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Background: Hypoxia has been shown to induce the malignant progression of cancer,
including non-small cell lung cancer (NSCLC). Circular RNA (circRNA) is considered to
be an important regulator of cancer progression. However, the role of a newly discovered
circRNA, circ_0000376, in the progression of NSCLC is unclear.

Methods: The relative expression levels of circ 0000376, miR-1182 and neuro-oncological
ventral antigen 2 (NOVA2) were detected via quantitative real-time polymerase chain reaction
(qRT-PCR). Glucose consumption and lactate production were determined using Glucose Assay
Kit and Lactate Assay Kit, respectively. Moreover, the protein levels of glycolysis markers and
NOVA2 were measured using Western blot (WB) analysis. Furthermore, 3-(4, 5-dimethyl-2
thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) assay was performed to assess cell
viability, and transwell assay was employed to evaluate cell migration and invasion. The
interaction between miR-1182 and circ_0000376 or NOVA2 was confirmed by dual-luciferase
reporter assay and RNA immunoprecipitation (RIP) assay. In addition, animal experiments were
conducted to assess the influence of circ_0000376 silencing on NSCLC tumor growth in vivo.
Results: Circ_0000376 was upregulated in NSCLC, and its high expression was related to
the poor overall survival of NSCLC patients. Hypoxia could enhance circ_0000376 expres-
sion and promote the glycolysis, viability, migration, and invasion of NSCLC cells.
However, silencing of circ_0000376 could inhibit the glycolysis, viability, migration, and
invasion of hypoxia-induced NSCLC cells. Additionally, circ 0000376 could sponge miR-
1182, and miR-1182 could target NOVA2. MiR-1182 silencing could reverse the inhibitory
effect of circ_0000376 knockdown on NSCLC progression, and NOVA2 overexpression also
could reverse the suppressive effect of miR-1182 overexpression on NSCLC progression.
Meanwhile, miR-1182 inhibitor could invert the negative regulation effect of circ_0000376
silencing on NOVA2 expression. In addition, circ 0000376 knockdown inhibited the NSCLC
tumor growth via regulating the miR-1182 and NOVA2 expression in vivo.

Conclusion: Circ_0000376 promoted NSCLC progression by regulating the miR-1182/NOVA2
axis, suggesting that circ_0000376 might be a potential biomarker for NSCLC treatment.
Keywords: NSCLC, circ_0000376, miR-1182, NOVA2

Introduction

Non-small cell lung cancer (NSCLC) is a common pathological type of lung
cancer.' About 50% of NSCLC patients have reached the advanced stage when
diagnosed, so the treatment of NSCLC is difficult.® Therefore, it is important to
explore new biomarkers for the treatment of NSCLC. Hypoxia is an important
feature of solid tumors, and some studies have shown that cancer itself is a chronic
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disease with severe hypoxia.*> Numerous studies have
confirmed that hypoxia can induce the glycolysis of cells
to drive the malignant progression of cancers, including
NSCLC.*®

As a special non-coding RNA, circular RNA (circRNA)
has been shown to play a vital role in the occurrence of
cancers.”'? CircRNA is considered to be an important reg-
ulator of cancer progression and mainly plays anti-cancer or
pro-cancer role.' 112 At present, many circRNAs are found in
NSCLC, and their functions are illuminated. For instance,
hsa_circ 0011780 has been proved to be an anti-cancer
circRNA of NSCLC, which can inhibit the proliferation
and metastasis of NSCLC cells.'? CircCCDC66 is confirmed
to play a pro-cancer role in NSCLC to accelerate cell growth
and metastasis.'* Therefore, circRNA is the key target to
explore new biomarkers for cancer treatment.

Using the GEO2R tool, we identified the differentially
expressed circRNA in NSCLC tissues and adjacent normal
tissues. Among the 149 differentially expressed circRNAs,
we selected a circRNA (circ_0000376) with a large differ-
entially expressed multiple for this study to explore its role
in NSCLC progression. Our study is expected to provide
new therapeutic targets for the treatment of NSCLC.

Materials and Methods
Differentially Expressed circRNAs

Online analysis tool, GEO2R, was used to screen the
differentially expressed circRNAs in 3 paired human
NSCLC tissues (Tumor) and adjacent normal tissues
(Normal). In GEO database (GSE112214), the cut-off cri-
teria of values were as follows: |log2 fold change| (Jlog2
FC|) >1 and P < 0.05.

Tissue Samples

Fifty paired NSCLC tissues (Tumor) and adjacent normal
tissues (Normal) were available from 50 NSCLC patients
who underwent surgery at The First People’s Hospital of
Lianyungang. The clinicopathologic features of NSCLC
patients are shown in Table 1. All patients signed written
informed consent, and all tissues were stored at —80°C. Our
research was approved by the Ethics Committee of The First
People’s Hospital of Lianyungang and was carried out
according to the guidelines of Declaration of Helsinki.

