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Abstract

Introduction: Non-small cell lung cancer (NSCLC), the most common patho-

illustrate the potential molecular mechanisms.

Material and methods: The expression patterns of SATE
mined via gPCR analysis in clinical samples and t
er survival analysis was conducted to assess
SATB2-AS1 expression and survival time of NSCL
were transfected with SATB2-AS1 expressio
pin RNAs (sh-SATB2-AS1). Tumor cell prolifer
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Nude mouse transplantation models nvestigate the effects
of SATB2-AS1 on tumor cell growth informatics analysis, lucifer-
ase reporter assays and rescue ere performed to elucidate possible
molecular mechanisms.
Results: SATB2-AS1 up-re was observed in tumorous tissues and
cell lines. Up-regulated pression was associated with short-
er overall survival time jents. SATB2-AS1 over-expression facilitated
tumor cell prolifera progression and survival, while its knock-
down inhibited tu oliferation, cell cycle progression and survival.
i sed tumor growth in vivo. SATB2-AS1 was re-

{SCLC tumors
ific short hair-
ycle progression and
cytometric method.

indicate that SATB2-AS1 acts as a miR-299-3p sponge
evelopment, providing a novel candidate therapeutic

Introduction

Recent advances in omics-based technologies have revealed that
more than 90% of the mammalian genome could be transcribed, among
which protein-coding genes account for only 1-2% while the vast majori-
ty of resultant transcripts are non-coding RNAs (ncRNAs) [1, 2]. It is wide-
ly accepted that ncRNAs consist of microRNAs (miRNAs) and long ncRNAs
(IncRNAs) and that IncRNAs are transcribed mainly by polymerase Il as
single-stranded molecules [3, 4]. LncRNAs are defined as a large and
diverse class of RNA transcripts with a length of over 200 nucleotides,
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which possess low or no protein-coding potential
[5, 6]. Numerous studies have demonstrated that
IncRNAs are implicated in diverse biological pro-
cesses, including cell proliferation, cell differentia-
tion, cell survival and signaling transduction [7, 8].
Increasing evidence has shown that IncRNAs may
exert their regulatory roles via acting as guides,
tethers, scaffolds or decoys of other biological
molecules [9, 10]. Recent studies have identified
that the aberrant expression of some tumor-re-
lated IncRNAs contributes to non-small cell lung
cancer initiation and progression [11-13].

Lung cancer is one of the most common and
aggressive human malignant tumors throughout
the world, resulting in over one million deaths
every year [14, 15]. It is estimated that approxi-
mately 220,000 new lung cancer cases occur and
that about 160,000 people die of this cancer in the
US every year [16, 17]. Non-small cell lung cancer
(NSCLC) is the most prevalent pathological type
of lung cancer and accounts for around 85% of
all lung cancer cases [18-21]. Chemotherapy, ra-
diotherapy, immunotherapy and combined thera-
py remain the major treatment options for NSCLC
patients [22, 23]. In spite of significant progress
in NSCLC diagnosis and therapy over the past
decades, the prognosis of NSCLC patients is still
poor, highlighting the urgent demand for novel
and effective therapeutic alternatives. Notably, re=
cent reports have pointed to the functional signif-
icance of some cancer-related IncRNAs in NSCLC
development [24, 25].

The anti-sense transcript of special#AT-rich
sequence binding protein 2 (SATB2-AS1), a new-
ly identified tumor-associated, INERNA, is tran-
scribed from a region of chromosome2 in the op-
posite direction to the proteinscoding transcript
[26]. Previous studiesthave characterized the bio-
logical role of SATB2-AS1 in human osteosarcoma
[27] and coloregtalicancer [28]; nonetheless, little
is known about its role in NSCLC and underlying
molecular mechanisms. In the current study, we
aimed to explorethe"biological role of SATB2-AS1
in NSCLC and elucidate the potential molecular
mechanisms involved. The present study may
provide a better understanding of NSCLC devel-
opment.

Material and methods
Patients and tissue sample collection

Tumorous tissue samples and adjacent normal
tissue samples were collected from 60 NSCLC pa-
tients between March 2013 and February 2017 at
Taihe Hospital (Taihe, China). All the participants
enrolled in this study provided written informed
consent, and the study obtained approval from
the Medical Ethics Committee of Taihe Hospital.

