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Background: Non-small cell lung cancer (NSCLC) is a huge threat to sufferers’ life and overall health. 
Long non-coding RNA (lncRNA) distal-less homeobox 6 antisense RNA 1 (DLX6-AS1) has been revealed 
to function as a carcinogenesis factor in some cancers. This research aimed to scrutinize the role and 
mechanism underlying DLX6-AS1 in NSCLC tumorigenesis and progression.
Methods: The levels of DLX6-AS1, microRNA-16-5p (miR-16-5p), and BMI1 mRNA were estimated 
via reverse transcription-quantitative PCR (RT-qPCR) assay. The protein levels were disclosed by western 
blot assay. Cell proliferative potential was estimated by colony formation and Cell Counting Kit-8 (CCK-8)  
assays. Cell migration was estimated by Transwell and wound healing assay. A Transwell assay was executed 
to estimate cell invasion. The relationships of DLX6-AS1, miR-16-5p, and BMI1 were forecasted by 
bioinformatics analysis, and confirmed by luciferase reporter assay and RNA immunoprecipitation (RIP) 
assay. A xenograft mice model was employed to to inspect the function of DLX6-AS1 knockdown on 
NSCLC tumorigenesis in vivo.
Results: DLX6-AS1 was overexpressed in NSCLC tissues and cells, and was inextricably linked with 
the poor prognosis of NSCLC patients. Depletion of DLX6-AS1 oppressed cell proliferation, migration, 
invasion, epithelial-mesenchymal transition (EMT) but promoted apoptosis in NSCLC. MiR-16-5p is 
a target of DLX6-AS1 and directly targets BMI1. Moreover, the anti-tumor impacts of miR-16-5p were 
overturned by overexpression of DLX6-AS1 or BMI1 in NSCLC cells. Additionally, DLX6-AS1 silencing 
inhibited tumor growth of NSCLC in vivo.
Conclusions: In conclusion, lncRNA DLX6-AS1 downregulation suppressed the tumorigenesis and 
progression of NSCLC via miR-16-5p/BMI1 axis in vitro and in vivo, elucidating the vital roles and 
downstream targets of DLX6-AS1 in NSCLC.
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Introduction

Lung cancer has been categorized into small cell lung 
cancer (SCLC) and non-small cell lung cancer (NSCLC) by 
WHO (1), which is the most frequent malignancy and the 
major contributors of cancer deaths, accounting for about 
11.6% of the total cancer cases and 18.4% of all deaths 
globally in 2018 (2). NSCLC, the most common type of 
lung cancer, accounts for more than 85% of all lung cancer 
cases (3,4). NSCLC is currently classified according to its 
pathological characteristics, with squamous cell carcinoma 
and adenocarcinoma as the two major NSCLC subtypes (5).  
The 60-month survival rate for all stages of lung cancer 
patients in the USA is approximately 18% and declines 
to 5% for those with metastatic cancer. Unfortunately, 
NSCLC patients are often not diagnosed until the advanced 
stages (3,6). Therefore, a better understanding of the 
molecular pathogenesis pertinent to the tumorigenesis and 
progression of NSCLC might contribute to discovering 
biomarkers and more efficacious therapeutic strategies.

Non-coding RNAs, including long non-coding RNAs 
(lncRNAs) and microRNAs (miRNAs), are a class of 
transcripts have no or limited protein-coding potential (7,8). 
LncRNA have been suggested to exert an important role in 
multiple pathophysiological processes, such as chromatin 
modification, gene transcription, splicing, translation, cell 
cycle regulation and cell differentiation (9,10). Numerous 
biological processes precisely regulated the carcinogenesis 
and progression of cancers, which often involve silencing 
tumour-suppressor genes or activating oncogenes (11). The 
aberrant versions of lncRNAs have been confirmed in a sort 
of tumors, indcluding NSCLC (12). In addition, several 
lncRNAs were disclosed to function as onco-lncRNAs 
and tumour-suppressor lncRNAs in NSCLC (13-16).  
Therefore, an in-depth knowledge of the regulatory 
mechanism underlying abnormally expressed lncRNA 
is of great importance for the the discovery of new and 
promising therapeutic targets for NSCLC.

