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Background: Long non-coding RNA homeobox All antisense RNA (HOXA11-AS) was
showed to participate in the progression of different kinds of tumors, but the specific role of
HOXA11-AS in cutaneous melanoma is not entirely unambiguous.

Methods: The levels of HOXA11-AS, microRNA-152-3p (miR-152-3p) and integrin alpha9
(ITGA9) were measured by quantitative real-time polymerase chain reaction (QRT-PCR).
Cell proliferation was detected via 3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyl tetrazolium
bromide (MTT), and apoptosis was measured by flow cytometry. The assessment of cell
metastasis was performed by transwell migration and invasion assays. The protein levels
were detected through Western blot. Dual-luciferase reporter assay was utilized to explore
the target relationship among HOXAI11-AS, miR-152-3p and ITGA9. The effect of
HOXA11-AS on melanoma in vivo was investigated via xenograft experiment.

Results: HOXA11-AS and ITGA9 were up-regulated while miR-152-3p was down-
regulated in melanoma. Knockdown of HOXA11-AS refrained cell proliferation, metastasis
and epithelial-mesenchymal transition (EMT) but induced apoptosis in melanoma cells.
HOXA11-AS targeted miR-152-3p and overexpression of HOXA11-AS mitigated the miR-
152-3p-induced effects on melanoma cellular behaviors. ITGA9 was a target of miR-152-3p
and miR-152-3p inhibitor relieved the repression on proliferation, metastasis and EMT while
elevation on apoptosis caused by si-ITGA9 via elevating ITGA9. HOXA11-AS knockdown
restrained ITGA9 expression via up-regulating miR-152-3p. Suppression of HOXA11-AS
inhibited melanoma progression in part through increasing miR-152-3p and decreasing
ITGA9 expression in vivo.

Conclusion: HOXA11-AS modulated proliferation, apoptosis, metastasis and EMT in
melanoma cells by regulating miR-152-3p/ITGA9 axis in part. HOXA11-AS could promote
melanoma development and be used as a promising biomarker in the diagnosis and treatment
for cutaneous melanoma.
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Introduction

Melanocytes can produce melanin to attenuate the damaging effects of ultraviolet
radiation (UVR) on human skin." Melanoma is the most common skin cancer
originating from the transformed epidermal melanocytes® and UVR is considered
as the main etiological factor for cutaneous melanoma.> In morphology, mela-
noma cells contain very rare melanin pigment granules with the polymorphism
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and obvious atypia.* As a complicated genetic disease
with high metastatic possibility,>® the incidence and
mortality of melanoma are rising at a staggering rate
over the past few decades.” Melanogenesis can affect
the cellular behaviors (cycle, survival, differentiation
and invasion, etc.) of melanoma cells® and the therapeu-
tic effect on melanomas.”'® Long non-coding RNAs
(IncRNAs) and microRNAs (miRNAs) were reported to
take part in the melanoma biology and act as possible
targets for melanoma treatment.'' Therefore, it is essen-
tial to search more diagnostic and therapeutic biomarkers
of melanoma.

Numerous studies have shown that IncRNAs were
involved in the evolution of various tumors, although they
do not have the abilities to encode proteins.'>'* For example,
urothelial carcinoma-associated 1 (UCA1) and metastasis-
associated lung adenocarcinoma transcript 1 (MALAT-1)
were increased in melanoma and related to the metastasis of
melanoma.'* Cancer Susceptibility Candidate 2 (CASC2) was
down-regulated in melanoma and inhibited cell proliferation,
invasion and migration.'”> Homeobox All antisense RNA
(HOXAT11-AS) is the antisense strand of HOXA11 gene and
usually functions as a regulatory RNA in many human
cancers.'® However, little research has been done on the role
of HOXA11-AS in melanoma.

MiRNAs (about 22 nucleotides) are another genre of
ncRNAs that can function as the post-transcriptional gene
regulators.'” MiRNAs were shown to play vital roles in tumor-
igenesis and prognosis of multiple tumors,'® including
melanoma." For instance, miR-10b was a valid marker for
the prognosis of melanoma®® and miR-29a was reduced cell
growth and metastasis of melanoma via regulating B-cell-
specific Moloney murine leukemia virus insertion site 1
(BMI1).>' But the function of miR-152-3p in melanoma is
unclear.