Cell lines, cell culture and transfection

Four NSCLC celllines (H661, A549, H460, Calu-1)
and one normal human bronchial epithelial cell
line, BEAS-2B, were purchased from the American
Type Culture Collection (ATCC). All the cells were
cultured in RPMI-1640 medium (Invitrogen, Carls-
bad, CA, USA) and maintained at 37°C in a humid-
ified atmosphere of 5% CO,.

Short hairpin RNA specifically targeting SATB2-
AS1 (sh-SATB2-AS1) and miR-299-3p inhibitor were
commercially constructed by GenePharma «Co.,
Ltd (Shanghai, China). The sequence information
for sh-SATB2-AS1 and miR-299-3p was_listed, as
follows: for sh-SATB2-AS1, 5'-GCCACGGAGUAUAU=
CAGCAACUUUCAAGAGAAGUUGCUGAUAUAACUC-
GUGGCUU-3'; for miR-299-3p, inhibitor, 5'AUJAU-
GUGGGAUGGUAAACCGCUU-3". “Cell transfection
was performed using Lipoféctamine 2000 (Invitro-
gen) following the manufacturer'siinstructions.

MTT assays

Cell prolifératiomywas evaluated using MTT as-
says. In brief, cells were seeded in 96-well plates
at the density.of 1.5/x 10* per well and cultured in
a humidified qncubator. Following incubation for
different times (0 h, 24 h, 48 h and 72 h), DMSO
solutioni(Sigma, St. Louis, MO, USA) was added to
eachywell. Then cells were incubated for another
four hours at 37°C. The absorbance at 570 nm was
measured using an automatic microplate spectro-
photometer (Spectra Max 250; Molecular Devices,
Sunnyvale, CA, USA).

Cell cycle analysis

The cell cycle was evaluated using flow cy-
tometry analysis as previously described [29]. In
brief, cells were harvested and then were washed
twice using cold PBS. The cells were re-suspended
in 300 ul of PBS, followed by addition of 500 pl
of PI staining solution (50 ng/ml). Subsequently,
the cells were incubated in the dark for 30 min at
room temperature. Finally, the cells were analyzed
using a FACSCalibur Flow Cytometer (BD Biosci-
ences, Franklin Lakes, NJ, USA).

Cell apoptosis analysis

FITC-Annexin V/PI Apoptosis Detection Kit (BD
Biosciences) was used for cell apoptosis analy-
sis following the manufacturer’s protocol. Briefly,
cells were collected, washed twice with cold PBS,
and re-suspended in 500 pl of binding buffer. Fol-
lowing addition of 5 pl of Annexin V-FITC and 5
ul PI, cells were incubated in the dark for 15 min
at room temperature. Subsequently, cell apoptosis
was assessed on a FACSCalibur Flow Cytometer
(BD Biosciences).
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Western blotting analysis

Total cellular proteins were extracted and then
were separated using SDS-PAGE as previously de-
scribed [30-32], then were transferred onto PVDF
membranes. The membranes were blocked using
5% non-fat milk at room temperature for 1 h. Next
the membranes were incubated with primary
antibodies (Abcam, Cambridge, MA, USA) at 4°C
overnight. Following incubation with HRP-conju-
gated secondary antibody, the protein bands were
developed with an ECL detection kit (Amersham,
Piscataway, NJ, USA).

RNA isolation, reverse transcription
and qRT-PCR

Total RNAs were extracted using the TRIzol re-
agent (Invitrogen) in line with the manufacturer’s
instructions. For miRNA analysis, reverse transcrip-
tion was performed using a PrimeScript miRNA
cDNA synthesis kit (Takara, Dalian, China). For In-
cRNA analysis, a PrimeScript Reverse Transcrip-
tase Reagent Kit (Takara) was used to synthesize
the cDNA. Quantitative PCR was carried out using
the SYBR Green Master Mix on an ABI 7500 Real
Time PCR System (Applied Biosystems, Foster City,
CA, USA). The specific primers were designed dnd
synthesized by GenePharma. The sequences of
primers were listed as follows: for SATB2-AS lyfor-
ward 5'-CGAATCCCTTCCTCCTCTCC-3' and freverse
5'-TCGTCTTAGCCCTTTCCGTT-3'; for p-actin,, for-
ward 5'-GTGGCCGAGGACTTTGATTG-3/"andyreverse
5'-CCTGTAACAACGCATCTCAT-3'; for miR-299-3p,
forward 5-ACACTCCAGCTGGGFATGTG-3' and re-
verse 5'-GTGCAGGGTCCGAGGTCG-3'; for U6, for-
ward 5-CTCGCTTCGGCAGCACA-3L and reverse
5’-AACGCTTCACGAATTTGCGI-3'. U6'was used as an
internal control to normalize the expression of mi-
299-3p. B-actin acted as an'endogenous control for
SATB-AS1 expression analysis. The relative expres-
sion levels fvere calculated using the 24 method.