Several research has disclosed the carcinogenic effect of 
lncRNA distal-less homeobox 6 antisense RNA 1 (DLX6-
AS1) in several forms of cancers. For instance, DLX6-
AS1 silence attenuated hepatocellular cancer (HCC) 
cell proliferative, migratory, and invasive capacities and 
impeded HCC tumor growth through modulating the 
microRNA-203/matrix metalloproteinase-2 pathway (17). 
Additionally, DLX6-AS1 deficiency resulted in reduced 
cell proliferative ability and increased apoptotic cell rate 
in vitro together with the inhibition of tumor growth in 

vivo via the regulation of microRNA-26a/phosphatase and 
tensin homolog axis in renal cell cancer (18). Moreover, 
DLX6-AS1 expression was prominently elevated in lung 
adenocarcinoma (a type of NSCLC) tissues in contrast with 
adjacent normal tissues, and associated the differentiation 
and TNM stage of lung adenocarcinoma (19), indicating 
that DLX6-AS1 might be implicated in the tumorigenesis 
and progression of NSCLC.

MicroRNA-16 (miR-16), located at chromosome 13q14, 
is a tumor-inhibiting factor in multiple cancers (20,21). For 
example, miR-16-5p was found to repress proliferation, 
metastasis and epithelial-mesenchymal transition (EMT) 
and induce apoptosis by targeting SRY-box 5 in pituitary 
tumor cells (22). In addition, miR-16-5p overexpression 
resulted in decreased proliferation and invasive potential of 
colorectal cancer (CRC) cells, but elevated cell apoptosis, 
and reduced CRC tumor growth in vivo by targeting  
KRAS (23). Moreover, multivariate logistic regression 
analysis revealed that miR-16-5p could function as an 
independent diagnostic and prognostic factor in NSCLC 
(24,25). Additionally, previous documents reported that 
miR-16 could inhibit the development and progression of 
NSCLC (26-28).

Bioinformatic analysis disclosed the binding fragments 
of miR-16-5p in DLX6-AS1. However, whether DLX6-
AS1 mediate the tumorigenesis and progression of NSCLC 
by miR-16-5p is still unknown. In current research, we 
aimed to scrutinize the effects of DLX6-AS1 in regulating 
NSCLC progression, including proliferation, migration, 
invasion, EMT, and in vivo tumor growth. And the 
regulatory mechanism of DLX6-AS1 in regulating NSCLC 
progression was examined. Our results first disclosed that 
DLX6-AS1 controls the tumorigenesis and progression 
of NSCLC by miR-16-5p/BMI1 axis, which deepens 
our comprehension on the pathogenesis of NSCLC and 
provides theoretical support for using DLX6-AS1 as a 
therapeutic target for NSCLC.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-1240).

Methods

Ethical statement

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
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the Ethics Committee of Haikou People’s Hospital and 
informed consent was taken from all the patients.

All animal experiments were fulfilled in an SPF feeding 
environment following the National Institutes of Health 
guidelines and approved by the Institutional Animal Care 
and Use Committee of Haikou People’s Hospital affiliated 
with Central South University. A protocol was prepared 
before the study without registration.

Tissue collection and cell culture

NSCLC samples and paired normal tissues were resected 
from 33 primary NSCLC patients at Haikou People’s 
Hospital from 2011 to 2016 and stored at −80 ℃. Patients 
who had received chemotherapy and biological/targeted 
therapy for NSCLC were excluded from the research. And 
the patients who were newly diagnosed with histologically 
confirmed NSCLC were included.

A549 and H1299 cells (two NSCLC cell lines) were 
procured from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). Human bronchial epithelial 
cells (16HBE) were purchased from Biovector Science Lab, 
Inc. (Beijing, China). A549 cells were cultivated in a DMEM 
medium (Thermo Fisher Scientific, Rockford, IL, USA) 
complemented with 10% FBS (Thermo Fisher Scientific). 
H1299 cells were cultivated in RPMI-1640 medium 
(Thermo Fisher Scientific) with 10% FBS (Thermo Fisher 
Scientific). 16HBE cells were maintained in keratinocyte 
serum-free medium (Thermo Fisher Scientific) completed 
with bovine pituitary extract (0.05 mg/mL, Sigma-Aldrich, 
St. Louis, MO, USA), hydrocortisone (500 ng/mL, Sigma-
Aldrich), human epidermal growth factor (5 ng/mL, Sigma-
Aldrich) and insulin (0.005 mg/mL, Sigma-Aldrich). All 
cells were maintained in an incubator containing humidified 
air and 5% CO2 at 37 ℃.

Reagent and cell transfection

Small interference RNA against DLX6-AS1 (si-DLX6-AS1), 
miR-16-5p mimic, miR-16-5p inhibitor (anti-miR-16-5p)  
and matching controls (si-NC, miR-NC and anti-miR-
NC), DLX6-AS1 or BMI1 overexpression plasmid pcDNA-
DLX6-AS1 or pcDNA-BMI1 (BMI1) and their negative 
control (pcDNA) was ordered from GenePharma Co., Ltd. 
(Shanghai, China). Cell transfection was conducted using 
Lipofectamine 2000 reagent (Thermo Fisher Scientific).

