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Abstract
Background: Non-small cell lung cancer (NSCLC) patients are basically at an advanced stage once
diagnosed. In this study, our aimed to identify a new biomarker for early diagnosis of NSCLC.

Methods and materials: CircRNA array analysis was designed to study the expression patterns of
circRNAs in three pairs of NSCLC tissues. The expression of hsa_circ_0054284 were detected in 30 paired
NSCLC tissues and adjacent normal tissues by qRT-PCR assay. A549 and H520 cells were transfected
with overexpression vector of hsa_circ_0054284 and negative control. CCK-8, transwell invasion and Cell
apoptosis assay were using to explore the internal relationship among the hsa_circ_0054284, miR-18a-3p
and TIMP2. TIMP2 expression level was detected by qRT-PCR assay and western blotting analysis.

Results: Hsa-circ-0054284 overexpression suppressed A549/H520 cell proliferation and invasion and
promoted apoptosis via downregulation of miR-18a-3p and targeting TIMP2. This might be one of the
possible mechanisms, which hsa-circ-0054284 plays in NSCLC.

Conclusion: The current study provides novel insights into the circRNA-related ceRNA network in NSCLC
and the hsa-circ-0054284 biomarkers may be Early diagnosis in NSCLC patients.

Introduction
Lung cancer is one of the most common malignancies with the highest mortality rate in the world and
poses a great threat to human health [1]. Histologically, there are two main types of lung cancer: small
cell lung cancer and non-small cell lung cancer (NSCLC). NSCLC is the most common type of lung cancer,
accounting for 80–85% of all lung cancer cases [2]. Surgical resection is the best treatment for lung
cancer [3], however, the majority of patients were diagnosed with advanced stage, and the chemotherapy
drugs had some effect on the treatment, but the overall 5-year survival rate did not really improve[4]. It
has also been reported that the change of gene expression plays an important role in the occurrence and
development of tumor. The study of oncogenes and tumor suppressor genes may provide important
information for early diagnosis and treatment of cancer [5, 6]. Therefore, it is necessary to explore new
unknown factors involved in the development of lung cancer so as to be able to early diagnosis and early
treatment, which may improve patients’ 5-year survival rate and quality of life.

Circular ribonucleic acid (CircRNA) is a circular endogenous RNA that is mainly formed by splicing the
head and tail of an exon. It is stable in structure and has high tissue speci�city. Further evidence suggests
that circRNAs may act as a microRNA (miRNA) sponge to in�uence the expression of genes and proteins,
thus affecting miRNA activity [7]. CircRNAs are more stable than other linear RNA regulators, which
makes them basic research and may provide valuable ideas for clinical diagnosis and treatment in the
future [8, 9]. Some circRNAs can be detected in peripheral blood and can be used as early diagnostic
markers for many cancers, including lung cancer [10]. Then, exploring the potential role of circRNAs in
cancer may help to verify therapeutic targets and develop new targeted therapeutic drugs [11, 12].
However, there are few reports on their role in NSCLC.
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In our preliminary work, a circRNA microarray was performed by the Shanghai Biotechnology Corporation
to analyze the differentially expressed circRNAs between three pairs of NSCLC tissues and adjacent
normal lung tissues that we had collected. Among the dysregulated circRNAs, hsa_circ_0054284 had
attracted our attention as bioinformatics analysis suggested that complimentary regions existed between
hsa_circ_0054284 and miR-18a-3p, this means that has_circ_0054284 can play the role of ceRNA through
adsorption of miR-18a-3p. It has been reported that miR-18a-3p is involved in the occurrence and
development of lung cancer [13–16]. Bioinformatics and software analysis have also identi�ed TIMP2 as
a potential target gene for miR-18a-3p. TIMP2 has also been reported to be involved in cancer
progression, including lung cancer [17–28].

In this study, we �rst veri�ed the circular form of has_circ_0054284 by sequencing analysis. Then, the
expression of has_circ_0054284 was con�rmed in the tissue specimens of 30 patients with NSCLC. The
effect of has_circ_0054284/miR-18a-3p/TIMP2 has not been studied. In order to explore the effect of this
axis, we constructed has_circ_0054284 overexpression vector to explore the effects on proliferation,
invasion and apoptosis of NSCLC cell lines A549 and H520. The possible mechanism was explored by
bioinformatics technology and dual-luciferase reporter assays. Finally, we compared the effects of miR-
18a-3p down-regulation and has_circ_0054284 overexpression to further determine the potential
has_circ_0054284/ miR-18a-3p/TIMP2 axis in NSCLC.

