Cancer Management and Research

Dove

ORIGINAL RESEARCH

LncRNA DLX6-AS| Promotes the Progression of
Neuroblastoma by Activating STAT2 via Targeting

miR-506-3p

Yanping Hu
Huifang Sun
Jiting Hu
Xiaomin Zhang

Department of Pediatrics, Luoyang
Central Hospital Affiliated to Zhengzhou
University, Luoyang, Henan 471009,
People’s Republic of China

Correspondence: Yanping Hu
Department of Pediatrics, Luoyang
Central Hospital Affiliated to Zhengzhou
University, No. 288 Zhongzhou Middle
Road, Luoyang, Henan 471009, People’s
Republic of China

Tel +86-379-63892018

Email gmm4ijn@163.com

This article was published in the following Dove Press journal:
Cancer Management and Research

Background: Neuroblastoma (NB) is a common malignant tumor of the sympathetic
nervous system, mainly disturbing children. Long non-coding RNAs (IncRNAs) serving as
promising cancer biomarkers have been well recognized. Our study intends to explore the
functions of IncRNA X-inactive specific transcript (DLX6-AS1) in NB and provide
a potential action mechanism.

Methods: The expression of DLX6-AS1, miR-506-3p and signal transducer and activator of
transcription 2 (S7472) was measured by quantitative real-time polymerase chain reaction
(qRT-PCR). Cell proliferation was assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay and colony formation assay. Cell cycle distribution was
determined by flow cytometry assay. The protein level of cell cycle-related markers and
STAT2 was detected by Western blot. Glycolysis progress was evaluated according to
glucose consumption, lactate production and ATP level. The target genes were predicted
by the online database Starbase3.0 and verified by dual-luciferase reporter assay.

Results: DLX6-AS1 expression was highly elevated in NB tissues and cells. DLX6-AS1
deficiency inhibited NB cell proliferation, cell cycle and glycolysis in vitro. MiR-506-3p was
a target of DLX6-AS1, and miR-506-3p absence partly reversed the effects of DLX6-AS1
deficiency. Besides, STAT2 was targeted by miR-506-3p, and its expression was regulated by
DLX6-AS1 through miR-506-3p. MiR-506-3p restoration also inhibited NB cell malignant
behaviors, and STAT2 overexpression partially abolished the role of miR-506-3p restoration.
Moreover, DLX6-AS1 deficiency weakened tumor growth in vivo.

Conclusion: DLX6-AS1 regulated cell proliferation, cell cycle and glycolysis in vitro and
tumor growth in vivo to promote the development of NB by upregulating STAT2 via targeting
miR-506-3p.
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Introduction

Neuroblastoma (NB) is the most common extracranial solid tumor in childhood of
neural crest origin,' accounting for approximately 7% of childhood malignant
tumors and 15% of childhood cancer mortality.> About 60% of NB patients are
diagnosed with a high risk of metastases, and these patients remain a therapeutic
challenge for pediatric oncologists.” Despite the fact that intensive treatment with
multiple therapies has developed, including radiation, surgery and chemotherapy,
the overall survival rate of high-risk patients is still less than 40%.* NB usually
cannot be removed and requires intensive multimodal treatment for children with
NB over the age of 18 months. However, children with NB younger than 18 months
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can be cured with moderate-intensity chemotherapy, and it
is possible to regress spontaneously.”® Therefore, early
diagnosis is of great significance for the treatment of NB,
and more specific biomarkers need to be tapped for early
diagnosis.
The
(IncRNAs) in cancer initiation or regression has aroused

involvement of long non-coding RNAs
much concern. LncRNAs, over 200 nucleotides, are
a class of major non-coding transcripts.” Until now,
abundant IncRNAs have been functionally characterized
via gene-specific research, involving multiple biological
processes.® As for the development of NB, several stu-
dies documented diagnostic or prognostic IncRNA sig-
natures by RNA sequencing technology.9 Besides,
several NB-associated IncRNAs have been functionally
identified, such as FOXD3-AS1, HOXD-AS1 and
SNHG1.'"'? They are aberrantly expressed in NB and
function as tumor suppressors or oncogenes to partici-
pate in the pathogenesis of NB. LncRNA Distal-Less
Homeobox 6 antisense RNA 1 (DLX6-AS1) is a newly
identified oncogene in tumorigenesis of several cancers,
including NB.'> However, the functional role of DLX6-
AS1 in NB pathogenesis has not been fully elucidated,
and the associated mechanism about DLX6-AS1 is
limited.

MicroRNAs (miRNAs), 19~22 nucleotides in length,
are well-known cellular molecules to mediate gene expres-
sion at the post-transcriptional level.'"* The implication of
miRNAs in cell-specific functions, such as differentiation,
division, metastasis and apoptosis, thus taking part in
mechanisms of tumor development.'> Several studies
maintain that miRNAs are promising candidates of NB
biomarkers for non-invasive diagnosis, risk stratification
and prognosis monitoring.'® MiR-506-3p acts as a tumor
inhibitor that has been extensively studied in common
cancers.''® Unfortunately, the role of miR-506-3p in
NB is obscured, and relevant studies are lacking.

