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Long noncoding RNA HOXA-AS2 acts as
an oncogene by targeting miR-145-3p in
human non-small cell lung cancer

Y.-B. SHI', S.-L. LIU', X.-R. MOU/, J. LIAO!, J.-P. CHE!, X.-Q. FEL,

Abstract. - OBJECTIVE: Recent studies have
proved that long non-coding RNAs (IncRNAs)
play important roles in many diseases, espe-
cially malignancies. The aim of this study was to
investigate the exact role of IncRNA HOXA-AS2
(Hoxa cluster antisense RNA 2) in the develop-
ment of non-small cell lung cancer (NSCLC).
PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR)
was utilized to detect HOXA-AS2 expression in
NSCLC patients. The Wound healing assay and
transwell assay were conducted to explg
function of HOXA-AS2 on NSCLC met?
Furthermore, the mechanism assays weré
to explore the interaction between HOXA
and microRNA-145-3p (miR-145-3p).
RESULTS: HOXA-AS2 expression level in

mall cell lung cancef (NSCLC) accounts
about 85% of lung cancer cases. The surgical
in intervention for NSCLC
early stages. Currently, tre-
ave been made in the thera-
NSCLC. However, the 5-year
SCLC patients is still lower than
Therefore, it is crucial to understand the
) pmolecular mechanism of NSCLC and
p find out new biomarkers for NSCLC treatment.

90% of the mammalian genome is transcri-
bed to non-coding ribonucleic acids (RNAs).
Long non-coding RNAs (IncRNAs) are defined
as non-coding RNAs with longer than 200 nucle-
, otides in length. Recent studies have uncovered
says showed that the m i that IncRNAs are a new frontier field in the rese-
NSCLC cells were sjgnifi i i arch of malignant diseases. For instance, IncRNA
HOXA-AS2 in vitro UCA1 accelerates the proliferation and cisplatin
ciferase reporter resistance in oral squamous cell carcinoma by
modulating SF1 and suppressing miR-184°. In
addition, activated by zinc finger E-box binding
homeobox 1 (ZEBI1), IncRNA HCCLS accelerates
the viability, migration, epithelial-mesenchymal
transition (EMT), and malignancy of hepato-
cellular carcinoma*. Furthermore, IncRNA ATB
promotes the migration and invasion of glioma
cells by activating astrocytes by suppressing the
expression of microRNA-204-3p°.

Scholars have revealed that microRNA (miR-
NA) plays a crucial role in the regulation of
various biological behaviors, including cell pro-
liferation, apoptosis, and metastasis. Likewise,
Introduction activated by K-Ras carcinogenic signal, miR-155

cent tissues. HOXA-AS2 exy
atively correlated with disg

facilitates the proliferation of pancreatic cancer
cancer is one of the most frequent can- cells by regulating ROS stress®. By targeting
e world, both in terms of incidence and FMNL2, miR-613 functions as a tumor suppres-
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sor gene in the progression of colorectal cancer’.
MiR-126 plays an important role in breast cancer
by interacting with a variety of molecules. Me-
anwhile, it may help to interfere with the inhi-
bition of breast cancer cell metastasis®. Through
downregulation of transcription factor FOXOI,
the over-expression of miRNA-370 promotes the
proliferation of human prostate cancer?®.

LncRNA HOXA-AS2 (Hoxa cluster antisense
RNA 2) plays an important role in tumor develop-
ment and metastasis. In this study, we aimed to
investigate the function of IncRNA HOXA-AS2
in NSCLC, as well as the interaction between
HOXA-AS2 and miR-145-3p.

Patients and Methods

Tissue Samples

Totally, 62 patients who underwent surgical re-
section at Yantai Mountain Hospital were enrol-
led in this research. Human NSCLC tissues and
adjacent non-tumor tissues were obtained from
patients during surgery. After surgical resgg
all collected tissue samples were snap-fi
liquid nitrogen immediately for use. No rad
rapy and chemotherapy treatment were pd&
med in any patient before the surgery. This st
was approved by the Research Ethics Cornrmt

fore the study.

Cell Culture
The human NSC

(Invitrogen,¥Carlsbad, CA,
% fetal bovine serum (FBS;
, Gaitheggburg, MD, USA).

ng short-hairpin RNA

bGPH1/Neo. Subsequently, HOXA-AS2/shR-
was transfected into A549 NSCLC cells
ding to the instructions of Lipofectamine

OXA-AS2 (HOXA-AS2/

RNA Extraction and Quantitative
Real-Time Polymerase Chain Reg
(GRT-PCR)

Total RNA in tissues and cellg
using TRIzol reagent (Invitrogg
USA). Subsequently, the extractcH
reverse transcribed to co

scription Kit (TaKaR
Dalian, China). The

reverse 5"TGATGGCA-
-3". The thermal cycle
5 s for 40 cycles at

t transferred into 6-well pla-
g, NY, USA) and cultured in
m overnight. After scratched
1p, the cells were cultured in se-
_free RPMI-1640. Wound closure was viewed
rch assay was independently repeated
triplicate.

