OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy

3

Dove

ORIGINAL RESEARCH

HOXD-AS|I functions as an oncogenic ceRNA to
promote NSCLC cell progression by sequestering

miR-147a

Qinghua Wang!'3*
Shujun Jiang'?*
Anying Song'?
Siyuan Hou'?
Qinfeng Wu*
Longju Qi®

Xiang Gao'?

'State Key Laboratory of
Pharmaceutical Biotechnology, 2MOE
Key Laboratory of Model Animal

for Disease Study, Model Animal
Research Center, Nanjing Biomedical

Research Institute, Nanjing University,

Nanjing, *Laboratory Animal Center,
Nantong University, ‘Department
of Rehabilitation, Affiliated Hospital
of Nantong University, Nantong
University, *Interventional Therapy
Department of the Third People’s
Hospital of Nantong City, Nantong
University, Nantong, People’s
Republic of China

*These authors contributed equally
to this work

Correspondence: Qinghua Wang
Model Animal Research

Center, Nanjing Biomedical Research
Institute, Nanjing University, No 12
Xuefu Road, Nanjing, Jiangsu 210029,
People’s Republic of China

Email wanggh@nicemice.cn

This article was published in the following Dove Press journal:
OncoTargets and Therapy

28 September 2017
Number of times this article has been viewed

Abstract: Non-small cell lung cancer (NSCLC) is one of the most common malignancies
worldwide, and it occurs at a higher frequency in males. HOXD-AS1, an important cancer-
associated long noncoding RNA (IncRNA), contributes to the development and progression
of several cancers. However, the exact roles of HOXD-AS1 in NSCLC progression are still
unknown. Here, we investigated the underlying mechanisms of HOXD-AS1 in human NSCLC
tissues. We found that IncRNA HOXD-AS1 was specifically upregulated (P<<0.001) in NSCLC
tissues and promoted cancer cell growth by targeting miR-147a. Moreover, HOXD-AS1
expression positively correlated with NSCLC clinical pathologic characteristics (tumor size,
P=0.006; tumor stage, P=0.044; recurrence, P=0.031) and survival rate (P=0.003). HOXD-AS1
knockdown reduced proliferation and promoted apoptosis of NSCLC cells. The dual-luciferase
reporter assay showed that HOXD-AS1 could negatively regulate the expression of miR-147a.
miR-147a inhibition abrogated the effect of HOXD-AS1 knockdown on the proliferation and
apoptosis of NSCLC cells. Furthermore, HOXD-AS1 positively regulated the expression of
PRB (a tumor suppressor protein) in NSCLC cells. Taken together, our data indicated that
HOXD-AS1 might be an oncogenic IncRNA that promotes proliferation of NSCLC and could
be a therapeutic target in NSCLC.
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Introduction

