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Circular RNAs (circRNAs) act as a crucial part in many human diseases, particularly in cancers. circRNA HIPK3 (circHIPK3) is a
special circRNA that may participate in the oncogenesis of non-small-cell lung cancer (NSCLC), even though its latent regulatory
mechanism is not very clear. Here, we studied the roles of circHIPK3 in NSCLC. qRT-PCR assay was applied to study the
expression of circHIPK3 in NSCLC. The influence of circHIPK3 on NSCLC was estimated by silencing circHIPK3 and miR-107
mock transfection and brain-derived neurotrophic factor (BDNF) overexpression, and the correlation between circHIPK3, miR-
107, and BDNF was evaluated by dual-luciferase reporter assay. The results showed that circHIPK3 expression was upregulated
in NSCLC cells. circHIPK3 knockdown inhibited the migration and proliferation of NSCLC cells by promoting the expression
of miR-107. circHIPK3 could be used as a miR-107 sponge to promote BDNF cell proliferation. The dual-luciferase reporter
assay proved that miR-107 was the target of circHIPK3, and miR-107 had an interaction with the 3'untranslated region of
BDNF. miR-107 overexpression inhibited BDNF-mediated NSCLC cell proliferation. These results indicate that circHIPK3
promotes tumor progression through a new circHIPK3/miR-107/BDNF axis, which offers potential markers and medical

treatment for NSCLC.

1. Background

Cancer-related diseases have become the biggest leading
cause of death worldwide. Lung tumor ranked the first site
of all cancers and accounted for 11.6 percent of newly diag-
nosed cancers and 18.4 percent of cancer-related deaths from
the latest report in 2018 [1, 2]. Lung cancer (LC) includes two
main types: small-cell lung cancer (SCLC) and non-small-cell
lung cancer (NSCLC), which account for about 85% of all LC
cases [3]. As imaging modality in medical diagnosis is widely
used, the accuracy of diagnosis in NSCLC has been greatly
improved [4]. Early diagnosis of patient with NSCLC has
not yet been satisfactorily effective for expensive examination
fees and low accuracy of clinical image interpretation. The

five-year survival rate of patient with NSCLC is often low,
due to the diagnosed time in an advanced stage and the lack
of tumor-specific agents [5]. Therefore, it is important to find
an appropriate target of NSCLC.

circRNAs are a class of RNA modules that form a contin-
uous cycle of covalent closures. Due to the limitations of
technique and cognition, circRNAs are initially thought to
be metabolic wastes of RNA missplicing. In recent years, cir-
cRNAs have been found to have many functions in the met-
abolic activities of cells. Unlike linear RNAs, circRNAs are
relatively stable presenting in the body, because they have a
unique ring-like structure [6-8]. The most common function
of circRNAs is to act as miRNA sponges in the regulation of
the cell signaling pathway. For example, Cao et al. found that
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F1GURE 1: circHIPK3 downregulation inhibited NSCLC cell proliferation. (a) The circHIPK3 in the NSCLC cell lines was increased compared
to that in BEAS-2B. (b) Effect of small interfering RNA (si-circHIPK3) directed against circHIPK3 in H1299 and A549 cells. (c, d) circHIPK3
silencing had an inhibitory effect on the proliferation of H1299 and A549 cells. *p < 0.05, **p < 0.01, and ***p < 0.001.

hsa_circ_0037251 enhanced the progression of glioma via
sponging miR-1229-3p [9]. Moreover, circRNAs can also
engage in other cell activities. For instance, circRNA circ-
Foxo3 can interact with RNA-binding proteins CDK2 and
p21, leading to cell cycle arrest [10]. circRNAs can also
strengthen the stability of mRNA by binding it, regulate
parental gene transcription, and even translate into protein
[8]. Previous studies have revealed the abnormal expression
of circRNAs is associated with the development of cancer
[11]. For example, Han et al. discovered circ-ABCB10 was
remarkably upregulated in breast cancer tissue, promoting
cell proliferation [12]. A recent study demonstrated that
circ-ITCH was suppressed in bladder cancer samples, and
upregulation of circ-ITCH inhibited bladder cell prolifera-
tion, migration, invasion, and metastasis [13]. There have
been related researches about circHIPK3 in lung cancer.
The result shows that the circHIPK3 can affect the related
pathway through different regulatory axes [14, 15].
MicroRNA (miRNA) is also a very important class of
noncoding RNA. It can regulate translation via interacting
with the 3'UTR region of mRNA [2]. miRNAs play pivotal
roles in the process of gene translation, acting as gene regula-
tors, but miRNAs also are regulated by other factors, such as

