OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

CircRNA hsa_circ_0087862 Acts as an Oncogene
in Non-Small Cell Lung Cancer by Targeting
miR-1253/RAB3D Axis

Lin Li

Ke Wan

Linkai Xiong

Shuang Liang

Fangfang Tou

Shanxian Guo

Department of Thoracic Oncology,

Jiangxi Cancer Hospital, Nanchang
330029, People’s Republic of China

Correspondence: Shanxian Guo; Fangfang
Tou

Department of Thoracic Oncology, Jiangxi
Cancer Hospital, No. 519 East Beijing
Road, Nanchang, Jiangxi Province 330029,
People’s Republic of China

Tel +86 791-88314746

Email guo_shanxianjx@ |63.com;
drtou_ff2001 @163.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Purpose: Circular RNAs (circRNAs) have been found to regulate several human tumors.
The present study was to explore the mechanism of hsa circ_ 0087862 in regulating non-
small cell lung cancer (NSCLC).

Methods: Totally 102 NSCLC cases were enrolled. NCI-H1359 and A549 cells were
transfected. Cells viability, apoptosis, migration and invasion were determined by CCK-8
assay, flow cytometry, scratch test and transwell experiment, respectively. Luciferase reporter
gene assay and RNA immunoprecipitation (RIP) assay were performed. Xenograft tumor
experiments were performed using nude mice. hsa circ_ 0087862, miR-1253 and RAB3D
expression in tissues/cells were detected by qRT-PCR. RAB3D and Ki67 protein
expressions in cells/tissues were researched by Western blot and immunohistochemistry.
Apoptosis of xenograft tumor tissue cells was detected using Tunel assay.

Results: hsa _circ_ 0087862 was significantly up-regulated in NSCLC patients, which was asso-
ciated with poor prognosis (P < 0.05). hsa_circ_0087862 down-regulation prominently weakened
NSCLC cells viability, migration, invasion and enhanced apoptosis (P < 0.01). hsa_circ_ 0087862
overexpression exhibited the opposite results in NSCLC cells. miR-1253 was sponged by
hsa_circ_0087862. miR-1253 expression in NSCLC tissues was negatively correlated with
hsa_circ_0087862 (P < 0.001). RAB3D expression in NSCLC was directly inhibited by miR-
1253. miR-1253 down-regulation or RAB3D overexpression dramatically reversed NSCLC cells
phenotype induced by hsa circ_ 0087862 down-regulation. hsa_circ 0087862 down-regulation
markedly inhibited tumor growth in vivo (P <0.01). In xenograft tumor tissues, hsa_circ_0087862
down-regulation obviously decreased expression of RAB3D, Ki67 and increased apoptosis.
Conclusion: hsa circ_ 0087862 acted as an oncogene in NSCLC by targeting miR-1253/
RAB3D.
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Introduction

Lung cancer is the third most common malignant tumor in human. Among new
cancer cases all over the world, lung cancer accounts for about 12% with approxi-
mately 1.4 million deaths each year.'” About 85% of lung cancer patients are
identified as non-small cell lung cancer (NSCLC) in histopathology.® The 5-year
survival rate of NSCLC cases in all stages is still less than 16% although progress has
been achieved in diagnosis, surgery and chemotherapy.® Abnormal expression of
tumor suppressor and proto-oncogenes is the main reason for NSCLC initiation and
development, which eventually results in tumor growth and ultimately progression.
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However, the exact mechanism of NSCLC initiation and
progression has still not been determined. An in-depth
understanding of the initiation and progression for
NSCLC will be conductive to improve prevention, diagno-
sis, treatment and prognosis.

Over the past few years, researchers have discovered that
non-coding RNAs have participated in several aspects of the
carcinogenesis process. It can be served as important biomar-
kers for the prediction of early risk and long-term survival.’
Circular RNAs (circRNAs) are a class of non-coding RNAs,
which molecular structure possesses the characteristic of
a covalently closed continuous loop with neither 5" to 3’
polarity nor a polyadenylated tail.® circRNAs have been
reported to be abnormally expressed in several human tumors
and to be participated in tumor initiation and progression.”*
Some circRNAs have also been identified in NSCLC. For
instance, Yao et al’ proved that circRNA_100876 was highly
expressed in NSCLC tissues relative to normal tissues. High
circRNA 100876 expression in NSCLC patients predicted
lymph node metastasis, advanced tumor stage and low overall
survival time. Zhang et al'® revealed that hsa_circ 0014130
was significantly associated with NSCLC carcinogenesis. The
highly expressed hsa circ 0014130 in NSCLC tissues was
indicated lymph node metastasis and dismal TNM stage.
Wang et al'! discovered the important diagnostic potential of
circRNA in NSCLC. They noticed that hsa_circ_0077837 and
hsa circ 0001821 might be potential biomarkers for lung
adenocarcinoma and squamous cell carcinoma. Meanwhile,
hsa_circ_0001073 and hsa_circ_0001495 might be used as
the pathological subtyping markers for lung adenocarcinoma
and squamous cell carcinoma. Furthermore, Jiang and
colleagues'” illustrated that hsa circ 0007385 played an
oncogene role in tumorigenesis of NSCLC. The expression
of hsa_circ_0007385 was prominently increased in NSCLC
Knockdown of hsa circ 0007385
decreased NSCLC cells proliferation, migration and invasion.

tissues. remarkably
hsa_circ_0079530 was also an oncogene in NSCLC. Down-
regulation of hsa circ_ 0079530 attenuated NSCLC cells
migration and invasion through inhibiting epithelial-to-
mesenchymal transition.'?

