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Background: Non-small-cell lung carcinoma (NSCLC) is the most common type of lung
cancer. Circular RNA 0000429 (circ_0000429) is an identified circular RNA (circRNA) that
is correlated with cancer progression. However, the role of circ_0000429 in NSCLC remains
unknown. In the present study, we aimed to investigate the function of circ_0000429 in
NSCLC and the underlying mechanism.

Methods: The expression patterns of circ_0000429 were determined using qRT-PCR in
NSCLC samples and cell lines. The subcellular distribution of circ_0000429 in NSCLC cells
was analyzed by fluorescence in situ hybridization (FISH). Cell proliferation was examined
utilizing the CCK-8 assay. Cell migration and invasion were evaluated using the transwell
assay. We used the bioinformatics software TargetScan and miRanda to predict circRNA—
miRNA and miRNA-mRNA interactions.

Results: Our results showed that circ_ 0000429 expressions were significantly upregulated in
NSCLC tissues and cell lines. Knockdown of circ_0000429 significantly inhibited the cell
proliferation, migration, and invasion of NSCLC cells in vitro. Furthermore, we demon-
strated that circ_0000429 acted as a sponge to absorb microRNA-1197 (miR-1197) and
promoted MADD expression.

Conclusion: Collectively, our results demonstrated that circ_ 0000429 exhibited
a carcinogenic role by sponging miR-1197 and regulating CMADD expression in NSCLC.
These findings provided evidence for understanding the role of circ 0000429 in NSCLC
tumorigenesis.
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Introduction
In the cancer morbidity and mortality data released by GLOBOCAN2018, lung
cancer is the most commonly diagnosed cause of cancer and cancer death in males
and females.'> With the rapid growth of the population, the morbidity and mortality
of lung cancer are getting higher and higher. Despite the development of new
targeting and immunotherapy, the five-year survival rate of lung cancer is still
very low.> NSCLC accounts for about 80% of all lung cancer. The main patholo-
gical types are adenocarcinoma and squamous cell carcinoma.* The current
research focus is to explore the biological characteristics and pathogenesis of
NSCLC and to find molecular markers for the diagnosis of NSCLC.

Circular RNA is a particular endogenous non-coding gene, which is covalently
closed by reverse splicing of 3 ‘splice donor site and 5’ shear acceptor site to form
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a covalently closed loop.”® The expression level of highly
conservative and stable in NSCLC, which is involved in
the occurrence, development, and metastasis of NSCLC.”
It is expected to be an ideal biomarker. It can be used in
the early diagnosis of NSCLC and provide new therapeutic
targets and prognostic monitoring sites. Zhao et al col-
lected 43 NSCLC patients' tissues and normal tissues and
found that circRNA were up-regulated and 79 down-
regulated. In NSCLC patients, the increased expression
of circFADS2 was associated with advanced TNM stage,
lymph node metastasis, poor differentiation, and poor
overall survival.® In the research of 149 cases of NSCLC
and adjacent non-tumor tissues by J.WANG et al, they
found that circ_0067934 was associated with the prognosis
of NSCLC, and it was significantly correlated with TNM
stage, lymph node status, distant metastasis, and overall
survival. This gene acts as a tumor promoter in NSCLC
and can inhibit epithelial-mesenchymal transformation
when reducing the expression of circ_0067934. We know
that epithelial-mesenchymal transformation (EMT) is sig-
nificant for the invasion and metastasis of cancer cells.
Circ_0067934 promotes the metastasis of NSCLC cells by
regulating EMT. It is confirmed that the down-regulation
of this gene inhibits the proliferation, migration, and inva-
sion of NSCLC cells, indicating that it acts as an oncogene
in the progression of NSCLC and may be a significant
therapeutic target for NSCLC.? Zhang H et al found that
the expression of circZFR was markedly increased in
NSCLC. Interfering of circZFR significantly prevented
the cell progress of NSCLC cells. Furthermore, circZFR
acted as a sponge of miR-101-3p and promoted cullin 4B
expression.'” Tan S et al demonstrated that F-circEA-4a
maybe a novel liquid biopsy biomarker for NSCLC."
Circ_100,146 is highly expressed in NSCLC cell lines
of NSCLC. Knockdown of
circ_100146 inhibited the proliferation and invasion of
NSCLC cells. Furthermore, circRNA 100146 could bind
miR-361-3p and miR-615-5p to regulate multiple down-

and tissue samples

stream mRNAs and further demonstrate endogenous com-
petition among circ 100146, SF3B3, and miRNAs,
providing novel insights into the mechanisms underlying
NSCLC."