Materials And Methods
Clinical-specimen collection

In total 30 tumor specimens and pair-matched adjacent normal tissues (5 cm from the edge of tumor)
samples were collected from patients who were diagnosed with NSCLC and who had received a
pulmonary segmentectomy from October 2017 to June 2018 in the First A�liated Hospital of Zhengzhou
University. The patients had not yet received any chemo or radiotherapy. Pathological diagnosis was
based on biopsy after resection and con�rmed by two experienced pathologists individually. After
isolation, the tissues underwent rapid freezing in liquid nitrogen within 1 min and were stored in cryo
freezer at −80°C before usage. As shown in Table 1, the clinical information of all the participants,
including gender, age, smoking differentiation, TNM stage, lymph node metastasis and pathologic types
were recorded for further analysis. The research was approved by the Human Research Ethics Committee
of Zhengzhou University. A written informed consent was obtained from each participant.

Cells and reagents

We purchased the NSCLC A549, luciferase-tagged A549, H520 and NHBE cell lines from the Cell Bank of
Shanghai Institutes for Biological Sciences of the Chinese Academy of Sciences (Shanghai, China).
Lentivirus expression vectors (pLO5-ciR) with hsa_circ_0054284 (Circ-Ex) or circ–normal-control (NC)
fragments were obtained from Geneseed Biotech (Guangzhou, China). We purchased primary antibodies
for Western blotting against the tissue inhibitor of metalloproteinases 2 (TIMP2; D18B7), glyceraldehyde
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3-phosphate dehydrogenase (GAPDH; D16H11) and secondary antibody (7074P2) for Western blotting
from Cell Signaling Technology (CST; Danvers, Massachusetts, US).

RNA library preparation and circRNA sequencing

We sent three pairs of NSCLC tissue samples (T1/N1, T2/N2 and T3/N3) to Sinotech Genomics Ltd
(Shanghai, China) for RNA library preparation and circRNA sequencing. We used edgeR software
(http://bioconductor.org/) to analyze differences in the expression of circRNAs between lung cancer
tissues and normal tissues. For detailed steps, see the guidance provided by the company.

Cell culture and transfection

We cultured the cells with Dulbecco’s Modi�ed Eagle’s Medium (DMEM; GIBCO [Thermo Fisher Scienti�c,
Waltham, Massachusetts, USA]) containing 10% fetal bovine serum (FBS) and 1% penicillin–
streptomycin (both GIBCO) in a humidi�ed incubator (Thermo Fisher) under 5% CO2 at 37° C. MiR-18a-3p
mimics, miR-18a-3p inhibitors, miR-NC or si-TIMP2 (Shanghai GenePharma Co., Ltd., Shanghai, China)
were transfected respectively or co-transfected according to different experimental groups. Cells of A549
and H520 were infected with lentivirus containing hsa_circ_0054284 (Circ-Ex group) or negative control
fragment (Circ-NC group) and then selected by puromycin to obtain the stable hsa_circ_0054284/NC
expressed cells (Hanbio, Shanghai, China). We harvested cells 24–72 hours after transfection for assays.

Cell Counting Kit-8 (CCK-8) assay

We seeded A549 and H520 cells into 96-well plates with 100 μl culture medium 24 hours after
transfection. Each well was added with 10 μl CCK-8 solution (Dojindo Laboratories, Kumamoto, Japan)
after culture for 0, 24, 48 or 72 hours per manufacturer’s instructions. We measured OD450 values using a
microplate reader (Bio-Rad Laboratories, Inc., Hercules, California, US) to detect cell viability. All
experiments were conducted in triplicate.