IntVive tumerigenic assays

The animal experiment was conducted in accor-
dancenwith the guidelines of the Helsinki Declara-
tion, and’was approved by the Animal Care and Use
Committee of Taihe Hospital (Taihe, China). In brief,
tumor xenograft models were established by subcu-
taneous injection of sh-NC or sh-SATB2-AS1-treated
H460 cells in the flanks of the nude mice (5-6 weeks
of age). The length and width of tumors were mea-
sured using a slide caliper every 7 days. At post-in-
oculation day 35, mice were sacrificed, then tumors
were harvested and weighed. The volumes of the
collected tumors were calculated using the follow-
ing formula: volume [mm?] = width? [mm?] x length
[mm]/2. Furthermore, tumor samples were collected
for further immuno-histochemical analysis.

Immunohistochemical staining

Immunohistochemical analysis was carried
out on 5-um-thick sections prepared from forma-
lin-fixed and paraffin-embedded tissues. Tissue
sections were de-paraffinized in xylene and rehy-
drated in a graded series of ethanol. Microwave
heating was used for antigen retrieval. After being
blocked using 5% bovine serum albumin, tisste
sections were incubated with rabbit Ki67 poly
clonal antibody at 4°C overnight. Subsequently;
tissue sections were treated with biotinylated
secondary antibody for 1 h at room temperature.
Diaminobenzidine (DAB) was used as a‘chromo:
gen. The Ki67-positive cells in thé"tumor, tissties
were observed under a light_microscope \(BX51;
Olympus, Tokyo, Japan).

Prediction and seléction of target miRNA

The starBase v3.0 enline tool was used to pre-
dict potential target miRNAs of SATB2-AS1. After-
wards, threeicancer-relatedymiRNAs (miR-299-3p,
miR-54543p, and miR-605-3p) were selected as
candidate targets of SATB2-AS1. Then, gRT-PCR
analysis. Was_conducted to evaluate whether
SATB24AS1 over-expression and knockdown could
affe€t the expression of the above candidate
miRNAsi Consequently, only miR-299-3p expres-
sion, could be significantly regulated by SATB2-
AST, suggesting that miR-299-3p was a potential
binding partner for SATB2-AS1. Thus, miR-299-3p
was chosen for subsequent research.

Dual luciferase reporter assays

The wild-type SATB2-AS1 fragment and mu-
tant SATB2-AS1 fragment were inserted down-
stream of the luciferase reporter vector pmirGLO
(Promega Corporation, Madison, WI, USA) to
generate pmirGLO-SATB2-AS1-WT and pmirGLO-
SATB2-AS1-MUT, respectively. HEK293T cells were
co-transfected with pmirGLO-SATB2-AS1-WT or
pmirGLO-SATB2-AS1-MUT and negative control
mimics (NC mimics) or miR-299-3p mimics us-
ing Lipofectamine 2000 (Invitrogen). At 48 h after
transfection, luciferase activity was determined
using the dual-luciferase reporter assay system
(Promega). The firefly luciferase activity was nor-
malized against Renilla luciferase activity.

RNA immunoprecipitation (RIP) assays

RIP experiments were carried out using the
commercially available EZ-Magna RIP Kit (Millipore,
Billerica, MA, USA) according to the manufactur-
er’s protocol. RIP buffer containing magnetic beads
conjugated with anti-Ago2 antibody or 1gG (con-
trol) was utilized to obtain the co-precipitants in
the cell lysis buffer. Following proteinase K diges-
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tion, the isolated RNAs were subjected to gRT-PCR
analysis.

Statistical analysis

SPSS 20.0 software (IBM Corp., USA) was used
for statistical analysis. All the experiments were
conducted in triplicate. Data were presented as
mean +* standard deviation. Two-group compari-
son was performed using Student’s t-test. Multi-
ple group comparison was performed using one-
way ANOVA. Survival rate was calculated by the
log-rank test and Kaplan-Meier survival analysis.
A p-value of less than 0.05 was considered as sta-
tistically significant.