It has been reported that circRNA could regulate the
development and metastasis of NSCLC and act as an
essential role in the prognosis of NSCLC, but the applica-
tion of circRNA in targeted therapy of lung cancer is
unclear. If we can further study, the use of circRNA on
the regulation of NSCLC for targeted regulation and

treatment should be a significant leap in the clinical treat-
ment of NSCLC.

Here, we found that circRNA 0000429 was markedly
increased in 56 NSCLC samples compared with their
paired adjacent normal tissues by RT-PCR. Interfering
expression of circRNA 0000429 inhibited the prolifera-
tion and metastasis in NSCLC cell lines by controlling the
expression of miR-1197. The silencing of miR-1197 would
disturb the inhibition function of circRNA 0000429 on
NSCLC proliferation and development. These findings
contribute to an understanding of the processes involved
in migration. Further, circRNA 0000429 could induce the
expression of MADD by sponging miR-1197. In conclu-
sion, we revealed that circRNA 0000429 could act as
a ceRNA to regulate the expression of MADD by binding
with miR-1197.

Materials and Methods

Clinical Samples

The tumor samples and adjacent normal samples were
collected from 56 NSCLC patients at Fourth Hospital of
Hebei Medical University (Table 1). All of the patients
provided their written informed consent to participate in
this study. This study was reviewed and approved by the
Ethics Committee of Fourth Hospital of Hebei Medical
University, which was conducted according to the interna-
tional guidelines of the Helsinki Declaration.

Table | Clinicopathological Features of NSCLC Patients (N= 56)

Parameters N %
Age (years) 50.7+9.8
Gender (male) 32 57.14%
Smoke (n/%) 23 41.07%
Pathological grade
Poor differentiation (n/%) 32 57.14%
Moderate differentiation (n/%) 12 21.43%
Well differentiation (n/%) 12 21.43%
Tumor size
>5 cm (n/%) 38 67.86%
<5 em (n/%) 18 32.14%
Lymph node metastasis
Positive (n/%) 40 71.43%
Negative (n/%) 16 28.57%
TNM stage
Il stage (n/%) 32 57.14%
Il stage (n/%) 15 26.79%
| stage (n/%) 9 16.07%
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Cell Culture

Beas-2B, H2170, A549, SPC-A-1, PG49 cell lines were
purchased from the Science Cell Laboratory. Cell lines
were cultured in PRIM 1640 with 10% FBS and 100 pL/
mL penicillin and streptomycin (Beyotime, China) and
placed at 37°C with 5% CO,.

Quantitative Real-Time PCR

The tissue or cells were taken, and total RNA was extracted
according to the operating instructions of Rneasy Mini Kit.
Total RNA concentration was determined by spectrophot-
ometer. Then, according to the operation instructions of the
reverse transcription kit, the extracted RNA was reverse-
transcribed into cDNA and stored at —80°C for later experi-
ments. Quantitative PCR reaction system was configured
according to the instructions. The reaction conditions were
as follows: 9°C 15min, 40 cycles, 95°C 15s in each cycle,
55°C 30s, 72°C 1s, 40°C 1min. The data were calculated by
27AAC The data were calculated by 2-AACt. The primer
sequence was shown as follows. Circ 0000429 Forward:
CCTTAGTCCCAATGCCTCCG. Reverse: ACCCGCACA
CGGAAAACTTA. GAPDH Forward: GGTGA AGGTC
GGAGT CAACG. Reverse: CAAAG TTGTCATGGATG
HACC.

