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Background: The incidence rate and mortality rate of lung cancer are the highest in the
world. Therefore, further studies are needed to reveal the molecular mechanism of lung
cancer progression and development. Previous study demonstrated that the deregulation of
circRNAs can regulate cell biological functions in tumorigenesis and development. However,
the roles of circPTCHI in lung cancer have not yet been revealed.

Materials and Methods: The expression levels of circPTCH1, miR-34¢-5p, and MYCN
were measured by RT-PCR in lung cancer tissues and cells; dual-luciferase reporter and RIP
assay showed that circRNA served as a sponge for miRNA, and miRNA could target mRNA.
In vitro, effects of si-circPTCH1 can regulate lung cancer cells’ migration, invasion were
detected by CCK-8 assay, wound healing assay, and transwell assay.

Results: Our research demonstrated that the expression of circPTCH1 was upregulated in
lung cancer tissues and cell lines and increased in metastatic tissues compared to that of non-
metastatic tissues. circPTCH1 sponging miR-34c¢-5p to target MYCN was revealed by dual-
luciferase reporter and a RIP assay. In addition, the expression level of miR-34¢c-5p was
reduced in lung cancer tumor tissues, and MYCN was significantly increased in lung cancer
tumor tissues. Pearson correlation analysis showed that miR-34c-5p with circPTCHI1 and
MYCN had a moderately negative correlation, and there was a moderately positive correla-
tion between circPTCH1 and MYCN. Further, cytological studies found that circPTCH1
reduced lung cancer cells’ migration and invasion by targeting MYCN via miR-34c¢-5p.
Conclusion: circPTCHI plays a tumor enhancement role in lung cancer and that can effectively
promote migration, invasion and EMT by targeting the miR-34¢c-5p/MYCN axis. circPTCH1
may be a novel potential treatment and diagnosis biomarker for lung cancer.
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Introduction

The incidence and mortality rates of lung cancer are the highest in the world. More
than one million people die of lung cancer each year' Lung cancer are divided into
small cell lung cancer (SCLC) and non-small cell lung cancer (non-small cell lung
cancer). There are many differences between clinicopathological features and
prognosis them the 5-year overall survival rate of lung cancer is only about 18%.
In addition, due to lack of relatively specific tumor markers for the diagnosis and
treatment of lung cancer, it also has increased the challenge for the diagnosis and
treatment of lung cancer.”® Therefore, it is necessary to study the molecular

mechanism of lung cancer and explore the potential biomarkers for lung cancer.
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At present, the discovery of circRNA has become
a research hotspot in the field of non-coding RNA, and
the focus of function and mechanism has become a hotspot
in the current research. As a special non-coding RNA,
circRNA is a new kind of RNA. CircRNA is different
from linear RNA and has a closed loop structure, which
is stable expression, not easy to degrade and affected by
RNA exonuclease. CircRNAs have miRNA binding sites
and act as miRNA sponges, which can block or reduce
miRNA expression and promote the expression of target
mRNA;* at present, studies suggest that circRNA may be
a new tumor molecular marker.””’ However, the role and
mechanism of circRNA in tumorigenesis and development
are rarely studied.

More and more studies have shown that non-coding
RNA plays a key role in a variety of human diseases, such
as circRNA can directly participate in the regulation of
cell proliferation, differentiation, migration and invasion
by activating a variety of signaling pathways, thus playing
an important role in the occurrence and development of
malignant tumors.®*'* and a variety of circular RNAs play
an important regulatory role in the proliferation, invasion
and metastasis of lung cancer cells."*' Studies have
shown that circPTCHI is related to the occurrence and
development of tumor, participates in the formation, inva-
sion and metastasis of tumor, and may play the role of
oncogene in tumor,'” but the mechanism of circPTCH]1 in
lung cancer is still unclear. Therefore, this study exam-
ined the expression level of circPTCHI in 35 cases of
lung cancer and corresponding normal lung tissues, and
found that the expression level of circPTCH1 in lung
cancer tissues was significantly higher than that in normal
lung tissues, suggesting that circPTCH1 plays an impor-
tant role in the occurrence and development of lung
cancer, but its exact mechanism needs to be further
explored.

