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Background: Non-small cell lung cancer (NSCLC) is a prevalent type of lung cancer worldwide. Long noncoding RNA (lncRNA)
SLC9A3-AS1 is reported to play a carcinogenic role in nasopharyngeal carcinoma, but its full-scale role in NSCLC remains elusive.
Methods: SLC9A3-AS1 expression was detected in serum and tissue of NSLCC patients and NSCLC cell lines. The effects of
SLC9A3-AS1 on NSCLC proliferation, migration and invasion were evaluated using CCK-8 and transwell assays. In addition, the
potential downstream molecules of SLC9A3-AS1 were searched and explored by bioinformatics analysis, RT-qPCR, dual-luciferase
reporter, and rescue experiments.
Results: SLC9A3-AS1 was upregulated in NSCLC tissues and cell lines. SLC9A3-AS1 possessed a favorable ability in diagnosing
NSCLC. A high level of SLC9A3-AS1 was associated with poor prognosis in NSCLC patients. Functionally, SLC9A3-AS1 knock-
down inhibited cell proliferation, migration, and invasion of NSCLC cells. Mechanistically, SLC9A3-AS1 acted as competing
endogenous RNA for miR-760 to regulate NSCLC progression. In addition, rescue assay showed that downregulation of miR-760
could reverse the modulatory activity of SLC9A3-AS1 knockdown on NSCLC cells.
Conclusion: SLC9A3-AS1 was upregulated in NSCLC, and SLC9A3-AS1 knockdown hindered NSCLC progression through
targeting miR-760, suggesting that it may prove to be a novel biomarker and therapeutic target for NSCLC.
Keywords: SLC9A3-AS1, NSCLC, miR-760, diagnosis, prognosis

Introduction
Lung cancer (LC) is the leading cause of cancer-related mortality worldwide.1 Non-small cell lung cancer (NSCLC) is
the most common histological type of LC, accounting for about 80% of all LC cases and causing 28.49 death per
100,000 persons in China in 2014.2,3 Despite the remarkable therapeutic advances in surgical resection, chemotherapy,
radiation therapy and immunotherapy, more than 75% LC patients were diagnosed at more advanced stages in China with
a five-year survival rate of 15.6%.4–6 Despite the complex mechanisms of NSCLC oncogenesis and progression,
molecular targeted therapy has developed into a promising breakthrough in the treatment of lung cancer.7 And, it is
imperative to investigate the molecular mechanisms of NSCLC tumorigenesis and develop novel therapeutical target for
NSCLC patients.

Long noncoding RNAs (lncRNAs) is a kind of non-translating RNAs with over 200 nucleotides in length. It is reported
that aberrant expression of lncRNAs can be used as a prognosis predictor and therapeutic biomarkers in various human
cancers.8–10 LncRNAs can exhibit the oncogenic or tumor-suppressive function via acting as competing endogenous RNAs
(ceRNAs) by competitively binding to miRNA response elements.11 LncRNAs can be stably expressed in serum and other
biological fluids with an appropriate and measurable concentration, which may provide valuable and cost-effective
noninvasive biomarkers for patients with NSCLC.12,13 SLC9A3 antisense RNA 1 (SLC9A3-AS1) was first reported to
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be upregulated in extracellular vesicles from the peripheral blood of LC patients, which could be used to discriminate LC
patients.14 Recently, Li et al reported that lncRNA SLC9A3-AS1 promoted the oncogenesis of nasopharyngeal carcinoma
by modulating the miR-486-5p/E2F transcription factor 6 axis.15 Given the upregulation and discrimination power of
SLC9A3-AS1 in LC patients, we further speculated that SLC9A3-AS1 might play a central role during the oncogenesis of
NSCLC.

In this study, we intended to evaluate the diagnostic and prognostic abilities of SLC9A3-AS1 by measuring its
expression in NSCLC and clarify the biological roles and downstream mechanisms of SLC9A3-AS1 in NSCLC.