Cell Culture and Transfection
NSCLC cell lines (H522 and H1975) and human normal
bronchial epithelial cell line (BEAS-2B) were bought from

Table | Relationship Between circ_0000376 Expression and the
Clinicopathologic Features of NSCLC Patients

Characteristics | circ_0000376 P value®
n=50 Expression
Low High
(n=25) | (n=25)
Gender 0.5637
Female 20 Il 9
Male 30 14 16
Age (years) 0.5698
<60 28 15 13
>60 22 10 12
TNM stage 0.0007*
1+l 26 19 7
H+1vV 24 6 18
Smoking 0.7708
status
No smoking | 19 9 10
Smoking 31 16 15
Tumor size <0.0001*
<3 cm 26 20 6
>3 cm 24 5 19
Lymph node 0.0016*
metastasis
Negative 29 20 9
Positive 21 5 16

Notes: *P < 0.05; *Chi-square test.
Abbreviations: NSCLC, non-small cell lung cancer; TNM, tumor node metastasis.

American Type Culture Collection (ATCC, Manassas, VA,
USA). H522 and H1975 cells were cultured in RPMI-1640
medium (Sigma-Aldrich, St. Louis, MO, USA) and
BEAS-2B cells were maintained in BEGM Bullet Kit
(Lonza, Basel, Switzerland). Both mediums were supple-
mented with 10% fetal bovine serum (Sigma-Aldrich) and
1% penicillin/streptomycin solution (Sangon Biotech,
Shanghai, China). Under the normoxia (Nor) conditions,
all cells were grown at 37°C in a 21% O,, 5% CO, and
74% N, incubator. Under the hypoxia (Hyp) conditions,
H522 and H1975 cells were cultured at 37°C in a 1% O,
5% CO, and 94% N, incubator.

When cells reached 60-70% confluence, cell transfec-
tion could be carried out. Circ_0000376 small interference
RNA (si-circ_0000376: 5'-TCCATATGAGAGTTGGAT
TCT-3') and lentiviral short hairpin RNA (sh-circ
_0000376: S'-TATCCATATGAGAGTTGGATT-3") were
designed by us and synthesized by General Biosystems
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(Anhui, China). MiR-1182 mimic and inhibitor (miR-1182
and anti-miR-1182), neuro-oncological ventral antigen 2
(NOVA2) overexpression plasmid (NOVA2), and their
negative controls (miR-NC, anti-miR-NC, and vector)
were obtained from General Biosystems. According to
the protocol of manufacturers, Lipofectamine 3000 reagent
(Invitrogen, Carlsbad, CA, USA) was used to transfect all
the oligonucleotides (50 nM) and plasmids (2 mg/mL) into
cells.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen),
and then the quantity of RNA was determined using an
ultraviolet spectrophotometer. The cDNA was obtained
using SuperScript III Reverse Transcriptase Kit (Invitrogen)
(the RT primers for circ_0000376, PRH1-PRR4, and NOVA2
were used the random primers, and for miR-1182 was used
the specific primers). Subsequently, qRT-PCR was performed
using PowerUp SYBR Master Mix (Applied Biosystems,
Foster City, CA, USA). All primers were shown as below:
circ 0000376, F 5'-AGGTTCTCCAGCATTTGGCT-3",R 5'-
TGAATGAAAAAGTTAGTCAGGCAT-3; PRHI1-PRR4,
F 5-TCCCAGCACAAAGTTGGGAG-3', R 5'-CCACTATC
ACCAGGGGGTCT-3; miR-1182, F 5-ACTTGTCACTG
CCTGTCTCC-3, R 5'-CCAACAGTCACATCCCTCCC-3%
NOVA2, F 5'-GGGTTCCCATAGACCTGGAC-3', R 5'-CG
CTCAGTAGTACCTGGGTAA-3'; glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), F 5'-GGTCTCCTCTGAC
TTCAACA-3', R 5'-GTGAGGGTCTCTCTCTTCCT-3'; Ué6,
F 5-GTAGATACTGCAGTACG-3', R 5'-ATCGCATGACG
TACCTGAGC-3'. GAPDH and U6 were regarded as the
inner control, and all data were standardized by 2—AACt
method.

Ribonuclease R (RNase R) Digestion

Assay

RNase R was purchased from Epicentre (Madison, WI, USA).
After extracted RNA from H522 and H1975 cells, the RNA
was treated with RNase R for 15 min. Next, QRT-PCR was
used to examine the circ_0000376 and PRH1-PRR4 expres-
sion. PRH1-PRR4 was used as the linear RNA control.

