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g cancer which
¢ endogenous RNAs
ed in tumorigenesis of
upregulated in NSCLC.

obviously suppressed the proliferation of NSCLC cells through
addition, silencing of hsa_circ_0000729 notably inhibited the inva-
CLC cells. Meanwhile, hsa circ 0000729 could bind with miR-
was directly targeted by miR-1281. Moreover, the anti-tumor effect of
8000729 siRNAs on NSCLC was markedly reversed by miR-1281 antagomir.

a crucial mediator in NSCLC.
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Introduction
Non-small cell lung cancer (NSCLC) is a type of lung malignant tumor. In addition,
NSCLC is reported to be the leading cause of tumor-related mortality in the world."
Nowadays, the major treatments for NSCLC are radiotherapy, surgery and che-
motherapy, while the prognosis of patients with NSCLC remains not ideal. >’
Although great studies have been made to treat NSCLC over 30 years, the survival
rate of patients is still at low level due to the recurrence and metastasis of tumor.*
Thereby, it is essential to explore new strategies against NSCLC.

Circular RNAs (CircRNAs) are endogenous RNAs which have stable closed
structure.’ It has been revealed that circRNAs participate in the cancer progression.

For instance, Yi et al found that hsa_circ_0001806 overexpression could increase
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the growth, migration and invasion of NSCLC cells via
mediation of miR-1182/NOVA2 axis;® Wang et al indi-
cated that circ-PTEN upregulation could suppress the pro-
liferation of NSCLC cells through activation of PTEN.’
Meanwhile, it has been revealed that hsa circ 0000729
was significantly upregulated in lung adenocarcinoma
(LUAD).®* LUAD is the main subtype of NSCLC.’
the function of hsa circ 0000729 in
NSCLC remains largely unknown.

Nevertheless,

Recent studies indicated that pyroptosis plays a crucial
role in cellular process.'®'' Meanwhile, pyroptosis is
a programmed cell death which is majorly regulated by
caspase 1.'%' In addition, caspase 1 is often upregulated
when the growth of NSCLC cells is inhibited, suggesting
that the promotion of pyroptosis might be associated with
the progression of NSCLC."* Therefore, it is necessary to
investigate the correlation between hsa circ_ 0000729 and
pyroptosis in NSCLC cells with the purpose of exploring
new effective strategies against NSCLC.

This study sought to investigate the function of hsa_-
circ_0000729 in NSCLC. We hope this research would
shed new lights on exploring the new methods for the
treatment of NSCLC.

Materials and Methods

Cell Culture
NSCLC cell lines (A549, NCI-H1650 and }
human normal lung epithelial BEAS-2
chased from Chinese Academy
China). In addition, cells were

hsa_circ_000 1IRNAT (si-hsa_circ_0000729-1), hsa_-
circ_0000729 A2 (si-hsa_circ_0000729-2), hsa -
circ_0000729 siRWA3  (si-hsa circ_0000729-3) or
negative control (NC; siRNA-ctrl) for 24 h by using
Lipofectamine® 2000 (Invitrogen). Hsa_circ_0000729
siRNA1, siRNA2, siRNA3 and siRNA-ctrl were pur-
chased from Genepharma (Shanghai, China). After 24
h of transfection, cells were harvested of use in the sub-
sequent analysis.

For miR-1281 transfection, NSCLC cells were trans-

fected with miR-1281 agomir, miR-1281 antagomir or NC

by using Lipofectamine® 2000 (Thermo Fisher Scientific).
MiR-1281 agomir, antagomir and NC were obtained from
Genepharma. After 24 h of transfection, cells were har-
vested for use in the subsequent analysis.

For hsa circ 0000729 overexpression, NCI-H1650
cells  were transfected with pcDNA3.1  or
pcDNA3.1-hsa circ_0000729 for 24 h by using
Lipofectamine® 2000 (Thermo Fisher Scientific).
pcDNA3.1 and pcDNA3.I-hsa circ 0000729 were
obtained from Genepharma.