IncRNA and circRNA. For instance, it is demonstrated that
IncRNA APF affects ATG7 expression by regulating miR-
188-3p, thereby promoting autophagy death and myocardial
infarction [16]. circRNA_010567 affects the expression of the
miR-141 and TGF-f1 and promotes the resection of fibrosis-
associated protein in cardiac fibroblasts [17]. Few studies
have pointed out that the circRNAs serve as miRNA sponges
in regulating the gene expression [18].

In this research, we found that circHIPK3 was strongly
overexpressed in NSCLC tissue. Based on the finding, we
conducted a series of assays to explore the roles of circHIPK3
in the progression of NSCLC. The results revealed that cir-
cHIPK3 could act as a sponge for miR-107 to promote the
NSCLC cell tumorigenesis and relieve miRNA repression
for downstream target gene BDNF. In short, our results
showed that circHIPK3 might act as an oncogenic gene in
NSCLC progression and could be a potential biomarker for
screening and treatment of NSCLC.

2. Materials and Methods

2.1. Cell Culture. H1299, A549, and BEAS-2B were obtained
from ATCC and cultured in DMEM (Life Technologies,
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FIGURE 2: circHIPK3 downregulation inhibited NSCLC cell metastasis. (a, ¢) Picture of A549 (a) and H1299 (b) cells transfected with si-
circHIPK3 and si-NC under a fluorescence microscope. (b, d) Knockdown of circHIPK3 suppressed cell metastasis in A549 (b) and

H1299 (c). *p < 0.05, **p < 0.01, and ***p < 0.001.

Carlsbad, CA) with 10% fetal bovine serum (FBS), 100 U/mL
penicillin, and 100 ug/mL streptomycin, in a 37°C incubator
containing 5% CO,.

2.2. Plasmid Construction and Transfection Assay. To overex-
press miR-107, miR-107 mimics and miR-NC mimics were
obtained from the GenePharma company. We used Lipofec-
tamine 2000 (Invitrogen, CA) to transfect the cells with
50 nm mimics. To inhibit the expression of miR-107, NSCLC
cells were transfected with miR-107 specific inhibitor (Invi-
trogen) for 48 hours prior to other experiments. For the
expression analysis of BDNF, we used the PCDNA3.1 vector
and transfected the plasmids into cells with Lipofectamine
2000. To analyze the expression of circHIPK3, Lipofectamine
2000 was used to transfect small interfering RNA (siRNA) for
circHIPK3 (GenePharma) into H1299 and A549 cells at
50nM.

2.3. Total RNA Isolation and Real-Time Fluorescent
Quantitative PCR (qRT-PCR). We extracted the total RNA
by using TRIzol reagent (Invitrogen) and decided the con-
centration via the NanoDrop ND-1000. The primers for the
detection of circHIPK3, miR-107, and BDNF were designed
and purchased from GenePharma. qRT-PCR was applied
using an AB7300 thermo-recycler (Applied Biosystems,
Carlsbad, CA) with a TagMan Universal PCR Master Mix.
The relative expression of targets was determined by the
2744C method.

2.4. Assay of Cell Proliferation. Cell growth ability was mea-
sured by using the CCK-8 kit depending on the instruction
(Dojindo Laboratories, Japan) [19].

2.5. Transwell Assay. Transwell chambers (Corning, NY)
were applied to observe the cell migration and invasion. After
cultured for 2 days, the cells on the upper surface were
removed. The cells on the lower surface were fixed and
stained with DAPI. For the detection of invasion, the cells
were seeded into the upper chamber which was precoated
with a 2 mg/mL matrix gel.