Detection of Glucose Consumption and

Lactate Production
Glucose Assay Kit and Lactate Assay Kit were bought
from BioVision (San Francisco, CA, USA). In brief,

H522 and H1975 cells were lysed, and cell lysates were
collected. According to the protocol of manufacturers,
glucose consumption and lactate production were detected
using corresponding kits, respectively.

Western Blot (WB) Analysis

H522 and H1975 cells were lysed using RIPA buffer
(Beyotime, Shanghai, China) and then centrifuged to col-
lect total proteins. Proteins were separated on SDS-PAGE
gels and transferred to PVDF membranes (LaiboBio,
Shanghai, China). Next, the membranes were blocked
with 5% non-fat milk and incubated with primary antibo-
dies and secondary antibody in turn. Finally, protein sig-
nals were detected using BeyoECL Plus Kit (Beyotime).
Primary antibodies (glucose transporter (GLUT2, 1:1,000),
hexokinase 2 (HK2; 1:1,000), NOVA2 (1:2,000), GAPDH
(1:10,000)) and secondary antibody (Goat Anti-Rabbit IgG
H&L (HRP) (1:50,000)) were obtained from Abcam
(Cambridge, MA, USA).

3-(4, 5-Dimethyl-2 Thiazolyl)-2,
5-Diphenyl-2-H-Tetrazolium Bromide

(MTT) Assay

MTT Assay Kit (Trevigen, Gaithersburg, MD, USA) was
used for detecting cell viability. H522 and H1975 (2 x 10°)
cells were cultured in 96-well plates. After 48 h, MTT
solution was added into each well for 4 h. Then, dimethyl
sulfoxide (DMSO) was added into cells for 10 min. The
absorbance at 490 nm was measured using a microplate
reader to assess the cell viability.

Transwell Assay

Transwell chambers (Corning Inc., Corning, NY, USA)
coated with or without Matrigel (BD Biosciences, San
Jose, CA, USA) were used to measure cell invasion and
migration, respectively. After transfection for 48 h, H522
and H1975 cells were collected and re-suspended with
serum-free medium. Then, cells were seeded in the upper
chambers. Complete medium was added to the lower
chambers. After incubation for 24 h, the cells were fixed
with methanol and stained with crystal violet. The number
of migrated and invaded cells were counted in 5 random
fields (100 x).

Dual-Luciferase Reporter Assay
The sequences of circ_ 0000376 and NOVA2 3'UTR con-
taining the predicted or mutated binding sites of miR-1182
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were sub-cloned into the psiCHECK-2 reporter vector
(Hanbio Biotechnology, Shanghai, China) to generate the
wild-type (WT) and mutant-type (MUT) reporter vectors
(circ_0000376 WT/MUT and NOVA2 3'UTR WT/MUT).
H522 and H1975 cells were co-transfected with miR-1182
mimic or miR-NC and the reporter vectors using
Lipofectamine 3000 reagent. After transfection for 48 h,
the cells were harvested, and the luciferase activities of
Firefly and Renilla were determined using Dual-Luciferase
Assay Kit (Bioaolaibo, Beijing, China). Relative luciferase
activity was the ratio of Firefly luciferase activity to
Renilla luciferase activity.

RNA Immunoprecipitation (RIP) Assay
RIP Kit was obtained from Sigma-Aldrich. After transfected
with miR-1182 mimic or miR-NC for 48 h, H522 and
H1975 cells were lysed to collect cell lysates. Then, the
cell lysates were incubated with magnetic beads conjugated
with human immunoglobulin G (IgG) antibody (IgG) or
argonaute 2 (Ago2) antibody in RIP buffer. The immuno-
precipitated RNAs were treated with TRIzol reagent to
extract total RNAs, and then the circ_ 0000376 expression
and NOVA2 expression were detected via qRT-PCR.

Animal Experiments

These experiments were approved by the Animal Research
Committee of The First People’s Hospital of Lianyungang
and was performed according to the Guide for the
Care and Use of Laboratory Animals. The Guide for the
Care and Use of Laboratory Animals is widely acknowl-
edged and used. Male BALB/c mice were obtained from
Cavens (Changzhou, China) and randomly divided into 2
groups (n = 6). After transfected with sh-circ_ 0000376 or
sh-NC, H522 cells were subcutaneously injected into the
flank of mice. The tumor length and width were measured
every 7 days until 35 days. After that, the mice were
sacrificed, and the tumors were removed for other
experiments.