Signal transducer and activator of transcription 2 (STAT2)
encodes a protein that induces the transcription of genes in
response to the signaling mediation through the interferon
pathway.'® STAT2 was proved to harbor oncogenic functions
and critically function in cancer progression, including color-
ectal cancer, glioma, and lung cancer.”*** Given the critical
role of STAT?2, it was served as a worthwhile target for cancer
therapy. However, the potential role and action mechanisms
of STAT2 in NB remain largely unknown.

In our study, we examined the expression of DLX6-
AS1 in NB tissues and cells. Besides, the functional role of

DLX6-AS1 was investigated in cell proliferation, cycle
and glycolysis. Moreover, the relationship among DLX6-
AS1, miR-506-3p and STAT2 was determined, thus provid-
ing a potential regulatory mechanism of DLX6-ASI1 in
NB. This paper aimed to obtain several valuable biomar-
kers for NB treatment.

Materials and Methods

Tissue Collection

Total 31 pairs of NB tissues and adjacent normal tissues were
collected from NB patients recruited from Luoyang Central
Hospital Affiliated to Zhengzhou University. All excised
tissues were immediately dealt with liquid nitrogen and pre-
served in —80°C conditions. Written informed consent was
obtained from each patient or their guardian. This study was
conducted with the approval of the Ethics Committee of
Affiliated
University. The association between clinical features of NB

Luoyang Central Hospital to Zhengzhou

patients and DLX6-AS1 expression were shown in Table 1.

Cell Culture
NB cell lines, including SK-N-SH and LAN-6, were pur-
chased from BeNa Culture Collection (Beijing, China) and

Table | Association Between Clinical Features and DLX6-ASI
Expression of NB Patients (n=31)

Parameters Case | DLX6-ASI P value
Expression®
High Low
(n=16) (n=15)
Age (years)
<25 12 5 7 0.3785
>2.5 19 Il
Gender
Male 10 4 03719
Female 21 12 9
INSS stage
1-2 18 6 12 0.0166*
3-4S 13 10 3
Lymph node
metastasis
No 16 5 Il 0.0191*
Yes 15 Il 4
Differentiation
Well 17 12 5 0.0198*
Moderate-poor 14 4 10

Notes: *P<0.05. *Using median expression level of DLX6-ASI as cutoff.
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DSMZ (Braunschweig, Germany), respectively. All cells
were cultured in 90% Dulbecco’s Modified Eagle Medium
(DMEM; Gibco, Grand Island, NY, USA) added with 10%
fetal bovine serum (FBS; Gibco) at 37°C containing 5%
CO, incubator.

Cell Transfection

Small interference RNA targeting DLX6-AS1 (si-DLX6-AS1:
5'-AAUAAAGAACACUUACACUACUG-3') together with
its negative control (si-NC: 5- UUCUCCGAACGUGUC
ACGUTT-3') were assembled by Ribobio (Guangzhou,
China). MiR-506-3p mimics (miR-506-3p; Product ID:
miR10002878-1-5), miR-506-3p inhibitors (anti-miR-506-
3p; Product ID: miR20002878-1-5) and respective controls,
including miR-NC (Product ID: miR1N0O000001-1-5) and
anti-miR-NC (Product ID: miR2N0000001-1-5) were pur-
chased from Ribobio. The sequences of DLX6-ASI and
STAT2 were amplified and cloned into the pcDNA3.1 over-
expression vector, named as pcDNA-DLX6-AS1 and pcDNA-
STAT?2 (Sangon, Shanghai, China), and pcDNA empty vector
was served as the negative control (pcDNA-NC). For stable
DLX6-AS1 knockdown, a lentiviral vector containing short
hairpin RNA targeting DLX6-AS1 (sh-DLX6-AS1: 5'-
GGTTCAGTATAGATTTCTA-3') and its negative control
(sh-NC: 5'- TTCTCCGAACGTGTCACGT-3") were synthe-
sized by Research-Bio Co., Ltd (Shanghai, China). These
oligonucleotides (20 nM) and plasmids (1 pg) were transfected
into SK-N-SH and LAN-6 cells (5x10% cells) using
3000 Reagent Carlsbad,

Lipofectamine (Invitrogen,

CA, USA).

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

Total RNA was extracted using the TransZol Kit
(TransGen, Beijing, China). Next, reverse transcription
PCR was performed using the TransScript First-Strand
cDNA Synthesis SuperMix (TransGen) or TransScript
miRNA  First-Strand c¢cDNA  Synthesis  SuperMix
(TransGen). Subsequently, the TransStart Green qPCR
SuperMix was used to conduct the qRT-PCR amplification
reaction. The expression data were processed using the
2722CT method, and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) or U6 was adopted as the reference. The
primer sequences were listed as follows: DLX6-AS1, for-
ward: 5'-AGTTTCTCTCTAGATT-GCCTT-3' and reverse:
5'-ATTGACATGTTAGTGCCCTT-3’; miR-506-3p, for-
ward: 5'-ACACTCATAAGGCACCCTTC-3' and reverse:

5'- TCTACTCAGAAGGGGAGTAC-3'; STAT2, forward:
5'-GCAGCACAATTTG GGAA-3' and reverse: 5'-ACAG
GTGTTTCGAGAACTGGC-3"; GAPDH, forward: 5'-
AACGTGTCAGTGGTGGACCTG-3" and reverse: 5'-
AGTGGGTGTCGCTGTTGAAGT-3"; U6, forward: 5'-
CTCGCTTCGGCAGCACA-3" and reverse: 5'-AACGCT
TCACGAATTTGCGT —3'. All experiments were repeated
in triplicate.