By circRNA microarrays, Zhang et al'® found that
hsa circ 0087862 was up-regulated in NSCLC. However,
the function and mechanism of hsa_circ 0087862 in regulat-
ing NSCLS has not been mentioned in detail in the article.
Based on the article, we researched in our preliminary
research that hsa circ 0087862 was aberrantly up-regulated
in NSCLC patients. Currently, hsa circ 0087862 has never
been mentioned in detail in human NSCLC. Therefore, this

paper researched the function of hsa circ 0087862 in the
progression of NSCLC. In addition, miR-1253 and RAB3D
have been found to be participated in the development of
human malignancies.'*'> Thus, by investigating the effects
of hsa_circ_ 0087862 on miR-1253/RAB3D axis, this paper
further explored the potential molecular mechanisms of
hsa_circ 0087862 affecting NSCLC development. As far
as we know, this was the first time that hsa circ 0087862
has been studied in detail in NSCLC. This article would
provide a novel potential therapeutic target for NSCLC.

Methods

Patients and Specimens

Patients with NSCLC (n = 102) were enrolled from 2012.8 to
2014.3. NSCLC tissues, as well as corresponding adjacent
normal tissues, were collected from each patient in Jiangxi
Cancer Hospital. All tissues were immediately frozen in
liquid nitrogen. All patients were followed up for 5 years
after surgery. The correlation between hsa circ 0087862
expression and clinicopathological characteristics in 102
NSCLC patients was analyzed.

This research has obtained written informed consent
from all patients and was performed based on the princi-
ples of the Declaration of Helsinki. The approval of
Jiangxi Cancer Hospital ethics committee has also been
obtained.

Cell Culture

Human bronchial epithelial cell line (BEAS-2B) and NSCLC
cell lines (NCI-H1359, A549, H1650, H1975 and HCC827)
were provided by the Cell Bank of Chinese Academy of
Sciences (Shanghai, China). Each cell line was cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemen-
ted with 10% fetal bovine serum (FBS) in culture flasks. All
the culture flasks were kept in a sterile incubator at 37°C and
5% CO..

Cell Transfection

The transfectants involved in this study were all designed and
synthesized by Gene Pharma (Shanghai, China). NCI-H1359
and A549 cells in the logarithmic growth phase were dispersed
into single-cell suspensions using serum-free DMEM. The
density of cell suspensions was 1 * 10° cells/mL. Totally
1 mL of each cell suspension was added into 6-well plates
for 24 h incubation at 37°C and 5% CO,. siRNA against
hsa circ 0087862 (hsa circ 0087862siRNA#1 and siR
NA#2) (sihsa circ 0087862-1 group and sihsa circ 00
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87862-2 group) and negative control (siCtrl group) were
transfected into AS549 cells. The sequences for
hsa_circ_0087862siRNA#1, hsa_circ_0087862siRNA#2 and
negative control were as follows: hsa circ 0087862 siR
NA#1: 5-TCTTTTAATGCCCAAAGCAGT-3"; hsa circ 0
087862 siRNA#2: 5'-GGAGTATCTTTTAATGCCCAA-3;
negative control: 5'-GCTGTTACTATAATTCGCCTT-3'.
NCI-H1359 cells were transfected by hsa_circ_ 0087862 over-
expression vector (oe-hsa circ 0087862 group) and empty
vector (Ctrl group). For the construction of hsa_circ 0087862
plasmid, human hsa_circ 0087862 cDNA was synthesized by
Gene Pharma (Shanghai, China) and was then cloned into
pcDNA3.1 vector according to the instructions. miR-1253
mimics and negative control were transfected into NCI-
H1359 and A549 cells (miR-1253 mimics group and miR-
NC group). Furthermore, co-transfection was performed on
A549 cells by using hsa circ 0087862 siRNA#1 and miR-
1253 inhibitor (sihsa circ 0087862 + miR-1253 inhibitor
group) or using hsa circ 0087862siRNA#1 and RAB3D
overexpression vector (sihsa circ 0087862 + oe-RAB3D
group). Lipofectamine 2000 (Thermo Fisher Scientific,
USA) was used for transfection based on the instructions.
The residual liquid in the well plates was replaced by 1 mL
of DMEM containing 10% FBS after 6 h. Cells were further
incubated at 37°C and 5% CO,.

RNase R Digestion

In this research, the exact circularization when hsa_circ 0
087862 was overexpressed was proved. Briefly, NCI-H1359
cells were transfected by hsa_circ_ 0087862 overexpression
vector and total RNA in these NCI-HI1359 cells was
obtained. Then, 5 pg total RNA sample was incubated with
3 U/ug of RNase R (Epicenter Biotechnologies, Madison,
Wisconsin) for 20 min at 37°C. In addition, 5 pg total RNA
sample without any treatment was served as the Mock. With
GAPDH as the control, the expression of hsa_circ_0087862
was determined by quantitative real-time polymerase chain
reaction (QRT-PCR).