Integrin alpha9 (ITGA9), an integrin subunit, is initially
isolated from human lung and small intestine complementary
DNA (cDNA) libraries.”” ITGA9 is widely distributed in
epithelia and muscles with the regulatory function in diverse
cancers, including breast cancer,23 cervical cancer”* and non-
small cell lung cancer.” Nevertheless, the reports of ITGA9 in
melanoma are few.

The objective of our present study was to explore the
role of HOXAI11-AS in melanoma and the regulatory
mechanism among HOXA11-AS, miR-152-3p
ITGA9 in cellular processes, intending to promote the

and

understanding of the molecular pathogenesis in melanoma.

Materials and Methods

Ethic Statement

For clinical human samples, our study was performed after
obtaining ratification from the Ethics Committee of The First
Affiliated Hospital of Zhengzhou University. The research has
been carried out in accordance with the World Medical
Association Declaration of Helsinki, and that all subjects pro-
vided written informed consent. The animal experiment in this
research was authorized by the Experimental Animal Ethics
Committee of The First Affiliated Hospital of Zhengzhou
University. Animal studies were performed in compliance
with the ARRIVE guidelines and the Basel Declaration. All
animals received humane care according to the National
Institutes of Health (USA) guidelines.

Tissues Source and Cell Culture

Melanoma tissues and matched neighboring normal tissues
(n=30) were acquired from patients who underwent mela-
noma excision at The First Affiliated Hospital of
Zhengzhou University. These melanoma tissues were
divided into I+II stages (n=14) and III+IV stages (n=16)
according to the tumor-node-metastasis (TNM) stage by
AJCC Version 8. The detailed clinicopathologic features of
melanoma patients are shown in Table 1. Collected sam-
ples were promptly saved in a liquid nitrogen canister. All
patients who participated in this donation of tissues signed
the written informed consent forms.

Human epidermal melanocyte HEMa-LP was bought
from Thermo Fisher Scientific (Waltham, MA, USA), and
melanoma cell lines (A875 and M14) were purchased
from TONGWEI Biotechnology Co., Ltd. (Shanghai,
China). A875 and M14 cell lines have a BRAF mutation
with the substitution of valine by a glutamic acid at posi-
tion 600 (V600E). HEMa-LP cells were maintained in
medium 254 complemented with human melanocyte
growth supplement-2 (HMGS-2). Dulbecco’s modified
Eagle medium (DMEM) and Roswell Park Memorial
Institute-1640 (RPMI-1640) were, respectively, used to
culture A875 and M14 cells, supplemented with 10%
fetal bovine serum (FBS) and antibiotics (100 U/mL peni-
cillin, 100 pg/mL streptomycin). All these reagents were
purchased from Thermo Fisher Scientific. Cells were cul-
tivated in a 37°C incubator with humid air and 5% CO,,

Cell Transfection
Small interfering RNA (siRNA) targeting HOXA11-AS (si-
HOXA11-AS), short hairpin RNA (shRNA) against
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Table | Relationship Between HOXAII-AS Expression and
Clinicopathologic Features of Melanoma Patients

Characteristics | HOXAI I-AS P value®
n=30 Expression
Low High
(n=15) (n=15)
Gender 0.7125
Female 17 9 8
Male 13 6 7
Age (years) 0.1432
<60 16 10 6
>60 14 5 9
TNM grade 0.0281*
1+I1 14 10 4
+IV 16 5 I
Lymph node 0.0034*
metastasis
Positive 16 4 12
Negative 14 I 3
Tumor size 0.0029*
<lem 12 10 2
>| cm 17 5 13
BRAF mutation 9 3 6
Notes: *P < 0.05. *Chi-square test.
Abbreviation: TNM, tumor-node-metastasis.
HOXA11-AS (sh-HOXA11-AS), miR-152-3p inhibitor

(anti-miR-152-3p), miR-152-3p mimic (miR-152-3p),
siRNA against ITGA9 (si-ITGA9) and relative negative con-
trols (si-NC, sh-NC, anti-miR-NC, miR-NC) were synthe-
sized from RIBOBIO (Guangzhou, China). The cDNA
sequence of HOXA11-AS was cloned into the pcDNA3.1
vector (Invitrogen, Carlsbad, CA, USA) to construct the
overexpression vector pcDNA3.1-HOXA11-AS (HOXA11-
AS). Lipofectamine 2000 (Invitrogen) was used for cell
transfection. When cells grew to 70-90% coverage, the pre-
pared oligonucleotides/constructs-lipid complexes were
incubated for 5 min and added to cells. Transfected cells
were continued to culture for later experiments.

