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Abstract. Hsa_circ_0016760 expression has been reported
to be increased in non‑small cell lung cancer (NSCLC). The
present study was designed to explore the role and mechanism
of hsa_circ_0016760 in regulating NSCLC progression. In
total, 60NSCLC patients were followed‑up for 60 months
after surgery. Hsa_circ_0016760 expression in tumor tissues
and adjacent non‑tumor tissues of NSCLC patients was
explored by reverse transcription quantitative polymerase
chain reaction (RT‑qPCR). NSCLC cell proliferation was
monitored by CCK‑8 assay and EdU experiment. Transwell
assays were used for the detection of NSCLC cell migration
and invasion. The target of hsa_circ_0016760 (or miR‑145‑5p)
was validated by luciferase reporter gene assay and RNA
immunoprecipitation experiment. A xenograft model was
studied with nude mice. Immunohistochemical staining was
applied for the detection of Ki67 expression in xenograft
tumors. Hsa_circ_0016760/miR‑145‑5p/FGF5 expression in
tissues and cells was investigated by RT‑qPCR and western
blotting. Hsa_circ_0016760 was aberrantly upregulated in
NSCLC, which was associated with poor prognosis of patients
(P<0.05). Hsa_circ_0016760 silencing suppressed NSCLC
cell proliferation, migration and invasion in vitro (P<0.01).
Hsa_circ_0016760 facilitated FGF5 expression via sponging
miR‑145‑5p. The miR‑145‑5p upregulation or FGF5 downregulation reversed the promoting effect of hsa_circ_0016760
on NSCLC cell proliferation, migration and invasion in vitro
(P<0.01). In addition, hsa_circ_0016760 silencing inhibited
tumor growth in vivo (P<0.01), and decreased Ki67 expression
in xenograft tumors. In conclusion, hsa_circ_0016760
exacerbated the malignant development of NSCLC by
sponging miR‑145‑5p/FGF5.
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Introduction
Lung cancer remains one of the leading causes of cancer‑related
deaths worldwide. As the most common and aggressive type
of lung cancer, the incidence of non‑small cell lung cancer
(NSCLC) accounts for approximately 85% (1). Clinically,
surgical resection and postoperative adjuvant therapy,
including chemotherapy and radiotherapy, remain the primary
choice of treatment for NSCLC patients at early stages.
However, a considerable proportion of NSCLC patients are in
advanced stages or the cancer has metastasized at the time of
diagnosis. Thereby, a great number of patients with advanced
NSCLC cannot benefit from surgical resection (2). Hence, the
5‑year survival rate of NSCLC patients remains markedly
poor despite the great progress that has been made in the past
few years in chemotherapy and radiotherapy treatments (3).
Therefore, the elucidation of the mechanism involved in the
progression of NSCLC is essential to improve the prognosis
of patients.
Circular RNAs (circRNAs) are commonly expressed in
eukaryotic cells, and are associated with the progression of
human tumors (4,5). However, limited research has focused on
the underlying mechanism of circRNAs in regulating the development of NSCLC. Through circRNA microarrays, a previous
research screened hsa_circ_0016760 as a tumor‑specific
circRNA candidate towards NSCLC tissues and adjacent
normal tissues (6). Furthermore, Li et al (7) revealed the
enhanced expression of hsa_circ_0016760 in NSCLC tissues
and cells, and that high expression of hsa_circ_0016760 was
closely related to the poor prognosis of patients as well as
lymph node metastasis and advanced TNM stages. The upregulated hsa_circ_0016760 could facilitate NSCLC cell growth
and metastatic properties in vitro. In terms of mechanism, the
carcinogenic properties of circ_0016760 were attributed to the
enhancement of GAGE1 expression via sponging miR‑1287.
To date, more studies concerning the function of circ_0016760
in NSCLC or other human tumors are scarce.
Hence, the present study was designed to explore the effect
of circ_0016760 in regulating NSCLC progression in order to
provide an effective theoretical basis for the application of
circ_0016760 in the targeted therapy of NSCLC. In terms
of the molecular mechanism network, it was observed from
biological software online analysis that miR‑145‑5p possessed
binding sites for circ_0016760 and FGF5. Previous studies
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have reported that miR‑145‑5p and FGF5 are involved in
the progression of lung cancer (8,9). Thus, the present study
researched the mechanism of circ_0016760 in regulating
NSCLC with the miR‑145‑5p/FGF5 axis.
Materials and methods
Patients and tissues. NSCLC patients (n=80) who were treated
at our hospital (the Affiliated Changzhou No. 2 People's
Hospital of Nanjing Medical University, Changzhou, Jiangsu)
from August 2013 to October 2014 were enrolled in the present
study. All patients were diagnosed with NSCLC for the first
time and had no previous history of cancer‑related treatment.
The inclusion criteria were as follows: i) Patients who voluntarily joined the study; ii) patients who were diagnosed with
NSCLC for the first time; iii) patients without previous treatment history related to cancer diseases.
The exclusion criteria were as follows: i) Patients who did
not want to join this study; ii) patients with previous treatment
history of cancer‑related diseases. Surgical resection was
performed on these patients. During surgery, tumor tissues
and adjacent normal tissues were collected and stored at ‑80˚C.
The clinical characteristics of all patients are recorded and
listed in Table I. All patients were followed‑up for 60 months
after surgery.
All patients volunteered to join the study and written
informed consent was signed by all subjects. The present study
complied with the Declaration of Helsinki and was approved
by the Ethics Committee of the Affiliated Changzhou No. 2
People's Hospital of Nanjing Medical University.
Cell culture. Six NSCLC cell lines (NCI‑H1395, A549, H460,
H1975, H1299 and Calu3) and normal human bronchial
epithelial cell line (NHBE) were obtained from the Institute
of Biochemistry and Cell Biology of the Chinese Academy
of Sciences. Cells were grown in Dulbecco's modified
Eagle's medium (DMEM) supplemented with 10% (v/v) fetal
bovine serum (FBS) in a humidified incubator at 37˚C and
5% CO2.
Structural stability test of hsa_ circ_ 0016760. Tumor
tissues collected from NSCLC patients were ground into
powder in liquid nitrogen. Total RNA in tumor tissues were
extracted with TRIzol reagent (Thermo Fisher Scientific,
Inc.). A total of 5.0 µg of total RNA sample was subjected to
incubation with 10 units RNase R for 30 min at 37˚C (used
as the RNase R group). In addition, 5.0 µg of total RNA
sample without any treatment was collected and used as
the Mock group. The expression of hsa_circ_0016760 and
glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH) in
the two groups was monitored through reverse transcription
quantitative polymerase chain reaction (RT‑qPCR). It is well
known that the structure of linear RNA is easily destroyed
by RNase R, whereas the circular structure of circular RNA
is difficult to be degraded by RNase R (10). Therefore,
the circular structure stability of hsa_circ_0016760 could
be detected.
Cell transfection. In this experiment, Lipofectamine 2000
reagent (Thermo Fisher Scientific, Inc.) was used for