CCK-8 Assay

ed using

NCI-H1299, A549 or
ted with NC or si

Staining
ection, NSCLC cells were trypsinized,

inding Buffer. Then, cells were stained with 5
n Vand 5 puL propidium (PI) in the dark for 15
in. Cells were analyzed by flow cytometer (BD
iosciences, Franklin Lake, NJ, USA). In addition, the
data were analyzed using FACS (BD Biosciences) with
FlowlJo (v10.6.2; BD Biosciences).

Reverse Transcription-Quantitative PCR
(RT-gPCR)

Total RNA was extracted from liver cancer cell lines using
TRIzol reagent (TaKaRa, Tokyo, Japan) according to the
manufacturer’s protocol. First-strand cDNA was synthe-
sized using the PrimeScript RT reagent Kit (Takara).
After that, RT-qPCR was performed by using the SYBR
premix Ex Taq II kit (ELK bioscience, Wuhan, China).
Real-Time qPCRs were performed in triplicate. The pro-
tocol of amplification was as follows: 2 minutes at 94°C,
followed by 35 cycles (30 s at 94°C and 45 s at 55°C). The
following primer pairs were used for RT-qPCR: hsa-circ
-0000729 forward, 5-AAGTGAGCATGTGTGTGCAGG
-3" and reverse, 5-TCCACCTGCTCACTTGCATG-3";
miR-1281 forward, 5-TCGGTCGCCTCCTCCTC-3' and
reverse, 5'-CTCAACTGGTGTCGTGGAGTC-3’; B-actin
5'-GTCCACCGCAAATGCTTCTA-3’

forward, and
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reverse, 5-TGCTGTCACCTTCACCGTTC-3'; U6 for-
ward, 5'-CTCGCTTCGGCAGCACAT-3' and reverse, 5'-
AACGCTTCACGAATTTGCGT-3". The levels of gene
were quantified using the 2 method. B-actin or U6
was used an internal reference.

Western Blot

Total protein was isolated from cell lysates or tissues by
using RIPA buffer. The concentration of protein was
detected with a BCA protein kit (Thermo Fisher
Scientific). Then, proteins (40 pg per lane) were separated
with 10% SDS-PAGE gel and then transferred into poly-
vinylidene fluoride (PVDF, Thermo Fisher Scientific)
membranes. The PVDF membranes were incubated over-
night with primary antibodies after being blocked with 3%
skim milk for 1 h. The primary antibodies were as follows:
anti-FOXO03 (1:1000), anti-cleaved caspase 1 (1:1000),
anti-GSDME-N (1:1000) and anti-B-actin (1:1000). After
that, the membrane was incubated with goat anti-rabbit
secondary antibody (HRP-labeled, 1:5000) for 1 h. All
antibodies were obtained from Abcam (Cambridge, MA,
USA). ECL reagent (Thermo Fisher Scientific) was used
to visualize the protein bands. Image] software (version
2.0) was performed to quantify the intensity of the @

Transwell Assay
The upper chamber was pre-treated wi

¢ plated at a density of 2x10° cells per well.

s reached 80% confluence, a wound area
was scratched 1Wthe cell monolayer using a pipette tip.
After that, cells were treated with sihsa_circ_0000729-3 or
sihsa_circ_0000729-3 + miR-1281 antagomir for 24 h at
37°C. Images were captured at 0 and 24 h under
a fluorescence microscope (Leica Microsystems, Inc.).

ELISA
The levels of IL-18 and IL-1p in supernatants of NSCLC
investigated by ELISA detection kit

cells were

(Multisciences (Lianke) Biotech Co., Ltd, Hangzhou,
China) according to the manufacturer’s instructions.