2.6. Dual-Luciferase Reporter Assay. First, the mutant and
wild-type circHIPK3 and BDNF1 3'UTR were cloned into
pmirGLO  vectors. WT/Mut-pmirGLO-circHIPK3  or
WT/Mut-BDNF and miR-107 were cotransfected into
NSCLC cells with Lipofectamine 2000. After transfection
for 2 days, the cells were collected and detected the luciferase
activity with the luciferase reporter assay system (Promega,
Madison, WI). The relative activity was set as an internal
control index of renal dual-luciferase.

2.7. Statistical Analysis. We used the SPSS software to analyze
data. Student’s t-test or the Mann-Wintney nonparametric
test was used to determine the difference between two
groups, and p < 0.05 was considered to be significant. The p
value was corrected by the FDR (False Discovery Rate).
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FIGURE 3: miR-107 was a target for circHIPK3 in NSCLC cells. (a, b) A549 (a) and H1299 (b) cells cotransfected with miR-107 and WT-
circHIPK3 have lower relative luciferase activity. (c) The downregulation of circHIPK3 significantly upregulated the expression of miR-
107. (d) Overexpression of miR-107 suppressed circHIPK3 expression. *p < 0.05, **p < 0.01, and ***p < 0.001.

3. Results

3.1. circHIPK3 Downregulation Inhibited NSCLC Cell
Proliferation and Invasion. The potential regulatory mecha-
nism of circHIPK3 was still unclear. The results showed that
the circHIPK3 in the H1975, A549, and H1299 cell lines was
increased compared to that in BEAS-2B (Figure 1(a)). H1299
and A549 cells were used for functional exploration, because
their expression levels were the highest. To detect the poten-
tial function of circHIPK3 in the invasion and proliferation
of NSCLC cells, siRNA cells were transfected for 48h and
compared with the NC groups. As presented in Figure 1(b),
it was remarkable that the expression of circHIPK3 was
downregulated. The CCK-8 assay showed that circHIPK3
silencing inhibited the proliferation of A549 and H1299 cells
depending on the time (Figures 1(c) and 1(d)). Transwell
assay also showed that silencing circHIPK3 had an inhibitory
effect on the migration and invasion of NSCLC
(Figures 2(a)-2(d)).

3.2. miR-107 Was a Target for circHIPK3 in NSCLC Cells.
The bioinformatics analyses showed miR-107 was a potential
binding miRNA for circHIPK3. We predicted the down-
stream target genes by bioinformatics tools (RegRNA) [20],
and the prediction websites were http://regrna2.mbc.nctu
.edu.tw/. The wild-type and mutant circHIPK3 luciferase

reporter plasmids were constructed. Dual-luciferase reporter
assay indicated cotransfection of miR-107, and WT-
circHIPK3 reduced relative luciferase activity, while cotrans-
fection of miR-107 and Mut-circHIPK3 did not result in the
decrease of luciferase activity. These data confirmed that
miR-107 was a direct target for circHIPK3 (Figures 3(a)
and 3(b)). In order to explore the relationship between cir-
cHIPK3 and miR-107, we transfected miR-107 mimics or
si-circHIPK3 into H1299 and A549 cells. The downregula-
tion of circHIPK3 significantly upregulated the expression
of miR-107 (Figure 3(c)), and the overexpression of miR-
107 suppressed circHIPK3 expression (Figure 3(d)).

3.3. circHIPK3 Knockdown Suppressed H1299 and A549 Cell
Proliferation through miR-107. To determine whether miR-
107 was involved in the effects of circHIPK3 knockdown on
cell proliferation, H1299 and A549 cells were transfected
with a miR-107 inhibitor that suppressed the expression of
miR-107 (Figure 4(a)). The CCK-8 assay showed that the
downregulation of circHIPK3 inhibited the proliferation of
A549 and H1299 cells (Figures 4(b) and 4(c)). The downreg-
ulation of miR-107 reversed the suppressive effect, indicating
that miR-107 was the downstream of circHIPK3. Our results
proved miR-107 also played a key role in regulating tumori-
genesis of NSCLC cell.
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F1GURE 4: circHIPK3 knockdown suppressed H1299 and A549 cell proliferation through miR-107. (a) The miR-107 expression level of H1299

and A549 cells was significantly reduced after transfection with miR-107 inhibitor. (b, c) Downregulation of circHIPK3 suppressed the growth
of A549 (b) and H1299 (c) cells. *p < 0.05, **p <0.01, and ***p < 0.001.