transfection. H1299 and Calu3 cells (1x106 cells/ml; 1 ml)
cultured in 6‑well plates with serum‑free DMEM were
transfected by small interfering RNA (100 nM; siRNA‑1:
5'‑GUCUGGCAUGCAGAGGCAGAA‑3', siRNA‑2: 5'‑CUG
GCAUGCAGAG GCAGAAGA‑3' and siRNA‑3: 5'‑AUG
CAGAGGCAGA AGAGGC CU‑3', respectively) targeting
hsa_circ_0016760 (named the si‑hsa_circ_0016760‑1 group,
si‑hsa_circ_0016760‑2 group and si‑hsa_circ_0016760‑3
group, respectively). The transfection was performed at 37˚C
for 8 h. H1299 and Calu3 cells transfected by siRNA negative
control (100 nM; 5'‑AGGAGGCUAG CUCUGCGACUU‑3')
were used as the si‑Ctrl groups. The miR‑145‑5p mimic
(100 nM; miR‑145‑5p mimic group, sequence: 5'‑GUCCAG
UUUUCCCAGGAAUCCCU‑3') and mimic negative control
(100 nM; miR‑NC group, sequence: 5'‑CGCGAGU UAACG
GACCAUACGGU‑3') were used to transfect H1299 and Calu3
cells. siRNA and corresponding negative control, miR‑145‑5p
mimic and mimic negative control were synthesized by
Shanghai GenePharma Co., Ltd.
pCDNA3.1 vector containing the full length of
hsa_circ_0016760 was provided by Shanghai Genechem
Co., Ltd., and was then transfected into A549 cells
(1x106 cells/ml; 1 ml) cultured in 6‑well plates with serum‑free
DMEM (hsa_circ_0016760 group). A549 cells transfected by
pCDNA3.1 empty vector (100 nM) were set as the Ctrl group.
The transfection was performed at 37˚C for 8 h. FGF5 siRNA
(Shanghai GenePharma Co., Ltd.) was commercially obtained.
A549 cells were co‑transfected by pCDNA3.1‑hsa_circ_0016760
vector and FGF5 siRNA (hsa_circ_0016760 + siFGF5 group). In
addition, pCDNA3.1‑hsa_circ_0016760 vector and miR‑145‑5p
mimic were both used to co‑transfect A549 cells, and served as
the hsa_circ_0016760 + miR‑145‑5p mimic group.
All cells were incubated at 37˚C and 5% CO2 for 8 h after
transfection. Subsequently, fresh DMEM containing 10% FBS
was used to culture cells for 48 h. RT‑qPCR was used for the
transfection efficiency detection.
Cell Counting Kit‑8 (CCK‑8) assay. The proliferation ability
of cells was evaluated by CCK‑8 assay. Cells were harvested
and dispersed in DMEM (with 10% FBS) to a density of
1x105 cells/ml. A total of 100 µl of cell suspension was added
into 96‑well plates with 5 multiple wells. Cells were maintained at 37˚C and 5% CO2 for 24, 48 and 72 h. CCK‑8 solution
(10 µl) was added into each well and the cells were incubated
for 4 h at 37˚C. The optical density (OD) value was monitored
using a microplate reader (Bio‑Tek Instruments, Inc.) at a
wavelength of 450 nm.
5‑Ethynyl‑2'‑deoxyuridine (EdU) assay. EdU assays were
conducted to assess the proliferation ability of cells using an
EdU assay kit (Beijing Solarbio Science & Technology Co.,
Ltd.) strictly according to the manufacturer's instructions.
Briefly, cells were collected and seeded into 6‑well plates with
1x105 cells/well. EdU buffer (50 µM) was used to incubate
cells for 2 h at 37˚C. Then, 4% formaldehyde was used to fix
cells for 30 min at 37˚C, and 0.1% Triton X‑100 was used for
20 min of permeabilization at 37˚C. EdU solution was then
applied to incubate cells for 20 min at 37˚C and Hoechst 33342
(5 µg/ml; Beyotime Institute of Biotechnology) was used to
stain the nucleus for 15 min at 37˚C. Under a fluorescence
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Table I. High hsa_circ_0016760 expression is associated with poor prognosis of NSCLC patients.