3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide (MTT)

Assay

The MTT Cell proliferation Assay Kit (Beyotime,
Shanghai, China) was used to detect cell proliferation
capacity. Generally, cells with different transfections
were grown in 96-well plates (2000 cells/well) for the
desired time (24, 48 and 72 h). Four hours before the
end time point of culture, 10 pLL MTT solution was
added into each well, incubating for another 4 h at 37°C.
Afterwards, 100 pL formazan solving liquid was added
into each well until the formazan was fully dissolved. The
absorbance at 490 nm was recorded using the iMark
microplate reader (Bio-Rad, Hercules, CA, USA). All
experiments were repeated in triplicate.

Colony Formation Assay

Cells with different transfections were cultured at the
logarithmic growth phase and then seeded into 10 cm
diameter culture plates at a density of 200 cells/plate.
The culture plates were maintained at 37°C containing 5%
CO, incubator. After 12 d, the arisen colonies were fixed
using methanol, stained with crystal violet and then
counted under a microscope (Olympus, Tokyo, Japan).
These experiments were performed in triplicate.

Cell Cycle Detection

Cell cycle was determined through flow cytometry assay
using the Cell Cycle Analysis Kit (Beyotime). Briefly,
cells with different transfections were collected by trypsi-
nization and fixed with 70% alcohol for 6 h at 4°C. Then,
cells were subjected to centrifugation and resuspended
with phosphate-buffered saline (PBS). Afterwards, propi-
dium iodide (PI) staining solution containing RNase A was
added to stain for 30 min at 37°C away from light on the
ice. Finally, cell sorting was executed using a FACScan
flow cytometer (BD Biosciences, San Jose, CA, USA), and
cell distribution in the G1, S and G2/M phases was
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assessed using CellQuest Pro software (BD Biosciences).
These experiments were performed in triplicate.

Western Blot

Western blot was performed to examine the expression of cell
cycle-related markers, including Cyclin-dependent kinase 1
(CDK1) and Cyclin DI, and the expression of STAT2.
Concisely, total proteins were isolated using the RIPA Lysis
Buffer (Beyotime) and subjected to 10% sodium dodecyl
sulfate-polyacrylamide gel -electrophoresis (SDS-PAGE).
Afterwards, the proteins were transferred onto polyvinylidene
difluoride membranes (Bio-Rad), followed by non-fat milk.
Next, the membranes were probed with the primary antibo-
dies against CDK1 (ab18; Abcam, Cambridge, MA, USA),
Cyclin D1 (ab134175; Abcam), STAT2 (ab124283; Abcam),
GAPDH (ab9485; Abcam) and secondary antibodies
(ab205718, ab205719; Abcam). The protein blots were pre-
sented using an enhanced chemiluminescence kit (Beyotime).
All experiments were repeated in triplicate.

Glycolysis Detection

Glycolysis was investigated according to glucose con-
sumption, lactate production and ATP level of cells after
transfection using Glucose Uptake Assay Kit (Abcam),
Lactate Assay Kit-WST (Abcam) and ATP Assay Kit
(Abcam) in line with the corresponding protocol. These
experiments were performed in triplicate.

Target Gene Prediction and Verification
The target genes of IncRNA or miRNA were predicted
using the online bioinformatics tool Starbase3.0 (http://
starbase.sysu.edu.cn/).

The targeted relationship was verified by dual-
luciferase reporter assay. Briefly, the DLX6-AS1 partial
sequences harboring the wild-type binding sites with
miR-506-3p were amplified and cloned into pGL4 vec-
tor, terming as Luc-DLX6-AS1-WT, and the DLX6-AS1
partial sequences harboring the mutant binding sites with
miR-506-3p were also amplified and constructed into
pGL4 vector, terming as Luc-DLX6-AS1-MUT.
Similarly, Luc-STAT2 3'UTR-WT and Luc-STAT?
3'UTR-MUT were also assembled. Subsequently, these
fusion plasmids together with miR-506-3p or miR-NC
were cotransfected into SK-N-SH and LAN-6 cells,
respectively. After 48 h, transfected cells were collected
and followed by the detection of luciferase activity using
the TransDetect Double-Luciferase Reporter Assay Kit
(TransGen). All experiments were repeated in triplicate.