Statistical Analysis

All statistical data were expressed as the mean + standard
deviation. Student’s #-test or one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc tests was
employed to compare two or multiple groups, respectively.
The F value of ANOVA was shown in Supplementary
material. Log-rank test was used for Kaplan-Meier
method. The correlation analysis was performed using
Pearson correlation analysis. P <0.05 was used to analyze

statistical significance in GraphPad Prism 6.0 software
(GraphPad, La Jolla, CA, USA). All experiments were
performed in triplicate.

Results
High Expression of Circ_0000376 VVas
Found in NSCLC Tissues and Cells

Volcanic map analysis showed that there were 149 differ-
entially expressed circRNAs in NSCLC tissues and adja-
cent normal tissues, of which 16 were upregulated and 133
were downregulated (Figure 1A). Then, we selected the
significantly upregulated circ 0000376 in NSCLC with
high difference multiple as the research object
(GSE112214: log2 FC = 1.1569625 and P = 0.00867486)
(Figure 1B). In our study, by detecting the expression of
circ_0000376, we confirmed that it was markedly highly
expressed in NSCLC tissues compared to adjacent normal
tissues (Figure 1C). Based on the median of circ_0000376
expression (2.33) in NSCLC tumor tissues, NSCLC tissues
were divided into the high circ_0000376 expression group
(>2.33) and the low circ 0000376 expression group
(<2.33). Through analyzing the relationship between
circ_0000376 expression and the clinicopathologic fea-
tures of NSCLC patients, we discovered that high
circ_0000376 expression was positively correlated with
the TNM stage, tumor size, and lymph node metastasis
of NSCLC patients (P < 0.05, Table 1). The results of
Kaplan-Meier analysis suggested that the overall survival
of NSCLC patients with high circ 0000376 expression
was often poor (Figure 1D). In NSCLC cell lines (H522
and H1975), we also found an increased expression of
circ_ 0000376 compared to BEAS-2B cells (Figure 1E).
To confirm the circular characteristic of circ_0000376,
RNase R assay was performed and the results revealed
that circ_ 0000376 was more resistant to RNase
R digestion than linear PRH1-PRR4 in H522 and H1975
cells (Figure 1F and G). Additionally, we also uncovered
that circ_ 0000376 expression was obviously promoted in
H522 and HI1975 cells after treated with hypoxia for
48 h (Figure 1H and I).

Circ_0000376 Knockdown Inhibited the
Glycolysis, Viability and Metastasis of

Hypoxia-Treated NSCLC Cells

To investigate the function of circ 0000376 on NSCLC
progression, we transfected with si-circ 0000376 in
hypoxia-treated NSCLC cells. The decreased circ_ 0000376
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Figure | Circ_0000376 expression was increased in NSCLC. (A) Volcano map showed the differentially expressed circRNAs in NSCLC tissues and adjacent normal tissues.
(B) The GSEI 12214 database showed that the expression of circ_0000376 was upregulated in NSCLC tissues (Tumor) compared to adjacent normal tissues (Normal). (C)
The expression of circ_0000376 in Tumor and Normal was measured by qRT-PCR. (D) Kaplan-Meier analysis was used to analyze the relationship between circ_0000376
expression and the overall survival of NSCLC patients. (E) QRT-PCR was performed to detect the expression of circ_0000376 in NSCLC cell lines (H522 and H1975) and
BEAS-2B cells. (F and G) RNase R assay was employed to evaluate the circular characteristic of circ_0000376 in H522 and HI975 cells. (H and I) The expression of
circ_0000376 in H522 and H1975 cells before and after hypoxia treatment was determined using qRT-PCR. *P < 0.05, **P < 0.01, ***P < 0.001.

Abbreviations: FC, fold change; NSCLC, non-small cell lung cancer; qRT-PCR, quantitative real-time polymerase chain reaction.

expression in hypoxia-treated H522 and H1975 cells
revealed that the transfection of si-circ_0000376 was suc-
cessful (Figure 2A and B). Through measuring the glucose
consumption and lactate produce of H522 and H1975 cells,
we found that hypoxia could promote the glycolysis of
NSCLC cells, while circ_0000376 silencing could reverse
this effect (Figure 2C—F). Besides, the increasing effect of
hypoxia on the protein levels of glycolysis markers (GLUT1
and HK2) also could be inhibited by circ_0000376 knock-
down (Figure 2G and H). Furthermore, the results of MTT
assay and transwell assay results revealed that hypoxia could
enhance the viabilities, migration, and invasion of H522 and
H1975 cells, while this effect could be recovered by the
addition of si-circ 0000376 (Figure 2I-L). Therefore, all
data indicated that knocking down of circ 0000376 might
be an important measure to inhibit the progression of
NSCLC.