Western blot assay

Proteins were isolated from NSCLC xenograft tumors and 
cells via RIPA Lysis and Extraction Buffer (Thermo Fisher 
Scientific) comprising protease inhibitor (Roche, Basle, 
Switzerland) and quantified using a Pierce BCA Protein 
Assay Kit (Thermo Fisher Scientific). Afterwards, protein 
samples (30 μg/sample) was separated using SDS-PAGE 
and transferred onto polyvinylidene difluoride membranes. 
After blocking with 5% skim milk, the membranes were 
hatched overnight at 4 ℃ using primary antibodies. The 
following antibodies were used: anti-E-cadherin (1:10,000; 
ab40772), anti-N-cadherin (1:1,000; ab18203), anti-BMI1 
(1:10,000; ab126783), and anti-β-actin (1:5,000; ab179467). 
Next, horseradish peroxidase (HRP)-conjugated Goat Anti-
Rabbit IgG H&L (HRP) (1:20,000; ab205718) was used to 
bind with matching primary antibody. All antibodies were 
procured from Abcam Inc. (Cambridge, UK). Subsequently, 
the blots were visualized using Clarity Western ECL 
Substrate (Bio-Rad Laboratories, Hercules, CA, USA) 
and quantified using Quantity One Software (Bio-Rad) via 
densitometry analysis. 

Reverse transcription-quantitative PCR (RT-qPCR) assay

Total RNA was derived from NSCLC tissues and cells 
using TRIzol reagent (Thermo Fisher Scientific). Before 
reverse transfection, RNA was hatched with RNase-free 
DNase I (Thermo Fisher Scientific) to eliminate DNA 
contamination. The miR-16-5p level was then examined 
using TaqMan MicroRNA Assay kit (Thermo Fisher 
Scientific) with U6 snRNA as the internal control. For 
the analysis of BMI1, β-actin, and DLX6-AS1 expression, 
cDNA was cloned using high-capacity cDNA Reverse 
Transcription Kit (Thermo Fisher Scientific) and quantified 
using SYBRTM Green PCR Master Mix (Thermo Fisher 
Scientific). The primer sequences were presented as 
follows: 5'-GGGTAGCAGCACGTAAATA-3' (forward) 
and 5'-CAGTGCGTGTCGTGGAGT-3' (reverse) 
for miR-16-5p; 5'-CTCGCTTCGGCAGCACA-3' 
(forward) and 5'-AACGCTTCACGAATTTGCGT-3' 
( r e v e r s e )  f o r  U 6  s m a l l  n u c l e a r  R N A  ( U 6 ) ; 
5'-GGTGGGGAACCTCCAAACAT-3'(forward) and 
5'-CAGGCATGTAGCCTGCAGAT-3' (reverse) for 
DLX6-AS1; 5'-TTCCACTCTGCCTTCAGCGG-3'  
(forward) and 5'-CCACATCCCCATTGTCTCGC-3' 
(reverse) for BMI1; 5'-GGATTCCTATGTGGGCGA 
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CGA-3' (forward) and 5'-GCGTACAGGGATAGCAC 
AGC-3' (reverse) for β-actin. β-actin was used for the 
normalization of BMI mRNA and DLX6-AS1.

RNA immunoprecipitation (RIP) assay

The enrichment level of DLX6-AS1 in IgG or AGO2 
immunoprecipitation (IP) complex was examined using EZ-
Magna RIP kit (Millipore, Billerica, MA, USA). Cells were 
gathered at 48 hours after transfection and lysed in RIP 
lysis buffer supplemented with protease and ribonuclease 
inhibitors (Sigma-Aldrich). After centrifugation, cell 
supernatants were hatched with magnetic beads coupled 
with IgG or AGO2 antibody (Millipore). Subsequently, 
RNA in the IP complex was purified. Finally, the DLX6-
AS1 level was evaluated by RT-qPCR assay.

Luciferase reporter assay

The sequences of DLX6-AS1 and BMI1 3'UTR harboring 
wide-type (WT) or mutant-type (MUT) miR-16-5p binding 
fragments were introduced into psiCHECK-2 luciferase 
reporter vector (Hanbio Biotechnology Co., Ltd., Shanghai, 
China), and named DLX6-AS1WT, DLX6-AS1 MUT, 
BMI1 3'UTR-WT, or BMI1 3'UTR-MUT reporter. These 
reporters together with miR-16-5p mimic or miR-NC were 
introduced into A549 and H1299 cells for 48 h, luciferase 
activities were discovered using the dual-luciferase reporter 
assay kit (Promega, Madison, WI, USA).

