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Objective: Our present study aimed to further investigate the molecular basis of long non-

coding RNA homeobox A11 antisense (HOXA11-AS) in the tumorigenesis of non-small cell

lung cancer (NSCLC).

Methods: HOXA11-AS, microRNA-148a-3p (miR-148a-3p), and DNA methyltransferase 1

(DNMT1) mRNA levels were measured by RT-qPCR assay. DNMT1 protein level was

determined by Western blot assay. Cell proliferative capacity and apoptotic rate were

determined by CCK-8 assay and flow cytometry analysis, respectively. The relationships

of HOXA11-AS, miR-148a-3p, and DNMT1 were tested through bioinformatics analysis,

luciferase assay, and RNA pull down assay. Mouse xenograft models of NSCLC were

established to examine the biological function of HOXA11-AS in vivo.

Results: HOXA11-AS expression was notably upregulated and miR-148a-3p expression

was conspicuously downregulated in NSCLC tissues and cells. HOXA11-AS knockdown

curbed NSCLC cell proliferation and promoted cell apoptosis through directly increasing

miR-148a-3p expression. Moreover, miR-148a-3p overexpression suppressed NSCLC cell

proliferation and induced cell apoptosis. HOXA11-AS functioned as a competing endogen-

ous RNA (ceRNA) of miR-148a-3p to increase DNMT1 expression in NSCLC cells. And,

DNMT1 upregulation weakened the influence of HOXA11-AS1 loss on NSCLC cell pro-

liferation and apoptosis. Additionally, HOXA11-AS knockdown suppressed NSCLC xeno-

graft growth by upregulating miR-148a-3p and downregulating DNMT1 in vivo.

Conclusion: HOXA11-AS facilitated NSCLC tumorigenesis through miR-148a-3p/DNMT1

axis in vitro and in vivo, deepening our understanding of the molecular basis of HOXA11-

AS in the development of NSCLC.

Keywords: non-small cell lung cancer, tumorigenesis, HOXA11-AS, miR-148a-3p,
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Introduction
Lung cancer is a huge threat for human health and life with an estimated 2.1 million

new cases and 1.8 million deaths in 2018 alone worldwide.1 Moreover, the mor-

bidity and mortality of lung cancer ranks first in all malignancies.1 Non-small cell

lung cancer (NSCLC), a major histological subtype in lung cancer, accounts for

approximately 85% of all cases.2,3 Despite the vast improvement in the manage-

ment of NSCLC, most NSCLC patients are diagnosed with advanced or metastatic

disease and the clinical outcomes of current therapeutic strategies are

unsatisfactory.4–6 Therefore, it is of great importance to have a deep insight into
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the etiologies of NSCLC and seek potential biomarkers or

targets for screening, diagnosis, prognosis, and treatment

of NSCLC.