Transwell invasion assay

A549 and H520 cells were cultured in 6-well plates at a cell density of 5×104 cells/well in DMEM
supplemented with 10% FBS. Cells were allowed to attach overnight at 37°C in a humidi�ed atmosphere
of 5% CO2. After treating with circ-EX/NC, miR-Inhibitor/NC or transfection for 24 hours, cells of 5×104

were seeded in the top compartment of 8 µm pores transwell culture inserts (Corning Life Sciences,
Corning, NY, US) in the presence of serum free medium. Complete medium containing 20% FBS was
added to the bottom compartment of the plate. After incubating, cells that had not migrated were
removed from inside the transwell with a cotton swab; the outside cells were then �xed in cold methanol
at room temperature for 30 min and stained with 0.05% crystal violet for 5 min. Aftering washing with
PBS, the number of migrated cells present in the bottom compartment of each well was then determined
using an inverted microscope. Three independent experiments were performed.
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Cell apoptosis assay

Apoptotic cell numbers were detected by Annexin V-FITC/PI Apoptosis Detection Kit (Nanjing KeyGen
Biotech Co. Ltd., Nanjing, China). Twenty-four hours after different treatment, cells were digested by
trypsin without EDTA, and resuscitated at a concentration of 1× 106 cells /mL in 1× binding buffer.
Annexin V-FITC and PI were added into the binding buffer and well mixed. After 30 minutes incubation
with room tempreture without light, the �ow cytometry (BD Biosciences, San Diego, CA) was used to
detect the signals of cells.

Xenograft mouse model

We packaged the recombinant lentiviruses Circ-Ex and Circ-NC and infected them into luciferase-tagged
A549 cell lines. A stable transformed cell line was obtained by puromycin screening. Then, we
subcutaneously injected cells (2 × 106) into the axillae of BALB/c nude mice bought from Beijing Vital
River Laboratory Animal Technology Center (Beijing, China). Luciferase signals were obtained by a
Xenogen IVIS Imaging System (Xenogen Corp., Alameda, California, USA). After 4 weeks, we sacri�ced the
mice, stripped and weighed the tumors, performed immunohistochemical (IHC) and also performed qRT-
PCR. Our protocols were approved by the Animal Experimental Ethics Committee of Zhengzhou
University.

Immunohistochemistry

The tissues obtained above were �xed in 4% formaldehyde and embedded in para�n. Then 3-5 μm
sections from all the tissues were cut using a freezing microtome (Thermo Scienti�c, Germany) and
stained with hematoxylin/eosin (H&E) for pathological examination. For immunohistochemistry, tumor
sections were incubated with primary antibody against Ki-67 (dilution 1:150; AF1738; Beyotime,
Shanghai, China) were performed rinse, secondary antibody incubation (dilution 1:50; A0208; Beyotime),
and dehydration following the manufacturer’s instructions.

Dual-luciferase reporter assay

We obtained wild-type and mutant-type target gene fragments via PCR and overlap PCR ampli�cation
and then inserted them into the luciferase gene in pmirGLO promoter vector (Promega Life Sciences,
Madison, Wisconsin, USA) to generate 4 pairs of recombinant plasmids: pmirGLO-Wt/Mt_circ_0054284;
pmirGLO-Wt/Mt TIMP2 (pmirGLO-Wt1/Mt1; pmirGLO-Wt2/Mt2; pmirGLO-Wt3/Mt3). We plated 293T cells
in 24-well plates and co-transfected them with the above recombinant plasmids and miRNAs (miR-18a-3p
mimics, miR-Inhibitor or miR-NC) using Lipofectamine 2000. After 24 hours’ transfection, we measured
luciferase activities in each group per manufacturer’s instructions.

Western blotting

After transfection for 48 h, western blotting was performed to detect protein expression level. The A549
and H520 cells were collected, washed with PBS, and lysed with RIPA and PMSF lysis buffer (Beyotime).
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The total protein concentrations were detected by BCA protein assay kit (Beyotime). Fifty micrograms of
protein from each group was exposed to SDS-PAGE and transferred onto polyvinylidene di�uoride
membranes. We used anti-GAPDH antibody as internal reference. After completing Western blotting per
manufacturers’ instructions, we assessed the protein bands using a Typhoon PhosphorImager system
(GE Healthcare, Chicago, Illinois, USA).