Cell Counting Kit-8 (CCK-8) Assay

The viability of cells was determined by CCK-8 assay. In
short, the transfected cells were collected and dispersed into
single-cell suspensions using DMEM (10% FBS) to
a density of 1 * 10° cells/mL. For each cell suspension
sample, a total of 100 pL was added into wells of 96-well
plates. Cells in plates were incubated for 24, 48, and 72 h at
37°C and 5% CO,. CCK-8 solutions with a volume of 10 pL.
were then added into each well for 2 h incubation. The

optical density (OD) value of each well was measured by
a Microplate Reader (Bio-Rad, CA, USA) at a wavelength
of 450 nm.

Flow Cytometry

The transfected cells were collected after 48 h incubation
and were washed with pre-cold PBS for 2 times, followed
by being re-suspended in 400 pL of 1 X Binding buffer.
Equal volume (5 pL) of fluorescein isothiocyanate-
conjugated (FITC) Annexin V and propidium iodide (PI)
was gently mixed into the cell suspensions. After 15 min
incubation at room temperature in darkness, cells apopto-
sis was analyzed by flow cytometry.

Cell Scratch Test

After 48 h of transfection, cells were prepared as single-cell
suspensions with DMEM (10% FBS) to a density of 1 * 10°
cells/mL. After added into 6-well plates (1 mL/well), cells
were incubated at 37°C and 5% CO, for 24 h. At the bottom
of each well, a diameter was drawn using a 10 pL sterile
pipette. The width of the original diameter was measured and
recorded. The residual liquid was discarded with a sterile
pipette. A total of 1 mL fresh DMEM (10% FBS) was then
added into each well. Cells in plates were incubated at 37°C
and 5% CO, for 24 h. The width of the diameter was
measured and record again. The relative wound width was
calculated with the formula of (the final diameter width)/(the
original diameter width).

Transwell Experiment

The transfected cells were prepared as single-cell suspen-
sions with serum-free DMEM to a density of 1 * 10° cells/
mL. The serum-free cell suspensions (100 pL) were added
into the upper chamber of the transwell chamber pre-coated
with Matrigel (BD Biosciences, USA). A total of 500 puL
DMEM containing 10% FBS was added into the lower
chamber. All transwell chambers were placed at 37°C and
5% CO, for 24 h. The invasive cells were fixed with 4%
formaldehyde and stained by 0.1% crystal violet. The num-
ber of invasive cells was counted under a light microscope
(Nikon, Tokyo, Japan).

Luciferase Reporter Gene Assay

Fragments of hsa circ 0087862 wild type (wt) and mutant
type (mut) and fragments of RAB3D wt and mut were
designed and synthesized by GenePharma (Shanghai,
China). These fragments were cloned into vectors. A549
cells were transfected with miR-766-5p mimics, miR-1253
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mimics, miR-223-3p mimics, miR-3139 mimics and corre-
sponding negative mimics, respectively. Then, these cells
were cotransfected with vectors carrying hsa circ 0087862
wild type (wt) and mutant type (mut) fragments. Vectors
carrying RAB3D wt and mut fragments were used to trans-
fect A549 cells which pre-transfected with miR-1253 mimics
and corresponding negative mimics. The transfection was
performed with Lipofectamine 2000 (Thermo Fisher
Scientific, USA). After 48 h transfection, the luciferase activ-
ity was determined by Dual-Luciferase Reporter Assay
System (Promega, USA).

RNA Immunoprecipitation (RIP) Assay

A total of 10 uL extract was used as the input sample. Cell
lysates of A549 cells were collected and the magnetic
beads were then prepared. After resuspended in wash
buffer on ice, the RNA binding protein immunoprecipita-
tion was carried out. The purification of RNA was per-
formed and then 20 pL of diethylpyrocarbonate-treated
water was added. The expression of hsa circ 0087862
was detected using qRT-PCR.

qRT-PCR

Total RNA in tissues/cells was extracted by Trizol reagent
(Takara, Japan). MicroRNA Reverse Transcription kit, as
well as PrimeScript RT-PCR kit, was used to synthesize
cDNA templates according to the instructions. All kits were
purchased from Takara, Japan. The qRT-PCR was performed
with SYBR®™ Premix Ex Taq™ (Takara, Japan) on an
Applied Biosystems Prism 7500 Fast Sequence Detection
System (Applied Biosystems, USA). The reaction procedure
was as follows: 94°C for 5 min, following 39 cycles of 94°C
for 30 s, 59°C for 45 s and 72°C for 60 s. The primer
sequences used were as follows: hsa circ 0087862, forward:
5'-GCAAGTAATTGCAGCCCTGAG-3', reverse: 5'-GCTG
AGTTGTAGCTGGTGCT-3". miR-1253, forward: 5'-GCT
GTAACAGC GGCGGAACTCC-3, reverse: 5'-ATCCGCA
GGAGTGTCCGAGG-3'. RAB3D, forward: 5-GACCTC
CGGTTTAGAGGCAC-3', reverse: 5'-GTTGGTTGGTGTT
TGGGAGC-3". U6, forward: 5'-CTCGCTTCGGCAGCA
CA-3', reverse: 5'-ACGCTTCACGAATTTGC-3'. GAPDH,
forward: 5'-TCTCTGCTCCTCCTGTTC-3', reverse: 5'-GG
TTGAGCACAGGGTACTTTATTGA-3'. The expression of
hsa circ 0087862 and miR-1253 was normalized to U6,
while RAB3D expression was normalized to GAPDH. The
relative expression of genes was analyzed with 2 4A¢T
method.