Dual-Luciferase Reporter Assay

The partial sequences of hsa circ_ 0000729 and the
FOXO3 3'-UTR containing the sites of miR-1281/miR-
1178/miR-324-5p/miR-767-3p  were
GenePharma. The aforementioned sequences were cloned
into the pmirGLO vectors (Promega, Madison, WI, USA)
for establishment of wild-type (WT) or mutant (MUT)
reporter hsa_circ_0000729 and EQ vectors. The WT

synthesized by

ounted and dried in a silica gel vacuum
ally, the morphology was observed by
clectron microscope (SEM, 20 kV).

Pull-Down Assay

Probe-control or probe-hsa_circ_0000729 was transcribed
and labeled with a Biotin RNA Labeling Mix (Roche,
Basel, Switzerland). Cells were lysed with Poly-lysis buf-
fer (ELK bioscience), washed with PBS and centrifuged at
1000 x g for 5 min at 4°C. Secondary structure formation
in the biotin-labeled RNAs was induced with RNA struc-
ture buffer (Thermo Fisher Scientific). Streptavidin beads
(75 pL; Thermo Fisher Scientific) were washed and incu-
bated overnight. After that, streptavidin bead-RNA com-
plexes were obtained by separating the mixture. Then, cell
lysates (5x107 cells) were added to the complexes and
incubated for 1 h. Following incubation, the mixture was
separated again, and the supernatant of cell lysates was
utilized to detect the enrichment of miR-1281. Meanwhile,
RT-qPCR was performed to investigate the enrichment of
miR-1281.

In vivo Study

BALB/c nude mice (n=8; 6—8 weeks old) were obtained from
Vital River (Beijing, China). The protocols for animal care
and use of laboratory animals were in accordance with ethical
committee of Xinhua Hospital Affiliated to Shanghai Jiao
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Tong University School of Medicine (No. XH20200725).
A549 cells transfected with 50 nM si-hsa_circ_0000729-3
were subcutaneously transplanted in mice. The tumor volume
was investigated once a week as the following formula:
length x width % width. At end of the study, mice were
sacrificed for tumor tissue collection. All in vivo experiments
were performed according to the guideline of National
Institutes of Health for the care and use of laboratory animals.

Statistical Analysis

Data were presented as the mean + standard deviation.
CCKS assay was performed in quintuplicate. Flow cytome-
try, Western blot, RT-qPCR, luciferase activity test and
ELISA were repeated in triplicate. The other experiments
were performed three times. In addition, Student’s #-test was
used to compare the difference between two groups. One-
way analysis of variance and Tukey’s post hoc tests were
used for comparisons between >3 groups. P < 0.05 was
considered to indicate a statistically significant difference.

A B

lhsa_circ_0000729 GAS8 g5
|Chr16:90098243-90098338+

Results

Knockdown of hsa_circ_0000729
Inhibited the Proliferation of NSCLC
Cells

The background information ofhsa_circ_0000729 is presented
in Figure 1A. To investigate the expression of hsa -
circ_0000729 in NSCLC cell lines, RT-qPCR was performed.
As indicated in Figure 1B, the level of hsa circ 0000729 in
NSCLC cells (A549, NCI-H1650 and NCI-H1299) was much
higher than that in BEAS-2B cells. Singamlasa circ 0000729
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Figure | Knockdown of hsa_circ_0000729 inhibited the proliferation of NSCLC cells. (A) The background information of hsa_circ_0000729 was presented. (B) The
expression of hsa_circ_0000729 in BEAS-2B, A549, NCI-H1650 or NCI-H1299 cells was detected by RT-qPCR. (C and D) A549 or NCI-H1299 cells were transfected with
siRNA-ctrl (NC), hsa_circ_0000729 siRNAI, siRNA2 or siRNA3. Then, the expression of hsa_circ_0000729 in NSCLC cells was investigated by RT-qPCR. (E and F) NCI-
H1299 cells were transfected with NC or si-hsa_circ_0000729-3. The viability of NSCLC cells was tested by CCK-8 assay. **P < 0.0] compared with control.
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experiments. CCKS8 data suggested si-hsa_circ_0000729-3
notably inhibited the viability of NSCLC cells (Figure 1E
and F). Taken together, knockdown of hsa circ 0000729
inhibited the proliferation of NSCLC cells.