Statistical analysis

In this study, we used SPSS software version 25.0 (SSPS Inc., Chicago, Illinois, USA) for all statistical
analysis. Each experiment was repeated three times. Data are presented as mean ± standard deviation
(SD). We used Student’s t test and One-way ANOVA to assess differences between groups. P < 0.05 was
considered statistically signi�cant.

Results
1. CircRNA hsa_circ_0054284 expression was low in NSCLC cell lines and tissue samples

We performed a RNA library preparation and circRNA sequencing of tissue samples. The results showed
that differentially expressed circRNAs with more than threefold change. In addition, hsa_circ_0054284
showed a signi�cant decrease in the tumor group compared with the normal group (Fig. 1A). In order to
prove that hsa_circ_0054284 exists in the form of a ring structure, we conducted a series of validation
experiments on A549, H520 and NHBE cells and on NSCLC tissues. The results of sequence analysis
showed that mature hsa_circ_0054284 was 375 bp long and consisted of exon 13 and part of exon 14 of
the fork box metastasis-associated protein 3 (MTA3) gene. The above results were consistent with the
Basic Local Alignment Search Tool (BLAST) outcomes and showed that the connection sequence does
not exist. These indicated that the annular structure was formed by connecting the heads and tails of
exon 13 and part of exon 14 (Fig. 1B). The above results con�rmed the existence of hsa_circ_0054284.

In this study, qRT-PCR method was used to detect the expression of hsa_circ_0054284 in cancer and
paracancerous tissues and A549 and H520 cell lines, and NHBE was used as control, which indicated
that the expression of hsa_circ_0054284 in NSCLC was notably lower than that in paracancerous tissues,
and that in A549 and H520 was markedly lower than that in NHBE cell lines.(P < 0.05; Fig. 1C). These
results con�rmed the low expression of hsa_circ_0054284 in NSCLC tissue samples and cell lines.

2. Effects of hsa_circ_0054284 overexpression on proliferation, invasion and apoptosis of NSCLC cells

To evaluate the effect of hsa_circ_0054284 on NSCLC, Lentivirus expression vectors expressing
hsa_circ_0054284 (Circ-Ex) or Circ-NC were transfected them separately into A549 and H520 cells.
Hsa_circ_0054284 expression increased after transfection, as shown by qRT-PCR, indicating successful
transfection (P < 0.05; Fig. 2A). We designed 3 groups—Circ-Ex, Circ-NC and Blank—to explore the effects
of hsa_circ_0054284. CCK-8 assay showed that Circ-Ex inhibited cell proliferation (P < 0.05; Fig. 2B C). In
our Transwell experiments, Circ-Ex effectively inhibited the invasion ability of NSCLC cell lines (P < 0.05;
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Fig. 2D). FCM assay results showed that hsa_circ_0054284 had a signi�cant apoptosis-promoting effect
in the Circ-Ex group comparison to Circ-NC group (P < 0.05; Fig. 2E).

3. Hsa_circ_0054284 overexpression inhibited the growth of A549 xenograft tumors in vivo

To our delight, the results of xenograft tumor growth experiments showed that hsa_circ_0054284
upregulation had an inhibitory effect on NSCLC in vivo.After inoculation with Circ-Ex, compared with the
the Circ-NC group, total �ux of luciferase signals of nude mice at 2, 3 and 4 weeks was observably lower,
and signal strength was further reduced with time (P < 0.05; Fig. 3A). We observed same trend in tumor
weights (P < 0.05; Fig. 3B). Next, we carried out the Ki-67 IHC experiment on the exfoliated tumor which
showed that the positive rate of tumor cell proliferation markers in the Circ-Ex group was notably lower
than in the Circ-NC group (P < 0.05; Fig. 3C). We also investigated whether hsa_circ_0054284 expression
was increasing in A549 xenograft tumors by qRT-PCR. The expression of hsa_circ_0054284 in the Circ-Ex
group was higher than that in the Circ-NC group (P < 0.05; Figure 3D).