Materials and Methods
Patients
This study was approved by the Ethics Committee of Hainan General Hospital (Haikou, China; Approval No. 20200012),
and all the experimental procedures were performed in accordance with the Declaration of Helsinki. All enrolled
individuals provided signed informed consents before initiation of the study. Included in this study were 130 consecutive
patients with single pulmonary nodules (< 5 cm in diameter) determined by CT/LDCT scan who received treatment in
our hospital between January 2016 and December 2020. All the included patients aged over 18 years and had no prior
history of malignancies. They all underwent surgical resection and the diagnosis was confirmed by postoperative
pathology. Among the 130 patients, 86 were confirmed as having NSCLC and the other 44 as having lung benign
lesions (LBLs). In addition, a group of 40 age and sex-matched healthy controls (HC) were enrolled. The patients’
baseline characteristics are shown in Table 1. Blood samples were collected one day before surgery for patients with
pulmonary nodules from the healthy controls during physical examinations. The peripheral blood samples were collected
from all participants in serum gel separator tubes. Each blood sample was immediately centrifuged at 3000 g for 10 min
at 4°C to separate sera, which were then stored at −80°C for use.

Cell Culture
Human normal lung epithelial cells (16HBE) and NSCLC cell lines (A549, H520, and H1299) were obtained from
American Type Culture Collection (ATCC). All the cells were cultured in RPMI-1640 culture medium (Thermo Fisher
Scientific, USA) containing 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA) in a 37 ◦C incubator with 5% CO2.

RNA Extraction and Reverse Transcription by Quantitative Polymerase Chain
Reaction (RT-qPCR)
Total RNA was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and miRNA was isolated
using a mirVana™ miRNA Isolation kit (Ambion; Thermo Fisher Scientific, Inc.). Complementary DNA (cDNA) was
then synthesized using the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher, USA) for SLC9A3-AS1 and
a miRcute miRNA First-Strand cDNA Synthesis Kit (Tiangen Biotech Co., Ltd.) for miR-760 in accordance with the
manufacturer’s protocol. RT-qPCR was then conducted using the SYBR® Premix Ex Taq (Takara Bio, Inc.) for SLC9A3-
AS1 and a miRcute miRNA qPCR Detection Kit SYBR-Green (Tiangen Biotech Co., Ltd.) for miR-760. The relative
expression levels of SLC9A3-AS1 and miR-760 were normalized to GAPDH and U6 using the 2−ΔΔCt method.16 All
sequences of the oligonucleotides (GenePharma Co., Ltd, Shanghai, China) used in this study are shown in Table S1.

Cell Transfection
NSCLC cells were transfected with siRNAs against SLC9A3-AS1 (si-SLC9A3-AS1#1 or #2) and its negative control
(siNC), miR-760 inhibitor (GenePharma Co., Ltd, Shanghai, China). In brief, NSCLC cells were seeded in 6-well plates
at a density of 1×105 cells per well for 24h. Cell transfection was then conducted using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) based on the manufacturer’s instructions. Transfected cells were cultured for an additional 48 h at
37°C before being used in downstream experiments.
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Cell Counting Kit-8 (CCK-8) Proliferation Assays
Three replicates of transfected NSCLC cells were seeded into 96-well plates at a density of 1×104 cells per well. Then, 10 μL
CCK-8 solution (Dojindo, Kumamoto, Japan) was added to the medium every 24 h until 72 h before the cells were further
incubated at 37°C for 2 h. Optical density (OD) values were measured at 450 nm using an automatic microplate reader (Bio-
Rad Laboratories, Inc., Hercules, CA, USA).

Transwell Assays
The migration and invasion abilities of NSCLC cells were detected by polyethylene membranes (24-well inserts; 8.0 μm;
Corning, Inc.). The chambers precoated with 50 µLMatrigel (BD Biosciences) at 37°C for 1 h were used for invasion assay, and
those uncoated chambers were used for migration assay. The upper chamber was seeded with cell suspension containing 1×105

cells in 100 μL FBS-free RPMI 1640, and the lower chamber was covered with 500 μL RPMI 1640 supplemented with 10%
FBS. Cells were cultured at 5% CO2 and 37°C for 48 h. Cells that remained in the upper membrane were gently removed using
a cotton swab, and cells that had migrated or invaded the bottom of the membrane were fixed with polyoxymethylene at room
temperature for 20 min and then stained with 0.5% crystal violet at room temperature for 20 min. Cells were counted in five
randomly selected fields under the light microscope (Leica Microsystems GmbH, Wetzlar, Germany).