Western Blot

Radioimmunoprecipitation assay (RIPA) lysis buffer was
added into NCI-H1359 and AS549 cells to extract total
proteins. The total proteins concentration was determined
by the BCA kit (Beyotime, Shanghai, China). Each total
proteins sample (50 pg) was subjected to sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE).
The proteins were transferred onto a PVDF membrane,
followed by being blocked with 5% skimmed milk.
Subsequently, the membrane was incubated with rabbit
anti-RAB3D antibody (1:1000, Abcam, USA) for 12 h at
4°C, followed by being incubated with horseradish perox-
idase (HRP)-conjugated secondary antibody (1:5000,
Boster, Wuhan, China) for 2 h at room temperature. The
blots were treated by enhanced chemiluminescence and
assessed by One software (Bio-Rad, USA). GAPDH was
set as the internal control.

In vivo Experiment

Nude mice (n = 24, aged 6 weeks) were purchased from
University of
Traditional Chinese Medicine. Animal experiments have

Animal Experimental Center, Shanghai
been approved by the Animal Ethics Committee of Jiangxi
Cancer Hospital. All animal experiments were performed in
accordance with the guidelines of the China Council on
Animal Care and Use. Nude mice were evenly divided into
four groups with six mice in each group: shhsa circ_ 0087862
group, shNC group, ochsa circ 0087862 group and NC
group. Mice of shhsa circ_0087862 group and shNC group
were separately injected with AS549 cells transfected by
hsa circ 0087862 shRNA and shRNA negative control.
Meanwhile, mice of oehsa circ 0087862 group and NC
group were injected with NCI-H1359 cells transfected by
hsa circ 0087862 overexpression vector and empty vector.
Each mouse was subcutaneously injected with 1 * 10° cells in
the center of the back. The long and short diameters of sub-
cutaneous tumor tissues were measured every 7 days. The
tumor volume was calculated using the formula of mab?/6 (a:
long diameter, b: short diameter). On the 28th day, all tumor
tissues were collected after nude mice being sacrificed, and the
weight of tumor tissues was weighted.

Immunohistochemistry

NSCLC/normal tissues obtained from patients and xeno-
graft tumors were embedded in paraffin, followed by being
cut into sections with a thickness of 4 um. After dewaxed
by xylene and hydrated by gradient ethanol, sections were
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subjected to antigen retrieval by 0.01 M citrate buffer and
were incubated with 3% H,O, for 15 min at room tem-
perature. Goat serum was used to incubate sections for 30
min at room temperature. Sections were then incubated
with primary antibodies (1:100, RAB3D rabbit polyclonal
antibody and Ki67 monoclonal antibody, Santa Cruz, CA,
USA) overnight at 4°C, followed by being incubated with
horseradish peroxidase-labeled secondary antibody (1:200,
Boster, Wuhan, China) for half an hour at room tempera-
ture. Twice washing with PBS was performed on sections.
Sections were sequentially stained with diaminobenzidine
(DAB) and hematoxylin. After being sealed in neutral
resin, sections were observed under a microscope.

Tunel Assay

After dewaxed by xylene and hydrated by gradient etha-
nol, xenograft tumor tissue sections were treated with
Proteinase K for 30 min at room temperature. Then, sec-
tions were incubated with 3% H,0, and 0.1% TritonX-100
for 10 min. According to the Tunel kit instructions (Roche,
USA), sections were biotinylated and then stained with
DAB and hematoxylin. Before being subjected to gradient
ethanol dehydration, sections were washed 3 times with
water. Xylene was used to treat sections and neutral resin
was used to seal sections. All the sections were observed
and photographed under a microscope.

Statistical Analysis

The statistical analysis was conducted by SPSS 19.0 soft-
ware and data was expressed as mean + standard devia-
tion. All experiments were performed independently 3
times. Kaplan-Meier analysis was used to analyze patient’s
5-year survival. The correlation of expression levels
between the two genes was analyzed by Pearson’s correla-
tion analysis. The differences of results between two
groups or at least three groups were analyzed by the
Student’s t-test or ANOVA. P < 0.05 indicated that the
difference was statistically significant.