4. Hsa_circ_0054284 could sponge miR-18a-3p and inhibit expression of miR-18a-3p

We found that hsa_circ_0054284 could absorb miR-18a-3p, and hsa_circ_0054284 had the binging sites
with miR-18a-3p (Fig. 4A). MiR-18a-3p mimics and pmirGLO-Wt-circ_0054284 were cotransfected into
293T cells, the relative luciferase activity of this group was the lowest, but there was no obvious
difference among the other three groups. (P < 0.05; Fig. 4B). We analyzed miR-18a-3p and
hsa_circ_0054284 data in 30 NSCLC tissues and found that these two RNAs were negatively correlated in
terms of expression (R2 = 0.431, P < 0.05; Fig. 4C). Besides, qRT-PCR indicated that miR-18a-3p
expression was downregulated in the Circ-Ex group transfected with upregulated hsa_circ_0054284 (P <
0.05; Fig. 4D). From the above, these results indicated that hsa_circ_0054284 overexpression may play a
role by in�uencing miR-18a-3p.

5. Effects of miR-18a-3p inhibition on growth, invasion and apoptosis in A549 and H520 cells

We designed three groups—miR-Inhibitor, miR-NC and Blank—and then transfected them separately into
A549 and H520 cells. qRT-PCR results indicating that the expression of miR-18a-3p decreased after
transfection of the miR-Inhibitor group. (P < 0.05; Fig. 5A). Our cell proliferation assay manifested that
miR-Inhibitor inhibited cell proliferation (P < 0.05; Fig. 5B, C). In Transwell experiments, miR-Inhibitor
effectively restrained invasion ability in NSCLC cell lines (P < 0.05; Fig. 5D). FCM analysis showed that
after transfection with miR-Inhibitor, the apoptosis rate of the 2 cell lines increased greatly compared with
control group (P < 0.05; Fig. 5E).

�. TIMP2 was a target gene downstream of miR-18a-3p

The results of bioinformatics analysis using TargetScan and miRanda implied that TIMP2 mRNA shared
three complementary matching regions with miR-18a-3p and might therefore be a potential target. (Fig.
6A). Furthermore, we veri�ed this binding site through dual-luciferase reporter assays. Compared with the
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control groups, we could know that �uorescence activity was markedly reduced in miR-18a-3p mimics
and the wild-type pmirGLO co-transfection group but signi�cantly increased in the miR-Inhibitor and wild-
type pmirGLO co-transfection groups (P < 0.05; Fig. 6B1, B2), but, Figure 6B-3 showed that the third
complementary site has no statistical signi�cance. That is to say the �rst and second binding sites could
effectively regulate the expression of TIMP2, while the third site had no obvious effect, suggesting that
miR-18a-3p regulated TIMP2 expression by binding to the �rst and second sites. Then, Western blotting
showed an apparent decrease in TIMP2 protein expression under miR-18a-3p mimic transfection (Fig.
6C), miR-18a-3p inhibitor can increase the expression of TIMP2. Taken together, our results showed that
miR-18a-3p might have bound to the 3′ untranslated region (UTR) of TIMP2 mRNA and downregulated
TIMP2 protein expression level. In other words, TIMP2 was a target gene downstream of miR-18a-3p.

7. Silenced TIMP2 (si-TIMP2) partly attenuated the effect of overexpression of hsa_circ_0054284 in
A549 and H520 cells

To further illustrate the existence of the hsa_circ_0054284/miR-18a-3p/TIMP2 pathway, we synthesized a
silenced RNA (si-RNA) of TIMP2 and performed a restoration experiment using a Transwell assay. We
designed eight groups: Blank, Circ-NC only, miR-NC only, Circ-Ex transfection only, miR-Inhibitor
transfection only, si-TIMP2 transfection only, Circ-Ex–si-TIMP co-transfection and miR-Inhibitor–si-TIMP
co-transfection. When compared with Circ-Ex/miR-Inhibitor only cells, the combination group (Circ-Ex–si-
TIMP2/miR-Inhibitor–si-TIMP) showed fewer inhibitory effects of invasion in 2 cell lines (P < 0.05; Fig.
7A), which indicated that si-TIMP2 partially restored the effects of hsa_circ_0054284 overexpression and
miR-18a-3p inhibitor. Figure 7B showed a schematic diagram of the mechanism of circRNA action.
Summary, we could conclude that (1) hsa_circ_0054284 overexpression downregulated the expression of
miR-18a-3p, (2) miR-18a-3p targeted TIMP2, (3) hsa_circ_0054284 overexpression inhibited cell growth
and invasion and promoted apoptosis in NSCLC cells, and (4) these tumor-inhibitory effects might have
been exerted through the hsa_circ_0054284/miR-18a-3p/TIMP2 pathway.