Lung cancer is a common malignancy, and it has the mortality of cancer-related deaths
worldwide. Lung cancer can be classified into small cell lung cancer and non-small
cell lung cancer (NSCLC) based on their degrees of differentiation and morphologic
characteristics. Among all lung cancer patients, 85% are NSCLC.! Accumulating
evidence has shown that there are many important molecules and processes involved
in the occurrence and development of NSCLC, such as the altered gene expression
induced by epigenetic regulation.>? At present, the involvement of noncoding genes in
NSCLC has been well documented, and they consist mainly of miRNAs. They can
affect the stability of mRNAs and regulate both the transcription of mRNA and,
subsequently, the expression of protein-encoding genes at the translational level.
It has been shown that miRNAs can regulate various biologic processes and play a
critical role in the development and metastasis of cancers.** Long noncoding RNAs
(IncRNAs) account for the greatest proportion of the mammalian gene transcriptome
and are different from many protein-encoding genes or microRNAs. IncRNAs, still
belonging to the “dark matter in genomics”, are not well studied to date, and attempts
to understand their function and mechanism are underway.®’
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In recent years, several IncRNAs have been demonstrated
to be directly involved in the process of tumor development
and metastasis.>* HOTAIR is the first IncRNA proved to
have a transregulatory effect on transcription. By mediating
chromatin remodeling, binding to polycomb repressive
complex 2 (PRC2) and histone demethylation complex 1
(LSD1), and mediating the binding of these two protein
complexes to specific sites on the genome, HOTAIR allows
lysine methylation on specific residues of histones, resulting
in gene silencing.'® It has been found that the expression of
HOTAIR in various tumor tissues, including lung cancer, is
closely related to tumor metastasis, recurrence, and clinical
prognosis.' " In this study, we focused on a novel IncRNA,
HOXD Cluster Antisense RNA 1 (HOXD-AS1), which is
encoded by a member of the same gene family that encodes
HOTAIR (the HOX gene family). The HOX gene family, first
discovered in the study of homeosis in Drosophila, contains a
series of evolutionarily conserved genes and plays an impor-
tant role in embryonic development.' Human HOX genes
can be divided into A, B, C, and D gene clusters, which are
located on different chromosomes. Each gene cluster contains
9—11 genes." It was found that the mutation in HOX genes
may cause developmental disorders and abnormal formation
of tissues and organs. HOX gene mutations can even induce
cell malignant transformation to form tumors.'!” A total of
231 IncRNAs have been annotated in the four HOX gene
clusters,'® including HOTAIR, which is located between
HOXC 11 and HOXC 12 genes and is on the antisense
strand. HOXD-ASI1, another IncRNA that has been anno-
tated, is located between the HOXD1 and HOSD3 genes and
is also located on the antisense strand. In addition to their
proximity on the genome, HOXD-ASI, like HOTAIR, also
plays an important role in the occurrence and progression
of tumors, especially in the regulation of tumor metastasis.
A recent study demonstrated that HOXD-ASI is upregulated
in bladder cancer and may be involved in the apoptosis and
metastasis of tumor cells.!”” However, neither the role of
HOXD-AS1 in NSCLC nor its underlying mechanism has
been elucidated.

Studies have shown that 50% of miRNAs are located in
the fragile sites or tumor-related gene regions, which are often
amplified, deleted, or rearranged in cancer cells, suggesting
that some miRNAs may act as oncogenes or tumor suppressor
genes.” 2 miR-147a was cloned and characterized by Lagos-
Quintana et al in 2002 from mouse spleen tissue. Its homolo-
gous sequence was also found in the human genome at 9q33.2
and was originally named miR-147.2* Another member of
the family, miR-147b, was identified on 15g21.1 in 2011.%

The mature sequences of these two miRNAs only differ in
two nucleotides at the 3" end. Few studies on the functional
mechanism of miR-147a have been reported to date. It is
known that miR-147b is induced by Toll-like receptors and
is involved in the regulation of inflammatory responses of
murine macrophages.?

In this study, we found that the expression levels of the
IncRNA HOXD-AS1 were upregulated in NSCLC clinical
tissue samples. We also report an interaction between
HOXD-AS1 and miR-147a. Our findings provide a novel
understanding for NSCLC progression and the mecha-
nism involved.

Materials and methods

Cell lines and clinical samples

Eighty-seven human NSCLC tissues and their correspond-
ing noncancerous adjacent tissues were collected at the
Affiliated Hospital of Nantong University. All of the patient
materials were obtained with appropriate written informed
consent, and this study was approved by the Clinical
Research Ethics Committees of the Affiliated Hospital of
Nantong University.

Human NSCLC cell lines, including A549, H1703,
SK-MES-1, and NCI-H1299, were purchased from the Cell
Bank of Type Culture Collection of Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in RPMI-
1640 Medium (Hyclone, Beijing, China), supplemented
with 10% fetal bovine serum (Hyclone) at 37°C in a 5%
CO, incubator.