Characteristics

No. of patients

Hsa_circ_0016760 expression
----------------------------------------------------------------------------------Low (<median)
High (≥median)

P‑value

Number
80
38
42
Age (years)				
0.504
<65
39
19
20
≥65
41
19
22
Sex				0.420
Female
38
19
19
Male
42
19
23
Smoking				0.412
Yes
40
18
22
No
40
20
20
Tumor size				
0.039
≤3 cm
37
22
15
>3 cm
43
16
27
Differentiation				0.513
Well differentiated
37
18
19
Lowly or undifferentiated
43
20
23
T classification				
0.023
T1 + T2
38
23
15
T3 + T4
42
15
27
N classification				
0.037
N0 + N1
39
23
16
N2 + N3
41
15
26
Distant metastasis				
0.251
M1
40
17
23
M0
40
21
19
Clinical stage				
0.013
I‑II
39
24
15
III‑IV
41
14
27
NSCLC, non‑small cell lung cancer.

microscope, the EdU‑positive cells were photographed and
counted as previously described (11).

steps, without the use of Matrigel coated on the upper
chamber.

Transwell assays. Cells were collected and dispersed in
serum‑free DMEM. The Transwell inserts (8 µm pore size;
Corning, Inc.) were inserted into 6‑well plates and Matrigel
was pre‑coated on the upper chamber. Then 5x10 4 cells
dispersed in 300 µl of serum‑free DMEM was added into
the upper chamber, while 600 µl of DMEM (with 10% FBS)
was added into the lower chamber. Cells were incubated at
37˚C, 5% CO2 for 24 h. The chamber was removed and the
non‑invading cells were removed with a cotton swab. The
invasive cells were fixed at room temperature for 20 min
with 4% paraformaldehyde, after which, 0.1% crystal violet
was used to stain the cells for 10 min at room temperature.
The number of invasive cells was counted under a confocal
microscope in five random fields (magnification, x200). Cell
migration was performed according to the aforementioned

Luciferase reporter gene assay. Through biological software
online analysis [Circular RNA Interactome (http://circinteractome.nia.nih.gov/), miRDB (http://www.mirdb.org/) and
TargetScan (http://www.targetscan.org/vert_71/)], it was
revealed that hsa_circ_0016760 and FGF5 both had binding
sites for miR‑145‑5p. Therefore, H1299 cells were used for the
luciferase reporter gene assay to detect the relationship between
miR‑145‑5p and hsa_circ_0016760 (or FGF5). Fragments of
hsa_circ_0016760 wild‑type (WT) and mutant type (Mut) as
well as FGF5 WT and Mut were designed and synthesized
by Shanghai GenePharma Co., Ltd.. These fragments were
loaded into the pmirGLO luciferase vectors. H1299 cells
transfected by miR‑145‑5p mimic (miR‑145‑5p mimic group,
sequence: 5'‑GUCCAGU UUUCCCAGGAAUCCCU‑3') and
mimic negative control (miR‑NC group, sequence: 5'‑CGC
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GAGU UAACGGACCAUACGGU‑3') were seeded in 6‑well
plates with serum‑free DMEM. Then these cells underwent
co‑transfection with pmirGLO‑hsa_circ_0016760‑WT
luciferase vector, or pmirGLO‑hsa_circ_0016760‑Mut
luciferase vector, or pmirGLO‑FGF5‑WT luciferase vector
or pmirGLO‑FGF5‑Mut luciferase vector. Lipofectamine
2000 reagent (Thermo Fisher Scientific, Inc.) was used for the
transfection. After 8 h, the serum‑free DMEM in each well
was replaced by DMEM containing 10% FBS. After 48 h of
culture at 37˚C and 5% CO2, the cells were harvested to detect
the luciferase activity using Dual‑Glo luciferase assay kit
(Promega Corporation) strictly according to the manufacturer's
instructions. The relative luciferase activity was normalized to
Renilla luciferase activity.
RNA immunoprecipitation (RIP) assay. EZ‑Magna RIP kit
(EMD Millipore) was used for RIP assays strictly according
to the manufacturer's instructions. H1299 cells transfected
by miR‑145‑5p mimic (miR‑145‑5p mimic group) and mimic
negative control (miR‑NC group) was harvested and lysed in
RIP lysis buffer. Then 100 µl of the cell extract was collected
for 6‑h incubation at 4˚C with RIP buffer containing magnetic
beads conjugated with antibodies against AGO2 (1:200;
product code ab5072) or IgG (1:200; product code ab109489;
both from Abcam). Wash buffer was used to wash the beads.
Subsequently, Proteinase K was applied to incubate the
complexes for 30 min at 55˚C. Finally, the immunoprecipitated
hsa_circ_0016760 was purified using phenol, chloroform, salt
solution I, salt solution II, precipitate enhancer and absolute
ethanol (no RNase), and was assessed with RT‑qPCR.
Animal xenograft experiment. Animal experiments involved
in the present study were approved by the Animal Ethics
Committee of the Affiliated Changzhou No. 2 People's
Hospital of Nanjing Medical University. Nude mice (n=12;
male, 4 weeks old, 18‑20 g) were commercially provided by
Shanghai Experimental Animal Center, Chinese Academy of
Sciences. Mice were kept in a 12‑h day/night cycle room with
free access to water and food. H1299 cells were transfected by
hsa_circ_0016760 shRNA (100 nM) and corresponding negative control (100 nM) (Shanghai GenePharma Co., Ltd.). After
48 h of transfection, H1299 cells were harvested and washed
with phosphate‑buffered saline (PBS). A total of 1x106 cells
dispersed in 100 µl PBS was prepared for subcutaneous
implantation. Thereafter, 6 nude mice were randomly selected
and subcutaneously injected with H1299 cells transfected
by hsa_circ_0016760 shRNA. These mice were named the
sh‑hsa_circ_0016760 group. In addition, the other 6 mice
were subcutaneously implanted with H1299 cells transfected
by corresponding negative control, which were used as sh‑Ctrl
group. Mice were maintained for 28 days with free access to
food and water. Every 7 days, the longitudinal diameter (L)
and latitudinal diameter (D) were measured using a Vernier
caliper. The tumor volume was calculated by the equation of
V = 0.5 x L x D2. On the 28th day, all mice were sacrificed by
rapid neck dislocation. The xenograft tumors were stripped,
weighed and then stored at ‑80˚C.
Immunohistochemical staining. The xenograft tumors were
fixed with 4% paraformaldehyde for 12 h at 4˚C, embedded