The primer sequences used for subclone were listed as
follows: DLX6-AS1-WT, F, 5-CTAGCTAGCGGAGAT
ACAAGGTAAACCTGAGAC-3'" and R, 5-CGGATATC
AATTATCTGATGTGTATCTCAAGGC-3'; DLX6-ASI1-
MUT, F, 5'-CTCAAGCAGACTTTGUAACTATGCGAG
ATAC-3' and R, 5-GTATCTCGCATAGTTACAAAGT
CTGCTTGAG-3". STAT2? 3'UTR-WT, F, 5-CTAGCTAG
CATACTGGCATTGGCCCTTGG-3' and R, 5'-CGGAT
ATCGGAACAGGTACAGCCAGCTT-3"; STAT2 3'UT
R-MUT, F, 5'-GAGCTTTCGATACGAGCCTACCATGT
-3" and R, 5-TGGTAGGCTCGTATCGAAAGCTCTC-3’

Animal Experiment in vivo

Animal experiment was authorized by the Animal Care and
Use Committee of Luoyang Central Hospital Affiliated to
Zhengzhou University. Animal studies were performed in
compliance with the ARRIVE guidelines and the Basel
Declaration. All animals received humane care according
to the National Institutes of Health (USA) guidelines.
BALB/c nude mice (n=12, male, 4-weeks-old) were pur-
chased from HFK Bioscience Co., Ltd (Beijing, China). SK-
N-SH cells (3x10°%) with the transfection of sh-DLX6-AS1
and sh-NC were subcutaneously inoculated into experimen-
tal mice. The mice were averagely divided into two groups:
the sh-DLX6-AS1 group and the sh-NC group. Two groups
were maintained in the same growth conditions. From 5th
d after inoculation, the tumor volume was measured every 5
d according to the method: length x width? x 0.5. At the end
of growth (30 d), all mice were killed, and tumor tissues
were removed for the following analysis.

Statistical Analysis

The statistical analysis was performed using SPSS version
21.0 (IBM, Armonk, NY, USA). All data were obtained
from at least three repeats and presented as the mean +
standard deviation. Data sets were compared using the
Student’s ¢-test and analysis of variance where appropriate.
The correlation between miR-506-3p expression and
DLX6-AS1 expression or STAT2 expression was assessed
according to Spearman rank correlation. The level of sta-
tistical significance set was at P <0.05.

Result
The Expression of DLX6-AS| Was Highly
Upregulated in NB Tissues and Cell Lines

Firstly, the expression level of DLX6-AS1 was examined
to monitor whether DLX6-AS1 was abnormally expressed
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in NB. Using qRT-PCR, we obtained that the level of
DLX6-AS1 was significantly enhanced in NB tissues com-
pared with that in normal tissues (Figure 1A).
Consistently, the level of DLX6-AS1 in SK-N-SH and
LAN-6 cells was strikingly higher than that in HUVEC
cells (Figure 1B). The data hinted that NB development
might be associated with dysregulation of DLX6-ASI.

DLX6-AS| Deficiency Reduced Cell
Proliferation, Arrested Cell Cycle and
Blocked Glycolysis in NB Cells

Given that the expression of DLX6-AS1 was enhanced in
NB cells, the endogenous level of DLX6-AS1 was decreased
to investigate its function in vitro. The expression of DLX6-
AS1 in SK-N-SH and LAN-6 cells transfected with si-DLX6
-AS1 was notably lower than that transfected with si-NC
(Figure 2A). Cell proliferation was assessed by MTT assay
and colony formation assay, and the results showed that
DLX6-AS1 deficiency diminished the OD value at 490 nm
and the number of colonies relative to si-NC in both SK-
N-SH and LAN-6 cells (Figure 2B-D). Besides, the analysis
of cell cycle distribution presented that DLX6-AS1 defi-
ciency increased the proportion of SK-N-SH and LAN-6
cells in the GO/G1 phase and decreased the proportion in
S phase (Figure 2E), indicating that DLX6-AS1 deficiency
inhibited the G1/S transition of the cell cycle. In addition, the
levels of cell cycle-related proteins were quantified, and the
data displayed that DLX6-AS1 deficiency markedly dimin-
ished the levels of CDKI1 and Cyclin D1 in SK-N-SH and
LAN-6 cells (Figure 2F). Moreover, the glycolysis progress
was elevated by glucose consumption, lactate production and
ATP levels, and all of them were prominently weakened by
DLX6-AS1 deficiency in SK-N-SH and LAN-6 cells (Figure
2G-I). These experiments suggested that DLX6-AS1 defi-
ciency blocked the progression of NB in vitro.
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MiR-506-3p, Downregulated in NB
Tissues and Cell Lines, Was a Target of
DLX6-ASI

Through the analysis of the online bioinformatics tool
Starbase3.0 (http://starbase.sysu.edu.cn/), miR-506-3p was
one of the targets of DLX6-AS1. As shown in Figure 3A,
there were several binding sites between DLX6-AS1 and

miR-506-3p, and the mutant sequence mutated at the binding
sites was generated to conduct dual-luciferase reporter assay.
The result showed that the luciferase activity in SK-N-SH
and LAN-6 cells transfected with miR-506-3p and Luc-
DLX6-AS1-WT was significantly reduced relative to miR-
NC, while the luciferase activity hardly changed in SK-N-SH
and LAN-6 cells transfected with Luc-DLX6-AS1-MUT and
miR-506-3p or miR-NC (Figure 3B and C). The expression
analysis revealed that the expression of miR-506-3p was
remarkably lower in NB tissues and cell lines (SK-N-SH
and LAN-6) compared with that in normal tissues and
HUVEC cells, respectively (Figure 3D and E). Besides,
Spearman correlation analysis presented that miR-506-3p
expression was negatively associated with DLX6-AS1
expression in NB tissues (Figure 3F). The expression of
miR-506-3p was pronouncedly increased in SK-N-SH and
LAN-6 cells with DLX6-AS1 knockdown but decreased
with DLX6-AS1 overexpression (Figure 3G). All data man-
ifested that DLX6-AS1 might function in NB by targeting
miR-506-3p.