Cell Counting Kit-8 (CCK-8) assay

Cell proliferative capacity was estimated through 
CCK-8 assay using CCK-8 kit (MedChemExpress, 
Monmouth Junction, NJ, USA). First, cells transfected 
with corresponding miRNA mimic, miRNA inhibitor, or 
overexpression plasmid were plated into 96-well plates. At 0, 
24, 48, 72 hours post-transfection, each well was incubated 
with 10 μL of CCK-8 solution for 2 hours. Next, the optical 
density (OD) values were determined at 450 nm.

Colony formation assay

Transfected cells were inoculated into 6-well plates for 
about 2 weeks. Cells were then settled with methanol for 15 
minutes and treated with 1% crystal violet staining solution 
(Sigma-Aldrich) for 20 minutes. Next, the number of 
positive cell colonies (>30 cells) was calculated.

Wound healing assay

NSCLC cells were inoculated into 6-well plates for 24 hours  
in a complete medium. A plastic tip was used to wound 
the cell monolayers. After being washed with PBS three 
times, the cells were incubated for 24 hours. An inverted 
microscope determined the average distance of migrating 
cells at designated time points.

Transwell assay

Transwell assay was conducted using Transwell chamber  
(8 μm pore size, Corning, Corning, NY, USA) in the 
absence (for migration assay) or presence (for invasion 
assay) of matrigel (Corning). Briefly, cells in serum-free 
medium were placed into the superior chamber, and the 
medium with 20% FBS was filled into the lower chamber. 
Forty-eight hours later, cells on the upper membranes 
were erased by cotton swabs, whereas cells that migrated or 
invaded into lower membranes were settled with methanol, 
spotted with 0.1% crystal violet, and assessed in 10 random 
fields with a microscope.

Mouse experiment

Lentiviruses harboring DLX6-AS1 knockdown sequences 
(sh-DLX6-AS1) and its negative control sh-NC were 
ordered from Hanbio Biotechnology Co., Ltd. (Shanghai, 
China). Twelve male BALB/c athymic nude mice (6 weeks  
old, 18–22 g) were procured from Shanghai SLAC 
Laboratory Animal Co., Ltd. (Shanghai, China) and 
randomly divided into sh-NC and sh-DLX6-AS1 groups 
with 6 mice in each group. For the xenograft growth assay, 
the mice were subcutaneously inoculated with H1299 
cells infected with sh-NC or sh-DLX6-AS1 lentiviruses. 
Tumor volume was then checked every 7 days for 35 days  
and calculated using the formula of volume = 0.5 × length × 
width2. On day 35, mice were euthanized by CO2 inhalation, 
and xenograft tumors were dissected, weighed, and stored 
for the following RT-qPCR and western blot assay. It is 
noted that mice reaching humane endpoints including 
severe weight loss (>15%), inability to obtain food or water, 
severe lethargy or any other signs of distress necessitate 
euthanasia, and no mice reached any humane endpoints 
during the study.

Immunohistochemical staining

All xenograft tumor samples were deparaffinized, rehydrated 
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using graded alcohol, and washed with PBS. Tissue biopsies 
were blocked with 3% BSA at room temperature for 1 hour 
and probed with anti-BMI1 antibodies diluted 1:500 at 4 ℃ 
overnight. The corresponding secondary antibody was used 
for 1 hour at 37 ℃. Rabbit-specific HRP/DAB (ABC) IHC 
Detection Kit (Abcam) was then used, and image data were 
acquired by an inverted fluorescent microscope.

Statistical analysis

The data of three repetitions were expressed as means ± 
standard deviations using Graphad Prism 6 software. The 
differences between paired samples were estimated through 
Student’s t-test. And one-way analysis of variance (ANOVA) 
along with Tukey post-hoc test was employed for multiple 
comparisons. Statistical significance was presented as 
P<0.05.

Results

DLX6-AS1 was over expressed in NSCLC tissues and 
cells and connected with poor overall survival of NSCLC 
patients

Firstly, the RT-qPCR assay disclosed that the DLX6-AS1 
level was markedly elevated in 33 cases of NSCLC tissues as 
opposed to adjacent normal tissues (Figure 1A). Moreover, 
patients were categorized as the low (n=14) and high 
DLX6-AS1 expression group (n=19), with the mean value 
of DLX6-AS1 expression in NSCLC tissues as the cutoff 
point (Figure 1B). Furthermore, Kaplan-Meier analysis 
revealed that patients with low DLX6-AS1 expression had 
better overall survival, while those with high levels had poor 
outcomes (Figure 1B). Moreover, an obvious upregulation 
of DLX6-AS1 level was observed in two NSCLC cells (A549 
and H1299) (Figure 1C).