Results
hsa_circ_0087862 Was Up-Regulated in
NSCLC and Was Correlated with Poor

Prognosis

Results from qRT-PCR detection showed that, relative to
normal tissues, hsa_circ_0087862 expression in NSCLC tis-
sues was significantly up-regulated (P <0.0001) (Figure 1 A).
Meanwhile, higher hsa circ 0087862 expression meant

advanced tumor stage (P < 0.001) (Figure 1B). The correla-
tion between hsa_circ_0087862 expression and clinicopatho-
logical characteristics in 102 NSCLC patients is shown in
Table 1. As a result, high hsa_circ_ 0087862 expression indi-
cated large tumor size, positive lymph node metastasis and
advanced tumor stage (P < 0.05 or P < 0.001). Also, worth
noting was that higher hsa circ 0087862 expression was
associated with a low S5-year survival of NSCLC patients
(P<0.05) (Figure 1C). In addition, compared with BEAS-2B
cell line, prominently higher hsa_circ_0087862 expression in
NSCLC cell lines (P < 0.01 or P < 0.001) was discovered
(Figure 1D). Thus, hsa circ_ 0087862 was up-regulated in
NSCLC and associated with poor outcome of patients.

hsa_circ_0087862 Enhanced NSCLC
Cells Viability, Migration, Invasion and
Inhibited Apoptosis

After hsa_circ_0087862 being overexpressed in NCI-H1359
cells, the exact circularization of hsa circ 0087862 was
proved using RNase R digestion. As shown in Figure 2A,
compared with Mock group, the expression of GAPDH was
markedly decreased in RNase R group (P < 0.01). However,
hsa_circ_0087862 expression was not obviously changed in
RNase R group when relative to Mock group. It was well
known that the circRNAs were resistant to RNase
R treatment. Thus, this result ascertained the circular char-
acteristics of hsa_circ_0087862.

The transfection efficiency was determined by qRT-PCR.
Relative to Ctrl group, NCI-H1359 cells of oe-hsa circ 0
087862 group had markedly higher hsa circ 0087862 expres-
sion (P < 0.01). On the opposite, A549 cells of sihsa _circ 0
087862-1 group and sihsa circ_0087862-2 group exhibited
much lower hsa_circ_ 0087862 expression than siCtrl group
(P <0.01) (Figure 2B). Subsequently, functional analysis was
conducted to investigate how hsa circ 0087862 expression
affected NSCLC progression. After 72 h culture, CCK-8
assay revealed a much higher OD450 value of NCI-H1359
cells in oe-hsa_circ 0087862 group when relative to Ctrl
group (P < 0.01). At the same time point, the OD450 value
of A549 sihsa_circ_0087862-1
sihsa_circ_0087862-2 group was obviously lower than that
in siCtrl group (P <0.01) (Figure 2C). Flow cytometry showed
that, compared with NCI-H1359 cells of Ctrl group, the apop-
tosis percentage of oe-hsa_circ_0087862 group was dramati-
cally lower (P < 0.01). On the contrary, A549 cells of
sihsa_circ_0087862-1 sihsa_circ_0087862-2
group had remarkably higher apoptosis percentage than siCtrl

cells in group and

group and
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Figure | hsa_circ_0087862 was up-regulated in NSCLC and was correlated with poor prognosis. (A) hsa_circ_0087862 expression in NSCLC tissues and normal tissues was
detected by qRT-PCR. (B) The correlation between hsa_circ_0087862 expression and tumor stage was analyzed. (C) The correlation between hsa_circ_0087862 expression
and 5-year survival was explored. (D) hsa_circ_0087862 expression in BEAS-2B cell line and NSCLC cell lines was researched by qRT-PCR. *P < 0.01. **P < 0.001.

group (P < 0.01) (Figure 2D). The migration and invasion
ability was detected by cell scratch test and transwell experi-
ment, respectively. As a result, NCI-H1359 cells of oe-hsa
_circ_0087862 group exhibited a significantly lower relative
wound width and higher invasive cell number than Ctrl group
(P < 0.01). In contrast, prominently higher relative wound
width and lower invasive cell number occurred in A549 cells
of sihsa circ 0087862-1 group and sihsa circ_0087862-2
group when relative to siCtrl group (P < 0.01) (Figure 2E
and F).

miR-1253 Was Sponged by
hsa_circ_0087862

Circular RNA interactome and miRDB were used to predict
miRNA targets of hsa_circ_0087862 in this study. Among the
multiple miRNA targets of hsa circ 0087862, 4 miRNAs
(miR-766-5p, miR-1253, miR-223-3p and miR-3139) ranked
the top. The four miRNAs possessed a binding site for
hsa_circ_0087862 (Figure 3A). To further validate the target-
ing relationship between each miRNA and hsa _circ_ 0087862,
luciferase reporter gene assay was performed. As shown in

Figure 3B, overexpression of miR-766-5p, miR-1253, miR-
223-3p and miR-3139 significantly decreased the luciferase
activity of wild-type hsa_circ_0087862 (P < 0.05 or P <0.01
or P < 0.001). However, overexpression of the four miRNAs
not obviously changed the luciferase activity of mutant
hsa circ 0087862. Notably, overexpression of miR-1253
was more significant in inhibiting the luciferase activity of
wild-type hsa circ 0087862 than the other three miRNAs.
Previous study reported that miR-1253 was down-regulated
in NSCLC and inhibited the progression of NSCLC.'*
Therefore, miR-1253 was used for the subsequent studies.
RIP assay showed that hsa circ 0087862 was obviously pre-
cipitated by AGO2 antibody. Relative to the expression of
hsa_circ 0087862 in the input control, it was markedly
increased in the AGO2 pellet. Meanwhile, compared with
NC-mimic group, hsa circ_ 0087862 expression in A549
cells of miR-1253 mimics group was significantly increased
(P <0.01) (Figure 3C). Furthermore, NCI-H1359 cells of oe-
hsa_circ_0087862 group showed markedly lower miR-1253
expression than Ctrl group (P < 0.01). A549 cells of

sihsa circ 0087862-1 group and sihsa circ 0087862-2
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Table | The Correlation Between hsa_circ_0087862 Expression
and Clinicopathological Characteristics in 102 NSCLC Patients