RNA Extraction and Quantitative

Real-Time Polymerase Chain Reaction
(qRT-PCR)

Trizol reagent (Invitrogen) was used for extracting total
RNA from melanoma tissues and cells. PrimeScript™ RT
Master Mix (Takara, Dalian, China) was utilized to synthe-
size the cDNAs, and TB Green® Premix Ex Taq™ II Kit

(Takara) was implemented for the PCR reaction, following
the manufacturers’ directions. HOXA11-AS and ITGA9
were normalized by glyceraldehyde-3-phosphate dehydro-
genase (GAPDH), and small nuclear RNA U6 served as
the internal control for miR-152-3p. The sequences of
primers were HOXAII-AS, 5'-TGCCA
AGTTGTACTTACTACGTC-3' and reverse: 5'-GTTG
GAGGAGTAGGAGTATGTA-3"; miR-152-3p, forward:
5'-ACACTCCAGCTGGGTCAGTGCATGACAG-3" and
reverse: 5'-CTCAACTGGTGTCGTGGAGTCGGCAATT
CAGTTGAGCCAAGTT-3'; ITGA9, forward: 5-GACG
CTGATCCCTTGCTATGA-3" and reverse: 5-CG
GTGAAGAAGCCCGCTATC-3"; GAPDH, forward: 5'-
AAGAGCTACGAGCTGCCTGAC-3" and reverse: 5-AT
GGCCCAGCGGATGAG-3; U6, forward: 5-CAAA
TTCGTGAAGCGTTCCATA-3' and reverse: 5'-AGTGCA
GGGTCCGAGGTATTC-3'. The 2 “*“' approach was
used to calculate the relative expression levels.

forward:

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

Assay

At 0 h, 24 h, 48 h, 72 h post-transfection, A875 and M14
cells were, respectively, incubated with 10 plL MTT
(Invitrogen) for 4 h. After the supernatants were discarded,
100 pL dimethylsulfoxide (DMSO; Invitrogen) was added
to each well and thoroughly mixed to incubate cells for
about 10 min. Then, absorbance at 490 nm was read
through the microplate reader (Thermo Fisher Scientific).

Flow Cytometry

Annexin V-fluorescein isothiocyanate (Annexin V-FITC)/
propidium iodide (PI) kit (Sigma-Aldrich, Saint Louis,
MO, USA) was used to detect apoptotic cells. Firstly,
A875 and M14 cells were collected by digesting of trypsin
and centrifuging for 10 min at 3000 rpm. Next, pre-cooled
1 x Phosphate buffered saline (PBS; Invitrogen) was
applied for washing cells and cell resuspension was pre-
pared using 1 x binding buffer. Then, phosphatidylserine
sites of cytomembrane could be labeled by Annexin
V-FITC and necrotic cells were stained by PI. Finally,
apoptotic cells were quantified through the flow cytometer
(Becton Dickinson, San Jose, CA, USA).

Transwell Migration and Invasion Assays
Cell migration and invasion were examined by transwell 24-
well chamber (Corning Life Sciences, Corning, NY, USA).
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Harvested A875 and M14 cells were resuspended in serum-
free medium and resuspended cells were inoculated into the
upper chamber, then the relative specific medium with 10%
FBS was added to the lower chamber. After 24 h, cells were
fixed and colored by 4% paraformaldehyde and crystal vio-
China),
Migrated or invaded cells were observed and cell number

let (Sangon Biotech, Shanghai, respectively.
was counted under a microscope. Specially, the upper cham-
ber was first enveloped with matrigel (Corning Life
Sciences) before cell inoculation in invasion assay, while
migration assay was not needed.