DLX6-AS1 downregulation curbed proliferation, 
migration, invasion, and EMT in NSCLC cells

To investigate the function and molecular mechanisms of 
DLX6-AS1 in NSCLC cells, si-DLX6-AS1 and si-NC 
were introduced into A549 and H1299 cells. Transfection 
efficiency analysis disclosed that the introduction of si-
DLX6-AS1 markedly reduced DLX6-AS1 level (Figure 2A), 
meaning that si-DLX6-AS1 could be used for subsequent 
experiments. Besides, DLX6-AS1 downregulation induced 

Figure 1 DLX6-AS1 was overexpressed in NSCLC tissues and 
cells and associated with a lower overall survival rate of NSCLC 
patients. (A) The RT-qPCR assay was conducted to detect the 
expression of DLX6-AS1 in 33 pairs of NSCLC tissues and 
adjacent normal tissues. (B) Kaplan-Meier survival analysis of 
overall survival for the 33 NSCLC patients with DLX6-AS1 
expression level in tumor tissues. (C) RT-qPCR detected the 
expression of DLX6-AS1 in 16HBE, A549, and H1299 cells. 
*, P<0.05. DLX6-AS1, distal-less homeobox 6 antisense RNA 
1; NSCLC, non-small cell lung cancer; RT-qPCR, reverse 
transcription-quantitative PCR.
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a notable downregulation of cell colony number in A549 
and H1299 cells (Figure 2B), suggesting DLX6-AS1 
downregulation suppressed NSCLC cell proliferation. 
Moreover, CCK8 assay indicated that an obvious reduction 
of cell proliferative ability was observed in DLX6-
AS1-depleted NSCLC cells (Figure 2C,2D). Wound 
healing and Transwell assays uncovered that DLX6-AS1 
downregulation expedited cell migration and invasion 
abilities (Figure 2E-2G). However, flow cytometry showed 
that the apoptosis cells were increased in cells transfected 
with si-DLX6-AS1 (Figure 2H). EMT is a dynamic process, 
which participates in the regulation of tumor initiation, 
metastasis, and therapeutic resistance (29). For analysis the 
function of DLX6-AS1 on EMT process, the protein levels 
of EMT markers were investigated. The results unveiled 
that DLX6-AS1 knockout resulted in increased E-cadherin 
expression and the decrease of N-cadherin expression in 
A549 and H1299 cells (Figure 2I), implying that DLX6-
AS1 downregulation hampered cell EMT. These outcomes 
illustrated that DLX6-AS1 downregulation impeded 
proliferation, migration, invasion and EMT, but prompted 
apoptosis in NSCLC cells.

DLX6-AS1 suppressed miR-16-5p activity by direct 
interaction in NSCLC cells

Next, DIANA-LncBase database (http://diana.imis.
athena-innovation.gr/DianaTools/index.php?r=site/
page&view=software) was used to search for miRNAs 
with binding fragments of DLX6-AS1. Among these 
candidates, miR-16-5p was picked owing to its crucial role 
in tumorigenesis and the progression of NSCLC (20-22). 
To further demonstrate this prediction, DLX6-AS1 WT 
and DLX6-AS1 MUT reportes (Figure 3A) were generated 
and then respectively transfected into A549 and H1299 cells 
with miR-16-5p mimic or miR-NC. The results uncovered 
that miR-16-5p overexpression markedly diminished the 
luciferase activity of DLX6-AS1 WT group but had no 
noticeable impact on luciferase activity of cell transfected 
with DLX6-AS1 MUT, suggesting that DLX6-AS1 
could bind to miR-16-5p through predicted binding sites  
(Figure 3B,3C). Ago2, a core component of the RNA-
induced silencing complex (RISC), functions as a crucial 
player in the biogenesis and maturation of miRNAs (30).  
Hence, potential miRNA targets can be obtained in 
the AGO2 IP complex. RIP assay exhibited that the 
enrichment of DLX6-AS1 in NSCLC cells with miR-16-5p  

transfection (Figure 3D), which further demonstrated 
the interconnection between DLX6-AS1 and miR-
16-5p. Moreover, the miR-16-5p level was noticeably 
downregulated in NSCLC cells in contrast with 16HBE 
cells (Figure 3E). Transfection efficiency analysis manifested 
that the transfection of pcDNA-DLX6-AS1 induced a 
notable increase of DLX6-AS1 level, while si-DLX6-
AS1 reduced DLX6-AS1 level in A549 and H1299 cells  
(Figure 3F). Further analysis unveiled that miR-16-5p level 
was remarkably decreased in DLX6-AS1 overexpressed 
A549 and H1299 cells but was elevated in miR-16-5p-
knockout cells (Figure 3G). Thus, DLX6-AS1 functions as a 
sponge for miR-16-5p in NSCLC cells.

