTCCTATGATGGCA

GCAGTTATACTACGTATATGAAAGAGGAAGTGGATAG

ARAACATGGTGGTGGCTTTGAAGGAGCTGTCTATTCGGGGTGACTTTCGAACTACAGTTGAATA

(Continues)
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TABLE 1 (Continued)

CCTGATCAAATTGTTAGAGACTGAAAGCTTTCAGATG

3. NCBI %1t 5|48 A

https://www. ncbi.nlm. nih. gov/tools/primer—
blast/primertool. cgi?ctg time=1653472397&job key=9 00s6SLqSOOHbMYvniXKsR jhhjpe]
OF6A

Primer pair 1

Sequence (5'->3') Template strand Length Start Stop Tm
Forward primer TGTACATCGGCTGAGTGACG Plus 20 17 36 59.83
Reverse primer GCCACCACCATGTTTCTATCC Minus 21 15 95 58.98
Product length 99

F: TGTACATCGGCTGAGTGACG
R: GCCACCACCATGTTTCTATCC

4. circRNA 5| Y15iF

circ_0043256 junction Sequence 3’end - 5’end of circRNA
CATGTGTAGAAGTAGATGTACATCGGCTGAGTGACGGTGGACTGCTCTTGTCCTATGATGGCAGC
AGTTATACTACGTATATGAAAGAGGAAGTGGATAGAAACATGGTGGTGGCTTTGAAGGAGCTGTC
TATTCGGGGTGACTTTCGAACTACAGTTGAATACCTGATCAAATTGTTAGAGACTGAAAGCTTTC
AGATG

5. NCBI primer blast 45 ¥4k

1 Check Primer r Search Results I Annotated Results |

F: [TGTACATCGGCTGAGTGACG | 20
R: [GCCACCACCATGTTTCTATCC | 21 Record Count: 1
circRMA Symbaol Length FOR
hsa_circ_0043256 |ACACA 99 R &
miRNA

1. FTF miRNA mirbase SRR BT F)

>hsa—miR-1206 MIMAT0005870
UGUUCAUGUAGAUGUUUAAGC

(Continues)
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TABLE 1 (Continued)

2.3MUBHNT  TGTTCATGTAGATGTTTAAGC
3. T EHEFEF  CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGC
4. F¥E1Y) (EPPHREE+ miRNA 5 BRI 13-16 4MRER)

GCCGAGT TCAAGTAATTCAGGAT

TSI CES S E—

CTCAACTGGTGTCGTGGA

5. miRNA &

BF5D

ccosion |0 owr ol ey ol

MIMAT0005870 hsa-miR-1206

I Alignment of Query to mature miRNAs

Query: 7-21 hsa-miR-1206: 1-15 score: 75 evalue: 0.65
UserSeq T uguucauguagaugu 21
[CECEEEEEEEETT
hsa-miR-1206 1 uguucauguagaugu 15
) A 4+ Bl
6. NCBI 451 51 W%
Primer pair 1
Sequence (5'->3") Length m

Forward primer GCCGAGTTCAAGTAATTCAGGAT 23 58.81
Reverse primer CTCAACTGGTGTCGTGGA 18 56.51

FEEEP
1. BEREFAEZRNEE

https://www. ncbi. nlm. nih. gov/nuccore/NM 016270. 4

(Continues)
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TABLE 1 (Continued)

Homo sapiens Kruppel like factor 2 (KLF2), mRNA

NCBI Reference Sequence: NM_016270.4
FASTA  Graphics

Go to: (¥

LOCUS NM_016270 2820 bp mENL linear PRI 08-MAY-2022

DEFINITION Homo sapiens Kruppel like factor 2 (KLF2), mENA.

ACCESSION  NM_016270

VERSION NM_016270.4

KETWORDS RefSeq; MANE Select.