DLX6-AS| Deficiency Blocked NB Cell
Malignant Behaviors via Enhancing the
Expression of miR-506-3p

Rescue experiments of miR-506-3p absence were performed
in DLX6-AS1 downregulated cells. The expression of miR-
506-3p was notably strengthened in SK-N-SH and LAN-6

B

»
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1
-
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1
I
—4—
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Figure | The abundance of DLX6-AS| was enhanced in NB tissues and cell lines. (A) The expression of DLX6-AS| in NB tissues and normal tissues was detected by qRT-
PCR. (B) The expression of DLX6-ASI in NB cells (SK-N-SH and LAN-6) and normal cells (HUVEC) was detected by qRT-PCR. *P < 0.05.
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Figure 2 DLX6-AS| deficiency suppressed NB development in vitro. (A) The expression of DLX6-AS| in SK-N-SH and LAN-6 with the transfection of si-DLX6-AS| was
checked by qRT-PCR at 48 h post-transfection. (B and C) Cell proliferation at different time points was checked using MTT assay. (D) At 48-h post transfection, colony
formation assay was performed to monitor colony growth. (E) Cell cycle was analyzed at 48 h post-transfection using flow cytometry assay. (F) The expression of CDKI
and Cyclin DI SK-N-SH and LAN-6 with the transfection of si-DLX6-AS| was checked by Western blot at 48 h post-transfection. (G-l) Glucose production, lactate
production and ATP level were examined at 48 h post-transfection to assess glycolysis using the corresponding kit. *P < 0.05.

cells transfected with si-DLX6-ASI relative to si-NC but
impaired in cells transfected with si-DLX6-AS1+anti-miR
-506-3p relative to si-DLX6-AS1+anti-miR-NC (Figure 4A
and B). Functionally, DLX6-AS1 deficiency-inhibited cell
proliferation was partly recovered in SK-N-SH and LAN-6
cells with si-DLX6-AS1+anti-miR-506-3p transfection rela-
tive to that with si-DLX6-AS1+anti-miR-NC transfection
(Figure 4C and D). Also, DLX6-AS1 deficiency-inhibited
colony formation in SK-N-SH and LAN-6 cells was restored
by miR-506-3p inhibition (Figure 4E and F). Besides, the

inhibited G1/S transition of the cell cycle in cells transfected
with si-DLX6-AS1 was partially improved in cells trans-
fected with si-DLX6-AS1+anti-miR-506-3p relative to si-
DLX6-AS1+anti-miR-NC (Figure 4G and H). The protein
levels of CDK1 and Cyclin D1 depleted in cells with DLX6-
AS1 knockdown were substantially reinforced in cells with
DLX6-AS1 knockdown plus miR-506-3p inhibition (Figure
41 and J). Moreover, glucose consumption, lactate produc-
tion and ATP level were blocked in cells transfected with si-
DLX6-AS1 but strikingly elevated in cells transfected with
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Figure 3 MiR-506-3p was a target of DLX6-ASI. (A) The binding sites between miR-506-3p and DLX6-AS| were analyzed by the online tool Starbase3.0. (B and C) Their
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determined using qRT-PCR. (F) The expression correlation was analyzed using Spearman correlation analysis. (G) The expression of miR-506-3p affected by DLX6-AS|
deficiency or overexpression was examined by qRT-PCR at 48 h post-transfection. *P < 0.05.

si-DLX6-AS1+anti-miR-506-3p (Figure 4K-M). These
experiments suggested that miR-506-3p inhibition reversed
the role of DLX6-AS1 deficiency.

STAT2 Was a Target of miR-506-3p, and

DLX6-AS| Regulated STAT2 Expression

by Targeting miR-506-3p

The analysis of the online tool Starbase3.0 revealed that
there was a special binding site between miR-506-3p and

STAT2 3'UTR (Figure 5A), hinting that S7472 was
a potential target of miR-506-3p. Then, this prediction was
verified by dual-luciferase reporter assay, and miR-506-3p
reintroduction significantly dwindled the luciferase activity
in SK-N-SH and LAN-6 cells with the transfection of STAT2
3'UTR-WT but not STAT2 3'UTR-MUT relative to miR-NC
(Figure 5B and C). In addition, the expression of STA72 in
NB tissues was aberrantly higher than that in normal tissues
at both mRNA and protein levels (Figure 5D and E).
Similarly, the expression of STA72 in NB cells was also
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Figure 4 DLX6-AS| targeted miR-506-3p to regulate NB development. SK-N-SH and LAN-6 cells were introduced with si-DLX6-AS| or si-DLX6-AS | +anti-miR-506-3p, si-
NC or si-DLX6-AS| +anti-NC serving as the control. (A and B) The expression of miR-506-3p in transfected cells was checked by qRT-PCR at 48 h post-transfection.
(C and D) Cell proliferation was assessed using CCK-8 assay at different time points. (E and F) Colony formation assay was conducted at 48 h post-transfection. (G and H)
Cell cycle was examined using flow cytometry assay at 48 h post-transfection. (I and J) The levels of CDKI and Cyclin D1 at 48 h post-transfection were quantified by
Western blot. (K-M) Glucose production, lactate production and ATP level were measured at 48 h post-transfection to assess glycolysis using the corresponding kit.