Subcellular Fractionation Assay
The nuclear and cytoplasmic fractions of NSCLC cells were separated using a PARIS kit (Thermo Fisher Scientific, Inc.)
according to the manufacturer’s instructions. Next, total RNA was isolated from each fraction to quantify SLC9A3-AS1
expression in the nuclear and cytoplasmic fractions using RT-qPCR.

Table 1 Patients Clinical Characteristics

Characteristics NSCLC (n=86) LBL (n=44) HC (n=40) P-value

Age, years 57.6 ± 9.1 58.2 ± 11.8 57.1 ± 8.6 0.387
Sex 0.964

Male 62 (72.1%) 31 (70.5%) 28 (70.0%)

Female 24 (27.9%) 13 (29.5%) 12 (30.0%)
Smoking status 0.125

Non-smoker 31 (36.0%) 20 (45.5%) 22 (55.0%)

Former smoker 55 (64.0%) 24 (54.5%) 18 (45.0%)
Histology

Adenocarcinoma 46 (53.5%)
Squamous cell carcinoma 26 (30.2%)

Large cell carcinoma 14 (16.3%)

TNM stage
I 48 (55.8%)

II 38 (44.2%)

Tumor size, cm
< 3 41 (47.7%)

≥ 3 45 (52.3%)

Lymph node metastasis
Yes 35 (40.7%)

No 51 (59.3%)

LBL, %
Tuberculosis 15 (34.1%)

Hamartoma 13 (29.5%)

Fungal infection 9 (20.5%)
Inflammation 5 (11.4%)

Granuloma 2 (4.5%)

Abbreviations: NSCLC, non-small cell lung cancer; LBL, lung benign lesion; HC, healthy control.
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RNA Immunoprecipitation (RIP) Assay
The RIP assay was conducted using the EZ-Magna RIP™ RNA-Binding Protein Immunoprecipitation Kit (Millipore,
USA) according to the manufacturer’s instructions. After centrifugation at 1000 x g for 10 min at 4°C, 10% cell lysate
was used as the positive control (input). Human anti-Ago2 or IgG antibody (Millipore, USA) was utilized to capture the
RNAs for RT-qPCR analysis. SLC9A3-AS1 or miR-760 expression was measured by RT-qPCR.

Luciferase Reporter Assay
The SLC9A3-AS1 fragments harboring the predicted wild-type (WT) or mutant (MUT) binding site (Shanghai
GenePharma Co., Ltd.) were cloned into the pmirGLO luciferase plasmid (Promega Corporation) to create the reporter
plasmids WT-SLC9A3-AS1 or MUT-SLC9A3-AS1. NSCLC cells were placed in a 24-well plate and co-transfected with
WT- or MUT-SLC9A3-AS1, together with miR-760 mimic or NC-mimic using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After 48-h co-transfection, reporter activities were evaluated with a dual-luciferase
reporter assay system (Promega Corporation, USA).

Statistical Analyses
Continuous variables are expressed as the mean ± standard deviation (SD), and categorical variables are expressed as
frequencies with percentages. Differences between two groups were analyzed using the unpaired Student’s t-test.

Figure 1 SLC9A3-AS1 expression is upregulated in NSCLC. (A) SLC9A3-AS1 expression in serum and tumor tissues of NSCLC, LBL, and HC. (B) SLC9A3-AS1 expression
in serum and tumor tissues of NSCLC with or without lymph node invasion. (C) SLC9A3-AS1 expression in serum and tumor tissues of NSCLC with TNM stage I or II. (D)
SLC9A3-AS1 expression in human NSCLC cells and 16HBE human normal lung epithelial cells. **P< 0.01, ***P< 0.001.
Abbreviations: NSCLC, non-small cell lung cancer; LBL, lung benign lesion; HC, healthy control.
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Comparisons of multiple groups were analyzed by analysis of variance (ANOVA) followed by Dunnett’s test. Categorical
data were compared using the chi-squared test. Overall survival (OS) time was calculated from the date of initial surgery
to the date of death or last follow-up. The recurrence-free survival (RFS) time was calculated from the date of initial
surgery to the date of recurrence, death, or last follow-up. Kaplan-Meier curves were plotted for OS and RFS, and
compared using Log rank test. Factors associated with OS or RFS were assessed by both univariate and multivariate Cox
regression analyses using a forward stepwise approach. Prognostic factors with statistical significance (P<0.05) after
univariate analysis were included in the Cox proportional hazards regression model for multivariate analysis. Receiver
operating characteristic curves (ROC) were utilized to calculate diagnostic accuracy. Correlation analysis was performed
using Pearson’s method. Statistical evaluations were performed using SPSS 20.0 (IBM SPSS Inc., Chicago, IL, USA).
Differences were considered statistically significant when P< 0.05.