Anti-miR-16-5p inversed DLX6-AS1 knockdown 
mediated anti-tumor effects on NSCLC cells

To further confirm whether DLX6-AS1 exerts its role 
through regulating miR-16-5p, A549 and H1299 cells were 
introduced with si-NC, si-DLX6-AS1, si-DLX6-AS1 + anti-
miR-NC, si-DLX6-AS1 + anti-miR-16-5p. As displayed 
in Figure 4A, the level of miR-16-5p was elevated in cells 
with DLX6-AS1 downregulation, but anti-miR-16-5p  
reversed this up-regulation effect. Subsequent in vitro 
assay revealed that knockdown of miR-16-5p revoked the 
functions of si-DLX6-AS1 on cell proliferation, migration, 
invasion, apoptosis, and EMT in A549 and H1299 
cells (Figure 4B-4J). In short, DLX6-AS1 regulates the 
progression of NSCLC cells through miR-16-5p.

BMI1 was a target of miR-16-5p

Next, bioinformatics analysis by miRTarBase online 
website (http://mirtarbase.mbc.nctu.edu.tw/php/search.
php) showed the existence of binding fragments between 
miR-16-5p and BMI1 3'UTR (Figure 5A). Furthermore, 
the luciferase activity of miR-16-5p mimic and BMI1 
3'UTR-WT group in A549 and H1299 cells was decreased  
(Figure 5B,C), while no obvious change was observed in 
BMI1 3'UTR-MUT and miR-16-5p mimic co-transfected 
group (Figure 5B,5C), implying that miR-16-5p could 
couple with BMI1 3'UTR. In addition, BMI1 was highly 
expressed in A549 and H1299 cells (Figure 5D). And 
downregulation of DLX6-AS1 minimized the protein level 
of BMI1, while it was upregulated in cells cointroduced 
with si-DLX6-AS1 and anti-miR-16-5p (Figure 5E). Hence, 
DLX6-AS1 regulates BMI1 by miR-16-5p.

http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=site/page&view=software
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=site/page&view=software
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=site/page&view=software
http://mirtarbase.mbc.nctu.edu.tw/php/search.php
http://mirtarbase.mbc.nctu.edu.tw/php/search.php
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Figure 3 DLX6-AS1 suppressed miR-16-5p expression by direct interaction in NSCLC cells. (A) The complementary binding sites of 
DLX6-AS1 and miR-16-5p, and mutant sites in DLX6-AS1 MUT reporter. (B,C) DLX6-AS1 WT or DLX6-AS1 MUT reporter was 
transfected into A549 and H1299 cells along with miR-16-5p mimic or miR-NC, followed by the measurement of luciferase activity at 48 
hours upon transfection. (D) A549 and H1299 cells were transfected with miR-16-5p mimic or miR-NC. At 48 hours following transfection, 
RIP assay and RT-qPCR assay was used to examine the enrichment pattern of DLX6-AS1 in IgG or AGO2 IP complex. (E) The RT-qPCR 
assay was performed to detect miR-16-5p expression in 16HBE, A549, and H1299 cells. (F,G) A549 and H1299 cells were transfected with 
pcDNA, pcDNA-DLX6-AS1, si-NC, or si-DLX6-AS1, respectively. DLX6-AS1 and miR-16-5p level were subsequently measured by RT-
qPCR assay at 48 hours after transfection. *, P<0.05. DLX6-AS1, distal-less homeobox 6 antisense RNA 1; miR-16-5p, microRNA-16-5p; 
NSCLC, non-small cell lung cancer; MUT, mutant-type; WT, wide-type; RIP, RNA immunoprecipitation; RT-qPCR, reverse transcription-
quantitative PCR.
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Figure 5 BMI1 was a target of miR-16-5p. (A) Putative binding sites between miR-16-5p and BMI1 3'UTR via the miRTarBase website, 
together with the mutant sites in BMI1 3'UTR-MUT reporter. (B,C) Forty-eight hours later, luciferase activity was detected in A549 and 
H1299 cells cotransfected with BMI1 3'UTR-WT or BMI1 3'UTR-MUT reporter and miR-16-5p mimic or miR-NC. (D) BMI1 protein 
level was examined by western blot assay in 16HBE, A549 and H1299 cells. (E) The level of BMI1 protein was assessed by western blot 
assay in A549 and H1299 cells transfected with si-NC, si-DLX6-AS1, si-DLX6-AS1 + anti-miR-NC, and si-DLX6-AS1 + anti-miR-16-5p, 
respectively, at 48 hours post transfection. *, P<0.05. miR-16-5p, microRNA-16-5p; DLX6-AS1, distal-less homeobox 6 antisense RNA 1; 
MUT, mutant-type; WT, wide-type.