Plasmid construction and cell transfection
Full-length fragments of HOXD-AS1 were subcloned into
pcDNA3.1(+) vector (Thermo Fisher Scientific, Waltham,
MA, USA) for HOXD-ASI overexpression (forward primer:
GGTCGACGTTTGTGCCGCGCGC; reverse primer:
CGCGGCCGCTGACACTTTGAA). The miR-147a binding
sequence in the HOXD-AS1 gene (wild-type HOXD-AS1)
and the mutant seed region of HOXD-AS1 were obtained and
cloned downstream of the luciferase gene in pGL3-control
vector (Promega, Shanghai, China), yielding the plasmids
HOXD-AS1-WT and HOXD-AS1-MUT, respectively. The
primers for HOXD-AS-WT construction were: forward
primer: GGTCGACTGATAGGGAGCTTGGTAGCTA
and reverse primer: CGCGGCCGCTCTGAAGAAAGGGG
TCAGG. The HOXD-AS-MUT fragment was generated
by overlapping polymerase chain reaction (PCR; template
primers: ATTTGTTGTTAAATTAAAACCTCT and
AGAGGTTTTAATTTAACAACAAAT).
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si-RNAs specifically targeting HOXD-AS1(si-HOXD-
AS1) and the control si-RNA (si-NC) were synthesized
by Ribobio (Guangzhou, China). The target sequence was
5-GAAAGAAGGACCAAAGTAA-3". An miR-147a
mimic, an miR-147a inhibitor, and the corresponding controls
were purchased from GenePharma (Shanghai, China).
SK-MES-1 cells were transfected with pcDNA3.1-HOXD-
ASI1 for overexpression and A549 cells with si-HOXD-AS1
for downregulation. The miR-147a mimic and miR-147a
inhibitor dual-luciferase assay plasmids were transfected
using Lipofectamine 2000 (Thermo Fisher Scientific)
following the manufacturer’s specifications.

RNA extraction and quantitative

reverse-transcription PCR

Total RNA was isolated by Trizol reagent (Thermo Fisher
Scientific) following the manufacturer’s instructions. Total
RNA samples were reverse-transcribed with PrimeScript
RT Reagent Kit (Thermo Fisher Scientific). Quantitative
reverse-transcription PCR (QRT-PCR) assay was carried out
for HOXD-AS1 and retinoblastoma protein (pRB) detection
with SYBR Premix Ex Taq II (Takara Biotechnology, Dalian,
China) and monitored with Roche Cobas® z480 (Roche
Molecular Systems, Pleasanton, CA, USA). Reaction condi-
tions were as follows: 95°C for 10 s, followed by 40 cycles of
95°C for 5 s, 60°C for 15 s, and 72°C for 30 s. For miR-147a
detection, qRT-PCR was conducted using a TaqMan
MicroRNA Assay (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s instructions.
A comparative cycle threshold method was used to calculate
fold change in gene expression. The HOXD-AS1 expression
level was normalized to B-actin, and miR-147a expression
was normalized to U6. All experiments were carried out in
triplicate. The primers are listed as follows: HOXD-AS1
forward primer: 5-GGCTCTTCCCTAATGTGTGG-3" and
reverse primer: 5’-CTCTGGTTGGGTGACTGGTT-3"; pRB
forward primer: 5’-TCAGTTGGTCCTTCTCGGTC-3" and
reverse primer: 5-TGTGAACATCGAATCATGGAA-3".
B-actin was used as an internal control. The primers for
B-actin were 5'-AGCGAGCATCCCCCAAAGTT-3" and
5-GGGCACGAAGGCTCATCATT-3".

Dual-luciferase reporter assay
The binding sites between HOXD-AS1 and miR-147a were
predicted using DIANA tools (http:/carolina.imis.athena-

innovation.gr/diana tools/web). HEK293T cells were placed

on a 24-well plate and grown to 80% confluence. HOXD-
AS1-WT and HOXD-AS1-MUT were cotransfected with

50 nM miR-147a mimic (or miR-NC) into HEK293T cells.
Forty-eight hours after transfection, the luciferase activities

were detected using the Dual-Luciferase® Reporter Assay
System (Promega).