Discussion
In recent years, research on ncRNA has become a hot topic. Various evidences indicate that ncRNA may
play a role as a regulatory network. CircRNA is also a new type of ncRNA, which may play a key role in
ncRNA network because of its stable ring structure and resistance to RNA enzyme [29, 30]. CircRNAs have
been reported to be involved in a variety of physiological and pathological processes, including aging,
various diseases and malignancies [31-35]. CircRNAs have been reported to be associated with the
development and progression of lung cancer [36, 37]. In this study, we screened out a new circRNA
(hsa_circ_0054284) by technical means, and carried out a series of studies to explore the role and
potential mechanism of hsa_circ_0054284 in lung cancer.

First, we con�rmed the existence of circular hsa_circ_0054284 by sequencing analysis, and detected the
expression of hsa_circ_0054284 in cell lines and 30 clinical samples. As shown by qRT-PCR, the
expression of hsa_circ_0054284 in cancer tissues was lower than that in paracancerous tissues.
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Compared with NHBE cell line, hsa_circ_0054284 was expressed lower in A549 and H520 cells. Low
expression of hsa_circ_0054284 was also associated with tumor differentiation, TNM stage, and lymph
node metastasis. Therefore, we predict that hsa_circ_0054284 may be related to the prognosis of NSCLC.
Then, we explore the relevant regulatory networks around hsa_circ_0054284 and �nd that miR-18a-3p is a
potential target. It has been reported that miR-18a-3p is involved in the occurrence and development of
tumor [38]. MiR-18a-3p acts as a tumor suppressor gene in some cancers, such as esophageal cancer
and ovarian cancer [39, 40]. But in lung cancer, miR-18a-3p is an oncogene [41]. In our study, we found
that hsa_circ_0054284 can negatively regulate miR-18a-3p. Fig. 4C, D results show that overexpression of
hsa_circ_0054284 leads to a decrease in the expression of miR-18a-3p. TIMP2 was identi�ed as a
potential target for miR-18a-3p. Tissue inhibitor of metalloproteinases-2 (TIMP2) is a broad spectrum
inhibitor of the matrix metalloproteinases (MMPs) [42]. It has been reported that TIMP2 is associated
with cancer progression, such as oropharyngeal carcinoma and breast cancer [43, 44].TIMP2 plays a role
in inhibiting cancer progression in lung cancer [45-47].

Finally, a series of veri�cation experiments show that the previous conjecture is reasonable. In this study,
we screened a low expression circRNA(hsa_circ_0054284), according to the results of the chip, and then
veri�ed its expression trend in tissue samples to verify whether the expression trend was consistent with
the results of the chip, and then veri�ed in a variety of cell lines. Both show that hsa_circ_0054284 is low
expression, so we constructed a circRNA overexpression vector(circ-EX) to carry out the next series of
exploratory experiments. As shown in Fig.2, overexpression of hsa_circ_0054284 can inhibit proliferation
and invasion but promote apoptosis. MiR-18a-3p downregulation also has the above effect, see Fig.5. As
shown in Fig.4A, B, C, D, it shows that hsa_circ_0054284 can adsorb miR-18a-3p to exert the function of
ceRNA, thus negatively regulating miR-18a-3p. In �gure 6, the dual-luciferase reporter and western blotting
experiments con�rmed that TIMP2 is the target gene of miR-18a-3p, that is to say, miR-18a-3p can
negatively regulate TIMP2. Silencing TIMP2 can increase invasion. It has been reported that TIMP2 is
related to proliferation and apoptosis. However, silencing TIMP2 can partially restore the overexpression
of hsa_circ_0054284 and the inhibitory effect of miR-18a-3p inhibitor on invasion, see Fig.7. In
conclusion, the hsa_circ_0054284 / miR-18a-3p / TIMP2 axis exists.

To sum up, this study suggests that hsa_circ_0054284 may inhibit cell growth and invasion and promote
apoptosis by down-regulating miR-18a-3p and targeting TIMP2. Hsa_circ_0054284/ miR-18a-3p/ TIMP2
axis exists. Hsa_circ_0054284 can be used as a potential prognostic biomarker and therapeutic target for
NSCLC. However, other approaches are likely to be involved, and future studies will explore alternative
ways of action.