Long non-coding RNAs (lncRNAs) with a length of

longer than 200 nucleotides (nt) and microRNAs

(miRNAs) with a size of about 20 nt are a class of transcripts

that lack protein-coding potential.7 Although the functions

of lncRNAs and miRNAs are largely uncharacterized, grow-

ing evidence suggests that they are involved in the regulation

of gene expression and fundamental biological processes.8,9

Moreover, accumulating lncRNAs and miRNAs have been

found to be central players in the development and progres-

sion of many diseases including cancers.10 LncRNA homeo-

box A11 antisense (HOXA11-AS), located on chromosome

7p15.2, has been reported to be abnormally expressed in

multiple cancers, either as a tumor suppressor or an onco-

genic factor.11,12 For instance, HOXA11-AS functioned as

a tumor accelerator in breast cancer,13 hepatocellular

cancer,14 and gastric cancer,15 whereas it exerted anti-

tumor effects in glioblastoma,16 epithelial ovarian cancer,17

and colorectal cancer.18 Furthermore, previous studies

showed that HOXA11-AS could promote the development

and progression of NSCLC.19–21

Bioinformatics examination showed that HOXA11-AS

could possibly bind with miR-148a-3p. And, Sun et al

demonstrated that HOXA11-AS could bind with enhancer

of zeste homolog 2 (EZH2) and argonaute 2 (Ago2), and

EZH2 could interact with DNA methyltransferase 1

(DNMT1) in GC cells.15 Ago2 is a core component of RNA-

induced silencing complex (RISC), which serves as a crucial

player in miRNAs-mediated gene silence.22 Hence, we sup-

posed that HOXA11-AS could regulate DNMT1 expression

by some miRNAs. DNMT1 has been demonstrated to be

a target of miR-148a-3p in some cancers such as laryngeal

squamous cell cancer,23 and bladder cancer.24 And, Chen

et al disclosed that miR-148a-3p inhibited DNMT1 expres-

sion in NSCLC cells.25 MiR-148a, miR-148b, and miR-152

are members of the miR-148/miR-152 family, which have

been reported as multi-faceted role players in the develop-

ment of normal, non-tumor, and tumor tissues.26,27 And,

miR-148a has been found to be a potential tumor suppressor

in many malignancies including NSCLC.28 These data sug-

gested the link of HOXA11-AS, miR-148a-3p, and

DNMT1. Consequently, we further explored whether

HOXA11-AS could exert its functions through miR-148a-

3p/DNMT1 regulatory axis in NSCLC.

Our present study demonstrated that HOXA11-AS

knockdown suppressed NSCLC cell proliferation and

induced cell apoptosis in vitro and hampered NSCLC

xenograft growth in vivo through upregulating miR-

148a-3p and downregulating DNMT1.

Materials And Methods
Clinical Samples And Cell Culture
A total of 36 NSCLC patients who underwent surgical resec-

tion were enrolled in our project from Gansu Provincial

Cancer Hospital during January 2017 to August 2017. These

patients signed the written informed consents and did not

receive any treatment prior to tissue collection. Also, our

project got approval from Research Ethics Committee of

Gansu Provincial Cancer Hospital. Once resected, these

NSCLC tissues and adjacent normal lung tissues were imme-

diately snap-frozen in liquid nitrogen and then stored at

−80°C.
Normal human bronchial epithelial cell line 16HBE was

obtained from Institute of Biochemistry and Cell Biology of

the Chinese Academy of Sciences (Shanghai, China). Three

NSCLC cell lines (95D, H460, H1299) were purchased from

Cell Bank of Chinese Academy of Sciences (Shanghai,

China). 16HBE cells were cultured in MEM medium

(Thermo Scientific, Rockford, IL, USA) supplemented with

10% fetal bovine serum (FBS; Thermo Scientific). H460,

95D, and H1299 cells were grown in RPMI-1640 medium

(Thermo Scientific) containing 10% FBS (Thermo Scientific).

Reagents And Cell Transfection
Small interference RNAs (siRNAs) targeting HOXA11-

AS (siHOXA11-AS) and a scramble control (scrambled)

were designed and synthesized from GenePharma Co.,

Ltd. (Shanghai, China). MiR-148a-3p mimic and its nega-

tive control miR-NC, miR-148a-3p inhibitor (anti-miR

-148a-3p) and corresponding control anti-miR-NC were

purchased from Thermo Scientific Co., ltd. HOXA11-AS

and DNMT1 overexpression plasmids (HOXA11-AS,

DNMT1) and their empty vectors were customized from

Genomeditech Co., ltd. (Shanghai, China). These oligonu-

cleotides or/and plasmids were transfected into NSCLC

cells using Lipofectamine 3000 Reagent (Thermo

Scientific) referring to the manufacturer’s instructions.

Reverse Transcription-Quantitative PCR

(RT-qPCR) Assay
Total RNA was extracted and purified using miRNeasy

Mini Kit (Qiagen, Dusseldorf, Germany) and RNase-free

DNase I (Thermo Scientific). Then, TaqMan MicroRNA
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Reverse Transcription Kit and TaqMan MicroRNA

Assay Kit (Thermo Scientific) were used to measure

miR-148a-3p expression with U6 snRNA as the endo-

genous inference. For the detection of HOXA11-AS and

DNMT1 expression levels, RNA was reverse transcribed

into cDNA first strands using M-MLV Reverse

Transcriptase (Thermo Scientific), and subsequent real

time PCR analysis was performed using SYBR™

Green PCR Master Mix (Thermo Scientific) and specific

primers. GAPDH acted as the house-keeping gene to

normalize the expression of HOXA11-AS and DNMT1.