Cell proliferation assay

Cells were seeded into 96-well plates with 5x10° cells/well
and cultured overnight. Cell proliferation was determined
using a cell counting kit-8 (CCK-8; Dojindo Laboratories,
Rockville, MD, USA), according to the manufacturer’s
instructions. The absorbance value of each sample was spec-
trophotometrically determined at a wavelength of 450 nm.

Western blot analysis

Western blot experiments were used to measure the pRB
expression level. The total protein from the cultured cells
was extracted in cell lysis buffer (Boster, Wuhan, China) and
quantified using the Bradford method. Twenty micrograms
of protein was loaded and separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. After transferring
to a polyvinylidene fluoride membrane (EMD Millipore,
Billerica, MA), the membrane was incubated overnight
at 4°C with primary antibody against pRB (1:1,000; Pro-
teintech, Rosemont, IL, USA). A primary antibody against
B-actin (1:2,000, Proteintech) was used to detect the expres-
sion of B-actin (loading control). Then, the membranes were
incubated with secondary antibody (1:2,000; Cell Signaling
Technology, Danvers, MA, USA) for 2 h at room tempera-
ture. Protein bands were visualized using Electro-Chemi-
Luminescence (ECL) (Tanon, Shanghai, China) and detected
using Biolmaging Systems (Tanon).

Cell cycle and apoptosis analysis

Cells were transfected for 48 h and fixed with 75% ethanol
at 4°C overnight. The fixed cells were incubated with
50 ug/mL propidium iodide for 30 min in the dark at 37°C.
Then, the cells were analyzed using a FACScan (Becton-
Dickinson, Franklin Lakes, NJ, USA). The ModFit software
(Becton-Dickinson) was used to quantify the cells in different
phases of the cell cycle. For apoptosis analysis, dual staining
using the fluorescein isothiocyanate Annexin V Apoptosis
Detection Kit (Sigma-Aldrich Co., St Louis, MO, USA) was
performed according to the manufacturer’s instructions.

Statistical analysis

SPSS software version 19.0 (IBM Corporation, Armonk,
NY, USA) and GraphPad Prism 6 (GraphPad Software,
Inc., San Diego, CA, USA) were used for statistical analysis.
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Experimental results are presented as mean + SD. Compari-
sons between two groups were conducted using two-tailed
Student’s #-test or chi-square test, and differences were
considered statistically significant when P<<0.05.

Results
HOXD-AS| is upregulated in NSCLC
tissues and predicts a poor outcome

for NSCLC patients

The levels of HOXD-AS1 were detected in 87 NSCLC tissues
and their corresponding noncancerous tissues (NCTs) by
qRT-PCR. The HOXD-AS1 expression was significantly
upregulated in cancerous tissues compared with NCTs
(2.1-fold average increase; P<<0.001), as shown in Figure 1A.
We investigated the levels of HOXD-AS1 expression in
different NSCLC cell lines (A549, H1703, SK-MES-1, and
NCI-H1299). HOXD-ASI expression was much higher in
A549 cells than in the other cell lines and was the lowest in
SK-MES-1 cells (Figure 1B).

To correlate HOXD-AS1 expression with clinical patho-
logic features, patients were classified into a relatively
high-HOXD-AS1 group and a relatively low group using the
median expression level of HOXD-AS1 in NSCLC tissues
(Table 1). HOXD-ASI1 expression has highly significantly
correlated with tumor size (P=0.006) and significantly
correlated with TNM stage (P=0.044) and recurrence status
(P=0.031). Kaplan—Meier analysis and log-rank test were
used to evaluate the effects of HOXD-ASI expression
on overall survival. The results showed that patients with
higher HOXD-AS1 expression had a significantly poorer
prognosis than patients with lower HOXD-AS1 expression
(P=0.003; Figure 1C).