Circ_0000376 Acted as a Sponge of
miR-1182 in NSCLC

CircRNAs have been reported to act as competing endo-
genous RNAs (ceRNAs) of microRNAs (miRNAs) to
regulate gene expression.'>'® To explore the molecular
mechanism by which circ_0000376 regulated NSCLC pro-
gression, we used the Circinteractome tool to analyze the
targeted miRNAs of circ_0000376. As presented in Figure
3A, miR-1182 was found to have the complementary
sequences for circ_0000376. To confirm the binding rela-
tionship between miR-1182 and circ 0000376, dual-
luciferase reporter assay and RIP assay were carried out.
The results revealed that miR-1182 mimic markedly
repressed the luciferase activity of circ 0000376 WT
reporter, while no effect on the luciferase activity of
circ_ 0000376 MUT reporter in H522 and H1975 cells
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Figure 2 Circ_0000376 knockdown inhibited the progression of hypoxia-treated NSCLC cells. H522 and HI975 cells were transfected with si-NC or si-circ_0000376
under the condition of hypoxia. (A and B) The transfection efficiency of si-circ_0000376 was confirmed through detecting circ_0000376 expression using qRT-PCR. The
glucose consumption (C and D) and lactate production (E and F) of cells were determined using Glucose Assay Kit and Lactate Assay Kit, respectively. (G and H) The
protein levels of GLUTI and HK2 were detected using WB analysis. (I and J) MTT assay was used to measure the viability of cells. (K and L) Transwell assay was performed
to assess the migration and invasion of cells. ***P < 0.001.

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GLUT I, glucose transporter; HK2, hexokinase 2; Hyp, hypoxia; MTT, 3-(4, 5-dimethyl-2 thiazolyl)-2,
5-diphenyl-2-H-tetrazolium bromide; NC, negative control; Nor, normoxia; qRT-PCR, quantitative real-time polymerase chain reaction; si, small interference RNA; WB,
Western blot.

(Figure 3B and C). Besides, miR-1182 mimic also could (Figure 3F and G). In addition, we detected the miR-
significantly enrich circ_0000376 in RIP Ago2 compared 1182 expression in NSCLC tissues and cells and found
with that in RIP IgG (Figure 3D and E). Meanwhile, that miR-1182 was downregulated in NSCLC tissues and
circ_0000376 knockdown remarkably accelerated the cells (Figure 3H and I). Importantly, hypoxia also could
expression of miR-1182 in H522 and HI1975 cells suppress the miR-1182 expression in H522 and H1975
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Figure 3 Circ_0000376 sponged miR-1182in NSCLC. (A) The putative binding sites for miR- | 182 in circ_0000376 were shown. Dual-luciferase reporter assay (B and C) and RIP assay
(D and E) were performed to verify the interaction of circ_0000376 and miR- | 182. (F and G) QRT-PCR was used to measure miR- | 182 expression in H522 and H1975 cells transfected
with si-NC or si-circ_0000376. (H) The expression of miR- 1182 in NSCLC tissues (Tumor) and adjacent normal tissues (Normal) was detected by qRT-PCR. (I) QRT-PCR was used to
measure the miR-1 182 expression in NSCLC cell lines (H522 and H1975) and BEAS-2B cells. (J and K) The expression of miR- | 182 was determined using qRT-PCR in H522 and H1975
cells before and after hypoxia treatment. (L) Pearson correlation analysis was employed to analyze the correlation between miR-1182 and circ_0000376. ***P < 0.001.

Abbreviations: MUT, mutant-type; NC, negative control; NSCLC, non-small cell lung cancer; qRT-PCR, quantitative real-time polymerase chain reaction; RIP, RNA

immunoprecipitation; si, small interference RNA; WT, wild-type.

cells (Figure 3J and K). Additionally, Pearson correlation
analysis revealed that there had a negative correlation
between miR-1182 circ_ 0000376 in NSCLC
(Figure 3L).

and

MiR-1182 Inhibitor Reversed the Effect of
Circ_0000376 Silencing on NSCLC

Progression

To confirm that circ_000376 regulated NSCLC progression
via targeting miR-1182, si-circ_0000376 and anti-miR-1182
were co-transfected into H522 and H1975 cells to perform
the rescue experiments. The detection of miR-1182 expres-
sion confirmed that the transfection efficiencies of si-circ
0000376 and anti-miR-1182 were excellent, and following
experiments could be carried out (Figure 4A and B). We
discovered that miR-1182 inhibitor could reverse the inhibi-
tion effect of circ 0000376 knockdown on the glucose

consumption and lactate produce, as well as the protein
levels of GLUT1 and HK2 in hypoxia-induced H522 and
H1975 cells (Figure 4C—H). Furthermore, the suppressive
effect of circ_0000376 silencing on the viabilities, migration
and invasion of hypoxia-treated H522 and H1975 cells also
could be reversed by miR-1182 inhibitor (Figure 4I-N).
Hence, we confirmed that circ_ 0000376 regulated NSCLC
progression by sponging miR-1182.