Hsa_circ_0000729 siRNA Greatly
Induced Pyroptosis in NSCLC Cells

In order to explore the manner of death in NSCLC cells, flow
cytometry was used. As shown in Figure 2A-D, the percentage
of cell death was significantly upregulated by hsa -
circ_0000729 knockdown, and the ratio of PI positive cells
was also notably increased by hsa_circ 0000729 siRNA3. The
data suggested hsa circ 0000729 knockdown might induce
pyroptosis in NSCLC cells. Next, SEM was used to investigate
if si-hsa_circ_0000729-3 could induce pyroptosis in NSCLC
cells. The data revealed the membrane breakage and pyroptosis
body in A549 or NCI-H1299 cells were significantly increased
by si-hsa_circ_0000729-3 (Figure 2E and F). These phenom-
ena were the typical feature of pyroptosis.'” Thus, these data
suggested that si-hsa_circ_0000729-3 greatly induced pyrop-
tosis in NSCLC cells. Since A549 cells were more sensitive to
si-hsa_circ_0000729-3 treatment (According to the result of
CCKS, the inhibition rate of A549 cells after transfed
hsa_circ_0000729 siRNA3 was 54%, while the inhibitio
of NCI-H1299 cells was 46%), A549 cells we
in the following experiments.

S

A

105] 031%

Blank SiRNA-ctrl
188% (105] 0.62%

bsa_circ_0000729-3

si-hsa_circ_0000729-3 50

0.75% 46.8%

Cell death (%)
8

Annexin V-FITC *7

Hsa circ_0000729 Could Bind with
miR-128]

In order to explore the mechanism underlying the function of
hsa circ 0000729 in NSCLC tumorigenesis, the database
(https://circinteractome.nia.nih.gov/) was used. The data
revealed that hsa circ 0000729 had a putative binding site
with miR-1281 (Figure 3A). Also, miR-1178, miR-324-5p
and miR-767-3p might be the downstream miRNAs of hsa -
circ_0000729. In addition, the relative luciferase activity in
WT-hsa_circ 0000729 was obviously inhibited by miR-1281

activity in MUT-hsa_circ_ 00 Q@
the luciferase activity i

. Meanwhile,
0000729 was

e explore the potential target of miR-1281

Targetscan  (http://www.targetscan.org/vert 72/)

online tool and the database suggested miR-1281 had
binding sites with FOXO3 (Figure 3E). Additionally, the

E A549

SiRNA-ctrl

si-hsa_circ_0009729:3
xg o S 5|

Figure 2 Si-hsa_circ_0000729-3 greatly induced pyroptosis in NSCLC cells. (A and B) The percentage of A549 cell death was tested by flow cytometry. (C and D) The
percentage of NCI-H1299 cell death was tested by flow cytometry. (E and F) The pyroptosis of NSCLC cells was observed by SEM. **P < 0.0 compared with control.
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A CircRNA CircRNA-miRNA CircRNA CircRNA
miRNA ID pairing start end