Materials and Methods

Bioinformatics Analysis

We used online databases (circinteractome, starbase and
circbank) to find the potential miRNA of circPTCHI1, and
starbase databases were used to predict the target genes of
miR-34c-5p.

Clinical Specimens
Thirty-five pairs of lung cancer clinical specimens and
adjacent normal tumors were collected from the Third

Xiangya Hospital of Central South University. And the
adjacent normal tumor tissues belong to the normal tis-
sues, which have no cancer cell invasion. None of them
had undergone chemotherapy, radiotherapy or any anti-
cancer treatment before surgery, and all the clinical speci-
mens were immediately flash-frozen in liquid nitrogen
until RNA extraction. This study was performed referring
to the Helsinki Declaration and approved by the Ethics
Committee of the Third Xiangya Hospital of Central South
University. All lung cancer patients provided written
informed consent and the study abided by the right to
privacy of human rights subjects.

Cell Culture and Cell Transfection

BEAS-2B, A549, NCI-H1299, SK-MES-1, and NCI-H661
were obtained from the Cell Collection Committee of the
Chinese Academy of Sciences (Shanghai, China). Cells
were incubated by DMEM medium (Gibco, USA) with
10% FBS (Gibco, Australia) at 37°C, 5%CO,. The cells
line are authenticated by STR method (Biowing, China).
circPTCHI1 si-RNA and circPTCH1 over-expression plas-
mids were synthesized by GenePharma (Shanghai, China).
MiRNAs
(Guangzhou, China) and cell transfection was performed

inhibitors were purchased from RiboBio
using Lipofectamine 2000 (Invitrogen, USA) according to
the manufacturer’s protocol.

RNA Isolation, RNase R Treatment and
Real-Time PCR

The total RNA was extracted from 35 pairs of lung cancer
clinical specimens and adjacent normal specimens or lung
cancer cells using TRIzol reagent (Invitrogen, CA, USA).
10 pg total RNA isolation was separated by 2 U/ug RNase
R (Epicentre Technologies) for 30 min at 37°C. Random
primers and stem-loop primers were used to synthesize
cDNA using the TaKaRa system (Takara, Dalian, China).
RT-PCR primers were purchased from RiboBio.
circPTCH1-Forward: ACCAAAAGCCAAGGCAG -
CGG, circPTCHI1-Reverse: CCTCGCGTCGATATAAAT
CC; miR-34c-5p-Forward: CGGAGGCAGTGTAGTTA
GCT, miR-34c-5p-Reverse: GTGCAGGGTCCGAGGT;
U6-Forward:CTCGCTTCGGCAGCACA, U6-Reverse:A
ACGCTTCACGAATTTGC -GT; MYCN-Forward: ACC
CGGACGAAGATGACTTCT, MYCN-Reverse: CAGCT
CGTTCTCAAGCAGCAT; GAPDH-Forward: ACAACTT
TGGTATCGTG GAAGG, GAPDH-Reverse: GCCATC
ACGCCACAGTTTC; Real-time PCR was detected by

4780

Dove!

OncoTargets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Shen and Sun

the CFX96 Tm Real-Time System (Bio-Rad, USA). The
calculation method of relative expression was using the
comparative Ct(27**“") method.

Wound Healing Assay

1x10° cells/well A549 or SK-MES-1 was seeded into
6-well plates. When the cells reached 90% confluency,
the tip of 200 pL pipette was used to scratch the cell
monolayer, and then a fresh serous medium was used to
wash the plates three times. After 24 h, the wound width
was calculated using Image J software.

Transwell Assay

1x10* cells/well A549 or SK-MES-1 cells were seeded on
the upper chambers with 2% serum medium and medium
containing 10% serum medium were added to the lower
chambers. Then, the cells were incubated at 37°C for 24 h.
The number of migrating cells was counted to calculate
the average number of migrated cells per plate.

Dual-Luciferase Reporter Assay

Cells were cotransfected with circPTCHI1-miR-34¢-5p and
MYCN-miR-34c-5p into the luciferase gene (wild-type or
mutant-type), and the specific operation was carried out
according to the manufacturer’s protocol. After 48 h, luci-
ferase activities were calculated for each well using the
Dual Luciferase Reporter Assay System (Promega).