Transwell Assay

For detecting the migration ability of tran-
sfected cells, 5 x10* cells in 200 pL serum-free
RPMI-1640 were transformed to the upper cham-
ber of an 8§ um pore size insert (Millipore, Bil-
lerica, MA, USA). To detect the invasion ability
of the transfected cells, 5 x10* cells in 200 pL
serum-free RPMI-1640 were transferred to the
upper chamber of an § um pore size insert (Mil-
lipore, Billerica, MA, USA) coated with 50 ug
Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA). Meanwhile, the lower chamber was added
with RPMI-1640 and FBS. 48 h later, the top sur-
face of the chambers was wiped by a cotton swab.
Then, the chambers were immersed for 10 min
with pre-cooled methanol and stained with cry-
stal violet for 30 min. Three fields were randomly
selected to count the data for invasion membrane.

Luciferase Reporter Gene Assay

The 3'-Untranslated Region (3-UTR) of HOX A-
AS2 was cloned into the pGL3 vector (Promega,
Madison, WI, USA) as wild-type (WT) 3'-UTR.
Quick-change site-directed mutagenesis kit (Stra-
tagene, La Jolla, CA, USA) was used for site-di-
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rected mutagenesis of the miR-145-3p binding
site in HOXA-AS2 3-UTR as mutant (MUT)
3'-UTR. Subsequently, they were transfected into
NSCLC cells. The luciferase assay was detected
by the Dual-Luciferase Reporter Assay System
(Promega, Madison, W1, USA).

Xenograft Model

After HOXA-AS2 was silenced in A549 cells,
the cells were replanted into NOD/SCID mice (6
weeks old). The tumor volume was calculated
every 5 days as the formula (volume = length X
width2 x 1/2). After 4 weeks, the tumors were
extracted and calculated. This experiment was
approved by the Animal Ethics Committee of
Yantai Mountain Hospital.

Statistical Analysis

The Statistical Product and Service Solutions
(SPSS) 20.0 (IBM Corp., Armonk, NY, USA)
was used for all statistical analysis. The data were
expressed as mean £ SD (Standard Deviation).
The Student’s #-test method and the Kaplan-
Meier method were utilized when approgi
p<0.05 was considered statistically signi

Results

HOXA-ASZ2 Expression Le
NSCLC Tissues and Cellg

We first detected HO
62 NSCLC patients’ tis

AS2 exp
and 4 }

lines via qRT-PCR. The results showed_that
the HOXA-AS2 expression in NS
samples was remarkably higher
non-tumor tissues (Figure 1A)

BE cells
patients

as well (Figure 1B). Sub
were divided into two
median expression o
high HOXA-AS2
HOXA-AS2 expr
Meier analysis

A549 NSCLC cell line was
ce of HOXA-AS2 in vitro.

In this study,
sen for the si

CR (Figure 3A). The wound
healing owed that the silence of HOXA-
ignificantly inhibited the migrated ability
1Is (Figure 3B). The transwell assay
vealed that the number of migrated cells re-
markably decreased after the HOXA-AS2 si-
lence in A549 cells (Figure 3C). Moreover, the
transwell assay revealed that the number of
invaded cells was significantly reduced after
HOXA-AS2 was silenced in the A549 cells as
well (Figure 3D).

L) L)
Adaj¥cent tissues NSCLC tissues

Relative expression of HOXA-AS2

16HBE SPCAl1 A549 PC-9  HI1299

ure 1. HOXA-AS2 was highly expressed in NSCLC tissues and cell lines. 4, HOXA-AS2 expression significantly
sed in NSCLC tissues compared with adjacent tissues. B, The expression levels of HOXA-AS2 relative to GAPDH
rmined in human NSCLC cell lines and normal human bronchial epithelial cell I6HBE by qRT-PCR. The data were
as mean + standard error of the mean. *p<0.05.
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Figure 2. The association between HOXA-AS2 expression
and NSCLC patients’ prognosis. Higher expression of
HOXA-AS2 was associated with worse disease-free
survival of NSCLC patients.