Results

SATB2-AS1 up-regulation was observed in
NSCLC tissues and cell lines

To investigate the role of SATB2-AS1 in NSCLC,
we initially measured its expression levels in can-
cerous tissues and matched para-cancerous tis-
sues from 60 patients. As shown in Figure 1 A, the
expression of SATB2-AS1 was significantly higher
in NSCLC tissues than in normal non-cancerous
tissues (p < 0.01). Subsequently, we evaluated
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the expression patterns of SATB2-AS1 in normal
plasma cells and four NSCLC cell lines using gRT-
PCR analysis. As presented in Figure 1 B, SATB2-
AS1 expression level was significantly elevated in
NSCLC cell lines compared with that in the normal
human bronchial epithelial cell line BEAS-2B (p <
0.01), which was consistent with the findings in
clinical tissue samples. To analyze the relationship
between SATB2-AS1 expression levels and survivs
al time, patients were divided into two groups,
a high SATB2-AS1 expression group and a low
SATB2-AS1 expression group, based on the aver-
age value of its expression levels. As is evident
from Kaplan-Meier survival analysis, a_significant-
ly shorter overall survival was observéd in patients
with high SATB2-AS1 expression than in those
with low SATB2-AS1 expression (meanysurvival
time, 615 days vs 1161 days, p <0:01, Figure 1 C).
Together, our results suggest that SATB2-AS1 may
have a critical role in the development of NSCLC.

SATB2-AS1 facilitates proliferation and
suppressesfapoptosis of NSELC cells

To explore\the biological role of SATB2-AS1 in
NSCLGggain- and,loss-of-function studies were car-
ried fout in"A549 cells with the lowest endogenous
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Figure 1. SATB2-AS1 expression is significantly in-
creased in NSCLC tissues and cell lines. A — RT-PCR
analysis was used to analyze the expression of
SATB2-AS1 in tumorous tissue samples and ad-
jacent normal tissue samples from 60 NSCLC pa-
tients. B — RT-PCR analysis was applied to evaluate
the expression pattern of SATB-AS1 in the normal
human bronchial epithelial cell line BEAS-2B and
four NSCLC cell lines. C — The relationship between
SATB-AS1 expression and overall survival of NSCLC
patients was assessed using the Kaplan-Meier sur-
vival curve method and the log-rank test

**p < 0.01; SATB2-AS1 — the anti-sense transcript of
special AT-rich sequence-binding protein 2, NSCLC — non-
small cell lung cancer.
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SATB2-AS1 expression and H460 cells with the high-
est endogenous SATB2-AS1 expression, respectively.
NSCLC cells were transfected with SATB2-AS1 ex-
pression vectors or SATB2-AS1-specific ShRNA (sh-
SATB2-AS1) to achieve regulation of its expression.
As displayed in Figure 2 A, the SATB2-AS1 expression
level was notably higher in the SATB2-AS1 over-ex-
pression group than that in the empty control group
(p < 0.01); the SATB2-AS1 expression level was con-
siderably lower in the SATB2-AS1 knockdown group
in comparison with that in the negative control
group (p < 0.01). The effects of SATB2-AS1 on NSCLC
cell proliferation, cell cycle and apoptosis were then
determined via MTT assays and flow cytometry. As
presented in Figure 2 B, SATB2-AS1 over-expression
significantly increased the proliferation of A549 cells,
whereas SATB2-AS1 knockdown resulted in a nota-
ble decrease in H460 cell proliferation (p < 0.01). As
shown in Figure 2 C, transfection of SATB2-AS1 ex-
pression vectors accelerated A549 cell cycle progres-

sion compared with the control group, while trans-
fection of sh-SATB2-AS1 induced cell cycle arrest in
H460 cells in comparison with negative control treat-
ment. Furthermore, the apoptosis rate of A549 cells
was 50.59% lower in the SATB2-AS1 over-expression
group than the control group (p < 0.01), whereas the
apoptosis rate of H460 cells was 62.51% higher in
the SATB2-AS1 knockdown group than the negative
control group (p < 0.01, Figure 2 D).