in paraffin and prepared into paraffin tissue sections with
a thickness of 4 µm. The sections were then dewaxed and
rehydrated. Sodium citrate buffer was used for the antigen
retrieval of the sections. Bovine serum albumin (5%; Beijing
Solarbio Science & Technology Co., Ltd.) was applied
to block the sections for 30 min at room temperature.
Thereafter, the sections were incubated with rabbit anti‑Ki67
(product no. 9449; Cell Signaling Technology, Inc.) for 12 h at
4˚C, and then with goat anti‑rabbit HRP conjugated secondary
antibody (product no. 7074; Cell Signaling Technology, Inc.)
for 1 h at room temperature. Diaminobenzidine (DAB) and
hematoxylin were used for the staining of the sections for
15 min at room temperature. Under a confocal microscope,
the Ki67‑positive signals (brown particles) were observed
(magnification, x200).
RT‑qPCR. TRIzol reagent (Takara Bio, Inc.) was used to
isolate total RNA in tissues and cells. According to the
manufacturer's instructions, cDNA was reverse transcribed
using PrimeScript RT reagent Kit (Takara Bio, Inc.). qPCR
was performed in a 10‑µl reaction system, including 2.0 µl of
cDNA, 0.5 µl of forward primer, 0.5 µl of reverse primer, 5.0 µl
of 2X PCR Master mix and 2.0 µl of H2O. The qPCR reaction
was performed with SYBR Green reagent (Takara Bio, Inc.)
using the ABI 7500 Fast Real‑Time PCR System (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
following conditions: 10 min initial denaturation at 95˚C,
40 cycles of amplification at 95˚C for 10  sec, annealing at
56˚C for 45 sec and extension at 60˚C for 60 sec. Primers
used were as follows: hsa_circ_0016760 forward, 5'‑TGC
ATTGGTGCTCAGAAGCG‑3' and reverse, 5'‑TCTGTTCCT
GGGTCTGTGTGC‑3'; miR‑145‑5p forward, 5'‑GTCCAG
TTTTCCCAGGAATCCCT‑3' and reverse, 5'‑GCTGTCAAC
ATACGCTACGTAACG‑3'; FGF5 forward, 5'‑CCCGGATGG
CAAAGTCAATGG‑3' and reverse, 5'‑TTCAGGG CAACA
TACCACT CCC G‑3'; GAPDH forward, 5'‑AATGTGT CC
GTCGTGGATC TG‑3' and reverse, 5'‑CAACCTG GTCCT
CAGTGTAGC‑3'. GAPDH was set as the internal control and
the relative expression of hsa_circ_0016760, miR‑145‑5p and
FGF5 mRNA was calculated by 2‑ΔΔCq method (12).
Western blotting. Total proteins in cells were extracted with
RIPA lysis buffer (Beyotime Institute of Biotechnology).
Protease inhibitors (Roche Diagnostics) were contained in
the RIPA lysis buffer. A BCA Protein Assay kit (Beyotime
Institute of Biotechnology) was applied for the determination of
total protein concentration. Then 10 µl of total protein (50 µg)
extract was subjected to separation with 10% sodium dodecyl
sulphate‑polyacrylamide gel electrophoresis (SDS‑PAGE).
The separated proteins were transferred onto polyvinylidene
fluoride (PVDF) membranes. Subsequently, the membranes
were blocked for 1 h with 5% non‑fat milk at room temperature.
Rabbit polyclonal FGF5 antibody (1:1,000; cat. sc‑376264;
Santa Cruz Biotechnology, Inc.) was used for the incubation
of the membrane for 12 h at 4˚C. Thereafter, goat anti‑rabbit
secondary antibody (1:5,000; cat. no. PAB10821; Abnova) was
applied to incubate the membrane for 1 h at room temperature.
The blots were captured by an enhanced chemiluminescence (ECL) system (Pierce Biotechnology; Thermo Fisher
Scientific, Inc.). The intensity of the blots was quantified by
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Figure 1. Hsa_circ_0016760 is aberrantly upregulated in NSCLC. (A) RT‑qPCR revealed that hsa_circ_0016760 expression was significantly increased in
tumor tissues than that in paired adjacent normal tissues. (B) Kaplan‑Meier survival analysis indicated that high hsa_circ_0016760 expression was significantly associated with poor 60‑month survival of NSCLC patients. (C) The expression of hsa_circ_0016760 was significantly upregulated in the 6 NSCLC cell
lines than that in NHBE cells. *P<0.05 and **P<0.01 when compared with hsa_circ_0016760 expression in NHBE cells. (D) Hsa_circ_0016760 could resist
the degradation of RNase R, indicating that hsa_circ_0016760 possessed a stable circular structure and could be stably expressed in NSCLC. **P<0.01 when
compared with the Mock group. NSCLC, non‑small cell lung cancer.

ImageJ software (version 1.51t; National Institutes of Health).
The internal control was GAPDH in this research.
Statistical analysis. The statistical analysis was processed
through SPSS 19.0 software (IBM Corp.) The graphs were
constructed using GraphPad Prism 6 software (GraphPad
Software, Inc.). Two‑tailed paired Student's t‑test and one‑way
analysis of variance (ANOVA) was respectively used for the
comparison between two groups and more than two groups.
Tukey's post hoc test was used to validate ANOVA for pairwise
comparisons. The relationship between hsa_circ_0016760
expression and the clinicopathological characteristics of
NSCLC patients was analyzed by χ2 test. Kaplan‑Meier
survival analysis and log‑rank tests were applied for the analysis of survival curves. Among hsa_circ_0016760, miR‑145‑5p
and FGF5, Pearson's correlation analysis was used to assess
the correlation between two genes. P<0.05 was considered to
indicate a statistically significant difference.
Results
Hsa_circ_ 0016760 is aberrantly upregulated in NSCLC,
which is associated with the poor prognosis of patients.
The present study firstly explored the expression of
hsa_circ_0016760 in 80 pairs of tumor tissues/adjacent
normal tissues. The results presented in Fig. 1A revealed
thathsa _circ_0016760 expression was significantly
increased in tumor tissues than that in paired adjacent
normal tissues (P<0.01). Thereafter, the correlation between