Wild type hsa_circ_0000729 (5'...3") |UGUGUGUGCAGGUGAGGAGGCGU

RERRER
hsa_miR-1281 (3'...’5) CCCUCUCCUCCUCCGCU 74 80

Mutant hsa_circ_0000729 (5'...3") | UGUGUGUGCAGGUGAGCCUUGGU

B o D
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hsa_miR-1281 (3'...’5) c UCCGCU 3820 3826
Mutant FOXO3 (5°...3’) AAUCGCUU CA UUAGG
F 1.0
- 3.57 = Blank =3 agomir-ctrl
g =3 miR-1281 agomir 3 —— £ F]
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’°§§ B-actin W - a— g % 0.4
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Figure 3 Hsa_circ_0000 ould bind with miR-1281. (A) Circular RNA Interactome was used to predict the downstream miRNA of hsa_circ_0000729. (B) The relative
luciferase activity in WT/MUO@Psa_circ_0000729 was tested by dual luciferase reporter assay. (C) NSCLC cells were transfected with NC, miR-1281 agomir or miR-1281
antagomir. Then, the efficiency of cell transfection was detected by RT-qPCR. (D) The enrichment of miR-1281 was investigated by RNA pull-down. (E) FOXO3 was
identified to be the direct target of miR-1281 by using targetscan online tool. (F) The relative luciferase activity in WT/MUT-FOXO3 was tested by dual luciferase reporter
assay. (G) The protein level of FOXO3 in NSCLC cells was detected by Western blot. The relative expression was quantified by normalizing to B-actin. **P < 0.01 compared
with control.

relative luciferase activity in WT-FOXO3 was signifi- cells was markedly decreased by miR-1281 agomir
cantly reduced in the presence of miR-1281 agomir (Figure 3G). In summary, miR-1281 could bind with
(Figure 3F), and the protein level of FOXO3 in NSCLC FOXO3.
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Hsa_ circ_0000729 Knockdown-Induced
Pyroptosis in NSCLC Cells Was
Significantly Reversed by miR-128I

Antagomir

To explore the mechanism by which hsa circ 0000729
induced pyroptosis in NSCLC cells, Western blot was
used. As demonstrated in Figure 4A-D, hsa circ_ 0000729
siRNA significantly decreased the protein level of FOXO3
and upregulated the levels of cleaved caspase 1 and
GSDME-N in NSCLC cells, while these phenomena were
partially reversed by miR-1281 antagomir. In addition,
hsa_circ_0000729 silencing-induced upregulation of IL-1
and IL-18 was notably abolished by miR-1281 antagomir
(Figure 4E and F). Furthermore, miR-1281 antagomir par-
tially reversed hsa circ 0000729 knockdown-induced cell
growth inhibition of NSCLC (Figure 4G-I). Since cleaved
caspase 1, GSDME-N and IL-18 were known to be key

1617 it could be suggested that

mediators in pyroptosis,
hsa circ 0000729 knockdown-induced pyroptosis in

NSCLC cells was through sponging miR-1281.

15
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Silencing of Hsa_circ_0000729 Inhibited
the Migration and Invasion of NSCLC
Cells Through Sponging miR-1281

In order to further confirm the relation between hsa -
circ_0000729 and miR-1281 in NSCLC, transwell and
wound healing assay were performed. As shown in
Figure 5A-C, the migration and invasion of NSCLC
cells were notably inhibited by si-hsa_circ_0000729-3,
while this phenomenon was partially reversed by miR-
1281 antagomir. Therefore, these results indicated that

silencing of hsa_circ_0000729 the migration

in
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Figure 4 Hsa_circ_0000729 knockdown-induced pyroptosis in NSCLC cells was partially reversed by miR-1281 antagomir. NSCLC cells were treated with NC, si-hsa
_circ_0000729-3 or si-hsa_circ_0000729-3 + miR-128| antagomir. Then, (A) the protein levels of FOXO3, cleaved caspase | and GSDME-N in NSCLC cells were
investigated by Western blot. (B—D) The relative expressions were quantified by normalizing to B-actin. (E and F) The levels of IL-1f and IL-18 in supernatants of NSCLC
cells were tested by ELISA. (G and H) The percentage of NSCLC cell death was tested by flow cytometry. (I) The viability of NSCLC cells was detected by CCK-8 assay.
#P<0,01 compared with control. P < 0.0 compared with si-hsa_circ_0000729-3.
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Figure 5 Silencing of hsa_circ_0000729 inhibited the migration and invasion of NSCLC cells
cells were detected by transwell assay. (C) The migration of NSCLC cells was tested by wou

si-hsa_circ_0000729-3.