SOURCE Homo sapiens (human)

ORGANISM Homo sapiens

Eukarvota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini:

2. NCBI primer blast #ZMERE (E)

https://www. ncbi. nlm. nih. gov/tools/primer—

blast/primertool. cgi?ctg time=1653530780& job key=dnyphmvaZnJBTGNJbilHexQyVkk5IU

1UOA
Primer pair 1

Sequence (5'->3") Template strand Length Start
Forward primer GTCCTTCTCCACTTTCGCCA Plus 20 125
Reverse primer ACAGGATGAAGTCCAGCACG Minus 20 246
Product length 122

Products on intended targets
>NM_016270.4 Homo sapiens Kruppel like factor 2 (KLF2), mRNA

product length = 122
Forward primer 1 GTCCTTCTCCACTTICGCCA 20
Template 125 ciiiiieiniiiiaeas 144

Reverse primer 1 ACAGGATGAAGTCCAGCACG 20
Template 246 L iiiiiiieiiiieaae 227

F: GTCCTTCTCCACTTTCGCCA
R: ACAGGATGAAGTCCAGCACG

ACACA
2. BNFEFAEZNEE

https://www. ncbi. nlm. nih. gov/nuccore/NM 198834. 3

(Continues)



ZHOU ET AL. Wl LEY 689

TABLE 1 (Continued)

Homo sapiens acetyl-CoA carboxylase alpha (ACACA), transcript variant 1, mRNA

NCBI Reference Sequence: NM_198834.3
FASTA  Graphics

Goto: (V)

LOCUS NM_198834 10013 bp mRNA linear PRI 18-APR-2022

DEFINITION Homo sapiens acetyl-Col carboxylase alpha (ACACA), transcript
variant 1, mRNA.

ACCESSION  NM_198834

VERSION NM_198834. 3

KETWORDS RefSeq: MANE Select.

SOURCE Homo sapiens (human)

ORGANISM Homo sapiens

Eukaryota; Metazoa, Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires: Primates; Haplorrhini;

3. NCBI primer blast 4&EEMERE (I6F)

htips://www. ncbi.nlm. nih. gov/tools/primer
blast/primertool. cgi?ctg time=1653473260& job key=5e86Fdf12139Y99m0gh7VKgd6maFDv

F7hA&CheckStatus=Check

Primer pair 1

Sequence (5->3) Template strand Length Start Stop Tm
Forward primer GAACCATCTCCCTTGGCCC Plus 19 655 673 60.08
Reverse primer GCCCTCCTTCTCCTCCAGTA Minus 20 789 770 60.03
Product length 135

Products on intended targets
>NM_198834.3 Homo sapiens acetyl-CoA carboxylase alpha (ACACA), transcript variant 1, mRNA

product length = 136
Forward primer 1 GALCCATCTCCCTTGGCCC 19
Template {2 ] ——— 673

Reverse primer 1 GCCCTCCTTCTCCTCCAGTE 20
Template = 770

F: GAACCATCTCCCTTGGCCC
R: GCCCTCCTTCTCCTCCAGTA

Us BRI

F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

(Continues)
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TABLE 1 (Continued)

Primer pair 1

Sequence (5'->3')
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT

Forward primer
Reverse primer

Products on target templates
>NR_104084 1 Homo sapiens RNA, U8 small nuclear 7 (RNUB-7), small nuclear RNA

product length = 94
Forward primer 1 CTOGCTTCGGCAGCACA 17
Template ey T E 20

Reverse primer 1

AACGCTTCACGAATTTGOGT 20
Template a7 8

.................... 78

GAPDH

F 5’-AAGGCTGTGGGCAAGGTCATC-3’,
R 5’-GCGTCAAAGGTGGAGGAGTGG-3’

Primer pair 1

Sequence (5'->3") Length
Forward primer AAGGCTGTGGGCAAGGTCATC 21
Reverse primer GCGTCAAAGGTGGAGGAGTGG 21

Products on target templates
>NM_001357943.2 Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH), transcript variant 7, mRNA

product length = 248
Forward primer 1 AAGGCTGTGGGCAAGGTCATC 21
Template BB e s vien e 685