*P < 0.05.

significantly higher than that in HUVEC cells at both mRNA
and protein levels (Figure 5F and G). Moreover, the expres-
sion of STAT2 was negatively correlated with miR-506-3p
expression in NB tissues (Figure 5H), and the expression of
STAT?2 was notably decreased in NB cells transfected with
miR-506-3p relative to miR-NC but substantially recovered
in NB cells transfected with miR-506-3p+pcDNA-STAT?2
relative to miR-506-3p+pcDNA-NC at both mRNA and
protein levels (Figure 51 and J). Furthermore, STAT2 expres-
sion was positively linked to DLX6-AS1 expression in NB
tissues (Figure 5K), and its expression depleted in NB cells
transfected with miR-506-3p was remarkably elevated in

cells transfected with miR-506-3p+pcDNA-DLX6-ASI1 at
both mRNA and protein levels (Figure SL and M). These
analyses demonstrated that the expression of STAT? was
modulated by DLX6-AS1 through miR-506-3p.

MiR-506-3p Reintroduction Suppressed
NB Cell Malignant Behaviors by
Diminishing the Expression of STAT?2

To explore the function of miR-506-3p and STAT2, SK-
N-SH and LAN-6 cells were transfected with miR-506-3p
or miR-506-3p+pcDNA-STAT2, miR-NC or miR-506-3p
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Figure 5 STAT2 was a target of miR-506-3p, and DLX6-AS| regulated STAT2 expression by targeting miR-506-3p. (A) The potential target relationship between STAT2 and
miR-506-3p was predicted by the online tool Starbase3.0. (B and C) The potential target relationship between STAT2 and miR-506-3p was verified by dual-luciferase
reporter assay. (D and E) The expression of STAT2 in NB tissues was detected by qRT-PCR and Western blot. (F and G) The expression of STAT2 in NB cells was detected
by qRT-PCR and Western blot. (H) The correlation between STAT2 expression and miR-506-3p expression in NB tissues was analyzed according to Spearman correlation
analysis. (I and J) The expression of STAT2 in SK-N-SH and LAN-6 cells transfected with miR-506-3p, miR-NC, miR-506-3p+pcDNA-STAT2 or miR-506-3p+pcDNA-NC was
detected by qRT-PCR and Western blot at 48 h post-transfection. (K) The correlation between STAT2 expression and DLX6-AS| expression in NB tissues was analyzed
according to Spearman correlation analysis. (L and M) The expression of STAT2 in SK-N-SH and LAN-6 cells transfected with miR-506-3p, miR-NC, miR-506-3p+pcDNA-

DLX6-AS| or miR-506-3p+pcDNA-NC was examined by qRT-PCR and Western blot at 48 h post-transfection. *P < 0.05.

+pcDNA-NC serving as the respective control. Cell pro-
liferation was significantly inhibited in SK-N-SH and
LAN-6 cells transfected with miR-506-3p relative to
miR-NC but partly recovered in cells transfected with
miR-506-3p+pcDNA-STAT? relative to miR-506-3p
+pcDNA-NC (Figure 6A and B). Likewise, the number
of colonies was notably reduced in SK-N-SH and LAN-6
cells transfected with miR-506-3p but partly increased in
with  miR-506-3p+pcDNA-STAT?2
(Figure 6C and D). Moreover, miR-506-3p reintroduction

cells transfected

induced cell cycle arrest at the G1-S phase, while the
transfection of miR-506-3p+pcDNA-STAT?2 lessened this

cell cycle arrest in SK-N-SH and LAN-6 cells (Figure 6E
and F). Besides, the expression of CDK1 and Cyclin D1
was strikingly weakened in SK-N-SH and LAN-6 cells
transfected with miR-506-3p but substantially recovered
in cells transfected with miR-506-3p+pcDNA-STAT?
(Figure 6G and H). Furthermore, glucose consumption,
lactate production and ATP level were all impaired by
miR-506-3p reintroduction but promoted by combined
STAT2 overexpression in SK-N-SH and LAN-6 cells
(Figure 6IK). These analyses showed that STAT2 over-
expression partly reversed the effects of miR-506-3p
reintroduction.