NOVA2 Was Targeted by miR-1182 in
NSCLC

The Targetscan tool was used to predict the targeted
mRNAs of miR-1182 and the results revealed that
NOVA2 3'UTR had binding sites with miR-1182
(Figure 5A). The results of dual-luciferase reporter
assay and RIP assay indicated that miR-1182 mimic
could special inhibit the luciferase activity of NOVA2
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Figure 4 Circ_0000376 regulated the progression of hypoxia-treated NSCLC cells through sponging miR-1182. H522 and H1975 cells were transfected with si-NC, si-circ
0000376, si-circ_0000376 + anti-miR-NC or si-circ_0000376 + anti-miR- 1182 under the condition of hypoxia. (A and B) QRT-PCR was used to evaluate the transfection
efficiency of anti-miR- 1182 through detecting miR-1182 expression. Glucose Assay Kit and Lactate Assay Kit were performed to assess the glucose consumption (C and D)
and lactate production (E and F) of cells, respectively. (G and H) WB analysis was employed to measure the protein levels of GLUT| and HK2. (I and J) MTT assay was used
to test the viability of cells. (K-N) The migration and invasion of cells were determined using transwell assay. anti, inhibitor; ***P < 0.001.

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GLUT |, glucose transporter; HK2, hexokinase 2; Hyp, hypoxia; MTT, 3-(4, 5-dimethyl-2 thiazolyl)-2, 5-diphenyl-
2-H-tetrazolium bromide; NC, negative control; Nor, normoxia; qRT-PCR, quantitative real-time polymerase chain reaction; si, small interference RNA; WB, Western blot.

3'UTR WT reporter in H522 and H1975 cells, and could
remarkably enrich NOVA2 in RIP Ago2 (Figure 5B-E).
Moreover, miR-1182 overexpression also could restrain
the mRNA and protein levels of NOVA2 in H522 and
H1975 cells (Figure 5F and G). In NSCLC tissues and
cells, we uncovered that the NOVA2 mRNA and protein
levels were significantly improved compared to adjacent
normal tissues and BESA-2B cells, respectively (Figure
SH-K). Meanwhile, we also found that hypoxia could
promote the mRNA and protein levels of NOVA2 in
H522 and H1975 cells (Figure 5L-N). And the results

of correlation analysis indicated that NOVA2 expression
was negatively correlated with miR-1182 expression in
NSCLC (Figure 50).

Overexpressed NOVA2 Could Reverse
the Effect of miR-1182 on NSCLC

Progression

For confirming that miR-1182 regulated NSCLC pro-
gression via targeting NOVA2, we co-transfected with
miR-1182 mimic and NOVA2 overexpression plasmid
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Figure 5 NOVA2 was a target of miR-1182 in NSCLC. (A) The sequences of NOVA2 3'UTR WT and NOVA2 3'UTR MUT were shown. The interaction of NOVA2 and
miR-1182 was confirmed using dual-luciferase reporter assay (B and C) and RIP assay (D and E). The mRNA and protein levels of NOVA2 in H522 and HI975 cells
transfected with miR-NC or miR-1182 mimic were measured using qRT-PCR (F) and WB analysis (G), respectively. QRT-PCR (H) and WB analysis (I) were performed to
determine the mRNA and protein expression of NOVA2 in NSCLC tissues (Tumor) and adjacent normal tissues (Normal). The mRNA and protein levels of NOVA2 in
NSCLC cell lines (H522 and H1975) and BEAS-2B cells were assessed by qRT-PCR (J) and WB analysis (K), respectively. The NOVA2 mRNA and protein levels in H522 and
HI1975 cells before and after hypoxia treatment were determined using qRT-PCR (L and M) and WB analysis (N). (O) The correlation between NOVA?2 and miR-1182 was
evaluated using Pearson correlation analysis. ***P < 0.001.