Reverse primer 1 GCGTCAAAGGTGGAGGAGTGG 21
Tenplate 912 satis e v G e 892

Length Tm GC% Self complem
17 60.42 64.71 5.00
20 59.69 45.00 5.00

Tm GC% Self complementari

62.96 57.14 3.00

63.23 61.90 2.00

membrane was incubated with primary antibodies against
Bax (ab32503, 1:2000, Abcam), Bcl-2 (ab692, 1:2000,
Abcam), KLF2 (ab194486, 1:2000, Abcam), and B-actin
(ab6276, 1:1000, Abcam) overnight at 4°C. After incubating
with horseradish peroxidase (HRP)-conjugated secondary
antibodies at 37°C for 2 hours, the chemiluminescent (ECL)
detection reagent (Beyotime) was applied to assay the pro-
tein bands.

Tube formation assay

Each well of the 96-well plate was pre-coated with 50 pL
Matrigel for 1 hour. The conditioned medium of transfected
PC9 and A549 cells was collected. Human umbilical vein
endothelial cells were starved for 24 hours and resuspended
in 100 pL cell conditioned medium (4 x 10° cells/mL), and
then seeded onto the Matrigel gel. Forty eight hours later,
the number of tubes was detected by a microscope.

Transwell assay

Transwell chambers (8.0 pm pore size) (Corning) pre-coated
with or without Matrigel (BD Biosciences) were used for cell

invasion and migration detection. Transfected PC9 and
A549 cells resuspended in serum-free medium were added
into the upper chambers. Then, 500 pL of medium contain-
ing 10% FBS was filled into the lower chambers. Twenty-
four hours later, migrated and invaded cells were fixed by
4% formalin and stained with crystal violet, and the number
of cells were then counted using a microscope.

Dual-luciferase reporter assay

The wild-type (WT) fragments and the mutated (MUT)
seed sequences of miR-1206 on circ_0043256 and KLF2
were inserted into the psiCHECK2 plasmids (Promega).
Next, 200 ng recombinant psiCHECK2 plasmids and
50 nM miR-1206 or the controls were co-transfected into
PC9 and A549 cells for 48 hours. The luciferase activity
was assayed by a Dual-luciferase Reporter Assay System
(Promega).

Xenograft models

The nude mice were divided into three groups (vector, oe-
circ_0043256, or oe-circ_0043256 + miR-1206). A549 cells
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FIGURE 1 Circ_0043256 is decreased in lung cancer tissues and cells. (a) The genomic locus of circ_0043256 and the back-spliced junction of

circ_0043256 were indicated. (b), (c) Detection of circ_0043256 expression

in lung cancer tissues and normal tissues, as well as in lung cancer cell

lines (PC9 and A549) and normal Bease-2B cells by quantitative real-time polymerase chain reaction (QRT-PCR). (d), (e) Nuclear-cytoplasmic
fractionation assay for the distribution of circ_0043256 in PC9 and A549 cells. (f), (g) Stability analysis of circ_0043256 by RNase R treatment.

KD < 0,0001

infected with lentiviruses carrying oe-circ_0043256 or vec-
tor were subcutaneously vaccinated into the right back
flank of blindly randomized nude mice (n 5/group;
6 weeks). When the tumor grew to 100 mm?®, miR-1206
agonist was directly administered via intra-tumor injection
into each mouse once a week for 4 weeks. The size of
tumors was monitored every 7 days, and the volume was
assessed as the formula: volume = length x width* x 0.5.
Four weeks later, the tumors were excised, weighed, and
divided either for molecule detection or fixed in formalin

for immunohistochemistry (IHC) analysis as described pre-
viously.'® The experiments abided the supervision of the
Animal Care and Use Committee of Jingmen
No. 1 People’s Hospital.