In addition, we evaluated the effects of SAT
AS1 on proliferation-related proteins
CCND1, CDK4/6 and C-myc) and apopto
ciated proteins (Bax, cleaved caspase-3,
Mcl-1) using Western blotting. As di
ure 2 E, higher expression levels
CDK4/6, C-myc, Bcl2 and Mc
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Figure 2. SATB2-AS1 facilitates proliferation and suppresses apoptosis of NSCLC cells. A — NSCLC cells were trans-
fected with SATB2-AS1 over-expression vectors and sh-SATB2-AS1 to modulate SATB2-AS1 expression; SATB2-AS1
expression levels were measured using RT-PCR analysis at 48 h after transfection. B— MTT assays were used to eval-
uate cell proliferation after transfection with empty vectors, SATB2-AS1 expression vectors, sh-NC or sh-SATB2-AS1

**p < 0.01; SATB2-AS1 — the anti-sense transcript of special AT-rich sequence-binding protein 2, NSCLC — non-small cell lung
cancer, sh-NC — negative control short hairpin RNA, sh-SATB2-AS1 — short hairpin RNA specifically targeting SATB2-AS1, p-Rb —
phosphorylated retinoblastoma protein, CCND1 — cyclin D1, CDK4/6 — cyclin-dependent kinase 4/6, Bcl2 — B cell lymphoma 2;
Bax — Bcl2-associated X protein, Mcll — myeloid cell leukemia 1 protein.
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gure 2. Cont. C - Cell cycle progression was determined using flow cytometry after transfection with empty vec-
tors, SATB-AS1 expression vectors, sh-NC or sh-SATB2-AS1. D — Apoptosis of NSCLC cells were examined using flow
cytometry after transfection with empty vectors, SATB2-AS1 expression vectors, sh-NC or sh-SATB2-AS1

**p < 0.01; SATB2-AS1 — the anti-sense transcript of special AT-rich sequence-binding protein 2, NSCLC — non-small cell lung
cancer, sh-NC — negative control short hairpin RNA, sh-SATB2-AS1 — short hairpin RNA specifically targeting SATB2-AS1, p-Rb —
phosphorylated retinoblastoma protein, CCND1 — cyclin D1, CDK4/6 — cyclin-dependent kinase 4/6, Bcl2 — B cell lymphoma 2;
Bax — Bcl2-associated X protein, Mcll — myeloid cell leukemia 1 protein.
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Figure 2. Cont. E — Expression levels of proliferation-related proteins (p-Rb, CCND1, CDK4/6 and C-myc) and apop-
tosis-related proteins (Bax, Mcl1, Bcl2 and cleaved caspase 3) were analyzed using Western blotting in NSCLC cells
transfected with empty vectors, SATB2-AS1 expression vectors, sh-NC or sh-SATB2-AS1

**p < 0.01; SATB2-AS1 — the anti-sense transcript of special AT-rich sequence-binding protein 2, NSCLC — non-small cell lung
cancer, sh-NC — negative control short hairpin RNA, sh-SATB2-AS1 — short hairpin RNA specifically targeting SATB2-AS1, p-Rb —
phosphorylated retinoblastoma protein, CCND1 — cyclin D1, CDK4/6 — cyclin-dependent kinase 4/6, Bcl2 — B cell lymphoma 2;
Bax — Bcl2-associated X protein, Mcl1 — myeloid cell leukemia 1 protein.
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sion levels of p-Rb, CCND1, CDK4/6, C-myc, Bcl2
and Mcl-1 and elevated the expression levels of
Bax and cleaved caspase-3 (p < 0.01). Collective-
ly, these data indicate that SATB2-AS1 promotes
NSCLC cell proliferation, accelerates cell cycle pro-
gression and inhibits apoptosis.

SATB2-AS1 ablation inhibits tumorigenicity
of NSCLC cells in mouse xenograft models
To investigate the effects of SATB2-AS1 on tum-

origenicity of NSCLC cells in vivo, tumor transplan-
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tation models were established via subcutaneous
injection of sh-NC- or sh-SATB2-AS1-treated H460
cells in the flanks of the nude mice. As shown in
Figure 3 A, tumors formed by sh-SATB2-AS1-treat-
ed H460 cells grew more slowly than those formed
by sh-NC-treated H460 cells (p < 0.01); moreover,
tumors collected from the sh-SATB2-AS1 group
had a much lower weight than those harveste