RNA-Binding Protein

Immunoprecipitation (RIP)

RIP assay (Millipore, Billerica, MA) was carried out
according to the manufacturer’s instructions. The RIP
lysate was obtained and centrifuged at 12,000 rpm for 10
minutes. Add 100 pL of the supernatant to the RIP immu-
noprecipitation buffer containing the magnetic bead-
antibody complex; then, the RNA was purified and
obtained from TRIzol. Finally, the immunoprecipitated
RNA was analyzed by RT-PCR.

Tumor Xenografts

2x10° cells were stably transfected with si-circPTCHI
plasmids or circPTCHI1 overexpression plasmids or nega-
tive control vector were injected into the upper back of
nude mice. Tumor weight was detected every 7 days. The
volume of tumors was calculated by using the following
formula: V = 0.5 x L x W2, One month later, all animals
were sacrificed, and the tumor volume was recorded. The

laboratory animals were approved by the medical labora-
tory animal ethics committee of the Third Xiangya
Hospital of Central South University. Instructive notions
with respect to caring for laboratory animals (which is
released by the Ministry of Science and Technology of
the People’s Republic of China in September 30th, 2006)
were followed for the welfare of the animals.

Western Blot Assay

Proteins were extracted from cells using RIPA with pro-
teinase inhibitors (Sigma-Aldrich, USA) and the concen-
trations of proteins were measured using BCA Protein
Assay kits (Thermo Scientific, MA). After separation by
10% SDS/PAGE, proteins were blocked with 3% non-fat
milk for 1 h and immunoblotted with the primary antibo-
dies at 4°C overnight. Proteins were incubated with sec-
ondary antibodies for 1 h. After TBST washing 3 times
and the samples were measured using the chemilumines-
cence image system (Bio-Rad, USA).

Statistic Analysis

All data were analyzed by SPSS 20.0, P < 0.05 indicated
statistical significant. Data represented as means + stan-
dard, and Student’s t-test for two groups and one-way
ANOVA with post hoc Bonferroni test for three or more
groups were used to assess the statistical significance. The
Pearson correlation between miR-34c-5p with circPTCH1
and MYCN was calculated to evaluate the reverse expres-
sion pattern.

Results
circPTCHI is Up-Regulated in Lung

Cancer Patients and Cell Lines

High throughput sequencing was used to detect the expres-
sion of circrna in five lung cancer tissues and five matched
lung tissues. In total, 253 circRNAs were considered to be
significantly differentially expressed (up-regulated 101
circRNAs, down-regulated 142 circRNAs). The signifi-
cantly dysregulated circRNAs were presented in
a clustered heat map (P<0.001, Figure 1A). Among
them, CircPTCH1 was the most significantly overex-
pressed circRNA in lung cancer tissues; then, RT-PCR
results showed that the expression of circPTCHI1 was
higher in lung cancer tissues compared to that in adjacent
normal tumors (P<0.001, Figure 1B) and significantly
increased in metastatic tissues compared to that of non-
metastatic tissues (P<0.001, Figure 1C, Supplementary
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Figure | The expression of circPTCHI in lung cancer. (A) The circRNA expression profile in five lung cancer tissues and five matched lung tissues by high-throughput
sequencing. (B) QRT-PCR analysis of the expression levels of circPTCHI in lung cancer tissues compared with normal tissues. (C) The expression levels of circPTCHI in
lung cancer tissues with lymph node metastasis compared with those without metastasis. (D) QRT-PCR analysis of the expression levels of circPTCHI in lung cancer cells
(A549, NCI-H1299, SK-MES-1, and NCI-Hé61) and BEAS-2B. (E) The schematic diagram of convergent primers and divergent primers to amplify linear and circPTCHI by
cDNA and gDNA by RT-PCR, and below is the result of agarose gel electrophoresis after qRT-PCR, respectively. (F) QRT-PCR analysis of the expression of circPTCHI and
mRNA PTCHI after RNase R treatment. (G, H) The distribution of circPTCHI and mRNA PTCHI in the nuclear and cytoplasmic fractions of A549 and SK-MES-| cells. U6
was used for nuclear fraction positive control, GAPDH was used for cytoplasmic fraction positive control. Data represent mean + SD. **P < 0.01, ***P < 0.00| compare with

negative control.