Statistical assay

All experiments were repeated three times. Data are mani-
fested as mean + standard deviation (SD). The difference
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FIGURE 2 Overexpression of circ_0043256 suppresses lung cancer cell malignant phenotypes in vitro. (a)-(h) Oe-circ_0043256 or vector was
constructed and transduced into A549 and PC9 cells. (a) Confirmation of the transfection efficiency by quantitative real-time polymerase chain reaction
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HHIED < 0.0001
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was evaluated by the Student’s t-test (two groups) and anal-
ysis of variance with Turkey test hoc post (multiple groups).
p < 0.05 indicated significant differences.

RESULTS

Circ_0043256 is decreased in lung cancer tissues
and cells

Circ_0043256 is produced by back-splicing of exon 15-18 of
the ACACA gene, it is located at chrl7: 35604934-
35 609 962 and finally forms a circular transcript of 483 nt
(Figure 1(a)). Circ_0043256 was found to be decreased in
lung cancer tissues compared with the normal control
(Figure 1(b)). Moreover, its expression was also lower in
lung cancer cell lines (PC9 and A549) than those in normal
Bease-2B cells (Figure 1(c)). The nuclear-cytoplasmic frac-
tionation assay showed that circ_0043256 was mainly dis-
tributed in the cytoplasm of A549 and PC9 cells (Figure 1
(d),(e)). In addition, it was observed that circ_0043256 was
resistant to the degradation by RNase R in A549 and PC9,
whereas RNase R treatment digested linear acetyl-CoA

(a)
WT-circ_0043256

miR-1206

MUT-circ_0043256

b c
( ) B miR-NC ( ) B miR-NC
© 1. ™ miR-1206 s @ 15, M miR-1206
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FIGURE 3

carboxylase a (ACACA) messenger RNA (mRNA) (Figure 1
(),(g)), implying that circ_0043256 was a stable circRNA.

Overexpression of circ_0043256 suppresses lung
cancer cell malignant phenotypes in vitro

Next, the clinical value of circ_0043256 on lung cancer was
investigated using in vitro assays. Circ_0043256 overexpression
plasmids were constructed and transduced into A549 and PC9
cells. As expected, circ_0043256 expression was significantly
elevated after oe-circ_0043256 transfection compared with vec-
tor transfection (Figure 2(a)). Functionally, forced expression
of circ_0043256 suppressed the proliferation of A549 and PC9
cells, evidenced by decreased EdU-positive cells (Figure 2(b)).
Moreover, colony formation assay also demonstrated that cell
cloning capabilities of A549 and PC9 cells were suppressed
after circ_0043256 overexpression (Figure S1(a)). Conversely,
overexpression of circ_0043256 induced apoptosis in A549
and PC9 cells, which was accompanied with decreased Bcl-2
level and increased Bax level (Figure 2(c)-(e)). Moreover,
circ_0043256 upregulation could impair tubule formation abil-
ity of A549 and PC9 cells (Figure 2(f)). In transwell assay, it
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was found that the migration and invasion abilities of A549
and PC9 cells were repressed after circ_0043256 upregulation
(Figure 2(g),(h)). Taken together, circ_0043256 acted a tumor
suppressor to inhibit lung cancer cell growth, angiopoiesis,
migration, and invasion.

MiR-1206 is a target of circ_0043256

Given the cytoplasm distribution of circ_0043256, the down-
stream targets of circ_0043256 were investigated. According to
the prediction of circinteractome, miR-1206 was found to have
complementary sequences on circ_0043256 (Figure 3(a)).
gRT-PCR showed that miR-1206 mimic could significantly
elevate miR-1206 expression in A549 and PC9 cells (Figure 3
(b)). Next, dual-luciferase reporter assay was conducted. The
results showed that miR-1206 mimic notably led to a decrease
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rescued by the introduction of miR-1206 (Figure 4(a)).
Thereafter, it was found that miR-1206 up-regulation atten-
uated circ_0043256 overexpression-induced proliferation
inhibition (Figure 4(b),(c) and Figure S1(b)) and apoptosis