from the sh-NC group (p < 0.01). Furthermore, tu
mors in the SATB2-AS1 ablation group displayed
lower Ki67 expression levels than those in
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Figure 3. SATB2-AS1 ablation inhibits tumorigenicity of NSCLC cells in mouse xenograft models. A — sh-NC- or
sh-SATB2-AS1-treated H460 cells were inoculated into the flanks of the nude mice. The tumor growth curve was
plotted based on measurement data taken every 7 days; mice were sacrificed at post-transplantation day 35, and

tumors were removed and weighed. B -

Immunohistochemical staining was conducted to detect Ki67-positive cells

in the collected tumors formed by sh-NC- or sh-SATB2-AS1-treated H460 cells

**p < 0.01; SATB2-AS1 — the anti-sense transcript of special AT-rich sequence-binding protein 2, NSCLC — non-small cell
lung cancer, sh-NC — negative control short hairpin RNA, sh-SATB2-AS1 — short hairpin specifically targeting SATB2-AS1,
TUNEL — terminal deoxynucleotidyl transferase mediated nick end labeling.
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Figure 3. Cont. C— DAPI/TUNEL double staining was used to examine apoptotic cells in the harvested tumors

**p < 0.01; SATB2-AS1 — the anti-sense transcript ofsspecial Al-rich sequence-binding protein 2, NSCLC — non-small cell
lung cancer, sh-NC — negative control short hairpift' RNA, sh-SATB2-AS1 — short hairpin specifically targeting SATB2-AS1,

TUNEL - terminal deoxynucleotidy! transferase mediated nick etd labeling.

negative control group (Figure 3 B). Additionally,
DAPI/TUNEL double staining showed¢that! more
apoptotic cells were observed in the,SATB2-AS1
knockdown group than imptheynegative control
group (Figure 3 C). To stim up, these data imply
that SATB2-AS1 depletion represses tumorigenici-
ty of NSCLC cells i@ vivo.

SATB2-AS1 serves,asfa molecular sponge
of miR:299-3p

Accumulatingsdata have revealed that cross-
talk is common between IncRNAs and miRNAs
and that IncRNAs could act as molecular decoys
ofmiRNAs to execute their functions. To elucidate
the\ possible molecular mechanisms by which
SATB2-AS1 contributes to proliferation, cell cycle
progression and survival of NSCLC cells, we next
conducted further mechanistic studies. Herein,
we carried out bio-informatics prediction using
the starBase v3.0 online database. As shown in
Figure 4 A, there was a putative complementary
binding site for SATB2-AS1 in miR-299-3p. After-
wards, RIP analysis was performed to determine
whether SATB2-AS1 interacted with miR-299-3p.
As presented in Figure 4 B, more miR-299-3p was
enriched in the SATB2-AS1 over-expression group

than in the control group. Furthermore, dual lu-
ciferase reporter assays demonstrated that miR-
299-3p mimics led to a significant decrease in
the luciferase activity of the wild-type SATB2-AS1
reporter vectors compared with negative con-
trol treatment, whereas there was no significant
difference in the luciferase activity of the mu-
tant SATB2-AS1 reporter vectors between the NC
mimic group and the miR-299-3p mimic group
(Figure 4 C).

Additionally, the effects of SATB2-AS1 on miR-
299-3p expression were assessed via gRT-PCR
analysis. As displayed in Figure 4 D, SATB2-AS1
over-expression significantly reduced the expres-
sion levels of miR-299-3p in A549 cells in compari-
son with the control group (p < 0.01), while SATB2-
AS1 depletion significantly elevated the expression
levels of miR-299-3p in H460 cells compared with
the negative control group (p < 0.01). Notably, miR-
299-3p expression was significantly decreased in
NSCLC tissues compared with adjacent normal tis-
sues from healthy volunteers (p < 0.01, Figure 4 E).
Furthermore, an inverse correlation was observed
between SATB2-AS1 expression and miR-299-3p
expression in NSCLC tissues (Figure 4 F). Together,
these data suggest that SATB2-AS1 functions as
a molecular sponge of miR-299-3p.
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gure 4. SATB2-AS1 serves as a molecular sponge of miR-299-3p. A — A potential binding site of SATB2-AS1 in
miR-299-3p was predicted using the starBase v3.0 online algorithms. B — RNA immuno-precipitation assays were
applied to validate the interaction between SATB2-AS1 and miR-299-3p in HEK293T cells. C — Dual luciferase
reporter assays were performed to verify whether SATB2-AS1 could directly bind to miR-299-3p in HEK293T cells.
D — miR-299-3p expression levels were determined in NSCLC cells using RT-PCR analysis after transfection with
empty vectors, SATB2-AS1 expression vectors, sh-NC or sh-SATB2-AS1. E — miR-299-3p expression levels were
examined using RT-PCR analysis in NSCLC tissues and adjacent normal tissues of 60 patients. F — Relationship
between SATB2-AS1 expression and miR-299-3p expression in NSCLC tissues was assessed using Spearman cor-
relation analysis