Western Blot Assay

Radio-Immunoprecipitation Assay (RIPA) lysis buffer
(Sigma-Aldrich) was utilized for extracting total proteins
from melanoma tissues and cells. At first, proteins were
segregated on 10% sodium dodecyl sulfate-polyacrylamide
gel (Sigma-Aldrich) and transferred onto polyvinylidene
fluoride (PVDF) membranes (Sigma-Aldrich). After the
membranes were blocked by 5% skim milk (Thermo
Fisher Scientific), primary antibodies were incubated to
the membranes overnight at 4°C. The primary antibodies
used were as below: anti-E-cadherin (1:1000; ab40772,
Abcam, Cambridge, United Kingdom), anti-N-cadherin

(1:1000; ab76011, Abcam), anti-Vimentin (1:1000;
ab92547, Abcam), anti-ITGA9 (1:1000; ab140599,
Abcam), anti-proliferating cell nuclear antigen (anti-

PCNA; 1:1000, ab92552, Abcam), anti-cyclinD1 (1;1000,
ab134175, Abcam), anti-B-cell lymphoma-2 (anti-Bcl-2;
1:1000, ab185002, Abcam), anti-Bcl-2-associated X (anti-
Bax; 1;1000, ab32503, Abcam) and anti-GAPDH (1:3000;
ab181602, Abcam). At the room temperature, the incuba-
tion with goat anti-rabbit secondary antibody (1:5000;
ab205718, Abcam) was up to 1 h. Eventually, the chromo-
genic reaction was carried out by the enhanced chemilumi-
nescence (ECL) reagent (Sigma-Aldrich), and the protein
bands could be observed using the Image J software (NIH,
Bethesda, MD, USA).

Dual-Luciferase Reporter Assay

The sequences of wild-type (WT) and mutant-type (MUT)
HOXAI11-AS were cloned into the pGL3 vector (Promega,
Madison, WI, USA) and the positive plasmids were named as
HOXA11-AS WT and HOXA11-AS MUT. Similarly, ITGA9
3'-untranslated region (3'UTR) WT and ITGA9 3'UTR MUT
were constructed. These recombinant luciferase reporter plas-
mids were, respectively, co-transfected into A875 and M14
cells with miR-152-3p or miR-NC, followed by cells lysing in

1 x passive lysis buffer (PLB; Promega) after transfection for
48 h. Then, luciferase activity of firefly and renilla in A875
and M14 cell lysate was measured through the dual-luciferase
reporter system (Promega) in terms of the user’s manual.

Xenograft Tumor Assay

BALB/c nude mice (7 weeks old) were purchased from
Beijing Laboratory Animal Center (Beijing, China). The sh-
NC and sh-HOXA11-AS were severally transfected into
A875 cells via lentiviral vector for stable expression. All
nude mice were divided into two groups (5 mice per group)
and subcutaneously injected with the transfected A875 cells.
Tumor volume was measured weekly and calculated by the
formula: (length x width?)/2. After 4 weeks, all mice were
euthanized. The tumor tissues were weighed and used for the
extraction of total RNA and proteins, then the levels of
HOXAII1-AS, miR-152-3p and ITGA9 were examined
through qRT-PCR and Western blot. And the associated
markers of cellular processes were assayed.

Statistical Analysis

Overall experiments in this study were conducted three times,
and data appeared as the mean = standard deviation (SD). The
results were analyzed and processed using SPSS 19.0 and
GraphPad Prism 7. Survival curve of patients was generated
by Kaplan-Meier plot and analyzed by Log rank test. The
linear relationship among HOXA11-AS, miR-152-3p and
ITGA9 in melanoma tissues was analyzed by Spearman cor-
relation coefficient. Student’s #-test and one-way analysis of
variance followed by Tukey’s test were employed for analyz-
ing the differences. P <0.05 was regarded as significant.