The quantitative primers were listed as follows: 5ʹ-CGG

CTAACAAGGAGATTTGG-3ʹ (sense) and 5ʹ-AGGCTC
AGGGATGGTAGTCC-3ʹ (antisense) for HOXA11-AS,

5ʹ-GCACAAACTGACCTGCTTCA-3ʹ (sense) and 5ʹ-GC

CTTTTCACCTCCATCAAA-3ʹ (antisense) for DNMT1,

5ʹ-TCCCTGAGCTGAACGGGAAG-3ʹ (sense) and 5ʹ-

GGAGGAGTGGGTGTCGCTGT-3ʹ (antisense) for GAP

DH.

Western Blot Assay
Cells or tumor tissues were lysed using RIPA buffer

(Beyotime, Shanghai, China) supplemented with protease

inhibitor (Thermo Scientific) and then centrifuged to obtain

cell supernatants. Protein concentration in cell supernatants

was determined through Pierce BCA Protein Assay Kit

(Thermo Scientific). Subsequently, proteins (40 μg/lane)
were separated through SDS-PAGE and transferred to nitro-

cellulose membranes (Millipore, Billerica, MA, USA).

Then, the membranes were blocked for 1 h at room tem-

perature using 5% non-fat milk, probed overnight at 4°C

with anti-DNMT1 and anti-GAPDH primary antibodies

(Abcam, Cambridge, UK) and incubated for 1 h at room

temperature with horseradish peroxidase (HRP)-conjugated

secondary antibody (Abcam). Finally, protein bands were

visualized using Pierce™ ECL Western Blotting Substrate

(Thermo Scientific) and the intensity of protein signals was

estimated through Quantity One 4.1 (Bio-Rad Laboratories,

Hercules, CA, USA).

Luciferase Reporter Assay
HOXA11-AS-Wt (wild type), DNMT1-Wt reporter (wild

type), HOXA11-AS-Mut (mutant type) and DNMT1-Mut

(mutant type) reporters containing wild or mutant

miR-148a-3p binding sites were ordered from Hanbio

Biotechnology Co., ltd. (Shanghai, China). Then, these

reporters were respectively transfected into H460 and

H1299 cells along with miR-NC or miR-148a-3p mimic.

At 48 h after transfection, luciferase activities were deter-

mined using a dual luciferase reporter assay kit (Promega,

Madison, WI, USA).

Cell Counting Kit-8 (CCK-8) Assay
Cell proliferative ability was assessed using the CCK-8 kit

(Sigma-Aldrich, St. Louis, MO, USA). Briefly, transfected

cells (100 μL/well) were inoculated into 96-well plates.

Then, 10 μL of the CCK-8 solution was added into each

well at 0, 24, 48, 72 h post-transfection. After another

3 h of incubation, cell absorbance was detected at 450

nm using a microplate reader.

Cell Apoptosis Analysis
Cell apoptosis rate was examined using an FITC

AnnexinV Apoptosis Detection Kit (BD Biosciences, San

Jose, CA, USA) according to the instructions of the man-

ufacturer. Briefly, cells were collected at 48 h after trans-

fection and resuspended in 1× Binding Buffer. Next, cells

were incubated with FITC AnnexinV and propidium

iodide solution for 15 min at room temperature in the

dark. Finally, cell apoptosis patterns were analyzed using

flow cytometry (BD Biosciences).

RNA Pull-Down Assay
RNA pull-down assay was carried out following a protocol

as previously described.29 Briefly, biotinylated wild type

miR-148a-3p (Bio-miR-148a-3p-Wt), biotinylated mutant

type miR-148a-3p (Bio-miR-148a-3p-Mut), and their nega-

tive control Bio-miR-NC were ordered from Dharmacon

Research Inc. (Lafayette, CO, USA) and transfected into

H460 and H1299 cells, respectively. Forty-eight hours later,

cells were collected and lysed using lysis buffer containing

protease and RNase inhibitors. Next, cell supernatants were

collected into new microcentrifuge tubes by centrifugation

and then co-incubated overnight at 4°C with pre-treated

Streptavidin-Dyna beads (Thermo Scientific). Next, RNA

was isolated and purified from beads and HOXA11-AS

level pulled down by these biotinylated miRNAs was mea-

sured through RT-qPCR assay.

