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Abstract

Background: Non-small cell lung carcinoma (NSCLC) is a common malignant tumor with poor prognosis. CircRNA-100876 has
been considered to be involved in NSCLC. However, the mechanism by which circRNA_100876 mediated the progression of
NSCLC remains unclear. Methods: CCK8 assay and immunofluorescence were used to detect cell proliferation. Flow cytometry
and transwell assay were performed to analyze cell apoptosis, migration and invasion, respectively. Verification of possible target
for circRNA_100876 and related miR-636 were done using luciferase assay. In addition, western blot was performed to detect the
protein expressions in NSCLC cells. Results: Silencing of circRNA_100876 notably inhibited the proliferation of NSCLC cells.
Moreover, downregulation of circRNA_100876 significantly induce the apoptosis of NSCLC cells via mediation of apoptosis-
related proteins. In addition, silencing of circRNA_100876 significantly inhibited migration and invasion of NSCLC cells. MiR-636
was the downstream target of circRNA_100876. Meanwhile, RET was the direct target of miR-636. Finally, circRNA_100876
shRNA2 notably suppressed the progression of NSCLC through PI3K/Akt signaling. Conclusion: CircRNA_ 100876 knockdown
notably suppressed the progression of NSCLC through regulation of miR-636/RET axis, which may serve as a potential target for
treatment of NSCLC.
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Introduction

According to the global cancer statistics report in 2018, lung
cancer ranks first among the malignant tumors with high inci-
dence and mortality all over the world.! Lung cancers can be
generally divided into 2 groups, non-small cell lung carcinoma
(NSCLC) and small cell lung carcinoma (SCLC), based on the
difference in morphology of tumor cells.” Most lung cancers
(80-85%) belong to NSCLC in which the predominately histo-
logical subtypes are adenocarcinoma (ADC, 40-50%) and squa-
mous cell carcinoma (SqCC, 20-30%).%” In the real world, only
a few patients with NSCLC can undergo surgery as they were in
an early stage after diagnosis, while majority of NSCLC patients
(more than 60%) have no choice but to receive conventional
chemotherapy and radiotherapy with poor prognosis.” Currently,
targeted therapy as well as immunotherapy have become pro-
misingly strategies for advanced NSCLC. The utilize of biomar-
kers that indicated aberrant internal environment of human
beings have raised a multitude of concerns as well >

Circular RNAs (circRNAs) are a class of endogenous
single-stranded RNAs that can form a covalently closed loop
without polarity end of 5° and 3’ compared with linear RNAs,
and thus are much more stable and hardly to be degraded.®
Furthermore, studies have revealed that circRNAs are rich in
the binding sites of microRNA (miRNA). For instance, in one
particular circRNA, scientists have found more than 70 binding
sites for miR-7.7"% As a result of the above evidence, when
compared with linear RNAs, circRNAs can be considered as
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a more effective sponges of miRNAs, small non-coding RNAs
that could interfere translation of message RNAs (mRNA), and
involved in various biological processes.”'® The relation of
circRNAs dysregulation through circRNA-miRNA-mRNA
axis has been widely studied while circRNAs have also been
proved to play an important role especially in carcinogenesis
and tumor development in recent studies.''"'® Meanwhile, Yao
et al indicated that circRNA_100876 was closely associated
with prognosis of NSCLC.!” Based on this recent finding, we
aimed to investigate the biological function of cir-
cRNA_100876 in NSCLC cells and its underlying mechanism
in regulating the development of NSCLC.

Materials and Methods

Cell Culture

Two human NSCLC cell lines (A549 and NCI-H23) and 293 T
cell lines were obtained from American Type Culture Collec-
tion (ATCC, Rockville, MD, USA) and cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM, Thermo Fisher Scientific,
Waltham, MA, USA) with 10% FBS (Thermo Fischer Scien-
tific), 1% penicillin and streptomycin (Thermo Fisher Scien-
tific) at 37°C, 5% CO,.