in NCI-H1650 cells was significantly
pcDNA3.1-hsa circ 0000729. In a

sion of hsa circ 0000729 i
tion and invasion of NC

nction of hsa circ_0000729 in
ograft mice model was established. As
6A and B, knockdown of hsa -
antly decreased the tumor sizes in

NSCLC in v1¥
revealed in Fig¥
circ_0000729 signif

mice. Consistently, the tumor weight of mice was
obviously decreased in the presence of si-hsa
_circ_0000729-3  (Figure 6C). Meanwhile, hsa -

circ_0000729 silencing markedly inhibited the expression
of FOXO3 and upregulated cleaved caspase 1 and
GSDME-N in tumor tissues of mice (Figure 6D-G). To
sum up, hsa circ 0000729 downregulation inhibited the
tumor growth of NSCLC in vivo.

antagomir

Wound healing rate (%)

-1281. (A and B) The migration and invasion of NSCLC
0.01 compared with control. ™P < 0.01 compared with

iscussion

has been reported that circRNAs play vital roles in the
progression of NSCLC.'™'? 1In this research, hsa -
circ_ 0000729 was found to be notably upregulated in
NSCLC cells, and hsa circ_ 0000729 knockdown could
inhibit the progression of NSCLC. A previous research
indicated that hsa circ_ 0000729 could act as a potential
prognostic biomarker in LUAD.? Our data was consistent
to this previous research. In addition, the current study
firstly explored the function of hsa circ 0000729 in
NSCLC, suggesting that hsa_circ_0000729 could act as
a promoter in NSCLC.

It is reported that circRNAs could regulate the tumori-
genesis of NSCLC through sponging miRNAs. For instance,
Duan et al found that overexpression of hsa circ 0074027
could lead to the development of NSCLC via mediation of
miR-2467-3p;*° Lu et al demonstrated that upregulation of
hsa circ_ 0020123 could facilitate the progression of NSCLC
through binding with miR-142-3p.?! In this study, miR-1281
could be bound with hsa_circ_0000729, firstly indicating the
correlation between hsa circ 0000729 and miR-1281 in
NSCLC. In addition, miR-1281 has been reported to be the
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Figure 6 Hsa_circ_0000729 knockdown inhibited the tumor growth of
were pictured. (C) The tumor weight of mice was determined. (D) The p
investigated by Western blot. (E-G) The relative expressions w

be concluded that
tumorigenesis of

miR-123
pyropto puld be suggested that hsa -
circ_ 0000738 knockdown could induce pyroptosis in

NSCLC cells indirectly targeting FOXO3. Meanwhile,
Hu et al found that miR-1281 inhibitor could reverse
LNCO01857 silencing-induced inhibition of glioma cell prolif-
eration through upregulation of TRIM65.%° Our data were
similar to this previous study. TRIM65 was known to be
a promoter in the progression of cancer. Consistently,
FOXO3 is known to promote the cell growth.>”*® Thereby,
the similar function between FOXO3 and TRIM65 in cancer

Relative protein
expression

progression might result in the similarity between our study

and Hu et al.

Caspase 1 and GSDME-N are known to be the impor-
tant modulator in cell pyroptosis.””=® Activation of cas-
pase 1 could lead to the upregulation of GSDME-N.?!-¥
Meanwhile, IL-1p and IL-18 are also pyroptosis-related
cytokines.**** Consistently, our study revealed that knock-
down of hsa circ_ 0000729 could induce pyroptosis in
NSCLC cells via upregulating cleaved caspase 1,
GSDME-N, IL-1p and IL-18.

Indeed, there are some limitations in this research as
follows: 1) more miRNAs sponged by hsa circ_0000729
remain unclear; 2) more mRNAs targeted by miR-1281 in
NSCLC cells are needed to be further explored. Thereby,
more investigations remain to be performed in future.

In summary, knockdown of hsa_circ_0000729 inhibits
the tumorigenesis of NSCLC through mediation of miR-
1281/FOX03 axis. Thus, hsa circ 0000729 might be
served as a crucial mediator in NSCLC.
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