hsa_circ_0016760 expression and the clinicopathological
characteristics of NSCLC patients was analyzed to evaluate the
significance of hsa_circ_0016760 upregulation in NSCLC. As
a result, high hsa_circ_0016760 expression was significantly
associated with poor 60‑month survival (P=0.0151), large
tumor size (P=0.039), advanced T classification (P=0.023), N
classification (P=0.037) and clinical stage (P=0.013) (Fig. 1B;
Table I). The expression of hsa_circ_0016760 in NHBE
cells and 6 NSCLC cell lines (NCL‑H1395, A549, H460,
H1975, H1299 and Calu3) was further assessed. Notably,
the 6 NSCLC cell lines were expressed significantly higher
hsa_circ_0016760 than the NHBE cells (P<0.05 and P<0.01).
Among the 6 NSCLC cell lines, H1299 and Calu3 cell lines
had higher hsa_circ_0016760 expression than the other
4 NSCLC cell lines. Therefore, H1299 and Calu3 cell lines
were used in subsequent experiments (Fig. 1C). To demonstrate
the expression stability of hsa_circ_0016760, total RNA in
tumor tissues of NSCLC patients was collected and incubated
with RNase R. As a result, RNase R treatment significantly
decreased GAPDH expression (P<0.01), but had no obvious
effect on the expression level of hsa_circ_0016760 (Fig. 1D).
Thus, hsa_circ_0016760 possessed as table circular structure,
which could be stably expressed in NSCLC. Collectively it
was revealed that the high expression of hsa_circ_0016760 in
NSCLC was associated with the poor prognosis of patients.
Hsa_ circ_ 0016760 silencing suppresses NSCLC cell
proliferation, migration and invasion in vitro. H1299 and
Calu3 cells were transfected by hsa_circ_0016760 siRNA.

506

ZHU et al: Hsa_circ_0016760 EXACERBATES NSCLC PROGRESSION

Figure 2. Hsa_circ_0016760 silencing suppresses NSCLC cell proliferation, migration and invasion in vitro. (A) RT‑qPCR revealed that hsa_circ_0016760
expression in H1299 and Calu3 cells was successfully silenced via transfection. (B) CCK‑8 assays revealed that hsa_circ_0016760 silencing significantly
reduced H1299 and Calu3 cell proliferation. (C) An EdU assay revealed that hsa_circ_0016760 silencing significantly decreased the number of EdU‑positive
cells. 1Bar=50 µm. (D) Transwell assays revealed that hsa_circ_0016760 silencing significantly decreased the number of migrated and invasive H1299 and
Calu3 cells. *P<0.05 and **P<0.01 when compared with the si‑Ctrl group. NSCLC, non‑small cell lung cancer; RT‑qPCR, reverse transcription‑quantitative
polymerase chain reaction; CCK‑8, Cell Counting Kit‑8; EdU, 5‑ethynyl‑2'‑deoxyuridine; si‑, small interfering; Ctrl, control.

RT‑qPCR was performed to monitor the transfection efficiency.
As revealed in Fig. 2A, the si‑hsa_circ_0016760‑1, si‑hsa_
circ_0016760‑2 and si‑hsa_circ_0016760‑3 groups of H1299
and Calu3 cells exhibited significantly lower hsa_circ_0016760
expression than that of the si‑Ctrl group (P<0.05 and P<0.01).
Thus, hsa_circ_0016760 expression in H1299 and Calu3 cells
was successfully silenced via transfection. Notably, the si‑hsa_
circ_0016760‑1 group exhibited lower hsa_circ_0016760
expression than that of the si‑hsa_circ_0016760‑2 group
and si‑hsa_circ_0016760‑3 group of H1299 and Calu3 cells.
Therefore, the si‑hsa_circ_0016760‑1 group of H1299 and
Calu3 cells was used in subsequent experiments, and was
renamed as si‑hsa_circ_0016760 in the following studies.
Next, the phenotype of H1299 and Calu3 cells was explored
to research the effect of hsa_circ_0016760 on NSCLC development in vitro. The proliferation of H1299 and Calu3 cells
was analyzed by CCK‑8 and EdU assays respectively. The
results revealed that the si‑hsa_circ_0016760 group of H1299
and Calu3 cells had a significantly lower OD value than that
of the si‑Ctrl group (P<0.01) (Fig. 2B). In addition, a significantly less EdU‑positive number of cells was observed in the
si‑hsa_circ_0016760 group when compared with si‑Ctrl group