Mouse Xenograft Experiments
BALB/c nude mice (n = 20, male, 6–8 weeks old) were

purchased from Laboratory Animal Center of Zhengzhou

University (Zhengzhou, China) and fed or treated following

the national standards of the care and use of laboratory

animals. Also, our animal experiments got the approval of

Institutional Animal Care and Use Committee of Gansu
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Provincial Cancer Hospital. Mice were randomly divided

into shNC and shHOXA11-AS groups with 10 mice in

each group. Lentiviruses carrying HOXA11-AS knockdown

fragment (shHOXA11-AS) and the control lentiviruses

(shNC) were customized from Hanbio Biotechnology Co.,

ltd. For xenograft experiments, H460 cells (107 cells/mice)

infected with shNC or shHOXA11-AS lentiviruses were

subcutaneously injected into the flanks of mice in shNC or

shHOXA11-AS group, respectively. Tumor volume was

measured every 3 days for a total of 27 days using a caliper

and estimated using the formula: volume = 0.5 × length ×

width.2 Twenty-seven days later, mice were killed and

tumors were excised, weighed, and stored for the following

RT-qPCR and Western blot assays.

Statistical Analysis
Data were obtained from more than three independent

experiments and presented as means ± standard deviation

(SD). Data were analyzed through GraphPad Prism soft-

ware (La Jolla, CA, USA) and SPSS software (Chicago,

IL, USA). The difference of groups was examined through

Student’s t-test (for two group data) or one-way ANOVA

(for over two groups data) with P < 0.05 as statistically

significant.

Results
There Was High Expression Of

HOXA11-AS And Low Expression Of

miR-148a-3p In NSCLC Tissues And Cells
At first, RT-qPCR assay revealed that HOXA11-AS

expression was markedly upregulated and miR-148a-3p

expression was strikingly downregulated in 36 cases of

NSCLC tissues compared to that in adjacent normal lung

tissues (Figure 1A and B). Moreover, HOXA11-AS level

was negatively associated with miR-148a-3p level in

NSCLC tissues (n = 36) (Figure 1C). Also, as expected,

higher HOXA11-AS expression and lower miR-148a-3p

expression was observed in NSCLC cells (95D, H460 and

H1299) compared with 16HBE cells (Figure 1D and E).

HOXA11-AS Knockdown Inhibited

NSCLC Cell Proliferation And Induced

Cell Apoptosis By Directly Increasing

miR-148a-3p Expression
Bioinformatics analysis by StarBase online website pre-

sented that HOXA11-AS could possibly interact with

miR-148a-3p (Figure 2A). Also, transfection efficiency

revealed that the transfection of miR-148a-3p mimic was

Figure 1 There was high expression of HOXA11-AS and low expression of miR-148a-3p in NSCLC tissues and cells. (A, B) HOXA11-AS and miR-148a-3p expression

levels were measured by RT-qPCR assay in 36 pairs of NSCLC tissues and adjacent normal lung tissues. (C) Correlation analysis between miR-148a-3p and HOXA11-AS in

36 cases of NSCLC tissues. (D, E) HOXA11-AS and miR-148a-3p expression were detected by RT-qPCR assay in 16HBE, 95D, H460, and H1299 cells. *P< 0.05.
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Figure 2 HOXA11-AS knockdown inhibited NSCLC cell proliferation and promoted cell apoptosis by directly increasing miR-148a-3p expression. (A) Predicted

binding sites between HOXA11-AS and miR-148a-3p by StarBase online website and mutant sites in HOXA11-AS-Mut reporter. (B) Transfection efficiency of miR-