Abbreviations: NOVA2, neuro-oncological ventral antigen 2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; MUT, mutant-type; NC, negative control; NSCLC, non-
small cell lung cancer; qRT-PCR, quantitative real-time polymerase chain reaction; RIP, RNA immunoprecipitation; si, small interference RNA; WB, Western blot; WT, wild-type.

into H522 and H1975 cells. WB analysis results sug-
gested that miR-1182 mimic could inhibit the protein
level of NOVA2 in hypoxia-treated H522 and H1975

efficiency of both was good (Figure 6A and B). By
detecting the glucose consumption, lactate produce,

and the protein levels of GLUT1 and HK2 in hypoxia-

cells, while NOVA2 overexpression plasmid could

reverse this effect, which confirmed that the transfection

treated H522 and H1975 cells, we found that overex-
pressed NOVA2 could partially reverse the inhibitory
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Figure 6 MiR- 1182 regulated the progression of hypoxia-treated NSCLC cells by targeting NOVA2. H522 and H1975 cells were transfected with miR-NC, miR-1 182, miR-
1182 + vector or miR-1182 + NOVA2 under the condition of hypoxia. (A and B) The transfection efficiencies of miR-1182 mimic and NOVA2 overexpression plasmid were
assessed through detecting the NOVA2 protein level using WB analysis. The glucose consumption (€ and D) and lactate production (E and F) of cells were determined
using Glucose Assay Kit and Lactate Assay Kit, respectively. (G and H) WB analysis was used to detect the protein levels of GLUTI and HK2. (I and J) The viability of cells
was assessed by MTT assay. (K—N) The migration and invasion of cells were evaluated by transwell assay. ***P < 0.001.

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GLUTI, glucose transporter; HK2, hexokinase 2; Hyp, hypoxia; NC, negative control; Nor,
normoxia; NOVA2, neuro-oncological ventral antigen 2; MTT, 3-(4, 5-dimethyl-2 thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide; WB, Western blot.

effect of miR-1182 overexpression on the glycolysis of H1975 cells, while the addition of NOVA2 could reverse
NSCLC cells (Figure 6C—H). In addition, we also dis- the effect of miR-1182 (Figure 6I-N). These results
covered that miR-1182 mimic suppressed the viabilities, revealed that NOVA2 participated in the regulation of
migration, and invasion of hypoxia-induced H522 and miR-1182 on NSCLC progression.
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Figure 7 Circ_0000376 and miR-1182 regulated NOVA2 expression. (A) The correlation between NOVA2 and circ_0000376 was analyzed using Pearson correlation
analysis. H522 and HI975 cells were transfected with si-NC, si-circ_0000376, si-circ_0000376 + anti-miR-NC or si-circ_0000376 + anti-miR-1182 under the condition of
hypoxia. The mRNA and protein levels of NOVA2 were determined using qRT-PCR (B and C) and WB analysis (D and E), respectively. anti, inhibitor; ***P < 0.001.

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NC, negative control; NOVA2, neuro-oncological ventral antigen 2; qRT-PCR, quantitative real-time

polymerase chain reaction; si, small interference RNA; WB, Western blot.

Circ_0000376 Positively Regulated
NOVA?2 Expression by Sponging
miR-1182

The results of Pearson correlation analysis suggested that
circ_0000376 expression was positively correlated with
NOVA2 expression in NSCLC (Figure 7A). To confirm
the regulation of circ_0000376 on NOVA2, we determined
the NOVA2 expression in H522 and H1975 cells trans-
fected with si-circ_0000376 and anti-miR-1182. QRT-PCR
results indicated that circ_ 0000376 silencing markedly
suppressed the mRNA expression of NOVA2 in H522
and H1975 cells, and this effect could be revered by
miR-1182 inhibitor (Figure 7B and C). Also, the detection

of NOVA2 protein level got the similar results with the
NOVA2 mRNA level in H522 and H1975 cells (Figure 7D
and E). All data showed that circ 0000376 sponged miR-
1182 to regulate NOVA2 expression in NSCLC.

Silenced Circ_0000376 Repressed
NSCLC Tumor Growth in vivo

For further confirming the function of circ_0000376 on
NSCLC progression, we performed the animal experi-
ments. By measuring the volume and weight of the
tumor, we found that silenced circ_0000376 could inhibit
the growth of NSCLC-transplanted tumors (Figure 8A and
B). In the sh-circ 0000376 group, the reduction of
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Figure 8 Circ_0000376 knockdown repressed NSCLC tumor growth in vivo. H522 cells transfected with sh-NC or sh-circ_0000376 were injected into nude mice. The
tumor volume (A) and weight (B) in mice were determined. (C—E) The expression levels of circ_0000376, miR-1182 and NOVA2 in tumors were measured by qRT-PCR.
(F) WB analysis was used to detect the protein level of NOVA2 in tumors. ***P < 0.001.

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NC, negative control; NOVA2, neuro-oncological ventral antigen 2; qRT-PCR, quantitative real-time
polymerase chain reaction; sh, lentiviral short hairpin RNA; WB, Western blot.
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circ_0000376 expression determined that the knockdown
of circ_0000376 in the sh-circ 0000376 group was suc-
cessful (Figure 8C). Additionally, we also measured the
expression of miR-1182 and NOVA2 in the tumors and
found that miR-1182 expression was markedly increased
(Figure 8D), and the mRNA and protein levels of NOVA2
were remarkably repressed in the tumors (Figure 8E and
F). Therefore, we concluded that circ 0000376 knock-
down inhibited NSCLC tumor growth through regulating
the expression of miR-1182 and NOVA2.