of H1299 and Calu3 cells (P<0.01) (Fig. 2C). In addition, cell
migration and invasion abilities were investigated by Transwell
assay. In comparison with the siCtrl group, the number of
migrated and invasive cells of the si‑hsa_circ_0016760 group
of H1299 and Calu3 cells was significantly decreased (P<0.01)
(Fig. 2D). These data revealed that hsa_circ_0016760 silencing
suppressed NSCLC cell proliferation, migration and invasion
in vitro.
Hsa_circ_0016760 facilitates FGF5 expression via sponging
miR‑145‑5p. The transfection efficiency of H1299 and
Calu3 cells was assessed by RT‑qPCR. Compared with the
miR‑NC group, the miR‑145‑5p mimic group of H1299 and
Calu3 cells had significantly increased miR‑145‑5p expression (P<0.01) (Fig. 3A). Thus, H1299 and Calu3 cells were
successfully transfected by miR‑145‑5p mimic and mimic
NC. The exact target of hsa_circ_0016760 was investigated
in order to elucidate the mechanism of hsa_circ_0016760 in
the promotion of the malignant phenotype of NSCLC cells.
According to online bioinformatics databases (Circular
RNA Interactome and miRDB), miR‑145‑5p may be a target
of hsa_circ_0016760, as it contained a binding site for
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Figure 3. Hsa_circ_0016760 facilitates FGF5 expression via sponging miR‑145‑5p. (A) RT‑qPCR revealed that H1299 and Calu3 cells were successfully transfected
by miR‑145‑5p mimic and mimic NC. **P<0.01 when compared with miR‑NC group. (B) According to an online bioinformatics database, miR‑145‑5p contained a
binding site for hsa_circ_0016760. (C) A luciferase reporter gene assay indicated that miR‑145‑5p was a target of hsa_circ_0016760. **P<0.01 when compared with
miR‑NC group. (D) A RIP assay revealed that, hsa_circ_0016760 could be effectively precipitated by miR‑145‑5p, and miR‑145‑5p was further confirmed to be a
target of hsa_circ_0016760. **P<0.01 when compared with miR‑NC group. (E) Hsa_circ_0016760 silencing significantly increased the expression of miR‑145‑5p
in H1299 and Calu3 cells. **P<0.01 when compared with the si‑Crtl group. (F) miR‑145‑5p expression was significantly reduced in tumor tissues compared with
adjacent normal tissues. (G) miR‑145‑5p expression was negatively correlated with hsa_circ_0016760 in NSCLC tumor tissues. (H) According to TargetScan
online database, FGF5 maybe target of miR‑145‑5p, since it possessed a binding site for miR‑145‑5p. (I) A luciferase reporter gene assay revealed that FGF5 was
a target of miR‑145‑5p. **P<0.01 when compared with miR‑NC group. (J) In H1299 and Calu3 cells, miR‑145‑5p upregulation significantly reduced FGF5 mRNA
and protein expression. In addition, hsa_circ_0016760 downregulation significantly reduced FGF5 mRNA and protein expression. **P<0.01 when compared
with miR‑NC group or si‑Crtl group. (K) FGF5 expression was significantly increased in tumor tissues compared with adjacent normal tissues. (L) Pearson's
correlation analysis indicated that, in NSCLC tumor tissues, the expression level of FGF5was positively correlated with the expression level of hsa_circ_0016760.
Conversely, a negative correlation was revealed between the expression levels ofFGF5 and miR‑145‑5p. NSCLC, non‑small cell lung cancer; RT‑qPCR, reverse
transcription‑quantitative polymerase chain reaction; NC, negative control; si‑, small interfering; Ctrl, control; RIP, RNA immunoprecipitation.
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hsa_circ_0016760 (Fig. 3B). Luciferase reporter gene assay
and RIP assay were then performed to verify the relationship
between hsa_circ_0016760 and miR‑145‑5p. As revealed
in Fig. 3C, the miR‑145‑5p mimic group of H1299 cells
exhibited significantly decreased relative luciferase activity
of hsa_circ_0016760‑WT reporter than the miR‑NC group
(P<0.01). However, the difference in relative luciferase activity
of hsa_circ_0016760‑Mut reporter between the miR‑145‑5p
mimic group and miR‑NC group was not statistically significant. Furthermore, based on the results from the RIP assay,
it was observed that hsa_circ_0016760 could be effectively
precipitated by the AGO2 antibody. Notably, hsa_circ_0016760
expression was significantly increased in the miR‑145‑5p
mimic group when compared with the miR‑NC group (P<0.01)
(Fig. 3D). Thus, miR‑145‑5p was confirmed as a target of
hsa_circ_0016760. For the si‑hsa_circ_0016760 group,
significantly higher miR‑145‑5p expression was observed
compared with the si‑Ctrl group of H1299 and Calu3 cells
(P<0.01) (Fig. 3E). In addition, in comparison with adjacent
normal tissues, significantly decreased miR‑145‑5p expression
was observed in tumor tissues of NSCLC patients (P<0.01)
(Fig. 3F). In tumor tissues of NSCLC patients, the expression
level ofmiR‑145‑5p was negatively correlated with the expression level of hsa_circ_0016760 (P<0.01) (Fig. 3G). Therefore,
it was confirmed that miR‑145‑5p was directly inhibited by
hsa_circ_0016760 in NSCLC according to these data.
According to TargetScan online database, FGF5
maybe target of miR‑145‑5p, since it possessed a binding
site for miR‑145‑5p (Fig. 3H). A luciferase reporter gene
assay revealed that the miR‑145‑5p mimic group exhibited
significantly reduced relative luciferase activity of FGF5‑WT
reporter compared with the miR‑NC group of H1299 cells
(P<0.01), whereas no statistically significant difference was
revealed in the relative luciferase activity of the FGF5‑Mut
reporter between the miR‑NC group and miR‑145‑5p mimic
group (Fig. 3I). Hence, FGF5 was identified as a target of
miR‑145‑5p. In vitro studies revealed that the miR‑145‑5p
mimic group expressed significantly decreased FGF5 mRNA
and protein expression levels than those of the miR‑NC group
of H1299 and Calu3 cells (P<0.01). Concurrently, relative to the
si‑Ctrl group, the FGF5 mRNA and protein expression levels
of the si‑hsa_circ_0016760 group of H1299 and Calu3 cells
were significantly decreased (P<0.01) (Fig. 3J). Moreover, for
NSCLC patients, significantly increased FGF5 expression was
observed in tumor tissues than that in adjacent normal tissues
(P<0.01) (Fig. 3K). The correlation analysis of FGF5 and
hsa_circ_0016760 (or miR‑145‑5p) in tumor tissues revealed
that, the expression level of FGF5 was positively correlated
with hsa_circ_0016760 (P<0.01). Conversely, a negative
correlation was revealed for FGF5 and miR‑145‑5p expression
levels in tumor tissues (P<0.01) (Fig. 3L). All of these data
demonstrated that hsa_circ_0016760 enhanced the expression
of FGF5 via sponging miR‑145‑5p.
Hsa_circ_0016760 exacerbates the malignant development
of NSCLC by sponging the miR‑145‑5p/FGF5 axis. The mechanism of hsa_circ_0016760 in promoting NSCLC malignant
development was verified by rescue experiments. A549 cells
had relatively low hsa_circ_0016760 expression among the 6
NSCLC cell lines. Thus, hsa_circ_0016760 was overexpressed