148a-3p mimic and inhibitor in H460 and H1299 cells was detected by RT-qPCR assay at 48 h after transfection. (C, D) The effect of miR-148a-3p overexpression

on luciferase activities of HOXA11-AS-Wt or HOXA11-AS-Mut reporter was measured at 48 h post-transfection through luciferase reporter assay in H460 and

H1299 cells. (E, F) H460 and H1299 cells were transfected with Bio-miR-NC, Bio-miR-148a-3p-Wt, or Bio-miR-148a-3p-Mut. Forty-eight hours later, cells were

collected for biotin-based RNA pull-down assay. Then, HOXA11-AS level was measured by RT-qPCR assay. (G) Transfection efficiency of siHOXA11-AS1 and

HOXA11-AS overexpression plasmid was measured at 48 h upon transfection in H460 and H1299 cells. (H) The effect of HOXA11-AS1 knockdown or

overexpression on miR-148a-3p level was examined by RT-qPCR assay at 48 h after transfection in H460 and H1299 cells. (I, K) At 0, 24, 48, 72 h post-

transfection, the effect of HOXA11-AS1 knockdown alone or along with miR-148a-3p depletion on cell proliferation was assessed by CCK-8 assay in H460 and

H1299 cells. (J, L) At 48 h after transfection, cell apoptosis rate was determined by flow cytometry analysis in H460 and H1299 cells. *P< 0.05.
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efficient to increase miR-148a-3p expression, and the

introduction of miR-148a-3p inhibitor led to the notable

reduction of miR-148a-3p expression in H460 and H1299

cells (Figure 2B). Next, luciferase reporter assay and RNA

pull down assay were carried out to further validate the

interaction of HOXA11-AS and miR-148a-3p. Luciferase

reporter assay showed that miR-148a-3p overexpression

could remarkably reduce the luciferase activity of

HOXA11-AS-Wt reporter in H460 and H1299 cells, but

did not have much influence on luciferase activity of

HOXA11-AS-Mut reporter (Figure 2C and D). Moreover,

RNA pull down assay disclosed that HOXA11-AS was

substantially enriched by biotin-labeled wild type miR-

148a-3p (Bio-miR-148a-3p-Wt) in H460 and H1299

cells, but not by mutant type miR-148a-3p (Bio-miR

-148a-3p-Mut) (Figure 2E and F). That was to say,

HOXA11-AS could interact with miR-148a-3p by putative

complementary sites in NSCLC cells. To have a deep

insight into the functions of HOXA11-AS in the tumor-

igenesis of NSCLC, siHOXA11-AS1 and HOXA11-AS

overexpression plasmids were transfected into H460 and

H1299 cells. As displayed in Figure 2G, HOXA11-AS

expression was notably reduced in H460 and H1299 cells

transfected with siHOXA11-AS1, but was conspicuously

increased in cells transfected with HOXA11-AS overex-

pression plasmid, suggesting the practical values of

siHOXA11-AS1 and HOXA11-AS overexpression plas-

mid in ensuing functional experiments. Moreover, RT-

qPCR assay further unveiled that HOXA11-AS loss led

to the obvious increase of miR-148a-3p level, whereas

HOXA11-AS overexpression triggered the noticeable

reduction of miR-148a-3p level in H460 and H1299 cells

(Figure 2H). Next, functional analysis revealed that

HOXA11-AS knockdown inhibited cell proliferation and

promoted cell apoptosis in H460 and H1299 cells, while

these effects were abrogated by miR-148a-3p inhibitor

(Figure 2I–L). In a word, these data evinced that

HOXA11-AS facilitated proliferation and suppressed

apoptosis by reducing miR-148a-3p expression in

NSCLC cells.

miR-148a-3p Overexpression Inhibited

NSCLC Cell Proliferation And Promoted

Cell Apoptosis
Then, CCK-8 assay revealed that cell proliferative ability

was remarkably reduced in H460 and H1299 cells follow-

ing the transfection of miR-148a-3p mimic at 48 h or

72 h post-transfection (Figure 3A and C). And, ectopic

expression of miR-148a-3p led to the prominent elevation

of cell apoptosis rate in H460 and H1299 cells (Figure 3B

and D). That was to say, miR-148a-3p curbed cell prolif-

eration and facilitated cell apoptosis in NSCLC.