MiR-16-5p partly inverted the promotion impacts of BMI1 
on NSCLC cell progression

To further investigate the function of BMI1 in DLX6-
AS1/miR-16-5p-mediated NSCLC cell progression, A549 
and H1299 cells were introduced with miR-NC miR-
16-5p, miR-16-5p + pcDNA, and miR-16-5p + BMI1, 
respectively. The protein and mRNA levels of BMI1 were 

lessened in cells with miR-16-5p transfection (Figure 6A), 
while BMI1 inversed this decreasing effect. Furthermore, 
in vitro assay revealed that BMI1 overexpression invalidated 
the prohibition effects of miR-16-5p on cell proliferation, 
migration, invasion, and EMT, and the promotion effect on 
apoptosis (Figure 6B-6J). Above all, DLX6-AS1 functions 
as a sponge for miR-16-5p to upregulate BMI1 in NSCLC 
cells.
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DLX6-AS1 silencing constrained the growth of NSCLC 
xenografts through upregulating miR-16-5p and 
downregulating BMI1

Next, in vivo experiments disclosed that DLX6-AS1 
silencing constrained the growth of NSCLC xenografts 
(Figure 7A,7B) .  Moreover, DLX6-AS1 knockdown 
promoted miR-16-5p expression and repressed BMI 
mRNA and protein expression in xenograft tumors of 
NSCLC (Figure 7C-7E). Meanwhile, IHC staining for 
BMI1 indicated that BMI1-positive cells were significantly 
declined in tumor tissues with DLX6-AS1 silencing  
(Figure 7F). Additionally, E-cadherin expression was 
markedly elevated and N-cadherin expression was strikingly 
attenuated in xenograft tumors of NSCLC following the 
depletion of DLX6-AS1 (Figure 7G). Thus, DLX6-AS1 
knockdown suppressed the tumorigenesis and progression 
of NSCLC xenografts via miR-16-5p/BMI1 axis.

Discussion

NSCLC is a major type of lung cancer, which was classified 
into three types: adenocarcinoma, squamous cell carcinoma 
and large cell (31). Even though great advance has been 
made in the treatment of NSCLC, the 5-year survival rate 
for NSCLC remains low (23%) (32). Thus, it is still needed 
to explore the pathogenesis of NSCLC to find potential 
therapeutic targets.

LncRNAs that are larger than 200 nucleotide (nt) and 
miRNAs approximately 20 nt in length have been reported 
to be potential oncogenic factors or tumor suppressors 
in several cancers, including NSCLC (33,34). Moreover, 
miRNAs can exert their function by regulating protein-
coding genes expression via sequence complementarity (35).  
Additionally, there is progressive evidence that lncRNAs 
exert as sponges of miRNAs and consequently downregulate 
the expression of miRNA and increase the target mRNA 
levels (36,37). Our research demonstrated that lncRNA 
DLX6-AS1 promoted NSCLC tumorigenesis  and 
progression through miR-16-5p/BMI1 axis.

Our results  revealed that DLX6-AS1 level  was 
remarkably upregulated in NSCLC tissues and cells, and 
were closely linked with the poor prognosis of NSCLC 
patients. In addition, the downregulation of DLX6-AS1 
restrained NSCLC cell proliferation, migration, invasion, 
and EMT, and triggered cell apoptosis in vitro, as well 
as impeded tumorigenesis in NSCLC xenograft models. 
Similarly, a recent study demonstrated that downregltion 
of DLX6-AS1 blocked pancreatic cancer development by 

regulating miR-181b/Zinc finger E-box-binding homeobox 
2 axes in (38). Moreover, DLX6-AS1 knockdown impaired 
pancreatic cancer cell EMT in vitro and in vivo (38).  
Additionally, Li et al. demonstrated that DLX6-AS1 
overexpression facilitated glioma cell proliferation in vitro 
and expedited glioma cell xenograft growth in vivo through 
sequestering miR-197-5p from E2F1 (39).