Cell Transfection

Lentiviral expressing short-hairpin RNA (shRNAI1 or
shRNA2) directed target circRNA_100876 and one nontarget-
ing sequence (negative control) were obtained from Hanbio
Biotechnology Co., Ltd (Shanghai, China). Next, cir-
cRNA_100876 shRNA1 or shRNA2 was packaged into lenti-
viruses. Then the lentiviral vector DNAs were then transfected
into 293 T cells including lenti-circRNA_100876 shRNAs and
negative control (NC). After transfection, the cells were incu-
bated at 32°C, and then the supernatant was collected. After
that, supernatants of 2 circRNA_100876 shRNAs and negative
control were filtered into particles. Finally, NSCLC cells were
infected with lentiviral particles according to the manufactures’
protocol. After 48 h of incubation, stable NSCLC cells were
then selected by puromycin (2.5 pg/mL, Sigma Aldrich, St.
Louis, MO, USA). qRT-PCR assay were used to verify the
efficiency of transfection.

For miR-636 transfection, A549 or NCI-H23 cells were
transfected with miR-636 agonist, miR-636 antagonist or NC
by Lipofectamine 2000 according to the previous reference.'®
MiR-636 agonist, miR-636 antagonist and negative control
RNAs were purchased from GenePharma (Shanghai, China).
The efficiency of transfection was detected by qRT-PCR.

Quantitative Real-Time-PCR

CCK-8 Assay

Cell counting kit -8 (CCK-8) (Dojindo, Kumamoto, Japan)
assay was used to detect cell proliferation. A549 or NCI-H23
cells were transfected with NC or circRNA_100876 shRNA2

for 0, 24, 48, and 72 h, respectively. According to the manu-
facturer’s protocol, 10 pL. CCK8 reagent was added in each
well and later cells were incubated for 2 hours before analyzing
their absorbance at 450 nm in the dark.

Immunofluorescence

NSCLC cells were seeded in 24-well plates overnight. Then,
cells were treated nothing (Blank), negative control (NC) or
circRNA_100876 shRNA2 for 72 h. Next, cells were blocked
with 10% goat serum for 30 min at room temperature and then
incubated with anti-Ki67 antibody (Abcam; 1:1000) at 4°C
overnight, followed by incubation with goat anti-rabbit IgG
(Abcam; 1:5000) at 37°C for 1 h. Then, the nuclei were stained
with DAPI (Beyotime, Shanghai, China) for 5 min. Finally,
cells were were observed under a fluorescence microscope
(Olympus CX23, Tokyo, Japan).

Cell Apoptosis Analysis

NSCLC cells were trypsinized, washed with phosphate buf-
fered saline and resuspended in Annexin V Binding Buffer,
followed by staining with 5 pl FITC and 5 pl propidium (PI)
in the system for 15 min. Cells were analyzed using flow cyt-
ometer (BD, Franklin Lake, NJ, USA) to test the cell apoptosis
rate. Western blot analysis

Total protein was isolated from cell lysates by using RIPA
buffer, and quantified by BCA protein assay kit (Beyotime,
Shanghai, China). Proteins were resolved on 10% SDS-
PAGE, then transferred to PVDF (Bio-Rad) membranes. After
blocking, the membranes were incubated with primary antibo-
dies at 4°C overnight, then incubated with secondary anti-
rabbit antibody (Abcam; 1:5000) at room temperature for
1 h. Membranes were scanned by using an Odyssey Imaging
System and analyzed with Odyssey v2.0 software (LICOR
Biosciences, Lincoln, NE, USA). Then, the primary antibodies
used in this study as follows: anti-cleaved caspase 3 (1:1000),
anti-Bcl-2 (1:1000), anti-MMP2 (1:1000), anti-RET (1:1000),
anti-p-Akt (1:1000), anti-cleaved PARP (1:1000), anti-Akt
(1:1000), anti-p-ERK (1:1000), anti-ERK (1:1000) and anti-
B-actin (1:1000).