HOXD-AS| promotes NSCLC cell
proliferation and cell cycle progression

and suppresses apoptosis
To investigate the function of HOXD-ASI in the develop-
ment of NSCLC, A549 and SK-MES-1 cells were used
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Figure | HOXD-ASI is overexpressed in NSCLC and correlates with patient outcome.

Notes: (A) qRT-PCR evaluation of HOXD-AS| expression in NSCLC samples compared with NCTs. (B) Expression levels of HOXD-AS| expression in different NSCLC
cell lines, including A549, H1703, SK-MES-1, and NCI-H1299 cells. (C) Overall survival Kaplan—Meier analysis of NSCLC patients. ***P<<0.001.

Abbreviations: HOXD-AS |, HOXD cluster antisense RNA |; NCTs, noncancerous tissues; NSCLC, non-small cell lung cancer; qRT-PCR, quantitative reverse-transcription

polymerase chain reaction.
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Table | Correlation of the expression of HOXD-ASI with
NSCLC clinical pathologic features

Characteristic Number HOXD-AS| mRNA
of patients expression
High Low P-value
Gender 0.714
Male 50 29 21
Female 37 20 17
Age (years) 0.570
<65 35 21 14
=65 52 28 24
Size of tumor (cm) 0.006*
=3 45 19 26
>3 42 30 12
TNM stage 0.044*
| 14 4 10
1l 26 14 12
1l 47 31 16
Recurrence status 0.031*
Positive 48 32 16
Negative 39 17 22

Note: *Statistically significant difference (P<<0.05).
Abbreviations: HOXD-AS|, HOXD cluster antisense RNA |; NSCLC, non-small
cell lung cancer.

to establish cell lines with knockdown (26.1%, P<<0.001)
or overexpression (5.86-fold, P<<0.001) of HOXD-ASI,
respectively, and the efficiency was verified by qRT-PCR
(Figure 2A). A CCK-8 assay was performed to explore
the effect of HOXD-AS1 expression on the proliferation
of NSCLC cells. HOXD-AS1 knockdown induced by
si-HOXD-AS1 greatly inhibited cell proliferation in A549
(decreased by 27.1% in 2 days, P=0.031), and SK-MES-1
cells with HOXD-AS1 overexpression showed a signifi-
cant increase in growth compared with the control group
(increased by 1.52-fold in 2 days, P=0.028), as shown
in Figure 2B.

Flow cytometry analysis was used to detect cell cycle
progression and apoptosis. Cell cycle analysis revealed that
HOXD-AS1-knockdown cells were largely arrested at the
G0/G1 phase (parental cells, 51.5% compared with HOXD-
AS1-knockdown cells, 78.9%, P=0.0003) and showed
fewer S-phase cells (parental cells, 23.4% compared with
HOXD-AS1-knockdown cells, 14.9%; P=0.042) than the
si-NC group, and the percentage of apoptotic cells in the
HOXD-AS1-knockdown A549 cells was much higher than
that in the control (parental cells, 21.3% compared to HOXD-
AS1-knockdown cells, 11.3%), as shown in Figure 2C.
Results also showed that overexpression of HOXD-AS]1 in
SK-MES-1 cells promoted cell cycle progression (G0/G1
phase, from 43.8% to 30.4%, P=0.027; S-phase, from 28.3%
to 32.7%, P=0.033) and inhibited apoptosis (from 11.7%
to 4.9%), as shown in Figure 2D. Taken together, these

data indicated that HOXD-AS1 promotes cell proliferation
and cell cycle progression and that it suppressed apoptosis
in NSCLC.