Western Blot

Total protein was collected from tissues or cells with RIPA
lysis Mix. The Western blotting assay was performed as
previously described. Briefly, 50-80 pg protein extraction
was loaded via SDS-PAGE and transferred onto nitrocel-
lulose membranes (Absin, China); then, incubated with
primary antibodies for 2 hrs at temperature, then plated
at 4°C overnight, the membranes were incubated in 5%
non-fat milk blocking buffer for horizontal mode 3
h. After incubation with secondary antibodies, the mem-
branes were scanned using an Odyssey, and data were
analyzed with Odyssey software (LI-COR, USA).

CCK8 Assay

Cells were cultured in 96-well cell plates and added CCK-
8 buffer (MedChemExpress, USA) at 0, 24, 48, and 72 h.
2 h later, measure 450 OD value with an MK3ELISA
photometer (Tecan, Germany).

In vivo Tumor Growth Assay
Nude mice were purchased from the Beijing Charles river.
After creating low expression and normal expression of

circ_ 0000429 in A549, A549 cells were subcutaneously
injected in the right lower limb of the nude mice. Tumor
size was measured every five days. After another 15 d of
injection, mice were intraperitoneally injected with 3%
pentobarbital sodium and were euthanatized by excessive
anesthesia with a dose of 90 mL/kg, and the tumors were
removed for follow-up study. The research protocol of this
study was approved by the Animal Care and Use
of Hebei Medical
University and was performed based on the guidelines

Committee of Fourth Hospital

and regulation of the Management of Laboratory
Animals published by the Ministry of Science and
Technology of the People’s Republic of China. All animal
experiments took place at Fourth Hospital of Hebei
Medical University.

Cell Apoptosis Assay

The cells were counted, about 5x10° cells/mL. Then, 1 mL
cells were centrifuged, 1000 rpm, 10 min, 4°C, and the
medium was thrown away. The cells were washed with
PBS and dropped medium. The cells were resuspended
and avoid light for 15 min, 200 puL Binding Buffer
with10 pL Annexin V-FITC, and 10 pL PI. Flow cytome-
try was used to measure apoptosis rate within 1 h.

Cell Cycle Assay

A549 cells were collected with ImL trypsin for 2min,
suspension the cell with SmL PBS, centrifuge at 1000
RPM for 5 min at 4°C. 10mL PBS buffer was used to
the re-washed and dropping medium; Then, the cells were
fixed with 70% ethanol overnight. The next day, the cell
medium was filtered with a 300-mesh sieve, centrifuged at
1000 RPM at 4°C for 5min, and the supernatant was
discarded. The cells were avoided light and fixed with
ImL PI solution and stated at 4°C for 30 min. Flow
cytometer was used to evaluate the cell cycle.

Luciferase Assay

20 mmol/L miR-1197 mimic or miR-NC, and
circ_0000429-WT/circ_0000429-mutation or MADD-WT
/MADD-mutation were co-transfected into HEK293T
cells. Luciferase activity was detected with Luciferase
Reporter Assay Kit (Biovision, China) on luminometer
(Berthold, Germany) 48 hr after the transfection.

Statistical Analysis
All values are calculated as the mean + SEM. Statistical
significances were measured by Student’s #-test and
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ANOVA. A two-tailed value of P < 0.05 was indicated as
a statistically significant difference. Data statistics were
used the GraphPad 7.0.

Results
CircRNA_0000429 is Up-Regulated in

NSCLC

To detect the function of circRNA 0000429 in NSCLC, we
collected the 56 NSCLC patients’ tumor tissues and normal
lung tissues. After detecting by RT-PCR, we observed that
circRNA 0000429 was up-regulated in tumor tissues
(Figure 1A). Meanwhile, we determined the expression of
circRNA 0000429 in five NSCLC cell lines (A549, H2170,
SPC-A-1, PG49). Beas-2 B was indicated as a control. The
results showed an increased level of circRNA 0000429 in
NSCLC cell lines (Figure 1B). The abnormal expression of
circRNA 0000429 may play an important role in NSCLC,
which needs us further exploration.