Results
SLC9A3-AS1 is Upregulated in NSCLC and Correlates with Advanced Characteristics
First, we investigated the expression profiles of SLC9A3-AS1 in NSCLC by RT-qPCR and found that the SLC9A3-AS1
expression level in NSCLC was significantly higher than that in LBL or HC (P< 0.001) (Figure 1A). In addition,
SLC9A3-AS1 was expressed at an even higher level in NSCLC with lymph node metastasis (LNM) (P< 0.01)
(Figure 1B) or at an advanced TNM stage (P< 0.01) (Figure 1C). Subsequently, the relative expression level of SLC9A3-
AS1 was evaluated in human normal lung epithelial cells (16HBE) and NSCLC A549, H520 and H1299 cells. RT-qPCR
data showed that SLC9A3-AS1 expression NSCLC cells was significantly higher than that in 16HBE cells (P< 0.01)
(Figure 1D).

The Diagnostic and Prognostic Performance of Serum SLC9A3-AS1 in NSCLC
Patients
First, we analyzed the performance of serum SLC9A3-AS1 in distinguishing NSCLC patients from LBL or HC using
ROC analysis. As shown in Figure 2A, serum SLC9A3-AS1 proved to be a promising biomarker for distinguishing

Figure 2 Diagnostic and prognostic roles of SLC9A3-AS1 in NSCLC. (A) ROC curve for serum SLC9A3-AS1 to distinguish NSCLC from LBL. (B) ROC curve for serum
SLC9A3-AS1 to distinguish NSCLC from HC. (C and D) Kaplan-Meier curves for overall survival (C) and recurrence-free survival (D) in NSCLC patients stratified by
SLC9A3-AS1 expression.
Abbreviations: NSCLC, non-small cell lung cancer; LBL, lung benign lesion; HC, healthy control; ROC, receiver operating characteristic curve.
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NSCLC patients from LBL, with an area under the curve (AUC) of 0.74 (95% CI: 0.65–0.82, P < 0.001). In addition,
serum SLC9A3-AS1 exhibited a remarkable ability in differentiating NSCLC patients from HC, with an AUC of 0.79
(95% CI, 0.71–0.87, P < 0.001) (Figure 2B).

Next, we analyzed the relationship between SLC9A3-AS1 expression level in NSCLC tissues and the clinicopatho-
logical features of these NSCLC patients. First, we categorized the 86 NSCLC patients into a SLC9A3-AS1 low
expression group (n=43) and a SLC9A3-AS1 high expression group (n=43) based on the median value of SLC9A3-
AS1 expression in NSCLC tissues. It was found that the expression level of SLC9A3-AS1 was significantly correlated
with LNM and TNM stage (Table 2). Next, the Kaplan-Meier curves indicated that higher expression level of SLC9A3-
AS1 was associated with shorter OS (P= 0.033) (Figure 2C) and RFS (P= 0.031) (Figure 2D). Univariate and
multivariate COX regression analyses in Tables 3 and 4 demonstrated that TNM stage, LNM and high SLC9A3-AS1
expression were independent indicators of poor OS and RFS in NSCLC patients. Collectively, our data indicate that
SLC9A3-AS1 is an independent diagnostic and prognostic factor in NSCLC patients.

SLC9A3-AS1 Knockdown Suppresses NSCLC Cell Proliferation, Migration and
Invasion
Next, we investigated the impact of SLC9A3-AS1 expression on NSCLC tumor progression in terms of cell proliferation,
migration and invasion using CCK-8 and Transwell assays. First, we knocked down the expression of SLC9A3-AS1 in
both A549 and H520 cells using two SLC9A3-AS1 siRNAs (P< 0.001) (Figure 3A). The results showed that silencing
SLC9A3-AS1 expression significantly reduced the cell proliferation ability in both A549 and H520 (P< 0.01)
(Figure 3B). Transwell assays demonstrated that downregulation of SLC9A3-AS1 reduced the migratory and invasive
capabilities of the above two cell lines (P< 0.01) (Figure 3C and D).