HOXD-ASI negatively regulates the

expression of miR-147a in NSCLC cells
To investigate further the mechanism by which HOXD-AS1
regulates NSCLC progression, we detected the association
between miR-147a and HOXD-ASI1. Using the DIANA tools,
miR-147a was identified as potentially able to bind miRNAs
with HOXD-ASI (Figure 3A). We examined the potential
correlation between the RNA expression levels of HOXD-
AS1 and miR-147a, and a negative correlation between
their expression levels was observed in clinical specimens
(P=0.001), as shown in Figure 3B. To determine the effect
of HOXD-ASI on the expression of miR-147a, the expres-
sion levels of miR-147a were detected by qRT-PCR
in the HOXD-AS1-knockdown A549 cells and SK-MES-1
cells with HOXD-AS1 overexpression. In the HOXD-AS1—
knockdown A549 cells, the expression level of miR-147a
was 3.8-fold greater than in the control cells (P<<0.0001),
as shown in Figure 3C. For SK-MES-1 cells with HOXD-
AS1 overexpression, the miR-147a expression was sig-
nificantly inhibited (decreased by 23.4%, P<<0.0003), as
shown in Figure 3D. The relationship between HOXD-AS1
and miR-147a was verified using a dual-luciferase reporter
assay. The luciferase activity of the reporter HOXD-AS1-WT
(HOXD-AS1 sequence with wild-type miR-147a binding
site, which was cloned into the pGL3 vector) was reduced
in cells transfected with the miR-147a mimic, but HOXD-
ASI-MUT (loss of the miR-147a binding ability by incor-
porating a mutated miR-147a binding site) was completely
refractory to miR-147a-induced luciferase reporter repression
(Figure 3E), indicating that miR-147a binds to HOXD-ASI1
in a sequence-specific manner.

miR-147a inhibition abrogates the effect
of HOXD-ASI| knockdown on NSCLC
cell proliferation by regulating pRB
expression

To further evaluate the effect of miR-147a’s regulation by
HOXD-AS1 on NSCLC cell proliferation, an miR-147a
inhibitor was transfected into HOXD-AS1-knockdown
A549 cells or untreated A549 cells. The expression level
of miR-147a was decreased in cells cotransfected with
si-HOXD-AS1 and miR-147a inhibitor (compared with
cells transfected only with miR-147a inhibitor, P=0.017), as
observed in Figure 4A. The suppression of cell proliferation
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Figure 2 The expression of HOXD-AS| affects NSCLC cell proliferation, cell cycle and apoptosis.

Notes: (A) qRT-PCR evaluation of HOXD-ASI| expression in HOXD-AS|-knockdown A549 and HOXD-AS|—overexpressing SK-MES-1 cells. (B) Cell proliferation
assay was performed in HOXD-AS |-knockdown A549 and HOXD-AS |—overexpressing SK-MES-| cells. Cell cycle and apoptosis analysis were performed in (C) HOXD-
ASl—knockdown A549 and (D) HOXD-AS |-overexpression. *P<0.05; **P<<0.01; **P<0.001.

Abbreviations: CTRL, control; HOXD-ASI, HOXD cluster antisense RNA |; NC, negative control; NSCLC, non-small cell lung cancer; qRT-PCR, quantitative reverse-

transcription polymerase chain reaction; FL, fluorescence; P, propidium iodide.

induced by HOXD-ASI1 knockdown was abrogated by
miR-147a inhibition in 2 days (HOXD-AS1-knockdown
cells transfected with miR-147a inhibitor compared with
parental cells transfected with miR-147a inhibitor, P=0.0008;
Figure 4B). Similarly, miR-147a inhibition also reversed
the effect of si-HOXD-AS1 on the cell cycle (decreased by
23.1% in GO/G1 phase, increased by 19.8% in S phase) and
apoptosis (decreased by 37.8%). Moreover, proliferation
and cell cycle progression were significantly promoted in
A549 cells transfected with miR-147a inhibitor compared
with cells cotransfected with si-HOXD-AS1 and miR-147a
inhibitor; however, the proportion of apoptotic cells was
reduced (Figure 4C and D).