Bioinformatics analysis demonstrated that miR-16-5p  
is a target of DLX6-AS1, which was further confirmed 
by luciferase reporter assay and RIP assay. miR-16-5p 
was reported to be lower expressed in serum samples of 
NSCLC patients (24). Moreover, Ke et al. disclosed that 
the abnormal expression of miR-16-5p caused a notable 
downregulation of cell proliferative, migratory, and invasive 
capacities through inhibiting hepatoma-derived growth 
factor in NSCLC (26). Additionally, miR-16 overexpression 
constrained cell proliferation, but expedited cell apoptosis 
and blocked cell cycle process by targeting wip1 in  
NSCLC (27). Our study demonstrated that DLX6-AS1 
functioned its tumor promoter role in NSCLC by sponging 
miR-16-5p.

BMI1 was forecasted to be a target of miR-16-5p. 
Moreover, BMI1 depletion attenuated cell proliferative, 
migratory, and invasive capabilities, and impeded cell EMT 
in NSCLC. The suppression impacts of miR-16-5p mimic 
on NSCLC cell development were abrogated by miR-16-5p 
mimic. DLX6-AS1 functioned as a endogenous sponge of 
miR-16-5p to insulate it from its target BMI1, leading to an 
increasing BMI1 level. Additionally, DLX6-AS1 knockdown 
inhibited NSCLC tumorigenesis through controlling miR-
16-5p/BMI1 axis in vivo.

BMI1, a core regulatory component of polycomb 
repressive complex-1, has been established as an oncogenic 
factor in cancer initiation and progression (40,41). 
Additionally, multiple studies showed that BMI1 could 
promote the tumorigenesis and development of NSCLC 
(42-44). For instance, the depletion of BMI1 controlled 
cell proliferation and hampered cell cycle progression in 
NSCLC (44). In addition, BMI silecing diminished the 
migratory and metastasis abilities of NSCLC cells (45). 
Moreover, BMI1 expression was connected to tumor size, 
poor differentiation, distant metastasis, and poor prognosis 
in patients with NSCLC (46-48).

There are still some deficiencies in the current research 
work. We have confimed the effect of DLX6-AS1 on EMT 
process in vitro, however, whether DLX6-AS1 regulated the 
metastasis of NSCLC in vitro is still known. In vivo animal 
and clinical research are indispensable in the future. Besides, 
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Figure 7 DLX6-AS1 knockdown suppressed the growth of NSCLC xenografts through upregulating miR-16-5p and downregulating BMI1. 
(A-F) H1299 cells infected with sh-NC or sh-DLX6-AS1 lentiviruses were subcutaneously injected into the flanks of mice in sh-NC or sh-
DLX6-AS1 group, respectively. (A) Tumor volume was measured every 7 days for total 35 days. (B) Xenograft tumors were resected and 
weighed on day 35 post-injection. (C,D) The RT-qPCR assay was performed to detect the expression of miR-16-5p (C) and BMI1 mRNA 
(D) in NSCLC xenograft tumor samples. (E) The protein level of BMI1 in NSCLC xenograft tumors was measured by western blot assay. (F) 
The expression of BMI1 in xenograft tumors of NSCLC was detected by the immunohistochemical staining method (×200 magnification). 
(G) Protein levels of E-cadherin and N-cadherin were determined by western blot assay in xenograft tumors of NSCLC. *, P<0.05. DLX6-
AS1, distal-less homeobox 6 antisense RNA 1; NSCLC, non-small cell lung cancer; miR-16-5p, microRNA-16-5p; RT-qPCR, reverse 
transcription-quantitative PCR.
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as a part of the epigenetic machinery, miRNAs could be 
epigenetically modified by DNA methylation and histone 
modifications (49). Several research has suggested that 
the methylation alterations of miRNA methylation might 
be a potential target of the early diagnosis and treatment 
of cancer (50,51). In current research, we have disclosed 
that miR-16-5p is lower expressed in NSCLC. However, 
whether miR-16-5p methylation is altered in NSCLC 
cases is still unknown. Thus, it is efficient to scrutinize the 
methylation level of miR-16-5p and its correlation with the 
carcinogenesis and progression of NSCLC.

Conclusions

Our combined data revealed that DLX6-AS1 facilitated 
NSCLC cell proliferation, migration, invasion, EMT in 
vitro, and promoted NSCLC tumor growth in vivo by 
downregulating miR-16-5p to upregulate BMI1 expression, 
providing us important direction for NSCLC treatment 
strategies. However, the downstream or downstream 
regulatory pathways and interactive networks of DLX6-
AS1/miR-16-5p/BMI1 axis still need further investigation. 
Moreover, it is necessary to deeply understand the effects 
of the DLX6-AS1/miR-16-5p/BMI1 axis on lung cancer 
development and progression, including SCLC and 
NSCLC.
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