**p < 0.01; SATB2-AS1 — the anti-sense transcript of special AT-rich sequence-binding protein 2, NSCLC — multiple myeloma,
sh-NC - negative control short hairpin RNA, sh-SATB2-AS1 - short hairpin RNA specifically targeting SATB2-AS1, SATB2-AS1-wt
— wild-type SATB2-AS1, SATB2-AS 1-mut — mutant SATB2-AS1, NC mimics — negative control mimics.
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Figure 5. miR-299-3p inhibitor reverses the effects of
40 ek g SATB2-AS1 ablation on malignant phenotypes of NSCLC
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3 miR-299-3p inhibitor were analyzed using MTT assays and
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10 4 negative control short hairpin RNA, sh-SATB2-AS1 — short hairpin
RNA specifically targeting SATB2-AS1, p-Rb — phosphorylated
0 retinoblastoma protein, CCND1 — cyclin D1, CDK4/6 — cyclin-

sh-NC SATBé-A51 sh-SATB2-AS1 + dependent kinase 4/6, Bcl2 — B cell lymphoma 2, Bax — Bcl2-
miR-299-3p inhibitor associated X protein, Mcl1 — myeloid cell leukemia 1 protein.
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associated X protein, Mcl1 — myeloid cell leukemia 1 protein:

miR-299-3p inhibitor reverses the effects
of SATB2-AS1 knockdown on malignant
phenotypes of NSCLC cells

To determine the functional“relationship~be-
tween SATB2-AS1 and miR.299-3p, we analyzed
the effects of miR-299-3p inhibitor on’malignant
phenotypes of sh-SAIB2-ASl-treated H460 cells.
As exhibited in Figures 5 A, B,'the inhibitory effects
of SATB2-AS1 kneckdown on'H460 cell prolifera-
tion and cell gycle progression were significantly
alleviated by miR-299-3p inhibitor. Moreover, miR-
299-3pnkibitor reversed the apoptosis-promot-
ing effect indueed by SATB2-AS1 ablation in H460
cells (Figure 5 C)*Remarkably, miR-299-3p inhibitor
alsorattenuated sh-SATB2-AS1-induced facilitating
effectsion Bax and cleaved caspase-3 expression
and suppressing effects on p-Rb, CCND1, CDK4/6,
C-myc, Mcl-1 and Bcl2 expression in H460 cells
(Figure 5 D). Taken together, these results imply
that SATB2-AS1 acts as a miR-299-3p sponge to
contribute to NSCLC cell proliferation and survival.

Discussion

In recent decades, constant efforts in cellular
and molecular biology have led to explosive dis-
coveries demonstrating that IncRNAs serve as
crucial regulators during the initiation and pro-

gression of human tumors and other disorders
[33, 34]. It is well accepted that characterization
of the de-regulated IncRNAs could advance our
comprehensive understanding of cancer biology
and treatment. NSCLC, one of the most aggressive
human malignancies, is responsible for an increas-
ing frequency of cancer-associated mortality [14,
15]. Accumulating data indicate that IncRNAs are
involved in NSCLC development and that the dys-
regulation of IncRNAs contributes to malignant
progression of NSCLC. Zhu et al. demonstrated
that IncRNA PART1 was significantly up-regulated
in NSCLC and that IncRNA PART1 facilitated NSCLC
development via the JAK-STAT signaling pathway
[11]. Wu and his colleagues reported the involve-
ment of IncRNA DLEU2 in NSCLC, and they found
that IncRNA DLEU?2 accelerated the tumorigenesis
and invasion by sponging miR-30-5p [12]. Huang’s
research group discovered that IncRNA AFAP1-AS1
was highly expressed in NSCLC and that IncRNA
PART1 promoted tumor cell proliferation and che-
motherapy resistance through regulation of RRM2
[13]. It is widely accepted that characterization of
novel tumor-associated IncRNAs could contribute
to solving the mystery of NSCLC development.