It has been reported that the pRB is the direct target of
miR-147a, which inhibits cell proliferation in NSCLC cells
by downregulating cell cycle proteins.?” Thus, we explored the
potential correlation between pRB and HOXD-AS1 expres-
sion. We analyzed the Gene Expression Omnibus (GEO)
profile data (GDS3627) and found that the expression level of
HOXD-AS1 was positively correlated with pRB in NSCLC

(P=0.0362), as shown in Figure 4E. We also found that both
the mRNA (decreased by 48.2%, P=0.007) and the protein
levels of pRB were reduced in HOXD-AS1-knockdown
A549 cells, and that the miR-147a inhibitor abrogated the
downregulation of pRB that was induced by si-HOXD-AS1
(1.7-fold increase in mRNA level; Figure 4F and G).

Discussion

Accumulating evidence has shown that there are many
important molecules involved in the occurrence and devel-
opment process of NSCLC. Possible roles for IncRNAs in
malignancy development have been proposed, since their
biologic functions and molecular mechanisms remain largely
unclear.53 In this study, we found that the expression levels
of the IncRNA HOXD-AS1 were much higher in NSCLC
tissues than in their corresponding NCTs. Furthermore, the
expression level of HOXD-ASI1 correlated with a poor prog-
nosis for NSCLC patients and was negatively correlated with
survival times. Functional and mechanistic studies revealed
that HOXD-AS1 exerts its growth-promoting functions
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Abbreviations: HOXD-AS|, HOXD cluster antisense RNA |; HOXD-ASI-MUT, HOXD-AS| sequence with mutational miR-147a binding site, which was cloned into
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by acting as a competitive endogenous RNA (ceRNA) of
miR-147a.

At present, a variety of IncRNAs have been identified as
potential biomarkers in NSCLC. Metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1)is an IncRNA that is
over 8,000 nt long. It is located at 11q13.1 in the genome, and
its upregulation can be seen in melanoma, prostate carcinoma,
NSCLC, and other cancers.’' Expression of MALATI1
in NSCLC is both stage- and tissue specific. A significant
rise in MALATI1 expression has been observed in tumor
samples collected from patients with distant metastasis,

and the expression is closely related to the TNM staging.
Thus, MALATI can be used as a marker molecule for the
early-stage diagnosis and prognosis of NSCLC.

The gene encoding HOXD-ASI is located in the HOXD
cluster, and its transcript is a novel IncRNA. HOX genes are
key developmental regulators, and their aberrant expression is
often associated with malignancy.’* The HOXD3 gene, adja-
cent to the HOXD-ASI locus, has been reported to promote
the metastatic potential of lung cancer cells.® In this study,
higher expression of HOXD-AS1 was observed in NSCLC
tissues than in their corresponding NCTs. As HOXD-AS1
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was expressed at the highest level in A549 cells and at
the lowest level in SK-MES-1 cells of all the NSCLC cell
lines used, we studied the effect of HOXD-AS1 on cell
proliferation and apoptosis using HOXD-AS1-knockdown
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Abbreviations: CCK-8, cell counting kit-8; HOXD-AS|, HOXD cluster antisense RNA |; NC, negative control; NSCLC, non-small cell lung cancer; pRB, retinoblastoma

protein; FL, fluorescence; Pl, propidium iodide.