Cancer Management and Research 2020:12

submit your manuscript

7459

Dove


http://www.dovepress.com
http://www.dovepress.com

Hu et al Dove
A B c e D E SK-N-SH
* miR-506-3p ' + miRNC
SK-N-SH —~ mIRNC LAN-6 + miR-506-3p+pcDNA-NC "'f';"s‘:“ *  miR-506-3p
— miRNC -»- miR-506-3p * miR-506-3p+pcDNA-STAT2 Jspsegud . miR-506-3p+pcDNA-NC
—1.07 -+ miR-506-3p 10 " 150 * 1509 miR-506-3p+pcDNA-NC 1907 . miR-506-3p+pcDNA-STAT2
E —— miR-506-3p+pcDNA-NC £ — MiR-506-3p+pcDNA-NC H * 2 v MIR-506-3p+pcDNA-STAT2 s . *
€ € - miR-506- i 2 2 @
= —v- mIR-506-3p+pcDNA-STAT2 = miR-506-3p+pcDNA-STAT2 € — £ * 2 so{r1 ™/
3 2 S S
100. 100 * S
b L A | * 8 8 — %5 60
<Sos * <os * s s ®
o o - e e 2 40
2 = 2 = 8 s0 S s0 £
[J [ c
: : £ 5 g
e
8, 8, 2 2 g nn ﬂﬂﬂﬂ
oh  24h  48h  72h oh 24h  48h  72h SK-N-SH LAN-6 GO/G1 G2/Mm
Time(h) Time(h)
LAN-6 SK-N-SH . mirnc LANS
*  miR-NC +  miR-NC m|. &
+ miR-506-3p + miR-506-3p ) + miR-506-3p
—~ 100 * 506-3p+pcDNA-NC miRNC  + - - - 154 * MIR-506-3p+pcDNA-NC miRNC  + - - - 15 * MIR-S06-3p+pcDNANC
q - i . !
% * m-;:-ms-apopcnmsurz miR5063p - + + + - . *mlk-sos-JDvpcDNA$:A7Z miR-506-3p - + + + - . *m‘R.soe-Jp'ncDNAiiAﬂ
@ 804 X, ™ PCDNANC = - + - T e . * PCDNA-NC - + - S c — . *
%5 60 PCDNA-STAT2 -+ g0 PCDNA-STAT2 R g2t
o 2 o
CDK1
50 . o [ : -—-——a s
£ —3 1 T Xo05 " T x05
£ Cyclin D1 _ “ K Cyclin D1 )
8 20 - [4 4
: Il o — o f———
G0/G1 s G2/M CDK1 Cyclin D1 CDK1 Cyclin D1
+ miR-NC * miRNC
' +  miR-506-3p
+ miR-506-3p+pcDNA-NC * miR-506:3p R a6 anepcONANG
§ 01 - miR506:3p+pcDNASTAT2 187 - miR-506-3p+peDNANC 5 . :IR 506- appopcnmsun
2 * 5 © miR-506-3p+ pcDNA»STAﬂ U’ pe!
E 8y * * 2 E = «
| B | 8 3
- S~ o
2 6 g E S’ ™
5% <] £ By
SE S E K]
4
2 E £ Es 3 4
Q s o
I <
SK-N-SH LAN-6 SK N-! SH LAN-6 SK N-! SH LAN-6

Figure 6 MiR-506-3p bound to STAT2 to modulate the development of NB. SK-N-SH and LAN-6 cells were transfected with miR-506-3p, miR-NC, miR-506-3p+pcDNA-
STAT2 or miR-506-3p+pcDNA-NC. (A and B) Cell proliferation was monitored at different time points using MTT assay. (C and D) Colony formation assay was performed

at 48 h post-transfection. (E and F) Cell cycle was assessed by flow cytometry assay

at 48 h post-transfection. (G and H) The levels of CDKI and Cyclin DI at 48 h post-

transfection were quantified by Western blot. (I-K) Glucose production, lactate production and ATP level were checked at 48 h post-transfection to assess glycolysis using

the corresponding kit. *P < 0.05.

DLX6-ASI Deficiency Inhibited Tumor
Growth in vivo by Regulating miR-506-3p
and STAT2 Expression

Additionally, the role of DLX6-AS1 in vivo was also
explored. Xenograft model was established, and the record
presented that DLX6-AS1 deficiency remarkably wea-
kened tumor volume and tumor weight (Figure 7A and
B). The expression of DLX6-AS1, miR-506-3p and STAT?2
was detected in excised tumor tissues. Compared with the
data in the sh-NC group, the expression of DLX6-AS1 and
STAT2 was considerably declined in the sh-DLX6-ASI
group, while the expression of miR-506-3p was noticeably
strengthened in the sh-DLX6-AS1 group (Figure 7C-E).
We concluded that DLX6-AS1 regulated NB growth
in vivo.

Discussion

The exploration of the mechanisms of NB development
from the IncRNA landscape contributes to the insights of
NB pathogenesis. The present study focused on an aber-
rantly upregulated IncRNA DLX6-AS1 and functionally
discovered that DLX6-AS1 deficiency blocked the pro-
gression of NB by suppressing cell proliferation, cycle

and glycolysis in vitro and inhibiting tumor growth
in vivo. Through bioinformatics analysis and luciferase
activity verification, the DLX6-AS1/miR-506-3p/STAT2
regulatory network was constructed to further illustrate
the possible action mode of DLX6-AS1 in NB. These
results introduced that DLX6-AS1 played a vital role in
NB tumorigenesis and supplied a therapeutic approach for
the treatment of NB.