In the past few years, SATB2-AS1 has been
demonstrated to serve as a pivotal regulator in
human carcinogenesis and development. Liu and
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his research group reported that SATB2-AS1 was
over-expressed in osteosarcoma tissues and cell
lines and that SATB2-AS1 facilitated cancer cell
proliferation and growth [27]. Wang et al. deter-
mined the expression pattern of SATB2-AS1 in
colorectal carcinoma; they found that SATB2-AS1
expression was significantly decreased in colorec-
tal carcinoma and that SATB2-AS1 exerted tu-
mor-suppressing functions via inhibiting epitheli-
al-to-mesenchymal transition and aggressiveness
[28]. The discrepant results regarding SATB2-AS1
expression in different kinds of human tumors
may be attributed to the hypothesis that SATB2-
AS1 possesses tissue-specific expression patterns,
thereby exerting different biological roles in di-
verse types of human malignancies. Nonetheless,
the knowledge concerning the role of SATB2-AS1
in NSCLC is still limited.

In the current study, SATB2-AS1 expression was
demonstrated to be significantly elevated in NS-
CLC tissue samples in comparison with adjacent
normal tissue samples from healthy volunteers.
Strikingly, increased SATB2-AS1 expression was
found to be linked to poor outcome of patients.
Based on the above data, we speculated that
SATB2-AS1 may act as an oncogene in NSCLC.
Gain- and loss-of-function analysis is widely con-
sidered as an effective method to investigate the
biological role of IncRNAs. Herein, functionalinves-
tigations showed that over-expression of [SATB2-
AS1 promoted NSCLC cell proliferation, cell\cycle
progression and survival, whereas &nockdownof
SATB2-AS1 inhibited NSCLC cell growthdn vitro and
in vivo. Interestingly, our data(also ‘demonstrated
that SATB2-AS1 could modulatesthe expression of
proliferation-related proteins and apoptosis-relat-
ed proteins. It is well documented that increased
expression of p-Rb, CCND1,“C€DK4/6 and C-myc
contributes to uncontrolled cell proliferation [33,
34]. Furthepmore, ithis widely acknowledged that
elevated expressiomof Mcl-1 and Bcl2 and reduced
expression‘of Bax and cleaved caspase-3 are inti-
mately related t@’enhanced cell survival [35, 36].

Recently,’a large amount of studies have pro-
posedythat a crosstalk exists between IncRNAs
and miRNAs and that IncRNAs may serve as en-
dogenous molecular sponges of miRNAs to exert
their roles [37, 38]. To better clarify the potential
mechanisms underlying the carcinogenic effects
of SATB2-AS1 in NSCLC, bio-informatics prediction
and relevant validation assays were performed to
launch mechanistic studies. In the current study,
our results confirmed SATB2-AS1 as a miR-299-3p
sponge. Interestingly, rescue assays revealed that
miR-299-3p mediated the effects of SATB2-AS1
on NSCLC cell malignant phenotypes and relat-
ed protein expression. Notably, miR-299-3p has
been reported to be significantly down-regulated

and act as a tumor suppressor in multiple types
of human malignancies, such as cervical cancer
[39], renal cell carcinoma [40], thyroid cancer [41],
hepatocellular carcinoma [42] and non-small cell
lung cancer [43]. Collectively, our results indicate
that SATB2-AS1 exerts its oncogenic functions in
NSCLC through sponging miR-299-3p.

In summary, this study for the first time demen-
strated that SATB2-AS1 expression was signifi-
cantly elevated in NSCLC tissues and that high
SATB2-AS1 expression was associated with.poor
outcome in patients. Herein, our results gevealed
that SATB2-AS1 acted as a miR-299-3p sponge to
exert carcinogenic effects in NSCLGrineluding fa-
cilitating tumor cell growth, cell ¢ycle progression
and survival. Strikingly, we highlighted a novel reg-
ulatory mechanism of the SATB2-AST/miR-299-3p
axis in NSCLC development. Collectively, our find-
ings provide new insights into understanding the
functional role of SATB2-AS1}in NSCLC, indicating
that the SATB2-AS1/miR-299-3p axis represents
a candidatetherapeutic target for NSCLC.
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