Results
HOXAI I-AS Was Up-Regulated and
miR-152-3p Was Down-Regulated in

Melanoma Tissues and Cells

The expression levels of HOXA11-AS and miR-152-3p
were examined by qRT-PCR. In comparison to normal tis-
sues, the expression of HOXA11-AS was overtly increased
in melanoma tissues (Figure 1A). There was a lower 5-year
overall survival of melanoma patients with high expression
of HOXA11-AS by contrast to those patients with low
expression of HOXA11-AS (Figure 1B). Also, HOXA11-
AS was markedly up-regulated in melanoma cell lines A875
and M14 compared to normal melanocytes HEMa-LP
(Figure 1C). On the contrary, miR-152-3p expression was
notably decreased in melanoma tissues (Figure 1D) than that
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in normal tissues. It was also inverse that overall survival
was noticeably declined in patients with low miR-152-3p
level (Figure 1E). Besides, the down-regulation of miR-152-
3p was detected in A875 and M14 cells using normal
HEMa-LP cells as control (Figure 1F). Interestingly,
a conspicuous negative relation between HOXA11-AS and
miR-152-3p expression was observed (R? = 0.649, P<
0.0001) in melanoma tissues (Figure 1G). The dysregulation
of HOXAI11-AS and miR-152-3p demonstrated that they
might play crucial roles in melanoma.

Knockdown of HOXAI I-AS Repressed
Proliferation, Metastasis and
Epithelial-Mesenchymal Transition (EMT)
but Expedited Apoptosis in Melanoma
Cells

To investigate the role of HOXAII-AS in melanoma,
A875 and M14 cells were transfected with si-HOXA11-
AS or si-NC. The qRT-PCR indicated that HOXA11-AS
expression was distinctly decreased in si-HOXA11-AS
group compared with si-NC group in A875 and M14
cells (Figure 2A and B). Then, MTT assay revealed that
cell proliferation was strikingly declined in A875 and M14
cells transfected with si-HOXA11-AS (Figure 2C and D).
Flow cytometry manifested that the apoptotic rate was
increased after transfection with si-HOXAI11-AS in A875
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cells (Figure 2E) and M14 cells (Figure 2F). Besides, cell
metastasis was evaluated by transwell migration and inva-
sion assays. As shown in Figure 2G and H, the numbers of
migrated and invaded cells were significantly fewer in si-
HOXAT11-AS group than these in si-NC group. Western
blot was used to measure the levels of EMT-associated
proteins. The level of E-cadherin (anti-EMT marker) was
signally enhanced but N-cadherin and Vimentin (pro-EMT
markers) were reduced (Figure 21 and J) in A875 and M14
cells transfected with si-HOXA11-AS, implying the EMT
process was blocked after downregulation of HOXA11-
AS. Thus, knockdown of HOXA11-AS generated the inhi-
bitory effects on cellular proliferation, metastasis, EMT
and the stimulative effect on apoptosis.

HOXAI |-AS Directly Targeted miR-152-
3p and Modulated miR-152-3p Expression

Starbase 2.0 was used for target prediction. As shown in
Figure 3A, HOXA11-AS WT contained the binding sites
with miR-152-3p. Dual-luciferase reporter assay presented
that miR-152-3p prominently decreased the luciferase activity
of HOXA11-AS WT group, contrasted to the HOXA11-AS
MUT group in both A875 and M14 cells (Figure 3B and C).
Additionally, miR-152-3p expression was obviously elevated
by knockdown of HOXA11-AS and lessened by overexpres-
sion of HOXA11-AS in A875 and M14 cells (Figure 3D and
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Figure 1 HOXAI1-AS was up-regulated and miR-152-3p was down-regulated in melanoma tissues and cells. (A) The qRT-PCR was used to determine the expression of
HOXAI 1-AS in melanoma tissues. (B) Survival curve was analyzed by Log rank test and generated by Kaplan-Meier plot in patients with high or low HOXAI I-AS. (C)
HOXAI 1-AS was examined using qRT-PCR in A875, M14 cells and normal HEMa-LP cells. (D) The miR-152-3p expression was detected by qRT-PCR in in melanoma tissues.
(E) The Log rank test was applied to analyze the relation between miR-152-3p expression and patient survival. (F) The qRT-PCR was used for the measurement of miR-152-
3p level in melanoma cells. (G) Linear relationship between HOXAI |-AS and miR-152-3p in melanoma tissues was analyzed by Spearman correlation coefficient. *P< 0.05.
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Figure 2 Knockdown of HOXAI I-AS repressed proliferation, metastasis and EMT but expedited apoptosis in melanoma cells. (A and B) The knockdown effect of si-
HOXAI 1-AS on the expression of HOXAI |-AS was evaluated by qRT-PCR. (C and D) Cell proliferation was detected by MTT assay in A875 and M4 cells transfected with
si-HOXAI I-AS or si-NC. (E and F) Cell apoptosis was examined by flow cytometry. (G and H) Cell migration and invasion were determined by transwell assay. (I and J)
The levels of EMT-associated proteins were measured by Western blot in transfected A875 and MI4 cells. *P< 0.05.