KLF2 is a target of miR-1206, and circ_0043256
can regulate KLF2 by sponging miR-1206

The targets of miR-1206 were also explored. Targetscan

enhancement (Figure 4(d)-(g)). Moreover, the suppression
of cell angiopoiesis, migration, and invasion abilities caused
by circ_0043256 was also reversed by miR-1206 upregula-
tion in A549 and PC9 cells (Figure 4(h)-(j)). These data
confirmed that circ_0043256 affected lung cancer cell
tumorigenesis via regulating miR-1206.

database predicted that miR-1206 had the binding site on
KLF2 3UTR (Figure 5(a)). The results of dual-luciferase
reporter assay further exhibited that miR-1206 overexpres-
sion declined the luciferase activity of WT-KLF2 3’UTR vec-
tor, but bot affected the luciferase activity of MUT-KLF2
3UTR in A549 and PC9 cells (Figure 5(b)). After
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confirming the knockdown efficiency of miR-1206 inhibitor
(Figure 5(c)), it was confirmed that KLF2 expression level
was decreased by miR-1206 mimic and increased by miR-
1206 inhibitor (Figure 5(d)). The mRNA content of KLF2
was found to be decreased in lung cancer tissues and was
negatively correlated with miR-1206 expression in cancer
tissues (Figure 5(e),(f)). Western blotting analysis also
showed the decreased KLF2 protein level in lung cancer tis-
sues (Figure 5(g)) and cell lines (Figure 5(h)). Interestingly,
we also showed that oe-circ_0043256 introduction was
accompanied with increased KLF2, which was subsequently
reduced in response to miR-1206 mimic in A549 and PC9

cells (Figure 5(i)). Collectively, KLF2 was a target of miR-
1206, and circ_0043256/miR-1206/KLF2 formed an axis.

Knockdown of miR-1206 inhibits lung cancer
cell malignant phenotypes by KLF2

To evaluate the functions of miR-1206/KLF2 axis on lung
cancer cell malignant phenotypes. The rescue experiments
were performed. A549 and PC9 cells were transfected with
miR-1206 inhibitor alone or co-transfected with miR-1206
inhibitor and KLF2 siRNA (si-KLF2). The western blotting
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displayed that si-KLF2 introduction reversed miR-1206
inhibitor-induced elevation of KLF2 level in A549 and PC9
cells (Figure 6(a)). Functionally, we demonstrated that miR-
1206 inhibitor could suppress cell proliferation (Figure 6
(b)-(d) and Figure S1(c)) and stimulate apoptosis (Figure 6
(e)-(g)) in A549 and PC9 cells, whereas these effects were
reversed after KLF2 knockdown (Figure 6(b)-(g)). In addi-
tion, the angiopoiesis, migration, and invasion abilities of
A549 and PC9 cells were markedly suppressed by miR-1206
inhibitor, which were then abolished by KLF2 silencing
(Figure 6(h)-(j)). Altogether, miR-1206/KLF2 axis was
engaged in regulating the tumorigenesis of lung cancer.

Overexpression of circ_0043256 suppresses lung
cancer growth in vivo

Subsequently, we explored whether circ_0043256 affected
the growth of lung cancer in vivo. Consistent with the
results of in vitro experiments, overexpression of
circ_0043256 hindered the growth of lung cancer in nude
mice, reflected by the smaller tumor size and lighter tumor
weigh in xenografts of oe-circ_0043256 group (Figure 7(a),
(b)). Furthermore, compared with the oe-circ_0043256
group, the oe-circ_0043256 group + miR-1206 group
showed bigger tumor size and heavier tumor weigh in xeno-
grafts (Figure 7(a),(b)). Moreover, the expression levels of
circ_0043256 were higher in xenografts of oe-circ_0043256
group, whereas there was no change in the expression of
circ_0043256 between oe-circ_0043256 group and oe-

circ_0043256 group + miR-1206 group (Figure 7(c)). In
addition, miR-1206 expression was decreased and KLF2
expression was increased in xenografts isolated from oe-
circ_0043256 group, whereas these effects were attenuated
after miR-1206 overexpression (Figure 7(c),(d)). Next, IHC
analysis showed that the contents of ki67 and Bcl-2 were
decreased, and Bax content was increased in xenografts with
circ_0043256 overexpression, whereas oe-circ_0043256
group + miR-1206 group showed the opposite trend on
their expression (Figure 7(e)). In all, circ_0043256 could
suppress lung cancer growth in vivo.