3.4. BDNF Was a Direct Target of miR-107. BDNF plays a
vital part in elevating the ability of tumor metastasis and pro-
liferation. We explored the roles of BDNF in circHIPK3/miR-
107-mediated tumor progression in NSCLC. Dual-luciferase
reporter assay discovered cotransfection of miR-107, and
BDNF 3'UTR reporter reduced dual-luciferase activity, while
cotransfection of miR-107 and Mut-BDNF vectors proved to
have no significant impact on relative luciferase activity. Our
findings indicated BDNF was a direct target of miR-107
(Figures 5(b) and 5(c)). To further confirm the interaction
between miR-107 and BDNF, the levels of BDNF mRNA in
H1299 and A549 cells were detected after the upregulation
of miR-107. The overexpression of miR-107 remarkably sup-
pressed the expression of BDNF mRNA (Figure 5(d)), reveal-
ing that BDNF was a downstream regulator of miR-107. To
confirm that BDNF was a target of circHIPK3, we detected
BDNF mRNA levels after circHIPK3 knockdown, and the
results showed circHIPK3 silencing suppressed BDNF mRNA
levels (Figure 5(e)), and this suppression could be reversed by
miR-107 inhibitors (Figure 5(f)).

Next, we constructed a BDNF overexpression vector
(Figure 6(a)) and transfected it into NSCLC cells. The over-
expression of BDNF reversed the inhibition of miR-107

mimics on the proliferation of H1299 and A549 cells, as
proved in the CCK-8 assay (Figure 6(c)).

4. Discussion

Previous investigations demonstrated that circRNAs acted as
a key regulator in the progression and development of can-
cers [11, 18]. According to the findings, we summarized that
circHIPK3 played an important role in the proliferation and
metastasis of NSCLC cells. In this study, we reported cir-
cHIPK3 was upregulated in NSCLC cells. Knockdown of cir-
cHIPK3 obviously reduced NSCLC cell proliferation,
migration, and invasion. Our results showed the levels of
miR-107 and BDNF expression were also regulated by cir-
cHIPK3 knockdown. This suggested that circHIPK3 pro-
moted NSCLC development via the miR-107/BDNF axis.

It is evident that the circRNAs have a crucial part in the
regulation of gene expression. circRNAs negatively regulate
the miRNA level by direct binding, thus working as miRNA
sponges in gene translation regulatory networks [21]. Our
results showed that circHIPK3 bound to miR-107, which
was further confirmed by the dual-luciferase reporter assay.
Previous studies suggested that the expression of miR-107



6
6_
kekck
=
S 4
g
% 4 Kk
L)
[
S i
&
=
o 27
=
=R
1)
e~
0 T B
A549 H1299
NC
HEl miR-107 mimics
()
1.57
jny
£ 107
3
s i
g 05 .
2
0.0 T T
WT-BDNF Mut-BDNF
miR-NC
Hl miR-107 mimics
(c)
o 15+
S
Z i
g
% 1.0
E 4 k
(=9
Z 05 #
=
(5]
= b
=
L7}
& 00 ,
A549 H1299
Control

Wl si-circHIPK3

(e)

BioMed Research International

1681 agaaacccca aactcaggee gaatgatcaa ggggacccat aggaaatctt gtccagagac
1741 aagacttcgg gaaggtgtct ggacattcag aacaccaaga cttgaaggtg ccttgctcaa
1801 tggaagagge caggacagag ctgacaaaat tttgctccce agtgaaggec acagcaacct
1861 tctgcccate ctgtetgttc atggagaggg tecctgecte acctetgeca ttttgggtta
1921 ggagaagtca agttgggagc ctgaaatagt ggttcttggg aaaatggatc cccagtgaaa
1981 actagagctc taagcccatt cageccattt cacacctgaa aatgttagtg atcaccactt
2041 ggaccagcat ccttaagtat cagaaagccc caagcaattg ctgcatctta gtagggtgag
2101 ggataagcaa aagaggatgt tcaccataac ccaggaatga agataccatc agcaaagaat
2161 ttcaatttgt tcagtctttc atttagagct agtctttcac agtaccatct gaatacctct
2221 ttgaaagaag gaagacttta cgtagiglag atttgttttg tgttgttiga aaatattatc
2281 tttgtaatta tttttaatat gtaaggaatg cttggaatat ctgctatatg tcaactttat
2341 geagcttect tttgagggac aaatttaaaa caaacaaccc cccatcacaa acttaaagga