E). These results manifested that HOXA11-AS directly
modulated the expression of miR-152-3p in melanoma cells.

Overexpression of HOXAI |-AS Relieved
the miR-152-3p-Induced Effects on
Proliferation, Apoptosis, Metastasis and

EMT in Melanoma Cells

To explore the regulatory mechanism of HOXA11-AS in
melanoma, A875 and M14 cells were transfected with miR-
152-3p, miR-152-3p+HOXA11-AS or the relative controls.

The qRT-PCR showed that the level of miR-152-3p was
reduced after HOXA11-AS overexpression in A875 and
M14 cells (Figure 4A and B). Cell proliferation was inhib-
ited by transfection of miR-152-3p, whereas overexpression
of HOXA11-AS alleviated this inhibitory effect (Figure 4C
and D). Flow cytometry exhibited that miR-152-3p clearly
increased the apoptotic rate in A875 and M14 cells, but the
promoted effect was partly prevented by HOXAT11-AS up-
regulation (Figure 4E and F). In addition, transfection of
HOXAI11-AS significantly mitigated the miR-152-3p-
induced suppressive effects on cell migration (Figure 4G)
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Figure 3 HOXAI I-AS directly targeted miR-152-3p and modulated miR-152-3p expression. (A) The binding sites of HOXAI I-AS with miR-152-3p were predicted by
Starbase 2.0. (B and C) Dual-luciferase reporter assay was used for the detection of luciferase activity of transfected A875 and M4 cells. (D and E) The expression of miR-
152-3p was determined by qRT-PCR after transfection with si-HOXAI [-AS, HOXAI |-AS or relative controls. *P< 0.05.

and invasion (Figure 4H). Moreover, the E-cadherin upre-
gulation and N-cadherin/Vimentin downregulation caused
by miR-152-3p were partially relieved by HOXA11-AS in
A875 cells (Figure 41) and M14 cells (Figure 4J). All these
results insinuated that HOXA11-AS was related to miR-
152-3p in regulating the progression of melanoma.

The Inhibitory Effect of HOXAI [-AS
Knockdown on the Progression of
Melanoma Was Achieved by the
Up-Regulation of miR-152-3p

Meanwhile, the rescued experiment was performed to notarize

whether the function of HOXA11-AS knockdown was attrib-
uted to miR-152-3p up-regulation. After the qRT-PCR

analysis, miR-152-3p inhibition was showed to weaken the
increase of miR-152-3p level caused by si-HOXA11-AS in
A875 and M 14 cells (Supplemental Figure 1A and B). The si-
HOXA11-AS-induced
(Supplemental Figure 1C and D) and the promotion of cell

repression of cell proliferation

apoptosis (Supplemental Figure 1E and F) were countervailed

following the down-regulation of miR-152-3p. Similarly,
miR-152-3p inhibitor returned the inhibitory regulation of si-
HOXAT11-AS on cell migration (Supplemental Figure 1G),
invasion (Supplemental Figure 1H) and EMT process

(Supplemental Figure 11 and J). This revert of anti-miR-152-
3p to si-HOXAI11-AS suggested that the knockdown of
HOXAI11-AS retarded the development of melanoma via

promoting miR-152-3p.
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Figure 4 Overexpression of HOXAI | -AS relieved the miR-152-3p-induced effects on proliferation, apoptosis, metastasis and EMT in melanoma cells. (A and B) The qRT-
PCR was exploited to determine the expression of miR-152-3p in A875 and M4 cells transfected with miR-152-3p, miR-152-3p+HOXAI |-AS or the corresponding
controls. (C and D) MTT was utilized to examine cell proliferation. (E and F) Flow cytometry was applied to determine the apoptotic cells. (G and H) Transwell assay was
used to measure cell migration and invasion. (I and J) Western blot was implemented for the measurement of f E-cadherin, N-cadherin and Vimentin in A875 and M14 cells.