DISCUSSION

Currently, more and more proofs have revealed that cir-
cRNAs are functional molecules that can modulate cancer
progression by involving in various cellular activities. For
instance, Chen et al.'” showed that circRNA_0000285
silencing could repress the migration and growth abilities of
cervical cancer in vitro and in nude mice. High has_-
circ_104348 predicted poor prognosis in hepatocellular car-
cinoma (HCC), and has_circ_104348 deficiency negatively
regulated the malignant phenotypes of HCC cells.'® In addi-
tion, Yuan et al. showed that circRNA_102231 promoted
gastric cancer cell invasion and proliferation both in vitro
and in vivo. Therefore, targeting the deregulation of cir-
cRNAs may be a promising method for cancer prevention.
In our work, a decreased circ_0043256 was observed in lung
cancer tissues and cells. Functionally, forced expression of
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circ_0043256 restrained cancer cell proliferative, invasive,
migratory, angiogenetic abilities and induced cell apoptosis
in vitro. Pre-clinically, lentivirus-mediated circ_0043256
overexpression impeded lung cancer growth in nude mice,
further indicting the anticancer potential of circ_0043256 in
lung cancer.

This study verified the cytoplasmic distribution of
circ_0043256 in lung cancer cells. Furthermore, the
circRNA-miRNA-mRNA regulatory network has been
identified to play crucial roles in the pathology of lung
cancer.'”?® Therefore, the potential miRNAs/mRNA axis
underlying circ_0043256 was then explored. We confirmed
that circ_0043256/miR-1206/KLF2 formed an axis in lung
cancer cells. MiRNAs have been confirmed to be impli-
cated in the modulation of the pathogenesis of human dis-
eases, including the cancer.”’ >> MiR-1206 is a functional
miRNA. It was found that could be used as the biomarker
for ischemia reperfusion diagnosis.”* MiR-1206 variant
was confirmed to be related to methotrexate-induced oral
mucositis in childhood acute lymphoblastic leukemia.>® In
cancer, Yu et al.*® showed that circ_0092367 suppressed
epithelial-mesenchymal transition process and gemcitabine
resistance via miR-1206 in pancreatic cancer. Moreover,
miR-1206 overexpression could reverse the anticancer
effects of circ_0129047 or BMPR2 on lung adenocarci-
noma.”” KLF2 belongs to the Kriippel-like factor family
transcription factors, which has been revealed to exert
anticancer action in many types of cancers by impeding
cancer cell malignant phenotypes.”®**° In lung cancer,
KLF2 expression was found to be decreased; restoration of
KLF2 inhibited lung cancer cell proliferation.’’ In addi-
tion, KLF2 re-expression disturbed the proliferation of
lung cancer cells by disappearing energy metabolism
through glutaminase inhibition.”> In our study, we also
observed an increase of miR-1206 and a decrease of KLF2
in lung cancer tissues and cells. Moreover, miR-1206 pro-
moted cancer cell proliferative, invasive, migratory, angio-
genetic abilities, which were reversed by KLF2.
Additionally, miR-1206 overexpression overturned the
anticancer action of circ_0043256.

In all, we first confirmed that circ_0043256 acted as a
tumor suppressor to restrain lung cancer growth and tumori-
genesis by miR-1206/KLF2 axis, providing the molecular the-
oretical basis for subsequent clinical treatment of lung cancer.
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