Table 2 The Association Between SLC9A3-AS1 Expression and Clinicopathological Characteristics of
NSCLC

Characteristics SLC9A3-AS1, N (%) P-value

Low Expression (n=43) High Expression (n=43)

Age, years 57.1 ± 10.1 57.9 ± 9.9 0.245

Sex 0.631

Male 30 (69.8) 32 (74.4)
Female 13 (30.2) 11 (25.6)

Smoking status 0.500

Non-smoker 17 (39.5) 14 (32.6)
Former smoker 26 (60.5) 29 (67.4)

Histology 0.618

Adenocarcinoma 25 (59.1) 21 (48.8)
Squamous cell

carcinoma

11 (25.6) 15 (34.9)

Large cell carcinoma 7 (16.3) 7 (16.3)
TNM stage 0.002*

I 31 (72.1) 17 (39.5)

II 12 (27.9) 26 (60.5)
Tumor size, cm 0.131

< 3 24 (55.8) 17 (39.5)

≥ 3 19 (44.2) 26 (60.5)
Lymph node metastasis 0.016*

Yes 12 (27.9) 23 (53.5)

No 31 (72.1) 20 (46.5)

Note: *P <0.05.
Abbreviation: NSCLC, non-cell-small lung cancer.
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SLC9A3-AS1 Serves as a Sponge for miR-760
lncRNAs are known to have impact of miRNA expression on ceRNA identification.17 Our subcellular distribution assay
showed that SLC9A3-AS1 was cytoplasmically located in NSCLC (Figure 4A), suggesting that it may serve as a miRNA
sponge. After overlapping the putative target miRNAs of SLC9A3-AS1 using starBase and miRDB, three miRNAs
(miR-760, miR-486-5p and miR-506-5p) were identified (Figure 4B). RT-qPCR further revealed that SLC9A3-AS1
knockdown increased the miR-760 expression but exerted no effect on the level of miR-486-5p and miR-506-5p
(Figure 4C). Compared with HC, miR-760 was significantly downregulated in NSCLC (P< 0.01) (Figure 4D).
Moreover, Pearson correlation analysis showed an inverse correlation between the expression of miR-760 and SLC9A3-
AS1 in NSCLC (r= 0.507, P< 0.001) (Figure 4E). As demonstrated in Figure 4F, miR-760 contained sequences
complementary to SLC9A3-AS1. To further determine the interaction of miR-760 and SLC9A3-AS1, we conducted
the dual-luciferase reporter and RIP assays, showing that that the luciferase activity of NSCLC cells transfected with WT
SLC9A3-AS1 and miR-760 mimic but not MUT SLC9A3-AS1 decreased significantly (P< 0.01) (Figure 4G). The data
of RIP revealed a significant enrichment of SLC9A3-AS1 and miR-760 in NSCLC cells (P< 0.001) (Figure 4H). All
these results demonstrated that SLC9A3-AS1 sponged miR-760 in NSCLC.

Table 3 Univariate and Multivariate Cox Proportional Analyses of Prognostic Factors Associated with Overall Survival in NSCLC
Patients

Variables Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age, ≥55 vs <55 1.012 (0.865–1.341) 0.375
Sex, male vs female 0.996 (0.812–1.274) 0.192

Smoking status, smoker vs non-smoker 1.546 (0.723–2.294) 0.174

Histology
Adenocarcinoma vs squamous cell carcinoma 1.002 (0.972–1.154) 0.485

Adenocarcinoma vs large cell carcinoma 1.007 (0.956–1.294) 0.574

TNM stage, II vs I 2.964 (1.432–3.741) 0.001* 2.673 (1.312–3.432) 0.005*
Tumor size, ≥3 vs <3 1.874 (0.854–2.245) 0.107

Lymph node metastasis, yes vs no 2.674 (1.374–3.674) 0.002* 2.431 (1.274–3.362) 0.001*

SLC9A3-AS1 expression, high vs low 1.645 (1.203–2.312) 0.005* 1.412 (1.102–1.994) 0.029*

Note: *P <0.05.
Abbreviations: NSCLC, non-small-cell lung cancer; HR, hazard ratio; CI, confidence interval.