in A549 cells. As revealed in Fig. 4A, compared with the Ctrl
group, FGF5 protein expression in the hsa_circ_0016760
group of A549 cells was significantly increased (P<0.01).
A549 cells were also subjected to co‑transfection. The
results revealed that compared with the hsa_circ_0016760
group, significantly decreased FGF5 protein expression was
observed in the hsa_circ_0016760 + miR‑145‑5p mimic
group and hsa_circ_0016760 + si‑FGF5 group of A549 cells
(P<0.01). In addition, the expression of hsa_circ_0016760,
miR‑145‑5p and FGF5 mRNA in A549 cells of the 4
groups was assessed. As revealed in Fig. 4B, compared
with the Ctrl group, the hsa_circ_0016760 group exhibited
higher hsa_circ_0016760 expression, lower miR‑145‑5p
expression and higher FGF5 m RNA expression in
A549 cells (P<0.01). However, in comparison with the
hsa_circ_0016760 group, the hsa_circ_0016760 + miR‑145‑5p
mimic group and hsa_circ_0016760 + si‑FGF5 group presented
significantly decreased hsa_circ_0016760 expression,
increased miR‑145‑5p expression and decreased FGF5 mRNA
expression (P<0.01).
Then, the malignant phenotype of A549 cells was investigated in vitro. According to a CCK‑8 assay, the hsa_circ_0016760
group of A549 cells exhibited a significantly increased OD value
than that of the Ctrl group (P<0.01). Conversely, compared
with the hsa_circ_0016760 group, the OD values of A549 cells
in the hsa_circ_0016760 + miR‑145‑5p mimic group and hsa_
circ_0016760 + si‑FGF5 group were significantly decreased
(P<0.01) (Fig. 4C). Similarly, an EdU assay revealed that, more
Edu‑positive cells were observed in the hsa_circ_0016760
group when compared with the Ctrl group of A549 cells
(P<0.01). However, the number of Edu‑positiveA549 cells in
thehsa_circ_0016760 + miR‑145‑5p mimic group and hsa_
circ_0016760 + si‑FGF5 group were significantly decreased
compared with the hsa_circ_0016760 group (P<0.01) (Fig. 4D).
Transwell assays revealed significantly increased migration
and invasion abilities of A549 cells in thehsa_circ_0016760
group compared with the Ctrl group (P<0.01). Conversely,
decreased migration and invasion abilities of A549 cells
were observed in the hsa_circ_0016760 + miR‑145‑5p mimic
and hsa_circ_0016760 + si‑FGF5 groups in comparison
with the hsa_circ_0016760 group (P<0.01) (Fig. 4E). Hence,
these results revealed that hsa_circ_0016760 exacerbated
the malignant development of NSCLC by targeting the
miR‑145‑5p/FGF5 axis.
Hsa_circ_ 0016760 silencing inhibits NSCLC cell growth
in nude mice. To explore the effect of hsa_circ_0016760 on
NSCLC development in vivo, H1299 cells were transfected
with hsa_circ_0016760 shRNA and corresponding NC
and subcutaneously implanted into nude mice. The results
revealed that compared with the sh‑NC group, the tumor
volume and weight of sh‑hsa_circ_0016760 group were
significantly reduced (P<0.01) (Fig. 5A and B). Thus, silencing
of hsa_circ_0016760 markedly slowed down the growth of
xenograft tumors in vivo. RT‑qPCR revealed that, xenograft
tumors of sh‑hsa_circ_0016760 group exhibited significantly
decreased hsa_circ_0016760 expression, increasedmiR‑145‑5p
expression and decreasedFGF5 expression compared with
the sh‑NC groups (P<0.01) (Fig. 5C). Immunohistochemical
staining revealed decreased Ki67‑positive signals in the
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Figure 4. Hsa_circ_0016760 exacerbates the malignant development of NSCLC by targeting the miR‑145‑5p/FGF5 axis. (A) FGF5 protein expression in
A549 cells was successfully regulated by transfection. **P<0.01. (B) Expression of hsa_circ_0016760, miR‑145‑5p and FGF5 mRNA in A549 cells was
successfully regulated by transfection. **P<0.01 when compared with the Ctrl group; ##P<0.01 when compared with the hsa_circ_0016760 group. (C) A CCK‑8
assay revealed that miR‑145‑5p upregulation and FGF5 downregulation reversed the promoting effect of hsa_circ_0016760 on A549 cell proliferation. **P<0.01
when compared with the Ctrl group; ##P<0.01 when compared with the hsa_circ_0016760 group. (D) An EdU assay revealed that miR‑145‑5p upregulation and
FGF5 downregulation weakened the promoting effect of hsa_circ_0016760 on A549 cell proliferation. 1Bar=50 µm. **P<0.01. (E) Transwell assays revealed
that miR‑145‑5p upregulation and FGF5 downregulation reversed the promoting effect of hsa_circ_0016760 on A549 cell migration and invasion abilities.
**
P<0.01. NSCLC, non‑small cell lung cancer; CCK‑8, Cell Counting Kit‑8; EdU, 5‑ethynyl‑2'‑deoxyuridine; si‑, small interfering; Ctrl, control.