Knockdown of circRNA 0000429
Prevents Proliferation and Metastasis in
NSCLC Cell Lines

Next, we constructed the shRNA for decreasing the level of
circRNA 0000429, and sh-NC was indicated as a negative
control. CCK8 was performed to assess the cell viability of
A549 and H2170 cells. Forced decreased expression of
circRNA 0000429 markedly inhibited the cell viability
both in NSCLC cells (Figure 2A). Colony formation assay
revealed that sh-circRNA 0000429 prevented cell prolifera-
tion in NSCLC cells (Figure 2B). By analyzing the cell
cycle, we found that sh-circRNA 0000429 prevented the
cells from G1/GO phase into the S phase (Figure 2C). As
Figure 2D shown, knockdown of circRNA 0000429

remitted the proliferation of NSCLC cells by employing
the EdU (5-Ethynyl-2'-deoxyuridine) assay. Further, sh-
circRNA 0000429 significantly prevented the migration
and invasion in A549 and H2170 cells (Figure 2E and F).
The results of flow cytometry confirmed that sh-circRNA
0000429 induced the apoptosis in NSCLS cells (Figure
2G). Taken together, knockdown of circRNA 0000429
would prevent proliferation and metastasis, induced apopto-
sis in A549 and H2170 cells.

CircRNA_0000429 Indicates as a Sponge
for miRNA-1197

To deeply detect the molecular mechanisms of
circRNA 0000429 in NSCLC, we detected the subcellular
location of circRNA 0000429. CircRNA 0000429 is pre-
dominantly located in the cytoplasm of A549 cells by
performing FISH and separation of cytoplasm and nucleus
fraction RNA analyses (Figure 3A and B). As previous
reports showed, circRNA 0000429 could as a sponge of
miRNA-1197 and regulate the level of miRNA-1197.
Bioinformatics website predicted the existence of binding
sites between circRNA_ 0000429 and miRNA-1197. Next,
we performed luciferase assays to confirm whether
circRNA 0000429 binds to miRNA-1197. The assay report
showed that circRNA_ 0000429 could bind with miRNA-
1197 (Figure 3C and D). Further, we carried out anti-AGO2
RIP in A549 cells. The Endogenous circRNA 0000429
pull-down by AGO2 was enriched in cells transfected
with miRNA-1197 (Figure 3E). To investigate the function
of miRNA-1197 with circRNA 0000429, a circRNA-
specific probe was used to pull down its interactive
miRNA-1197s. circRNA 0000429 precipitation complex
performed the enrichment of miRNA-1197 (Figure 3F).

A sk B
s 6
5 < 5 3 *
- co *
@8 4 ’é‘ 23 T
28 o, 382. *
e L 1Y £s T
5 < g
= s
o 2 P 02 .
s 0 20
v &
9 - . 0 - :
Normal Tumor O RN
U SR TR
& g

Figure | The increased expression of circ_0000429 in NSCLC tissues and cells. (A) Circ_0000429 in NSCLC tumor tissues and matched lung tissues. n=56. (B) The
expression of circ_0000429 in A549, H2170, SPC-A-1, PG49, Beas-2B was indicated as a control. n=9. *P<0.05, **P<0.01.
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Therefore, the relationship of circRNA and miRNA-1197
was verified by FISH assay, and we found that miRNA-
1197 was co-localized with circRNA 0000429 in the cyto-
plasm, which once performed a relationship between
circRNA 0000429 and miRNA-1197 (Figure 3G). In sum-
mary, circRNA 0000429 could interact with miRNA-1197
as a sponge.