Measurement of Mitochondrial Membrane Potential
(MMP) (A¥m)

Changes in mitochondrial membrane potential (MMP) were
measured with JC-1 (5,5°,6,6’-Tetrachloro-1,1",3,3’-tetra-
ethyl-imidacarbocyanine) staining on the FACSan flow cyt-
ometer. Briefly, cells were plated into 6-well plates (3 x 10°
cells/well) overnight. Cells were harvested, washed twice with
PBS, and then resuspended in 0.5 Ml of complete medium
containing 2 uM JC-1 at 37°C for 20 min. Finally, the data
were analyzed using the flow cytometer in the FL1 and FL2
channels.
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Figure 1. Silencing of circRNA_100876 significantly restrained proliferation of NSCLC cells. (A) NSCLC cells were transfected with
circRNA_100876 shRNA1, circRNA_100876 shRNA2 or negative control (NC) respectively for 48 hours. Then, the transfection efficiency was
measured using qRT-PCR. (B) A549 cells were transfected with circRNA_100876 shRNA2 or NC for 0, 24, 48 and 72 h, respectively. Then, cell
viability was tested using CCK8 assay. (C) NCI-H23 cells were infected with circRNA_100876 shRNA2 or NC for 0, 24, 48 and 72 h,
respectively. Then, cell viability was analyzed using CCK8 assay. (D, E) NSCLC cells were infected with circRNA_100876 shRNA2 or NC for
48 hours. Ki-67 staining assay was used to detect the cell proliferation Red immunofluorescence indicates Ki-67. Blue immunofluorescence

indicates DAPI. *P < 0.05. **P < 0.01 compared to control.

Transwell Assay

Briefly, 24-well Transwell plates (Corning, New York, NY,
USA) were used for cell invasion and migration detection. For
the cell migration assay, 2 x 10° A549 cells were seeded into
the upper chambers of the 24-well plates in 200 pL of serum-
free RPMI 1640 medium supplemented with 0.2% bovine
serum albumin. The lower chambers contained RPMI 1640
medium supplemented with 1% FBS. After 24 h of incubation
at 37°C, the non-migrating cells were gently removed from the
upper side of each chamber with a cotton swab, while the cells
that had migrated were fixed with 95% alcohol for 10 min and
stained with 1% crystal violet (Sigma, Grand Island, NY, USA)
for 5 min. Finally, images were captured, and the cells were
counted under an inverted light microscope (Olympus) at 400x
magnification.

For the invasion assay, the upper chambers of the 24-well
plates were pretreated with 50 pL of Matrigel (12.5 mg/L), and
the wells were pretreated with Matrigel (BD Biosciences,
Franklin Lake, NJ, USA). Then, A549 cells (1 x 10° cells/
ml) in FBS-free medium were seeded into the upper chambers.

The lower chambers contained RPMI 1640 medium supple-
mented with 1% FBS. The cells were incubated at 37°C for
24 h, and cells that had attached to the underside of the mem-
brane were fixed and stained with a 0.1% crystal violet solu-
tion. Finally, images were captured, and the number of
invading cells was counted under a microscope at 400x
magnification.

Dual Luciferase Activity Assay

The partial squences of circRNA_100876 and 3'-UTR of
RET containing the putative binding sites of miR-636 were
synthetized and obtained from Sangon Biotech (Shanghai,
China), then were cloned into the pmirGLO Dual-Luciferase
miRNA Target Expression Vectors (Promega, Madison, WI,
USA) to construct wild-type reporter vectors cir-
cRNA_100876 (WT) and RET (WT), respectively. The
mutant circRNA_100876 sequences and 3’-UTR of RET
sequences containing the putative binding sites of miR-
636 were performed by Q5 Site-Directed Mutagenesis Kit
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Figure 2. CircRNA_100876 knockdown induced apoptosis of A549 cells. A549 cells were transfected with circRNA_100876 shRNA2 or
NC for 72 h. (A, B, C, D) Cells were double stained with Annexin V-PI to distinguish apoptotic cells from normal cells using flow cytometry.
(E) Protein expression of Bcl-2, cleaved PARP and cleaved caspase 3 in A549 cells were determined using western blot. (F) Relative expression
of Bcl-2 was quantified via normalizing to B-actin. (G) Relative expression of cleaved caspase 3 was quantified via normalizing to B-actin.
(H) Relative expression of cleaved PARP was quantified via normalizing to B-actin. (I) Relative expression of MMP2 was quantified via
normalizing to B-actin. (J) Changes in mitochondrial membrane potential (MMP) were measured with JC-1 staining on the FACSan flow

cytometer. **P < 0.01 compared to control.