Table 4 Univariate and Multivariate Cox Proportional Analyses of Prognostic Factors Associated with Recurrence-Free Survival in
NSCLC Patients

Variables Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age, ≥55 vs <55 1.004 (0.894–1.311) 0.263

Sex, male vs female 0.999 (0.992–1.009) 0.687

Smoking status, smoker vs non-smoker 1.312 (0.893–1.934) 0.374
Histology

Adenocarcinoma vs squamous cell carcinoma 1.007 (0.912–1.174) 0.155

Adenocarcinoma vs large cell carcinoma 1.004 (0.941–1.319) 0.374
TNM stage, II vs I 2.756 (1.632–3.213) 0.001* 2.274 (1.127–3.017) 0.002*

Tumor size, ≥3 vs <3 1.456 (0.724–2.074) 0.163

Lymph node metastasis, yes vs no 2.121 (1.274–3.019) 0.003* 2.093 (1.176–2.875) 0.005*
SLC9A3-AS1 expression, high vs low 1.456 (1.115–2.174) 0.004* 1.374 (1.009–1.864) 0.014*

Note: *P <0.05.
Abbreviations: NSCLC, non-small-cell lung cancer; HR, hazard ratio; CI, confidence interval.
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SLC9A3-AS1 Knockdown Inhibits NSCLC Cell Proliferation, Migration and Invasion
via Sponging miR-760
To determine whether miR-760 was involved in si-SLC9A3-AS1-mediated inhibition of malignancy in NSCLC, we
transfected miR-760 inhibitor in SLC9A3-AS1 knockdown-A549 cells. As demonstrated in Figure 5A, miR-760
inhibition reversed the suppressive effect of si-SLC9A3-AS1 on NSCLC cell proliferation. Similarly, SLC9A3-AS1
knockdown alone distinctly impaired the migration and invasion abilities of A549 cells, while these impacts were
obviously abolished after downregulation of miR-760 (Figure 5B and C). All these data showed that SLC9A3-AS1
knockdown inhibited NSCLC cell proliferation, migration and invasion by interacting with miR-760.

Discussion
Extensive lncRNAs have been recognized to exert critical biological functions in oncogenesis and progression of
NSCLC.18 For instance, upregulation of SNHG14 facilitates NSCLC progression through targeting miR-206/G6PD
pathway.19 Yu et al reported that overexpression of TMPO-AS1 could promote the malignant phenotypes of NSCLC via
modulating miR-204-3p/ERBB2 axis.20 However, most lncRNAs, including SLC9A3-AS1, have not been addressed in
the context of NSCLC. The present study demonstrated that SLC9A3-AS1 could serve as a biomarker for the diagnosis

Figure 3 SLC9A3-AS1 knockdown inhibits NSCLC proliferation, migration and invasion. (A and B) Relative SLC9A3-AS1 expression level in NSCLC cells after transfection
with si-SLC9A3-AS1 and its negative control (si-NC). (B) NSCLC cell proliferation ability following transfection with si-SLC9A3-AS1 as evaluated by CCK8 assays. (C and
D) NSCLC cell migration and invasion ability following transfection with si-SLC9A3-AS1 as evaluated by transwell assays. **P< 0.01, ***P< 0.001.
Abbreviations: NSCLC, non-small cell lung cancer; si-SLC9A3-AS1#1, #1 siRNAs against SLC9A3-AS1; si-SLC9A3-AS1#2, #2 siRNAs against SLC9A3-AS1.
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and prognostic prediction in patients with NSCLC. In addition, SLC9A3-AS1 was overexpressed in NSCLC, and
downregulation of SLC9A3-AS1 hindered the progression of NSCLC via regulating miR-760.