HOXA11-AS Promoted DNMT1

Expression By Downregulating miR-148a-

3p In NSCLC Cells
Next, prediction analysis by TargetScan online website

revealed that DNMT1 is a potential target of miR-148a-

3p (Figure 4A). Then luciferase reporter assay further

demonstrated that miR-148a-3p overexpression induced

the notable downregulation of luciferase activity of

DNMT1-Wt reporter, but did not affect the luciferase

activity of DNMT1-Mut reporter in H460 and H1299

cells (Figure 4B and C), suggesting that miR-148a-3p

could bind with DNMT1 3ʹ UTR through predicted bind-

ing sites. Moreover, we further demonstrated that enforced

expression of miR-148a-3p led to the obvious downregu-

lation of DNMT1 mRNA and protein levels in H460 and

H1299 cells (Figure 4D–F). Inversely, miR-148a-3p

depletion induced the increase of DNMT1 expression at

mRNA and protein levels in H460 and H1299 cells

(Figure 4D–F). These data manifested that miR-148a-3p

inhibited DNMT1 expression through direct interaction in

NSCLC cells. Further analysis revealed that DNMT1

mRNA and protein expression was remarkably elevated

in HOXA11-AS-overexpressed H460 and H1299 cells, but

was dramatically reduced in HOXA11-AS-depleted cells

(Figure 4G–L). Moreover, miR-148a-3p overexpression

inhibited the increase of DNMT1 expression induced by

HOXA11-AS in H460 and H1299 cells (Figure 4G–I).

And, the depletion of miR-148a-3p abrogated the inhibi-

tory effect of HOXA11-AS knockdown on DNMT1

expression in H460 and H1299 cells (Figure 4J–L). That

was to say, HOXA11-AS could function as a ceRNA of

miR-148a-3p to sequester miR-148a-3p from its target

DNMT1, leading to the elevation of DNMT1 level in

NSCLC cells.

HOXA11-AS1 Exerted Its Functions By

Upregulating DNMT1 In NSCLC Cells
Next, Western blot assay confirmed that the introduction of

DNMT1 overexpression plasmid reversed the detrimental

effect of HOXA11-AS1 knockdown on DNMT1 expres-

sion in H460 and H1299 cells (Figure 5A and B).
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Restoration experiments showed that DNMT1 upregula-

tion weakened the effects of HOXA11-AS loss on the

proliferation and apoptosis of H460 and H1299 cells

(Figure 5C–F). In summary, these results manifested that

HOXA11-AS1 knockdown suppressed NSCLC cell prolif-

eration and promoted cell apoptosis by downregulating

DNMT1.

HOXA11-AS Knockdown Suppressed

NSCLC Xenograft Growth By

Upregulating miR-148a-3p And

Downregulating DNMT1 In Vivo
Next, in vivo experiments further showed that HOXA11-AS

knockdown resulted in the notable reduction of NSCLC

xenograft tumor volume and weight (Figure 6A and B).

Moreover, RT-qPCR assay demonstrated that HOXA11-

AS level was markedly reduced in shHOXA11-AS-

infected NSCLC xenograft tumors compared with control

groups (Figure 6C). Also, a noticeable increase of miR-

148a-3p level and an obvious reduction of DNMT1

mRNA level were observed in HOXA11-AS-depleted

NSCLC xenograft tumors (Figure 6C). Moreover, we

further demonstrated that HOXA11-AS knockdown led to

the notable downregulation of DNMT1 protein level in two

randomly selected NSCLC xenograft tumors (Figure 6D).