MiRNA-1197 Could Bind with the 3'UTR
of MADD

Bioinformatics website predicted the existence of binding
sites between 3'UTR of MADD and miRNA-1197. The
luciferase assay report showed that miRNA-1197 could
bind with MADD (Figure 4A and B). Meanwhile, we
determined the level of MADD was also markedly
increased in different NSCLC cell lines (Figure 4C).
Biotin pull-down assays indicated that the miRNA-1197
was distinctly enriched with MADD (Figure 4D). RT-PCR
assay results revealed that forced expression of miRNA-
1197 decreased the level of MADD (Figure 4E).
Knockdown of circRNA 0000429 also prevented the

expression of MADD (Figure 4F). A positive relationship
between circ 0000429 and MADD was found in the
NSCLC patient tissue samples. In addition, using RT-
qPCR, we measured the expression of miR-1197 in the
56 NSCLC patient tumor tissues. A negative relationship
between MADD and miR-1197 was found in the NSCLC
patient tissues (Figure 4G).

CircRNA 0000429 Involves in Tumor
Progress by Regulating miRNA-1197/
MADD

Based on the above relationship research of
circRNA 0000429, miRNA-1197 and MADD, we co-
cultured the miRNA-1197, AMO-miRNA-1197, MADD
and circRNA 0000429 into A549 cells, the expression of
MADD was detected in every group. MiRNA-119 pre-
vented the expression of MADD, and co-cultured with
MADD or circRNA 0000429 recovered the level of
MADD, which was similar to AMO-miRNA-1197
(Figure 5A). Next, we assessed the cell viability of A549
co-cultured. Overexpression of

cells after
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c6ircRNA_ 0000429 or MADD would abolish the prolif-
eration function of miRNA-1197 (Figure 5B). Colony for-
mation assay performed similar results (Figure 5C). By
employing the transwell assay, overexpression of miRNA-
1197 inhibited the invasion of A549 cells, which was
blocked by co-culturing with circRNA 0000429 or
MADD (Figure 5D). MiRNA-1197-inducing apoptosis
would be prevented by circRNA 0000429 or MADD
(Figure 5E). Taken together, circRNA 0000429/miRNA-
1197/MADD axis participated in the growth and metasta-
sis of A549 cells.

Knockdown of CircRNA_0000429
Prevents Tumorigenesis in vivo

Base on the above results, we constructed stable low
expression of circRNA 0000429 A549 cell (sh-circRNA
~0000429-A549), normal level of circRNA 0000429

A549 cell as a control (sh-NC-A549), Two groups of
A549 cells were randomly and subcutaneously injected
in the right lower limb of the nude mice. Tumor size was
measured every five days. Sh-circRNA 0000429-A549
injection group significantly reduced tumor volume and
weight (Figure 6A—C). The tumor tissues of sh-circRNA
~0000429-A549 injection group showed a higher level of
miRNA-1197, lower level of circRNA 0000429 and
MADD compared with sh-NC-A549 (Figure 6D and E).
H&E staining showed the morphological changes for the
tumor cell growth between sh-NC and sh-circRNA
0000429 groups, and immunohistochemistry (IHC) ana-
lysis indicated the decreased expression levels of Ki-67
and MADD (Figure 6F). To verify the in vitro findings, we
examined the biological role of circ 0000429 in mediating
A549 cancer cells with stably
decreased expression of circ_0000429 expression were

in vivo metastasis.

subcutaneously implanted into nude mice. Consistent
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with the above in vitro findings, the downregulation of
circ_0000429 dramatically
(Figure 6Q).

inhibited lung metastasis

Discussion

CircRNA plays a related role in the occurrence, metastasis
and prognosis of lung cancer, the abnormal expression of
circular RNA may be triggered by healthy cells to cancer
cells, or it may be the result of protein or enzyme imbal-
ance in cancer cells.'>'* However, further study is still

needed to track problems that can be treated on cell reg-
ulation, including gene mutations, DNA methylation, cell
cycle disorders, and changes in protein or enzyme activity.
The latest experimental study shows that the expression
level of annular RNA in NSCLC tissues is significantly
higher than that in normal tissues, and its expression
profile can become a potential target for early diagnosis
of NSCLC and the
diagnosis.">'® In terms of treatment, circular RNA can

improve accuracy of early

provide more accurate therapeutic targets, achieve more
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accurate therapeutic effects, and reduce damage to normal
tissues and cells. At the same time, the abnormal expres-
sion of circular RNA affects the growth, development and
metastasis of NSCLC cells, which is closely related to
lymph node metastasis and tumor stage, which can accu-
rately judge the stage and prognosis of lung cancer.