SK-MES-1 showed the opposite effects, suggesting that
HOXD-AS1 might play a crucial role in promoting prolifera-
tion and inhibiting apoptosis of NSCLC cells. More impor-
tantly, we found that NSCLC patients with high HOXD-AS1
expression levels had significantly lower survival rates
compared to those with low HOXD-ASI1, and HOXD-AS1
expression correlated with NSCLC clinical pathologic
factors. Our results are consistent with previous reports
showing that HOXD-AS1 could act as an oncogene. In breast
cancer, overexpression of BRMS gene leads to downregula-
tion of HOXD-ASI, revealing its potential oncogenic role.>
In neuroblastoma, HOXD-ASI is upregulated and closely
associated with progression and prognosis.”**

Recent studies have described an intricate interaction
among different types of RNAs, including mRNAs and
ncRNAs (such as IncRNAs, pseudogenes, and circular RNAs).
The IncRNAs with miRNA targeting sequences can bind with
miRNAs and act as ceRNAs, thus inhibiting the regulation
of target genes by miRNAs.?*? These RNAs, just like sponges,
decrease the biologic effects of multiple miRNAs, thereby
removing suppression of their target genes and increasing
the expression levels.?*** We found that HOXD-ASI
could potentially bind to miR-147a and verified this with
a dual-luciferase reporter assay. In addition, the expression
of miR-147a was reduced in HOXD-AS1-overexpressing
SK-MES-1 cells and increased in HOXD-AS1-knockdown
A549 cells. Furthermore, a negative correlation between
HOXD-AS1 and miR-147a expression was observed
in NSCLC tissues. We also found that miR-147a inhibition
reversed the effect of si-HOXD-ASI on the cell cycle pro-
gression and apoptosis. An increasing number of IncRNAs

are being reported to serve as ceRNA in NSCLC as well.*!42
The IncRNA MDI can bind with miR-133 and miR-135 to
reduce the inhibition of translation of target genes and eventu-
ally contribute to increased levels of MAMLI1 and MEF2C
proteins as downstream targets of the miRNAs.* Nie et al
reported that UCA1 was highly expressed in NSCLC tissues,
and that patients with high expression of UCA1 had a poor
prognosis. At the same time, they found that UCA1 could
demonstrate its carcinogenic effects by interactions with
miR-193a-3p.*

Hsa-miR-147a is closely related to miR-210, differing by
one nucleotide in the seed region. It has been reported that
miR-147a is upregulated in squamous cell carcinoma of the
tongue, human gastric cancer, small cell lung cancer, and
hepatocellular carcinoma (HCC).** Like miR-210, miR-
147a inhibits cell proliferation by downregulating cell cycle
proteins such as pRB, CycB, CycA, and Cdk6.774° Here, we
analyzed the GEO profile data (GDS3627) and found that the
expression level of HOXD-ASI positively correlated with
pRB in NSCLC. In addition, we detected the regulation of
pRB by HOXD-ASI1 and found that the pRB expression was
reduced in HOXD-AS1-knockdown A549 cells. miR-147a
inhibitor abrogated the downregulation of pRB by si-HOXD-
ASI1. Thus, we suggest that miR-147a inhibition abrogates the
effect of HOXD-AS1 knockdown on NSCLC cell prolifera-
tion by regulating the expression of the cell cycle protein pRB.
However, some reports demonstrate that miR-147a affects cell
development, migration, and invasion, but they do not report
that it has an influence on cell proliferation.’'-

Taken together, this study demonstrated that HOXD-AS1
was highly expressed in NSCLC tissues. The expression of
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HOXD-ASI positively correlated with clinical pathologic
characteristics and survival rate in NSCLC. We also found
that HOXD-AS1 promoted NSCLC cell proliferation by
inhibiting miR-147a. These data provide new insights into
NSCLC tumor progression and a novel promising predictive
biomarker and potential therapeutic target for NSCLC.

Conclusion

We demonstrate that HOXD-AS1 promotes proliferation
and inhibits apoptosis of NSCLC cells. The expression of
HOXD-ASI in NSCLC tumors also correlates with clinical
pathologic features such as survival rate, tumor size, stage,
and recurrence. We also found that HOXD-ASI1 affects miR-
147a and pRB expression in NSCLC cells. Our data suggest
that HOXD-AS1 might be an oncogenic IncRNA and could
be a therapeutic target in NSCLC.
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