(New England Biolabs, Ipswich, MA, USA) and then cloned
into pmirGLO vectors respectively, to construct mutant-type
reporter vectors circRNA_100876 (MUT) and RET (MUT).
The circRNA_100876 (WT) or circRNA_100876 (MUT)
were transfected into 293 T cells together with control,
vector-control (NC) or miR-636 agonist using Lipofecta-
mine 2000 (Thermo Fisher Scientific) according to the man-
ufacturer’s instructions. Similarly, the RET (WT) or RET
(MUT) was transfected into 293 T cells together with con-
trol, vector-control (NC) or miR-636 agonist. The relative
luciferase activity was analyzed by the Dual-Glo Luciferase
Assay System (Promega).

Statistical Analysis

All data were shown in the formation of mean + standard
deviation (SD) using GraphPad Prism 7 software (La Jolla,
CA, USA). One-way ANOVA followed by tukey’ test was used
to make comparison between groups. Significant differences

were considered when P value was less than 0.05.

Results

Silencing of circRNA_100876 Significantly Restrained
Proliferation of NSCLC Cells

In order to evaluate the functional role of circRNA_100876 in
tumorigenesis of NSCLC, A549 cells and NCI-H23 cells were
transfected with circRNA_100876 shRNA. As showed in Figure
1A, the expression of circRNA_100876 in NSCLC cells was
significantly inhibited by downregulation of circRNA_100876.
This data confirmed that circRNA_100876 shRNA was stably
transfected into NSCLC cells. Moreover, circRNA_100876
shRNA2 exhibited more significant changes. Based on this
result, we used circRNA_100876 shRNA2 in following experi-
ments. Next, to verify the effect of circRNA_100876 on prolif-
eration of NSCLC cells, CCK-8 assay was performed. The
results indicated that silencing of circRNA_100876 notably
inhibited the cell growth of NSCLC (Figure 1B and 1C). Since
A549 cells exhibited more obvious changes on cell proliferation,
it was selected of use in following experiments. In addition, ki-
67 positive rate of NSCLC cells was notably decreased by
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Figure 3. Silencing of circRNA_100876 greatly inhibited migration and invasion of NSCLC cells. A549 cells were transfected with
circRNA_100876 shRNA2 or NC for 24 h. (A) Transwell migration assay was used to analyze the migration ability of NSCLC cells.
(B) Transwell invasion assay was used to analyze the invasion ability of NSCLC cells. **P < 0.01 vs. NC group.

circRNA_100876 silencing (Figure 1D and 1E). Consequently,
it can be considered that downregulation of circRNA_100876
could restrain cell proliferation of NSCLC.

CircRNA_100876 Knockdown Induced Apoptosis
of NSCLC Cells

Flow cytometric assay was used to test cell apoptosis. As indi-
cated in Figure 2A-2D, downregulation of circRNA_100876
notably induced the apoptosis of NSCLC cells. In addition,
western blot was applied to evaluate protein expressions in
NSCLC cells. Results suggested that the expressions of Bel-2
and MMP-2 in NSCLC cells were greatly decreased by cir-
cRNA_100876 shRNA2. In contrast, downregulation of cir-
cRNA_100876 obviously increased the protein levels of
cleaved caspase 3 and cleaved PARP (Figure 2E-21). More-
over, silencing of circRNA_100876 notably induced mitochon-
drial injury in NSCLC cells (Figure 2 J). All these data had

suggested that silencing of circRNA_100876 could induce
apoptosis of NSCLC cells.

Silencing circRNA_100876 Greatly Inhibited Migration
and Invasion of NSCLC Cells

For the purpose of circRNA_100876 on cell migration and
invasion of NSCLC, transwell assay was used. As demon-
strated in Figure 3A and B, cirRNA_100876 shRNA2 signifi-
cantly inhibited migration and invasion of A549 cells. Taken
together, downregulation of circRNA_100876 could notably
inhibit the progression of NSCLC in vitro.