xenograft tumors of the sh‑hsa_circ_0016760 group when
compared with the sh‑NC group (Fig. 5D). Therefore, hsa_
circ_0016760 silencing inhibited NSCLC cell growth in vivo.
Discussion
In recent years, the biological role of circRNAs in human
tumors has attracted increasing attention. Several functions
of circRNAs have been elucidated, including RNA transport,
regulation of translation and protein binding (13). Notably,
circRNAs display the potential of gene regulation and have been
confirmed as efficient sponges for microRNAs (14). Currently,
a number of circRNAs have been revealed to participate in

the regulation of NSCLC by indirectly regulating coding gene
expression via sponging microRNAs (15‑17). The discovery
of these circRNAs and related molecular mechanisms in
regulating NSCLC progression provides wide selection for
the targeted treatment of patients. The discovery of more
circRNAs is clinically significant for the targeted treatment
of NSCLC patients. In the present research, hsa_circ_0016760
was identified as a novel target for NSCLC, as well as an
oncogene of NSCLC and was associated with poor prognosis
of patients. In terms of the mechanism, it was reported that
hsa_circ_0016760 exacerbated the malignant development
of NSCLC by enhancing FGF5 expression via sponging of
miR‑145‑5p.
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Figure 5. Hsa_circ_0016760 silencing inhibits NSCLC cell growth in nude mice. (A) Silencing of hsa_circ_0016760 significantly reduced the volume
of xenograft tumors in vivo. **P<0.01. (B) Silencing of hsa_circ_0016760 significantly decreased the weight of xenograft tumors in vivo. **P<0.01. (C) In
xenograft tumors, significantly decreased hsa_circ_0016760 expression, increased miR‑145‑5p expression and decreased FGF5 expression was observed after
hsa_circ_0016760 silencing. **P<0.01 when compared with the sh‑NC group. (D) Immunohistochemical staining revealed that silencing of hsa_circ_0016760
significantly reduced Ki67 expression in xenograft tumors. 1Bar=50 µm. NSCLC, non‑small cell lung cancer; sh‑, short hairpin; Ctrl, control.

In the present study, miR‑145‑5p was identified as a
tumor suppressor gene of NSCLC. Gan et al (18) revealed
that miR‑145‑5p had clinical value in the diagnosis and treatment of NSCLC. Through meta‑analysis and microRNA
microarray analysis, it was determined that, miR‑145‑5p
expression was significantly decreased in NSCLC tissues
compared with that in adjacent non‑tumor tissues and
decreased miR‑145‑5p expression was closely related to
the positive lymph node metastasis of NSCLC patients.
Epithelial‑mesenchymal transition (EMT) is involved in
the important biological process of tumor migration and
metastasis. Chang et al (8) demonstrated that miR‑145‑5p
could suppress the EMT in NSCLC by inhibiting the activity
of the c‑Jun N‑terminal kinase (JNK) signaling pathway via
targeting mitogen‑activated protein kinase kinase kinase 1
(MAP3K1). Results from the present study also identified
that, as a tumor suppressor gene, miR‑145‑5p expression was
reduced in NSCLC samples. According to existing literature,
miR‑145‑5p in NSCLC has been reported to be regulated by
multiple long‑chain non‑coding RNAs, including SNHG1,
JPX and PVT1. These long‑chain non‑coding RNAs have
been revealed to exhibit cancer‑promoting effects in NSCLC
by enhancing the expression of downstream coding genes
via sponging miR‑145‑5p (19‑21). At present, studies on
whether miR‑145‑5p is regulated by circRNAs in NSCLC
are scarce. The present study reported for the first time, to
the best of our knowledge, that miR‑145‑5p was sponged by
hsa_circ_0016760 in NSCLC.

In the present study, FGF5 expression was revealed to
be upregulated in NSCLC and FGF5 was demonstrated as a
potential target gene of miR‑145‑5p. After overexpression of
miR‑145‑5p, the expression of FGF5 mRNA and protein levels
were both decreased. Thus, miR‑145‑5p may suppress FGF5
expression at transcription and translation levels. Rescue experiments revealed that silencing of FGF5 reversed the promoting
effect of hsa_circ_0016760 on NSCLC cell malignant phenotype, including proliferation, migration and invasion. Thus,
FGF5 was an oncogene in NSCLC. Zhao et al (9) suggested
that FGF5 was overexpressed in lung adenocarcinoma. High
FGF5 expression was an independent prognostic factor for
patients, and was associated with worse overall survival
and relapse‑free survival in lung adenocarcinoma patients.
Zhou et al (22) revealed that FGF5 expression was aberrantly
increased in NSCLC tissues and cell lines. The inhibition of
FGF5 significantly suppressed NSCLC cell line proliferation, migration and invasion. It is suggested that FGF5 may
be a promising treatment strategy for NSCLC. Furthermore,
overexpression of FGF5 has also been revealed to contribute to
malignant development in several other human tumors, such as
osteosarcoma, melanoma and breast cancer (23‑25). Similarly,
in the present study, FGF5 played a role in the promotion of the
malignant development of NSCLC.
There is a limitation in the present study. It was observed
that miR‑145‑5p overexpression reduced the expression levels
of FGF5 mRNA and protein. It was speculated that miR‑145‑5p
may suppress FGF5 expression at both the transcription and
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translation levels. However, we could not conduct more experiments to verify this theory. This point will be the focus of our
future research.
In summary, the present study reported the role and mechanism of hsa_circ_0016760 in regulating NSCLC progression.
It was demonstrated that hsa_circ_0016760 was an oncogene
in NSCLC, and was related to the poor prognosis of patients.
Hsa_circ_0016760 silencing could inhibit the malignant
progression of NSCLC in vitro and in vivo. With regard to
the mechanism, hsa_circ_0016760 exacerbated the malignant
development of NSCLC by enhancing FGF5 expression via
sponging miR‑145‑5p. Therefore, hsa_circ_0016760 was recommended as a novel potential target for the treatment of NSCLC.
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