Discussion
Over the past decades, mounting experimental evidence

has suggested that lncRNAs and miRNAs can serve as

Figure 3 The effect of miR-148a-3p on NSCLC cell proliferation and apoptosis. (A, C) The effect of miR-148a-3p overexpression on NSCLC cell proliferation was

evaluated by CCK-8 assay at 0, 24, 48, 72 h after transfection. (B, D) The impact of miR-148a-3p overexpression on NSCLC cell apoptosis was estimated through flow

cytometry at 48 h following transfection. *P< 0.05.
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Figure 4 HOXA11-AS functioned as a ceRNA of miR-148a-3p to regulate DNMT1 expression in NSCLC cells. (A) Predicted binding sites between DNMT1 3ʹUTR and

miR-148a-3p and mutant sites in DNMT1-Mut reporter. (B, C) H460 and H1299 cells were co-transfected with DNMT1-Wt or DNMT1-Mut reporter and miR-148a-3p

mimic or miR-NC, followed by the detection of luciferase activity at 48 h after transfection. (D–F) The effect of miR-148a-3p overexpression or depletion on DNMT1

mRNA and protein levels was measured by RT-qPCR and Western blot assays at 48 h upon transfection in H460 and H1299 cells. (G–L) H460 and H1299 cells were

transfected with vector, HOXA11-AS overexpression plasmid, HOXA11-AS + miR-NC, HOXA11-AS + miR-148a-3p, scrambled siRNA, siHOXA11-AS, siHOXA11-AS +

anti-miR-NC or siHOXA11-AS + anti-miR-148a-3p. (G–L) At 48 h after transfection, DNMT1 mRNA and protein levels were respectively measured by RT-qPCR and

Western blot assays in H460 and H1299 cells. *P< 0.05.
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signaling transducers and potential biomarkers in plenty of

cancers including NSCLC.30,31 Moreover, lncRNAs can

regulate the expression of miRNAs and downstream tar-

gets by acting as ceRNAs in tumor biology.32 Also, some

lncRNAs were found to regulate tumorigenesis and pro-

gression of cancers by affecting mRNA stability. For

instance, Gou et al showed that enforced expression of

lncRNA AB074169 suppressed papillary thyroid cancer

(PTC) cell proliferation in vitro and hindered PTC xeno-

graft tumor growth in vivo by reducing KH-type splicing

regulatory protein (KHSRP) expression through destabiliz-

ing KHSRP mRNA transcripts.33 An in-depth understand-

ing of these non-coding RNAs and their mechanisms of

action will help us to manage cancer better.

In this document, we demonstrated that HOXA11-AS

expression was strikingly upregulated in NSCLC tissues

and cells, which was in line with previous reports.19,20

Also, The Cancer Genome Atlas (TCGA) database analysis

showed that HOXA11-AS was highly expressed in NSCLC

tissues compared to that in normal lung tissues.20,34

Functional analysis showed that HOXA11-AS knockdown

inhibited NSCLC cell proliferation and promoted cell apop-

tosis in vitro and impeded NSCLC xenograft tumor growth

in vivo. Also, the oncogenic effects of HOXA11-AS have

been presented in previous documents.19–21 For instance,

Chen et al demonstrated that the depletion of HOXA11-AS

suppressed cell invasion and epithelial-mesenchymal transi-

tion (EMT) in NSCLC.19 Zhang et al showed that

HOXA11-AS knockdown weakened proliferative, migra-

tory, and invasive capacities of NSCLC cells and facilitated

NSCLC cell apoptosis in vitro as well as curbing NSCLC

tumorigenesis and angiogenesis in vivo.20

MiR-148a has been reported to be aberrantly expressed

in multiple malignancies, which was closely correlated

with tumor size, development, and prognosis.24 Although

some reports pointed out that miR-148a exerted oncogenic

effects in glioblastoma and osteosarcoma,35,36 miR-148a

has been widely reported as a tumor suppressor in plenty

of cancers such as breast cancer and papillary thyroid

cancer.37,38 Moreover, previous reports disclosed that

miR-148a level was markedly reduced in the serum of

NSCLC patients, accompanied with higher possibility as

a promising biomarker in NSCLC screening.39,40 Also,

some studies demonstrated that miR-148a expression was

remarkably downregulated in NSCLC tissues and cell

lines and miR-148a exerted tumor-suppressive effects in

Figure 5 HOXA11-AS1 exerted its functions by upregulating DNMT1 in NSCLC cells. (A–F) The effects of HOXA11-AS loss alone or along with DNMT1 overexpression

on DNMT1 protein expression, cell proliferation, and apoptosis were examined by Western blot assay (A, B), CCK-8 assay (C, E), and flow cytometry (D, F). *P< 0.05.
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NSCLC.41–43 For instance, the loss of miR-148a expres-