MiR-636 was a Downstream Target
of circRNA_100876

According to the prediction from the database, Circlnterac-
tome, luciferase activity assay was used to verify the
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Figure 4. MiR-636 was a downstream target for circRNA_100876. (A) Gene structure of wild type circRNA_100876 that indicated the
predicted site which targeted miR-636 in its 3’UTR as well as the gene structure of mutant type circRNA_100876. (B) Luciferase activity was
measured after co-transfecting with circRNA_100876 plasmid and miR-636 agonist. (C) A549 cells were transfected with circRNA_100876
shRNA2 or NC for 24 h. Relative expression of miR-636 in NSCLC cells was measured using qRT-PCR. **P < 0.01 compared to control.

relationship between miR-636 and circRNA_100876. As
revealed in Figure 4A and 4B, miR-636 might be the down-
stream target of circRNA_100876. In addition, the result of
gRT-PCR indicated that the expression of miR-636 in NSCLC
cells was greatly enhanced in the presence of circRNA_100876
shRNA2 (Figure 4C). Based on these data, it can be concluded
that miR-636 was a downstream target of circRNA_100876.

RET Was a Direct Target of miR-636

To further explore the target of miR-636, targetscan and dual
luciferase report assay were performed. As indicated in Figure
5A and B, RET might be the direct target of miR-636. More-
over, the expression of RET in NSCLC cells was greatly
decreased in the presence of miR-636 agonist (Figure 5C). In
addition, the result of western blot revealed that the expression
of RET in NSCLC cells was significantly decreased by over-
expression of miR-636 antagonist, further indicating that RET
was the direct target of miR-636 (Figure 5D and E). All these
results showed that circRNA_100876 mediated the progression
of NSCLC via regulation of miR-636/RET axis.

Downregulation of circ_100876 Inhibited the
Progression of NSCLC via Inactivation PI3K/Akt Signaling
Pathway

To further explore the mechanism by which circRNA_100876
modulated the progression of NSCLC, western blot was per-

formed. As revealed in Figure 6A and B, the expression of RET
in NSCLC cells was significantly decreased by knockdown of

circRNA_100876, which was partially rescued by miR-636
antagonist. Moreover, downregulation of circRNA_100876
significantly inhibited the expression of p-Akt and p-ERK in
NSCLC cells. However, the inhibitory effect of cir-
cRNA_100876 shRNA2 on these 2 proteins was significantly
reversed by miR-636 downregulation (Figure 6A, C, and D).
Altogether, circRNA_100876 promoted the tumorigenesis of
NSCLC via activation of PI3K/Akt signaling pathway.

Discussion

NSCLC accounts for 80-85% of lung cancer, most NSCLC
patients were found to be in the late stage with a low 5-year
survival rate.>*!” The development and progress of NSCLC are
associated with numerous complex signaling pathways,? thus,
biomarkers that involved in these complex signaling pathways
are of great importance in subclassification of NSCLC as well as
disease surveillance.*** CircRNAs are kinds of small endogen-
ous RNAs related with carcinogenesis and tumor progression,
which have been studied for the potential of being the prognosis
tools.!'"'® Yao et al., found that the expression level of a specific
circRNA, circRNA_100876, was significantly elevated in patho-
logical tissues of NSCLC patients, which was also correlated to
metastasis of lymph node and tumor staging.!” As a result of it,
we studied the functional role of circRNA_100876 and demon-
strated its effect on cell proliferation, apoptosis and migration as
well as its internal mechanism in NSCLC cells.

Our results have proved that silencing circRNA_100876
could restrain the development of NSCLC tumor cells in aspect
of cell proliferation, migration and invasion. In addition, the



Song et al 7
RET (5’-...-3") 417-423 AAAAAUUUAAACAUGAAGCACAC (WT)
miR-636 3’-ACGCCCGCCCUGCUCGUUCGUGU-5
RET (5'-...-3°) 417-423 AAAAAUUUAAACAUGAAGCACAC (MT)
B_.g 207 mm NC L,
.; Vector . )
§ 1.54 Hl miR-636 agonist E % - -
8 T a5 : 8
S 1.0 -
= S5 0.5- >
=3 *k E =
£ 0.5 ®
ke 0.0
€ 00 : " éﬁ' & éﬁﬁ
«gﬁ A &
& & &
D E 0.8+ RET
— = T
RET iy gy o 55 .. —
B-actin D e == ge
o g 4
N O o c .
o - 2 s 3 *k
X & 5 2 02
? $ i
a0 E
.Q? 0.0
& Q\e‘* & &{\é
>
&
&