Table S1). Besides, the expression of circPTCH1 was
significantly increased in A549, NCI-H1299, SK-MES-1,
and NCI-H661 compared with BEAS-2B (Figure 1D). The
convergent primers and divergent primers were used to
amplify linear or circRNA PTCH1 by ¢cDNA and genomic
DNA (gDNA). RT-PCR results showed that divergent
primers could amplify by ¢cDNA but could not amplify
by gDNA (Figure 1E). Then, the linear mRNA PTCHI
expression was significantly decreased, but circPTCHI1
expression did not have any significant change after the
RNase R treatment (Figure 1F). To investigate the subcel-
lular localization of circPTCH1, we detected the distribu-
tion of circPTCHI in the nuclear and cytoplasmic fractions
of A549 cells, and FISH result found that circPTCH1 was
predominately distributed in the cytoplasm (Figure 1G and
H; Figure 3J).

circPTCHI Regulates Lung Cancer Cells

Migration, and Invasion

QRT-PCR assay that showed si-circPTCH1 could signifi-
cantly decreased the expression of circPTCHI1 in A549 and
SK-MES-1 cells, and there was no significant change in
PTCHI mRNA expression (Figure 2A). Wound healing
assay and transwell assay revealed that circPTCH1 knock-
down group could suppress A549 and SK-MES-1 cells’ inva-
sion and migration (Figure 2B-E). RT-PCR assay showed that
overexpression of circPTCHI1 plasmid could significantly
increase the expression of circPTCHI1 and not significantly
effect mRNA PTCHI1 level in A549 and SK-MES-1 cells
(Figure 2F), and wound healing assay and transwell assay
revealed that overexpression of circPTCHI1 could promote
A549 and SK-MES-1
(Figure 2G-J).

cells’ invasion and migration
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Figure 2 circPTCHI regulates lung cancer cells migration, invasion. (A) QRT-PCR assay showed si-circPTCH| could significantly decreased the expression of circPTCHI
and not significantly effect mMRNA PTCHI level in A549 and SK-MES-I cells. (B, C) Wound healing assays showed that circPTCHI knockdown significantly suppressed
migration A549 and SK-MES-| cells. (D, E) transwell assays showed that circPTCH| knockdown significantly suppressed migration A549 and SK-MES-| cells. (F) RT-PCR
assay showed overexpression circPTCH | plasmid could significantly decreased the expression of circPTCHI and not significantly effect mRNA PTCHI level in A549 and SK-
MES-1 cells. (G-J) Cell migration and invasion abilities of A549 and SK-MES-| transfected with circPTCH| or vector were assessed by Wound healing and transwell assays.
Data represent mean * SD. **P < 0.0] compare with negative control.

circPTCHI Can Binding to miR-34c-5p, starbase.sysu.edu.cn/) and circbank (http://www.circbank.
and MYCN is a Direct Target of miR-34c- cn/index.html) to predict the possible binding miRNAs of
5P in Lung Cancer circPTCH1. We compared three online databases, and 2

potential miRNAs were selected (Figure 3A). A biotin-
We used three publicly online tools: circinteractome  Jinked circPTCH1 probe was designed to pull down
(https://circinteractome.nia.nih.gov/), starbaseV3.0 (http:/  circPTCH1 in A549 cells, the pull-down effectiveness
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Figure 3 CircPTCHI acts as a sponge for miR-34c-5p. (A) bioinformatic analysis to search for miR-34c-5p interact with circPTCHI-MUT or circPTCHI-WT. (B, C) The
efficiency of circPTCHI probe was validated by qRT-PCR and gel electrophoresis. (D) The expression of 2 miRNAs pulled down by circPTCHI in A549 and SK-MES-| cells
were determined by RT-qPCR. (E) The luciferase activity of circPTCH| WT or MUT in A549 cells cotransfected with miR-34c-5p (F) Relative circPTCHI level in HEK293T
cells lysates captured by biotin-labeled miR-34c-5p or NC was detected by qRT-PCR. (G) QRT-PCR analysis of expression levels of miR-34c-5p in A549 and SK-MES-| cells
transfected with circPTCHI overexpression or si-circPTCHI-2 or negative control. (H) QRT-PCR analysis of the expression levels of miR-34c-5p in lung cancer tissues
compared with normal tissues. (I) Pearson correlation was used for correlation analysis between circPTCHI and miR-34c-5p in lung cancer patients. (J) The colocalization
ratio of circPTCHI and miR-34c-5p in A549 cells by FISH. Data represent mean * SD. **P < 0.0] compare with negative control.