sion was associated with tumor progression and poor clin-

ical outcomes, and enforced expression of miR-148a

repressed cell migration and invasion via targeting Wnt1

in NSCLC.43 And, miR-148a overexpression impaired

migratory, invasive, and proliferative abilities of NSCLC

cells in vitro and impeded NSCLC tumorigenesis in vivo

through downregulating matrix metallopeptidase 15 and

Rho associated coiled-coil containing protein kinase 1.44

Consistent with previous reports,41–43 our present study

demonstrated that miR-148a-3p expression was dramati-

cally reduced in NSCLC tissues and cells, and miR-148a-

3p overexpression inhibited NSCLC cell proliferation and

induced cell apoptosis. Moreover, our data revealed that

miR-148a-3p expression was negatively associated with

HOXA11-AS expression in NSCLC tissues. Additionally,

miR-148a-3p could bind with HOXA11-AS and miR-148a-

3p downregulation attenuated the effects of HOXA11-AS

loss on NSCLC cell proliferation and apoptosis.

DNMT1, a central DNA methyltransferase in mamma-

lian cells, can regulate gene expression by epigenetic

modification in a variety of biological processes such as

cell apoptosis, cell cycle regulation, and chromatin

organization.45 In addition, DNMT1 plays a significant

role in the initiation, maintenance, and progression of can-

cers including NSCLC.46,47 For instance, the inhibition of

DNMT1 by 5-aza-2ʹ-deoxycytidine resulted in the demethy-

lation of some anti-tumor genes, the downregulation of

NSCLC cell proliferative ability, and the inhibition of

NSCLC xenograft tumor growth.48 And, DNMT1 knock-

down suppressed cell migration, invasion, and EMT by

inactivating Wnt/β-catenin signaling pathway in NSCLC.49

In this text, we demonstrated that DNMT1 was a target

of miR-148a-3p, which was in line with previous

reports.25,26 Moreover, our outcomes further presented

that HOXA11-AS could function as a ceRNA of miR-

148a-3p, giving rise to the downregulation of miR-148a-

3p level and the upregulation of DNMT1 expression in

NSCLC cells. Additionally, DNMT1 overexpression wea-

kened the effects of HOXA11-AS depletion on prolifera-

tion and apoptosis of NSCLC cells. Furthermore,

HOXA11-AS knockdown suppressed NSCLC xenograft

Figure 6 HOXA11-AS knockdown suppressed NSCLC xenograft tumor growth by upregulating miR-148a-3p and downregulating DNMT1 in vivo. (A–D) For the

establishment of NSCLC xenograft models, H460 cells infected with shNC or shHOXA11-AS lentiviruses were subcutaneously injected into the flanks of mice in shNC or

shHOXA11-AS group, respectively. (A) Tumor volume was measured every 3 days for a total of 27 days. (B) Tumor weight was measured at day 27 after injection. (C) RNA

levels of HOXA11-AS, miR-148a-3p, and DNMT1 were detected through RT-qPCR assay. (D) Protein level of DNMT1 was determined by Western blot assay in two

randomly selected xenograft tumors. *P< 0.05.
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tumor growth by upregulating miR-148a-3p and downre-

gulating DNMT1 in vivo.

Conclusion
Taken together, these data revealed that HOXA11-AS

facilitated NSCLC tumorigenesis in vitro and in vivo

through regulating miR-148a-3p/DNMT1 axis, deepening

our understanding of the regulatory mechanisms of

HOXA11-AS and DNMT1, and providing some promising

biomarkers and targets in the screening and treatment of

NSCLC. However, the downstream targets of DNMT1

need to be further investigated. Also, it is requisite to

explore the effects of HOXA11-AS/miR-148a-3p/

DNMT1 on cell migration, invasion, and EMT in

NSCLC cell and mouse models. Also, immunohistochem-

istry analysis and in situ hybridization experiments were

indispensable to examine the expression patterns of

HOXA11-AS, miR-148a-3p, and DNMT1 in NSCLC

tissues.
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