Conclusion
Hsa-circ-0054284 overexpression suppressed A549/H520 cell proliferation and invasion and promoted
apoptosis via downregulation of miR-18a-3p and targeting TIMP2. This might be one of the possible
mechanisms, which hsa-circ-0054284 plays in NSCLC.
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Figure 1

Hsa_circ_0054284 is present and down-regulated in NSCLC tissues and cells. (A) Heat map of circRNA
array in NSCLC tumor samples. (B) Source of hsa_circ_0054284 and sequence analysis of backsplicing
site site. (C) qRT-PCR showed that expression of hsa_circ_0054284 in cancer, paracancerous tissues and
2 cell lines. *P < 0.05 compared with the control group.
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Figure 2

Overexpression of hsa_circ_0054284 inhibited cell proliferation and invasion and promoted cell
apoptosis. (A) We detected the relative expression of hsa_circ_0054284 in A549 and H520 cells using
qRT-PCR. (B, C) We conducted CCK-8 assays on different cell lines; the optical-density (OD) value showed
that Circ-Ex could inhibit cell proliferation. (D) The effect of Circ-Ex could inhibit cell invasion using
Transwell assays. (E) We measured apoptosis of A549 and H520 cells by staining them with Annexin V–
FITC/PI, followed by FCM analysis showed that Circ-Ex could promote apoptosis. *P < 0.05. All data are
representative of at least three independent experiments and presented as means ± SD.
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Figure 3

Effects of hsa_circ_0054284 overexpression in A549 xenograft mice. (A, B) Mice with xenograft tumors
were divided into 2 groups, Circ-Ex and Circ-NC. We observed the weekly total �ux of luciferase signals of
each group and recorded tumor weight at week 4. (C) IHC staining using primary antibody against Ki-67.
(D) hsa_circ_0054284 expression in A549 mouse xenograft. *P < 0.05.

Figure 4
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miR-18a-3p was a target o f hsa_circ_0054284. (A) Complementary binding site between the two. (B) A
dual-luciferase reporter assay identi�ed miR-18a-3p as a direct target miRNA of hsa_circ_0054284. (C)
Expression of miR-18a-3p was negatively correlated with that of hsa_circ_0054284 (R2 = 0.431, P < 0.05).
(D) We applied qRT-PCR to investigate miR-18a-3p expression in cells treated with Circ-Ex, which showed
that miR-18a-3p expression was downregulated in the Circ-Ex group. *P < 0.05.

Figure 5

miR-18a-3p inhibition could inhibit proliferation and invasion and promote apoptosis in A549 and H520
cells. (A) Using qRT-PCR, we detected the expression of miR-18a-3p after treatment with miR-Inhibitor. (B,
C) Proliferation of A549 and H520 cells in the miR-Inhibitor group was signi�cantly lower than in the miR-
NC and Blank groups (P < 0.05). (D) We detected cell invasion ability using a Transwell assay 24 hours
after transfection with miR-Inhibitor. (E) Statistical increases can be seen in the number of apoptotic cells
in miR-Inhibitor–transfected A549 and H520 cells compared with cells in the miR-NC group (P < 0.05).
These results suggested that the effect of miR-Inhibitor on A549 and H520 cell lines was similar to that of
Circ-Ex. *P < 0.05 compared with the control group.
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Figure 6

TIMP2 was directly targeted by miR-18a-3p. (A) There were three seed regions for miR-18a-3p in the 3′-
UTR of TIMP2 mRNA. (B) The dual-luciferase reporter assay con�rmed TIMP2 acted as the target of miR-
18a-3p. (C) Western blotting showed that protein levels of TIMP2 was decreased under miR-18a-3p mimic
transfection. *P < 0.05.

Figure 7

Silencing of TIMP2 attenuated the effects of invasion with Circ-Ex and miR-Inhibitor on A549 and H520
cells. (A) It indicated that si-TIMP2 partially restored the effects of hsa_circ_0054284 overexpression and
miR-18a-3p inhibitor. (B) a schematic diagram of the mechanism of circRNA action.
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