Silence of HOXA-ASZ Suppressed Tuga
Formation In Vivo

To detect the ability of HOXA-AS2 in vi
tumor forrnation assay was conducted in

4A). Four weeks later, the t
from treated mice, and H
in tumor tissues was de
a result, HOXA-AS
HOXA-AS2/shRN
the control group

(DIANA Ln-
to predict the
a complementary base with
-145-3py has been identified

ent results demonstrated that miR-145-
xpressed in HOX A-AS2/shRNA
than that of control cells (Figure 5B). The
ciferase Reporter Gene Assay revealed that
a-transfection of HOXA-AS2-WT and miR-
ignificantly decreased the luciferase
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In the past several
lung cancer has inc
in 1ndustrlally adva
maln character

iR-488-HEY?2 network'.
a cluster antisense RNA

articipates in the development of
acers. Likewise, HOXA-AS2 facilitates breast
metastasis by targeting miR-520c-
A-AS2 enhances cell growth ability by
targeting P21 and KLF2 in colorectal cancer™. In
this study, we found that HOXA-AS2 was signi-
ficantly up-regulated in NSCLC tissues. Besides,
the silence of HOXA-AS2 remarkably repressed
the migration and invasion of NSCLC cells. The
tumor formation assay also revealed that the si-
lence of HOXA-AS2 could remarkably suppress
tumor formation in vivo. All these results sugge-
sted that HOXA-AS2 acted as an oncogene and
promoted tumor metastasis of NSCLC.

In this study, we further explored the pos-
sible mechanism of HOXA-AS2 function in
NSCLC metastasis. Recent studies have shown
that IncRNAs interact with microRNAs in ma-
lignant tumors. LncRNAs participate in the
regulation of tumorigenesis by binding to the
related regions of microRNAs as well. Indeed,
the knockdown of IncRNA TUGI depresses cell
proliferation and invasion in osteosarcoma via
sponging miR-153"°, By interacting with miR-
21-5p, IncRNA XIST represses the proliferation
and metastasis of the osteosarcoma cells throu-
gh regulation of PDCD4 expression'®. LncRNA
PVT1 promotes glucose metabolism, cell mo-
tility, cell proliferation, and tumor progression
in osteosarcoma by modulating miR-497/HK?2



LNcRNA HOXA-AS2 in non-small cell lung cancer

control HOXA-AS2/shRNA

-
4
J

-
o
1

e
4
1

Relative expression of HOXA-AS2 =

o
°

]
control HOXA-AS2/shRNA

C control HOXA-AS2/shRNA

Number of migrating cells

control DXA-AS2/shRNA

contlrol HOXA-AS2/shRNA

Figure 3. The silence of HOXA- inhibit migration and invasion. 4, HOXA-AS2 expression in A549
NSCLC cells transfected with ector were detected by qRT-PCR. GAPDH was used as an
internal control. B, The wound jlence of HOX A-AS2 significantly repressed the migration of A549
ed that the number of migrated cells significantly decreased after
Is (magmﬁcatlon 40x). D, The transwell assay showed that the number of invaded
cells significantly decre of HOXA-AS2 in AS549 NSCLC cells (magnification: 40x). The results represented
the average of three i i acan + standard error of the mean). *p<0.05, as compared with control cells.
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s examined by qRT-PCR. Data were presented as mean = SD of three independent experiments. *p< 0.05.
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Figure 5. Reciprocal repression between HOXA-A
B, MiR-145-3p expression was significantly up-reg
Co-transfection of miR-145-3p and HOXA-AS2-
and HOXA-AS2-WT did not change luciferase activ
not change luciferase activity either. D, The linear co
NSCLC tissues. The results represented the average of t
error of the mean. *p<0.05.

axis'. By sponging miR 486, IncRNASNHGI
facilitates tumorigenesis
gh the regulation of

The bioinforma,

HOXA-AS2.
ly expresse
1nclud1ng

malignant tumors,
-3p inhibits cell

firstly investigated the
miR-145-3p and HOXA-

¥se reporter gene assay. In addition, miR-
-3p expression was significantly suppressed
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correlated with HOXA-AS2 in NSCLC tissues.
The above results indicated that HOXA-AS2
promoted tumor metastasis of NSCLC by tar-
geting miR-145-3p.

Conclusions

These results showed that HOXA-AS2 was
remarkably upregulated in NSCLC tissues and
cells. HOXA-AS2 could facilitate the migration
and invasion of NSCLC cells by targeting miR-
145-3p. Meanwhile, our study first discovered
the HOXA-AS2/miR-145-3p axis in NSCLC.
Our findings might provide a candidate target
for NSCLC treatment.
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