was obviously elevated in cells overexpressing
circPTCHIcircPTCH1 probe compared with the NC
probe, and miR-34c-5p was the most enriched

(Figure 3B-D). Dual-luciferase reporter assay revealed
that 2 miRNAs including miR-34c-5p, miR-34b-5p were
significantly pulled down by circPTCHI1 in A549 cells
(Figure 3E). In addition, circPTCHI was abundantly

pulled down by the miR-34c-5p probe compared with the
NC probe (Figure 3F). RT-PCR assay showed that the
expression levels of miR-34¢c-5p was up-regulated when
transfected with si-circPTCHI1 plasmid and decreased by
circPTCH1 over-expression plasmid in A549 and SK-
MES-1 cells (Figure 3G). QRT-PCR analysis of the
expression levels of miR-34c-5p was decreased in lung
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cancer tissues compared with normal tissues. Meanwhile,
between circPTCH1 and miR-34c-5p expression has
observed a negative correlation with Pearson correlation
in lung cancer patients (Figure 3H and I). FISH assay
revealed that circPTCH1 and miR-34c-5p were coloca-
lized in the cytoplasm (Figure 3J).

We used starbase V3.0 databases (http://starbase.sysu.

edu.cn/) to predict the target genes of miR-34c-5p and
MYCN as a direct target of miR-34c-5p. Dual-luciferase
reporter assay confirmed that miR-34c-5p considerably
decreased the luciferase activity in the MYCN-WT
group, but not in the MYCN-MUT group when compared
with the control group (Figure 4A and E). The expression

o]
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of MYCN was significantly increased in A549, NCI-
H1299, SK-MES-1, and NCI-H661
BEAS-2B, and also increased in lung cancer tissues com-

compared with

pared with normal tissues (Figure 4B and C). Meanwhile,
between MYCN and miR-34c¢-5p expression has observed
a negative correlation with Pearson correlation in lung
cancer patients (Figure 4D). Furthermore, the expression
of MYCN was significantly decreased by miR-34c-5p
mimic group and restored by miR-34c-5p mimictMYCN
(Figure 4F). Wound healing assay and transwell assay
revealed that miR-34c-5p mimic group could also suppress
invasion and migration, and the function was restored by
miR-34c-5p mimic+tMYCN (Figure 4G and H).
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Figure 4 MYCN is a direct target of miR-34c-5p in lung cancer cell. (A) bioinformatic analysis to search for MYCN interact with miR-34c-5p-MUT or miR-34c-5p-WT. (B)
QRT-PCR analysis of the expression levels of MYCN in lung cancer cells (A549, SK-MES-1) and BEAS-2B. (C) QRT-PCR analysis of the expression levels of MYCN in lung
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with miR-34c-5p mimic or miR-34c-5p mimic+NC or miR-34c-5p mimic+MYCN by Wound healing and transwell assays in A549 and SK-MES-| cells. Data represent mean *
SD. **P < 0.0] compare with negative control.
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Figure 5 CircPTCHY1 inhibits lung cancer cells migration, invasion and EMT by targeting MYCN via miR-34c-5p. (A, B) QRT-PCR analysis of the expression levels of MYCN
in lung cancer cells after various treatments. (C, D) Wound healing and transwell assays showed the migration and invasion abilities of lung cancer cells after various
treatments. (E, F) Western blot analysis the expression levels of MYCN, E-cadherin and Vimentin transfected with various treatments in A549 and SK-MES-I cells. Data
represent mean * SD. **P < 0.0] compare with negative control. (G) BALB/c nude mice injected into A549 cells with various treatments. (H) E-cadherin, Vimentin, and
MYCN in xenograft tumors were stained by immunofluorescent staining.