Clinicopathological n hsa_circ_0087862 P value
Characteristics Expression
High Low
(n=55) | (n=47)
Age (years)
<60 39 19 20 0.422
> 60 63 36 27
Gender
Female 34 18 16 0.527
Male 68 37 31
Tumor size (cm)
>5cm 48 31 17 0.049*
<5cm 54 24 30
ol
Yes 49 32 17 0.031*
No 53 23 30
TNM stage
-1l 48 15 33 < 0.00 |##*
-1V 54 40 14
Histology
Squamous cell carcinoma 55 28 27 0.554
Adenocarcinoma 47 27 20
Smoker
Yes 58 31 27 0.536
No 44 24 20

Notes: *P < 0.05. **P < 0.001.

group exhibited prominently higher miR-1253 expression
than siCtrl group (P < 0.01) (Figure 3D). Meanwhile, miR-
1253 was remarkably down-regulated in NSCLC tissues than
that in normal tissues (P < 0.001). The expression of miR-
1253 and hsa circ 0087862 in NSCLC tissues exhibited
a negative correlation (P < 0.001) (Figure 3E). These results
indicated that miR-1253 was sponged by hsa circ_ 0087862
and hsa_circ_0087862 inhibited the expression of miR-1253.

RAB3D Was a Downstream Target Gene

of miR-1253

RAB3D had the binding site for miR-3139 according to
the Target Scan (Figure 4A). Based on the results from
luciferase reporter gene assay, miR-1253 overexpression
significantly reduced the luciferase activity of wild-type
RAB3D (P < 0.001). However, overexpression of miR-
1253 did not affect the luciferase activity of mutant
RAB3D (Figure 4B). Thus, RAB3D was a target gene of

miR-1253, which expression was directly inhibited by
miR-1253. qRT-PCR indicated higher expressed RAB3D
in NSCLC tissues than that in normal tissues (P < 0.001)
(Figure 4C). RAB3D expression level in NSCLC tissues
was positively correlated with hsa circ 0087862 expres-
sion level (P < 0.001), but it was negatively correlated
with miR-1253 expression level (P < 0.001) (Figure 4D).
For NCI-H1359 and A549 cells of miR-1253 mimics
group, much lower RAB3D mRNA and the protein expres-
sion level were observed when relative to miR-NC group
(P < 0.01) (Figure 4E). Immunohistochemistry results
exhibited more RAB3D positive expression cells in
NSCLC tissues than that in normal tissues (Figure 4F). In
addition, dramatically higher RAB3D mRNA and protein
expression were found in NCI-H1359 cells of oe-hsa
_circ 0087862 group compared with Ctrl group
(P <0.01). Remarkably lower RAB3D mRNA and protein
expression were observed in A549 cells of sihsa circ 0
087862-1 group and sihsa circ_0087862-2 group relative
to siCtrl group (P < 0.01) (Figure 4G and H). These results
fully proved that RAB3D was directly inhibited by miR-
1253 and was indirectly promoted by hsa_circ_0087862.

Down-Regulation of miR-1253 and

Overexpression of RAB3D Reversed
NSCLC Cells Phenotype Induced by
hsa_circ_0087862 Down-Regulation

Rescue experiment was carried out to verify the mechan-
ism of hsa circ 0087862 affecting NSCLC. Relative to
siCtrl group, A549 cells of sihsa circ 0087862 group
had a much lower OD 450 value at 72 h (P < 0.001). At
the same time point, when compared with the OD 450
value of A549 cells in sihsa_circ_0087862 group, it was
significantly increased in sihsa circ_0087862 + miR-1253
inhibitor group and sihsa circ 0087862 + oe-RAB3D
group (P < 0.01) (Figure 5A). Furthermore, A549 cells
of sihsa circ 0087862 group showed prominently higher
apoptosis percentage, relative wound width and lower
invasive cell number than that of siCtrl group (P < 0.01).
However, relative to sihsa circ 0087862 group, A549
cells of sihsa circ 0087862 + miR-1253 inhibitor group
and sihsa circ_ 0087862 + o0e-RAB3D group exhibited
dramatically lower apoptosis percentage, relative wound
width and higher invasive cell number (P < 0.05 or
P <0.01) (Figure 5B-D).
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Figure 2 hsa_circ_0087862 enhanced NSCLC cells viability, migration, invasion and inhibited apoptosis. (A) After hsa_circ_0087862 being overexpressed in NCI-H 1359 cells,
the exact circular characteristics of hsa_circ_0087862 were ascertained using RNase R digestion. (B) NCI-H1359 and A549 cells were transfected and hsa_circ_0087862
expression was detected by qRT-PCR. (C) CCK-8 assay was used to research cells viability. (D) Flow cytometry was performed to detect cells apoptosis. (E) Cell scratch test
was conducted to determine cells migration ability. (F) Transwell experiment was carried to measure cells invasion ability. **P < 0.01.