(®)

=
2
g
a.
by
z
I~
g
23 #
Z
@)
=
L
2
=
& 0.0 T T
A549 H1299
NC
HEl miR-107 mimics
(d)
o 15—
2
§ _
a.
by
z
I~
g
= *
Z
Q %
=
L
k=
=
L
~
A549 H1299
si-NC

Wl si-circHIPK3
3 si-circHIPK3 + miR-107 inhibitor

)

FIGURE 5: BDNF was a direct target of miR-107. (a) miR-107 expression increased after the transfection of miR-107 mimics in H1299 and
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circHIPK3 silencing suppressed BDNF mRNA levels. (f) miR-107 inhibitors had reversion function on the suppression caused by

circHIPKS3 silencing. *p < 0.05, **p < 0.01, and ***p < 0.001.

was associated with the development of the disease. In Alz-
heimer’s disease, miR-107 might target -site amyloid pre-
cursor protein-cleaving enzyme 1 [22]. Chen et al. proved
that miR-107 directly interacted with miRNA let-7 to nega-
tively regulate the tumor suppressor, thereby promoting
breast cancer cell growth [23]. Lee et al. found that the
expression of cyclin-dependent kinase 6 in pancreatic cancer

lines MiaPACA-2 and PANC-1 was regulated by the down-
regulation of miR-107 [24]. In this study, the knockdown of
circHIPK3 upregulated miR-107 expression. However, the
expression of downregulation of miR-107 reversed the
circHIPK3-silencing-induced inhibition of the progression
of NSCLC cells; accordingly, miR-107 upregulation sup-
pressed NSCLC cell proliferation and metastasis.
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BDNF exists in the adult central nervous system and
human platelets [25]. At first, it was known BDNF had a cru-
cial role in the development and function of the nervous sys-
tem and cardiovascular system [26]. A series of studies
indicated BDNF was associated with the development of
many diseases. These findings showed that BDNF was aber-
rantly expressed in multiple human cancers, including blad-
der cancer and colorectal cancer [27, 28]. Wang et al.
demonstrated that BDNF promoted thyroid cancer cell
growth via regulating downstream signal pathway
PI3K/AKT [29]. Xia et al. revealed miR-107 upregulation
could suppress the progression of NSCLC through the down-
regulation of BDNF [30]. It was confirmed by our experi-
mental results that miR-107 interacted with BDNF. In this
study, mechanism assays suggested after circHIPK3 knock-
down, miR-107 was released and the miR-107 downstream
target genes, such as BDNF, were downregulated. Mean-
while, when we knocked down the expression of circHIPK3,
the progression of NSCLC cells was suppressed, accompa-
nied by the reduced expression of the miR-107 downstream
targeted genes BDNF.

There are a number of factors, including the occurrence
and development of NSCLC, including smoking, air pollu-
tion, and genetic [31, 32]. Apparently, a single study pre-

cludes a complete understanding of the etiology of NSCLC.
Therefore, more basic studies are needed in the future to
get more information about NSCLC.

In short, our results uncovered circHIPK3 new mecha-
nism in regulating NSCLC proliferation and metastasis via
acting as a miR-107 sponge. We highlighted circHIPK3/-
miR-107/BDNF as a novel tumor screening biomarker for
NSCLC. Thus, we hoped that our findings would help to the
screening and treatment of NSCLC. This regulatory mecha-
nism could help us to explore the transcriptional regulation
level in NSCLC and could be also explored in other diseases.
This research result provided an important supplement to
the regulatory study of the ceRNA regulation network.
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