circPTCHI Knock Down Inhibits Lung

Cancer Cells Migration, Invasion and EMT
by Targeting MYCN via miR-
The study also investigated whether or not circPTCH1 could

directly target MYCN via miR-34c-5p to induce EMT in
lung cancer cells. Our results showed that the expression of

MYCN was significantly decreased by si

-circPTCH1 group
and recovered by si-circPTCH1+miR-34c-5p inhibitor

and

34c-5p

recovered by

(Figure 5A). On the contrary, the expression of MYCN was

significantly increased by circPTCHI1 overexpression group

circPTCH1+miR-34c-5p  mimic

(Figure 5B). Wound healing assay and transwell assay
revealed that si-circPTCH1 group could also suppress inva-
sion and migration, while the function was restored by si-
circPTCH1+miR-34c¢-5p inhibitor group (Figure 5C and D).

WB results showed that the expression of E-cadherin protein
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was significantly increased si-circPTCH1 and rescued by
circPTCH1+miR-34¢c-5p mimic. However, MYCN and
Vimentin were decreased by si-circPTCH1 and rescued by
circPTCH1+miR-34c-5p mimic (Figure 5E and F). BALB/c
nude mice experiments obtained similar results (Figure 5G).
The protein expression of E-cadherin, MYCN, and Vimentin
was significantly decreased with si-circPTCHI1 group by

immunofluorescence.

Discussion

Non-small cell lung cancer is the most common type of
lung cancer, early symptoms are not obvious, difficult to
lack and high
mortality.'®'? Therefore, it is urgent to further explore

diagnose, of effective treatment,
the pathogenesis and provide sensitive, specific and effec-
tive indicators for the diagnosis and treatment of lung
cancer. The aim of this study was to investigate the effects
of circPTCH1 on migration and invasion of lung cancer
cells, so as to analyze the biological function of
circPTCHI in lung cancer cells. And to explore the reg-
ulatory mechanism of circPTCHI1 in the occurrence and
development of lung cancer, so as to provide a new target
for lung cancer treatment.

MicroRNA is a kind of small non-coding RNA, which
binds to mRNA through base complementary pairing, so as
to inhibit miRNA translation. Several different studies have
found that miRNAs participate in the regulation of a variety
of cell functions, and many miRNAs have abnormal expres-

202122 indicating that different miRNAs play

sion in cancer,
an important regulatory role in cancer and have great appli-
cation value in clinical diagnosis, prognosis evaluation and
treatment. Many studies have shown that miR-34c-5p is
abnormally low expressed in many tumors, such as colorectal
cancer, gastric cancer, lung cancer, prostate cancer and so

23,2426
on,””

and plays an anti-cancer role in tumor develop-
ment. The down-regulation of miR-34c¢-5p is closely related
to the biological functions of a variety of tumors, such as
proliferation, cell cycle progression, metastasis, invasion and
chemoradiotherapy resistance.””*® Many studies have shown
that miR-34c-5p directly targets many genes and has differ-
ent target genes in different tumors, such as E2F3, Bcl-2,
c-Met and so on.?’°>? Therefore, miR-34c-5p directly tar-
geted gene in tumor remains to be further elucidated.

The N-myc protein encoded by MYCN gene is an
important transcription factor, which can regulate the
expression of a variety of target genes and thus participate
in a variety of cell biological functions and signaling

pathways.>>** Studies have shown that MYCN can
directly target cell cycle-related genes, reduce G1 phase
arrest, promote cell into S phase and promote cell
proliferation.**** The abnormal expression of MYCN
was found in neurogenic tumors, including neuroblastoma,
neuroendocrine prostate cancer and small cell lung

cancer.>¢%°

Conclusion

In conclusion, this study demonstrated that circPTCHI1 is
more highly expression in lung cancer tissues and cell
lines, and circPTCHI1 acts as a sponge for miR-34c¢-5p to
regulate MYCN. Moreover, circPTCHI1 inhibits migration
of lung adenocarcinoma by regulating mir-34c¢-5p to target
MYCN gene, which provides a new theoretical basis for
the prognosis and treatment of lung cancer.
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