DLX6-AS1 was abundantly regulated in colorectal
cancer tissues and cells, and its depletion-repressed cell
migration and invasion and restrained tumor outgrowth in
colorectal cancer.?>** Besides, DLX6-AS1 was substan-
tially upregulated in non-small cell lung cancer (NSCLC),
and DLX6-AS1 silence weakened NSCLC cell prolifera-
tion but accelerated cell apoptosis.”” The similar situation
of DLX6-AS1 was also involved in renal cell carcinoma.?®
These findings emphasize the carcinogenic role of DLXG6-
AS1 in different cancers. However, the effects of DLX6-
AS1 on NB and underlying molecular mechanisms remain
insufficient. Limited studies introduced that DLX6-AS1
was abundantly expressed in NB tissues and cell lines,
and DLX6-AS1 downregulation-impaired cell prolifera-
tion, metastasis and invasion in NB cells.”’ Besides, high
expression of DLX6-AS1 was associated with advanced
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Figure 7 DLX6-AS| deficiency inhibited NB development in vivo. Experimental mice were inoculated with SK-N-SH cells transfected with sh-DLX6-AS| or sh-NC. (A)
Tumor volume was measured every five days. (B) At 30 d post-inoculation, all tumor tissues were excised to detect tumor weight. (C-E) The expression of DLX6-ASI,
miR-506-3p and STAT2 in excised tumor tissues was examined using qRT-PCR or Western blot. *P < 0.05.

1.>® Here, consistent with these

stage and poor surviva
previous studies, the aberrant overexpression of DLX6-
AS1 was observed in NB tissues and cells. Our loss-
function experiments revealed the additional functions of
DLX6-AS1 knockdown on cell cycle, glycolysis progres-
sion and solid tumor growth, indicating that DLX6-AS1
silence blocked tumor growth and development both
in vitro and in vivo.

In general, IncRNAs can act as the decoys of special
miRNAs to repress the partial functions of miRNAs.*’
Here, miR-506-3p was predicted as one of the targets of
DLX6-AS1, which was weakly expressed in NB tissues and
negatively correlated with the expression of DLX6-ASI.
Rescue experiments presented that miR-506-3p absence
reversed the effects of DLX6-AS1 deficiency, indicating
that DLX6-AS1 exerted functions by sponging miR-506-3p.
A recent study recorded the anti-tumor role of miR-506-3p in
NB, and it harbored the idea that miR-506-3p reintroduction
sequestered NB cell proliferation, migration and invasion.*
The characteristics of miR-506-3p about tumor suppressor
were widely documented in other cancers, including
osteosarcoma,”’ esophageal squamous cell carcinoma®> and
nasopharyngeal carcinoma.*® Similarly, our experimental
data displayed that miR-506-3p reintroduction inhibited cell
proliferation, cell cycle and glycolysis in NB, hinting that its
anti-tumor properties also pervaded in NB.

Further, that miR-506-3p
mediated STAT2 expression at the post-transcriptional

our analysis proved
level. Aberrant expression of STAT2 has been mentioned

in dozens of cancers, including solid tumors and

hematological malignancy.**?> STAT2 overexpression
contributed to several cellular malignant behaviors, such
as migration, invasion, EMT and oncogene expression.>®
STAT? functioned as a target mRNA of miRNAs to parti-
cipate in tumor development. For example, STAT2 was
a target of miR-3908, and STAT2 abolished the partial role
of miR-3908 to the
glioblastoma.?! Likewise in NB, miR-653-5p directly
bound to STAT2 3'UTR, and STAT2 overexpression

exerted the same effects as miR-653-5p deficiency,

promote deterioration  of

encouraging cell viability, migration and invasion.>’ In
our study, STAT2 was interacted by miR-506-3p, and its
overexpression reversed the effects of miR-506-3p rein-
troduction. Interestingly, a previous study clarified that
DLX6-AS1 regulated lung adenocarcinoma cell prolifera-
tion by mediating the JAK/STAT signaling pathway.®
Moreover, another STAT family member, such as STAT3,
was also reported to promote tumorigenicity and enhance
chemoresistance of NB.?” These data suggested that STAT
family played crucial roles in the development of NB.
Moreover, our data showed that STAT2 expression was
positively correlated with DLX6-AS1 expression in NB
tissues, and expression analysis presented that DLX6-
AS1 directly regulated STAT2 expression by targeting
miR-506-3p.

Conclusion

The expression level of DLX6-AS1 was aberrantly upre-
gulated in NB tissues and cells. DLX6-AS1 deficiency
suppressed proliferation, cell cycle and glycolysis of NB
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cells in vitro and depleted tumor growth in vivo by mod-
ulating the expression of miR-506-3p and S7TAT2. In short,
the DLX6-AS1/miR-506-3p/STAT2 regulatory network
may be an action mode of DLX6-AS1 that participates in

the pathogenesis of NB, and DLX6-AS1 is a promising

biomarker for the treatment of NB.
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