Down-Regulation of hsa_circ_0087862

Inhibited Tumor Growth in vivo

On the 28thday after injection, xenograft tumors in nude
mice were taken out to measure the volume and weight. As
shown in Figure 6A and B, the tumor volume and weight of
shhsa_circ 0087862 group were remarkably lower than
that of shNC group (P < 0.01 or P < 0.001). The picture
of xenograft tumors is shown in Figure 6C. RAB3D and
Ki67 expression in xenograft tumors was assessed by
Immunohistochemistry. Less RAB3D and Ki67 positive
expression cells were observed in xenograft tumors of
shhsa_circ 0087862 group when compared with shNC
group. However, relative to shNC group, more Tunel
positive cells were found in xenograft tumors of
shhsa_circ_ 0087862 group (Figure 6D). hsa circ_0087862,
miR-1253 and RAB3D expression in xenograft tumors
were detected by qRT-PCR. As a result, xenograft tumors
of shhsa circ 0087862 group had obviously higher miR-
1253 expression and much lower hsa circ_0087862 and

RAB3D expression than that of shNC group (P < 0.01)
(Figure 6E).

On the contrary, on day 28 after injection, mice of
ochsa_circ 0087862 group exhibited markedly higher tumor
volume and weight than NC group (P < 0.01) (Figure 6F
and G). The picture of xenograft tumors is presented in
Figure 6H. According to immunohistochemistry and Tunel
assay, more RAB3D and Ki67 positive expression cells and
less Tunel positive cells were observed in xenograft tumors of
ochsa_circ 0087862 group when relative to NC group
(Figure 6I). Furthermore, compared with NC group, lower
miR-1253 expression and higher hsa circ 0087862 and
RAB3D expression was found in xenograft tumors of
oehsa circ 0087862 group (P < 0.01) (Figure 6J).

Discussion

The initiation and progression of NSCLC is a multi-step
complex process that is caused by the inactivated tumor
suppressor genes and activated oncogenes. Over the past
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Figure 3 miR-1253 was sponged by hsa_circ_0087862. (A) TargetScan and miRanda illustrated that miR-766-5p, miR-1253, miR-223-3p and miR-3139 possessed binding
site for hsa_circ_0087862. (B) Luciferase reporter gene assay was performed to verify the targeting relationship between miRNAs and hsa_circ_0087862. (C) RIP assay was
conducted using the Ago2 and IgG antibody to immunoprecipitate. The expression of hsa_circ_0087862 was detected by qRT-PCR. (D) miR-3139 expression in cells was
detected by gRT-PCR. (E) miR-3139 expression in NSCLC tissues and normal tissues was assessed by qRT-PCR. The expression correlation between miR-1253 and
hsa_circ_0087862 in NSCLC tissues was determined by Pearson’s correlation analysis. *P < 0.05. **P < 0.01. ***P < 0.001.

few decades, the early diagnosis and therapy of NSCLC
has achieved great breakthroughs, whereas the prognosis
of NSCLC is still unsatisfactory.'® In to improve the
prognosis, identification of the underlying molecular
mechanism of NSCLC is the key to the treatment of
NSCLC. Currently, studies have found that circRNAs are
closely related to the prognosis of some human malignant
tumors and involved in several tumors progression.'”'®
This paper demonstrated that hsa circ 0087862 was sig-
nificantly up-regulated in NSCLC. High hsa_circ_0087862
expression was prominently associated with poor outcome
of NSCLC patients. hsa circ_0087862 overexpression
prominently enhanced NSCLC progression in vitro and
in vivo. The mechanism might be that hsa circ_ 0087862

promoted the development of NSCLC by targeting miR-
1253/RAB3D axis.

In recent years, studies have shown that some circRNAs
expression is significantly different in tumor tissues and nor-
mal tissues. This is significantly correlated with clinical man-
ifestations such as tumor occurrence, stage and distant

- 17,1
metastasis.!”*!°

circRNAs are expected to become new
tumor markers and therapeutic targets for human tumors.
One of the ways in which circRNAs interfere with tumor
development is through sponge to miRNAs. Hang et al*
discovered 185 circRNAs differentially expressed in tumor
tissues by high-throughput sequencing of 10 pairs of NSCLC
tumor tissues and adjacent tissues. They noticed that

circ FARSA was up-regulated in NSCLC tumor tissues. Via
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Figure 4 RAB3D was a downstream target gene of miR-1253. (A) RAB3D had the binding site for miR-3139 according to the Target Scan. (B) Luciferase reporter gene
assay was performed to verify the targeting relationship between miR-1253 and RAB3D. (C) RAB3D expression in NSCLC tissues and normal tissues was assessed by qRT-
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and normal tissues. (G and H) RAB3D mRNA and protein expression in cells were measured by qRT-PCR.**P < 0.01. **P < 0.001.
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Figure 5 Down-regulation of miR-1253 and overexpression of RAB3D reversed NSCLC cells phenotype induced by hsa_circ_0087862 down-regulation. (A) CCK-8 assay
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was assessed through transwell experiment. *P < 0.05. **P < 0.01. **P < 0.001.