Zhao et al found that there are 356 circular RNA expres-
sion differences between non-small cell adenocarcinoma
and adjacent normal tissues, which reveals the circular
RNA expression profile of early lung adenocarcinoma,
which provides a potential target for the diagnosis of early
lung adenocarcinoma, and provides a new idea for the new
gene diagnosis of NSCLC.'” Yao et al revealed that
circRNA100876 was significantly up-regulated in NSCLC
tissues compared with adjacent non-tumor cells. Statistics
show that the expression of circRNA100876 has far-
reaching significance for tumor invasion and metastasis.'®
Luo et al found the increased level of hsa circ 0000064 in

lung cancer, and its abnormal expression was related to

stage, lymphatic metastasis and TNM stage, which
would be a kind of new potential biomarkers of lung
Zhu et al first found that hsa circ 0013958 was
up-regulated in all lung adenocarcinoma tissues, cells and

cancer. 19

plasma, and its level was related to TNM stage and lympha-
tic metastasis.”® Zhang PF et al reported that circFGFR1
promoted the migration, invasion, proliferation, and immune
evasion of NSCLC cells by sponging miR-381-3p and reg-
ulating target gene C-X-C motif chemokine receptor 4
(CXCR4), which promoted NSCLC progression and resis-
tance to anti-programmed cell death 1 (PD-1)-based
therapy.?' Therefore, circRNA plays a vital function in
early diagnosis, therapy and prognosis of NSCLC. In our
study, we firstly revealed the role of circ_ 0000429 in
NSCLC. The forced decreased expression of circ_0000429
would inhibit the ability of proliferation, migration, invasion
and induced apoptosis. The results showed that miR-1197
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Figure 6 Effect of circ_0000429 on tumor growth by in vivo. (A) The image of tumors isolated from xenograft mice. (B) Tumor volume was measured and calculated. n=12.
(C) Effect of circ_0000429 on tumor growth by in vivo tumor formation experiment. n=10. (D) The expression of circ_0000429, miR-1197, and MADD. n=6. (E) The
protein expression of MADD. n=5. (F) Representative image of H&E and IHC. (G) Metastatic ability of NSCLC cells with the downregulated circ_0000429 expression was

investigated in nude mice xenograft tumor models. n=5. *P<0.05.

expression was obviously downregulated in both NSCLC

tissues and cell lines. Furthermore, we found that
circ_0000429 executes its carcinogenic role in NSCLC by
sponging miR-1197.

In previous research, MADD is a cancer cell pro-
survival factor, which would regulate the anti-tumor activ-
ity of TRAIL in anaplastic thyroid cancer.”* Silencing of
MADD prevented migration, invasion, clonogenic capa-
city, mitochondrial length and potential via controlling
EMT and Wnt signaling pathway.”® Gao P et al revealed
that circ_0074027/BRD4/MADD involved in NSCLC
progression.>* Meanwhile, MADD is a downstream target
of PTEN in triggering apoptosis.>> Further investigations
revealed that miR-1197 overexpression-caused decreases
in cell proliferation, migration and invasion were signifi-
cantly prevented by overexpression of MADD. The results
indicated that miR-1197 exerted its tumor suppresser

effects by targeting MADD in NSCLC.

At present, the research results on circular RNA and
its functions are still very limited. With the continuous
emergence of new methods and technologies, this pro-
blem will be fully solved by medical and scientific
researchers.

Conclusions

Collectively, our study showed that circ 0000429 was
upregulated in NSCLC tissues and cell lines. Knockdown
of circ_0000429 in NSCLC cells significantly inhibited
cell proliferation, migration and invasion. Furthermore,
we  demonstrated that  circ_ 0000429
a carcinogenic role by regulating miR-1197/MADD axis.
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