Figure 5. RET was the direct target for miR-636. (A) Gene structure of wild type RET that indicated the predicted site which targeted miR-
636 in its 3’UTR as well as the gene structure of mutant type RET. (B) Luciferase activity was measured after co-transfecting with RET plasmid
and miR-636 agonist. (C) A549 cells were transfected with NC or miR-636 agonist for 24 h. Relative expression of RET in A549 cells was

measured by qRT-PCR. (D) The protein level of RET in A549 cells was determined by western blot. (E) The relative expression of RET protein

was quantified via normalizing to B-actin. **P < 0.01 compared to control.

apoptotic rate of NSCLC cells was significantly increased after
downregulating circRNA_100876. Since the above consider-
able evidence had indicated the functional role cir-
cRNA_100876, we further investigated its targets and tried to
build a reliable relationship between circRNA_100876 and
related miRNA. According to our results, miR-636 was the
downstream target for circRNA_100876 that could mediate the
expression of RET which could activate carcinogenic events.>
Therefore, an axis of circRNA_100876 and miR-636 and RET
could be constructed to better elucidate the role of cir-
cRNA_100876 in NSCLC development.

Actually, some studies had reported the functional role that
circRNA_100876 played in other cancer diseases as well. For
instance, in addition to the lung cancer, Cao and colleagues had
found that poor prognosis in esophageal squamous cell carci-
noma is related to overexpression of circRNA_100876.%*
Yang’s research revealed that circRNA_100876 could promote

proliferation and metastasis of breast cancer cells and further
confirmed the internal role of its target miRNA, microRNA-
361-3p.>® Last but not least, silencing circRNA_100876 could
also suppress development of osteosarcoma cancer cells via
acting as the sponge form of miRNA-136.2°

On the basis of these former studies as well as the results
shown in this paper, we could come to the conclusion that
circRNA_100876 is a potential biomarker for disease prog-
nosis, as upregulation of circRNA_100876 might indicate pos-
sible disease progress. In addition, the internal mechanism of
circRNA_100876 was verified, which could modulate several
kinds of miRNAs. Our study had further discovered a down-
stream target, RET, for miR-636 that involved in the progress
of NSCLC.

As for the gene which encodes the receptor-tyrosine kinase
RET (Rearranged during transfection), has been reported to
serve as the actionable drivers of oncogenesis via rearrangement
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Figure 6. Downregulation of circRNA_100876 inhibited the progression of NSCLC via inactivation of PI3K/Akt signaling pathway. A549 cells
were transfected with circRNA_100876 shRNA2 or/and miR-636 antagonist for 72 h. Then, (A) the protein level of RET, p-Akt, Akt, p-ERK,
ERK in A549 cells were measured using western blot. (B, C, D) The relative protein expressions were quantified via normalizing to B-actin.
#*P < (.01 compared to control. *P < 0.05, *P < 0.01 compared to circRNA_100876 ShRNA2.

and mutation.”*>*” Several multikinase inhibitors which could
restrain the expression of RET have confirmed their therapeutic
efficacy in RET-rearranged NSCLCs.”*>! However, due to the
competitive relationship between RET and other non-RET
kinases that resulting in sub-optimal pharmacokinetic properties
and toxicities problems,>** current advancements could not
satisfy with the treatment needs. Therefore, more molecular
drugs that specific for RET-related lung diseases are needed.
As shown in this paper, circRNA_100876 could sponge miR-
636 to modulate the expression of RET. Thus, it is possible to
further investigate its specificity for RET. If inhibiting the
expression level of circRNA_100876 can only restrain the
expression of RET and have no influence on other non-RET
kinases, circRNA_100876 could not only be used as a biomarker
for indicating aberrant internal environment, but its inhibitors
could also become promisingly therapeutic target specific for
RET-rearranged NSCLCs. Meanwhile, according to previous
references,’”*° downregulation of RET may lead to inactivation
of PI3K/Akt pathway. In addition, downregulation of PI3K/Akt
can result in cell apoptosis.®’>* Thus, it can be concluded that
knockdown of circ100876 induced apoptosis of NSCLC cells via
indirectly targeting RET.

In general, our data revealed that inhibition of cir-
cRNA_100876 could suppress the progression of NSCLC via
sponging miR-636, which may serve as a new target for treat-
ment of NSCLC.
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