sponging to miR-330-5p and miR-326, circ FARSA attenu-
ated the inhibitory effects of miR-330-5p and miR-326 on
downstream tumor suppressor genes. Yu et al*' examined the
expression of circ HIPK3 in 15 pairs of NSCLC cancer
tissues and adjacent tissues. They found a significantly up-
regulated circ HIPK3 expression level in NSCLC tissues.
circ HIPK3 promoted the proliferation of NSCLC cells by
sponging to miR-124. Moreover, Liu et al**> found highly
expressed hsa circRNA 103809 in NSCLC tumor tissues
through qRT-PCR. hsa circRNA 103809 could act as
a ceRNA to sponge to miR-4302, thereby promoting the
expression of ZNF121 and MYC to promote NSCLC progres-
sion. In this paper, hsa circ 0087862 was identified as
a cancer-promoting gene in NSCLC. It promoted the devel-
opment of NSCLC by sponging to miR-1253.

Data from this research illustrated that miR-1253 was
tumor suppressor gene in NSCLC and its expression was
down-regulated by hsa_circ_0087862. miR-1253 dysregula-
tion participates in tumor initiation and progression. In most
existing studies, miR-1253 is considered to have tumor-
suppressive effects in a variety of human tumors, such as
medulloblastoma and prostate cancer.”>** In NSCLC, Liu

et al'* illustrated that the expression of miR-1253 was pro-
minently reduced. Increased expression of miR-1253
remarkably attenuated NSCLC cells proliferation, invasion
and migration. miR-1253 was also found to be regulated by
several circRNAs. For example, Huang et al*® revealed that
in osteosarcoma, miR-1253 was a tumor suppressor gene and
it was sponged by circNASP. Results from this article also
indicated that miR-1253 was a tumor suppressor gene in
NSCLC. hsa circ 0087862 acted a ceRNA to sponge to
miR-1253, thereby promoting the development of NSCLC.
Notably, RAB3D was down-stream gene of miR-1253.
RAB3D expression in NSCLC was negatively correlated
with miR-1253, but it was positively correlated with
hsa circ_0087862.

RAB3D is a member of the Rab GTPase family, which
can regulate the membrane trafficking.?® It was reported
that the down-regulation of RAB3D could inhibit esopha-
geal squamous cell carcinoma cells invasiveness and
proliferation.”” On the opposite, the up-regulation of
RAB3D in colorectal cancer indicated poor prognosis of
patients.'> RAB3D expression was also proved to be up-
regulated in osteosarcoma, which was associated with the
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Figure 6 Down-regulation of hsa_circ_0087862 inhibited tumor growth in vivo. (A and F) Xenograft tumor volume was measured every 7 days after injection. (B and G)
Xenograft tumor weight was detected on the 28th day after injection. (C and H) Xenograft tumor tissues of each group were shown. (D and I) Xenograft tumor was
subjected to immunohistochemistry and Tunel staining to detected expression of RAB3D, Ki67 and apoptosis. (E and J) Expression of hsa_circ_0087862, miR-1253 and
RAB3D in Xenograft tumor was detected by qRT-PCR. **P < 0.01. ***P < 0.001.

progression of tumors.”® In this paper, RAB3D expression  induce the growth and metastasis of tumors by activating
was proved to be up-regulated in NSCLC and it promoted  the intracellular AKT/GSK3p signaling pathway.”® RAB3D
the development of NSCLC. In tumor cells, RAB3D could appeared enhanced tumor cells invasion via increasing the
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expression of MMP expression.”” RAB3D was also discov-
ered to promote the CDK4 and CDKG6 signaling, thereby
stimulating cell cycle progression and ultimately leading to
the proliferation of tumor cells.*>*' In our future research,
we will work to study the effects of RAB3D on NSCLC-
associated classical signaling pathways.

Of course, there are limitations to this research. First, due
to the limitations of laboratory conditions, the treatment both
ofhsa_circ_0087862 and miR-1253 cannot be done currently
in the in vivo experiments. Furthermore, the tail vein injec-
tion animal model should be constructed to verify the effects
of hsa_circ_0087862 and miR-1253/RAB3D axis on tumor
metastasis, but these experiments cannot be performed cur-
rently due to our laboratory conditions. In our future
researches, we will delve into the above two issues to eluci-
date the molecular mechanism of hsa circ 0087862, miR-
1253 and RAB3D in regulating NSCLC.

Collectively, in this paper, hsa circ 0087862 has been
researched in detail in NSCLC. Results illustrated that
hsa_circ 0087862 expression was markedly up-regulated in
NSCLC. High expression of hsa circ 0087862 indicated
poor prognosis of NSCLC patients. In terms of mechanism,
hsa_circ_0087862 might promote the progression of NSCLC
by enhancing RAB3D expression via sponging to miR-1253.
Thus, hsa circ_ 0087862 would be one of the important
targets for the treatment of NSCLC in the future.

Highlights

1. hsa circ_0087862 was up-regulated in NSCLC and
was correlated with poor prognosis.

2. hsa_circ_0087862 enhanced NSCLC cells viability,

migration, and invasion.

. miR-1253 was sponged by hsa_circ_0087862.

. RAB3D was a downstream target gene of miR-1253.

5. hsa circ_0087862 acted as an oncogene in NSCLC by
targeting miR-1253/RAB3D.
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