Recently, SLC9A3-AS1 has been identified as an oncogene in nasopharyngeal carcinoma.15 Bai et al also prelimi-
narily uncovered the biomarker role of SLC9A3-AS1 in LC.14 However, the full-scale role of SLC9A3-AS1 in the
oncogenesis and progression of NSCLC remains undefined. In this study, we revealed that SLC9A3-AS1 was upregu-
lated in NSCLC. SLC9A3-AS1 possessed a satisfactory ability to distinguish NSCLC from LBL or HC. A high level of
SLC9A3-AS1 was closely associated with poor clinicopathological features and survival outcomes in patients with
NSCLC. Functionally, SLC9A3-AS1 knockdown inhibited cell proliferation, migration, and invasion of NSCLC cells.
Overall, our data disclosed the diagnostic, prognostic, and oncogenic roles of SLC9A3-AS1 in NSCLC. It is relatively
easy to detect SLC9A3-AS1 in blood samples by RT-qPCR, which may prove to be a promising biomarker for the
clinical diagnosis of NSCLC, especially for distinguishing patients with NSCLC from those with LBC or healthy
individuals. In addition, patients with overexpression of SLC9A3-AS1 may have poor prognosis, thus more compre-
hensive treatments should be offered after surgery for such patients.

Mounting evidence has revealed that primarily cytoplasmic located lncRNAs could function as ceRNAs for miRNAs
to regulate tumorigenesis.21 In this study, subcellular fractionation assays verified that SLC9A3-AS1 was primarily

Figure 4 SLC9A3-AS1 directly interacts with miR-760. (A) The location of SLC9A3-AS1 in NSCLC cells was confirmed by subcellular fractionation assay. (B) Three
putative target miRNAs of SLC9A3-AS1 were overlapped by the starBase and miRDB databases. (C) Relative expression level of 3 candidate miRNAs in NSCLC cells after
transfection with si-SLC9A3-AS1. (D) Relative miR-760 expression in serum and tumor tissues of NSCLC and HC. (E) Pearson correlation analysis between SLC9A3-AS1
and miR-760 expression levels in NSCLC tissues. (F) Potential binding sites between SLC9A3-AS1 and miR-760. (G) Relative luciferase activity in NSCLC cells with WTor
MUT SLC9A3-AS1 after co-transfection with miR-760 mimic. (H) Enrichment of SLC9A3-AS1 and miR-760 in NSCLC cells revealed by RNA Immunoprecipitation assay.
**P< 0.01, ***P< 0.001.
Abbreviations: NSCLC, non-small cell lung cancer; HC, healthy control; WT, wild-type; MUT, mutant.
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distributed in the cytoplasm of NSCLC cells. Bioinformatics analysis presented that miR-760 could be a target of
SLC9A3-AS1. Moreover, an inverse relationship between SLC9A3-AS1 and miR-760 was determined in NSCLC
tissues. The luciferase reporter and RIP assays further confirmed the direct interaction between SLC9A3-AS1 and
miR-760. Finally, the rescue experiments revealed that downregulation of miR-760 could reverse the modulatory
activities of SLC9A3-AS1 knockdown on NSCLC cells. Generally, SLC9A3-AS1 functions as a ceRNA of miR-760
to regulate the malignant phenotypes of NSCLC.

Notably, miR-760 has been reported to be dysregulated in numerous human cancers.22 For example, miR-760
expression was downregulated in prostate cancer,23 gastric cancer,24 colorectal cancer,25 esophageal squamous cell
carcinoma,26 and NSCLC.27 Overall, the commonly unveiled role of miR-760 is a tumor suppressor; however, in ovarian
cancer, upregulated miR-760 acted as an oncogene to promote cell proliferation and migration.28 In this study, miR-760
was observed to be downregulated in NSCLC and silencing miR-760 exerted a tumor-promoting effect during NSCLC
progression, which echoes with the previous findings of miR-760 in NSCLC.

In conclusion, this study demonstrated that SLC9A3-AS1 exerted oncogenic effects on NSLC cells via targeting miR-
760. SLC9A3-AS1 could be a promising diagnostic and prognostic biomarker for NSCLC.

Data Sharing Statement
All data generated or analyzed during this study are included in this published article.
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Figure 5 MiR-760 knockdown reverses the tumor-suppressive effect of silencing SLC9A3-AS1 in NSCLC cells. (A) A549 cell proliferation was measured by CCK-8 assay
after co-transfection of si-SLC9A3-AS1 and miR-760 inhibitor. (B) A549 cell migration and invasion were measured by transwell assay after co-transfection of si-SLC9A3-AS1
and miR-760 inhibitor. (C) Calculation of A549 cells that migrated or invaded through the filter following eosin staining by transwell assay. **P< 0.01.
Abbreviations: NSCLC, non-small cell lung cancer; si-SLC9A3-AS1#1, #1 siRNAs against SLC9A3-AS1.
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