Discussion
Despite significant advances in diagnosis and treatment,
NSCLC remains a leading cause of death worldwide."”
Therefore, it is of great clinical significance to explore
new therapeutic biomarkers for NSCLC. In our study, we
focused on circ_0000376 through screening. We found
that circ_ 0000376 was highly expressed in NSCLC,
which was consistent with our predicted results. In pre-
vious studies, Jiang et al predicted that circ 0000376 was
a significantly upregulated circRNA for gastric cancer.'®
In addition, we also discovered that high circ_0000376
expression was related to the poor prognosis of NSCLC
patients, so we speculated that circ_0000376 might play
a positive role in the malignant progression of NSCLC.
Growing amount of evidence has suggested that
hypoxia is one of the important causes of cancer progres-
sion, and targeted treatment against hypoxia is an impor-
tant measure to alleviate cancer progression.'” In view of
the vital role of circRNA in cancer progression, we inves-
tigated the effect of circ_0000376 on the biological func-
tion of NSCLC cells induced by hypoxia. In this study, we
discovered that hypoxia could promote circ 0000376
expression and enhance the glycolysis, viability, and
of NSCLC cells,
circ_ 0000376 could reverse the effect of hypoxia on

metastasis while knockdown of
NSCLC cell progression. Additionally, animal experi-
ments also revealed that the interference of circ_0000376
repressed the tumor growth of NSCLC in vivo. These data
suggested that circ_0000376 silencing might be a feasible
measure to inhibit the progression of NSCLC. In order to
perfect the molecular mechanism of circ_ 0000376 as
a ceRNA, we made the bioinformatics prediction and
discovered that circ_ 0000376 could sponge miR-1182 to
regulate NOVA2.

In many cancer types, miR-1182 has been considered
to be a tumor suppressor regulating cancer progression,
such as colorectal cancer, ovarian cancer, and prostate

cancer.”>?* Recent studies by Li et al have shown that
miR-1182 can be absorbed by circ 0000735 and then
participates in the regulation of circ 0000735 on
NSCLC.** Therefore, miR-1182 mainly plays an anti-
cancer role in NSCLC. In our study, we found that miR-
1182 was underexpressed in NSCLC, which was similar
with the previous results.”> The rescue experiments con-
firmed that miR-1182 participated in the regulation of
circ_0000376 in NSCLC. Furthermore, we also suggested
that miR-1182 expression was negatively regulated by
circ_0000376 in vitro and in vivo.

As a member of NOVA family, NOVA2 has been identi-
fied as an oncogene that regulates the malignant progression
of cancer.”* The results of Tang et al showed that NOVA2
could act as a B-catenin RNA-binding protein to accelerate
the epithelial-mesenchymal transition of breast cancer.®’
And Gallo et al reported that NOVA2 was upregulated in
colorectal cancer and might be a therapeutic target.*® In
NSCLC, Xiao et al suggested that miR-7-5p inhibited
NOVA2 expression to restrain the metastasis of cancer.”’
Consistent with this, our study showed that NOVA2 was
highly expressed in NSCLC. Besides, the reversal effect of
NOVA2 overexpression on miR-1182 mimic confirmed that
miR-1182 regulated NSCLC progression by targeting
NOVAZ2. In addition, we also suggested that NOVA2 expres-
sion was positively regulated by circ_ 0000376 and nega-
tively regulated by miR-1182. All data revealed that
circ_0000376 regulated NOVA2, an oncogene, to enhance
NSCLC progression by sponging miR-1182.

However, the current research still has some limita-
tions. In the rescue experiment, we found that the reversal
effect of miR-1182 inhibitor on circ_0000376 knockdown
is partially, which suggests that there may be other
miRNAs involved in the regulation of NSCLC progression
by circ_0000376. Similarly, the reversal of NOVA2 on
miR-1182 mimic is not complete, suggesting that miR-
1182 may also have multiple targets in NSCLC. This
requires us to further confirm.

In summary, our results presented that a novel circRNA,
circ_0000376, accelerated the glycolysis, viability, and
metastasis of NSCLC cells by regulating the miR-1182/
NOVA2 axis. Our study is the first to reveal the role and
mechanism of circ_0000376 in the progression of NSCLC,
which is instructive for exploring the role of circ_0000376 in
other cancers. In addition, the positive effect of circ_0000376
on the malignant progression of NSCLC suggests that
circ_ 0000376 may be a new therapeutic target for NSCLC.
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