*P< 0.05.

The miR-152-3p Targetedly Regulated the
Expression of ITGA9

Through the prediction of TargetScan, we found that the
3'-UTR of wild-type ITGA9 contained the binding sites of
miR-152-3p (Figure 5A). The results of dual-luciferase
reporter assay showed that the luciferase activity of
ITGA9 3'UTR WT group was significantly declined by
miR-152-3p, while this phenomenon was not found in
ITGA9 3'UTR MUT group (Figure 5B and C). Then, qRT-

PCR and Western blot indicated that the mRNA and pro-
tein levels of ITGA9 were higher in melanoma tissues than
these in normal tissues (Figure 5D and E). After the
analysis by Log rank test, Kaplan-Meier plot exhibited
that ITGA9 at high level reduced the 5-year survival of
melanoma patients contrasted to the low ITGA9 level
(Figure S5F). The relation between the levels of miR-152-
3p and ITGA9 was notably negative (R*=0.711, P<
0.0001) (Figure 5G). Also, ITGA9 mRNA and protein
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levels in A875 and M14 cells were up-regulated compared Down-ReguIation of miR-1 52-3p
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AR875 and M14 cells were transfected with si-ITGA9, si-

-152-3p transfection (Figure 5J). The same result was
viewed in the protein level of ITGA9 by Western blot in

A875 and M14 cells (Figure 5K and L). All above data ITGA9+anti-miR-152-3p or the respective controls for
unraveled that miR-152-3p targeted ITGA9. researching the function mechanism of miR-152-3p and
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Figure 5 The miR-152-3p targetedly regulated the expression of ITGA9. (A) TargetScan was used for predicting the target of miR-152-3p. (B and C) The relation of miR-
152-3p and ITGA9 was validated by dual-luciferase reporter assay. (D and E) The expression of ITGA9 in melanoma tissues was examined by qRT-PCR and Western blot. (F)
The relationship between ITGA9 level and patient survival was analyzed by Log rank test. (G) Spearman correlation coefficient was utilized for analyzing the linear relation
between miR-152-3p and ITGA9 in melanoma tissues. (H and I) The qRT-PCR and Western blot were administrated for detecting the ITGA9 expression in melanoma cells.
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ITGA9. Compared to the si-ITGA9 group, the mRNA and
protein levels of ITGA9 were remarkably up-regulated by
anti-miR-152-3p in A875 cells (Figure 6A and B) and
M14 cells (Figure 6C and D). In MTT assay, the absor-
bance of si-ITGA9+anti-miR-152-3p group was higher
than that in si-ITGA9+anti-miR-NC group in both A875
and M 14 cells (Figure 6E and F). Transfection of anti-miR
-152-3p decreased the apoptosis rate induced by si-ITGA9
in A875 and M14 cells (Figure 6G and H). Transwell
assay indicated that si-ITGA9 visibly decreased cell
migration and invasion, but anti-miR-152-3p averted the
suppression in part (Figure 61 and J). In addition, the si-
ITGA9-induced accelerative effect on E-cadherin and pro-
hibitive effects on N-cadherin/Vimentin were abated by
anti-miR-152-3p in A875 and M14 cells (Figure 6K and
L). Taken together, miR-152-3p inhibition promoted the
progression of melanoma via motivating the expression of
ITGAO.

Knockdown of HOXAI |-AS Suppressed
ITGA9 Expression Through Elevating
miR-152-3p

Statistical analysis of the levels of HOXA11-AS and
ITGA9 in melanoma tissues indicated that there was
a significant positive relation (R*=0.658, P< 0.0001)
(Figure 7A). Moreover, qRT-PCR revealed that the
mRNA level of ITGA9 was inhibited by HOXA11-AS
knockdown but anti-miR-152-3p reverted the inhibitory
effect on ITGA9 (Figure 7B). Also, Western blot demon-
strated that the repression of miR-152-3p conspicuously
ameliorated the si-HOXA11-AS-induced ITGA9 protein
downregulation in both A875 and M14 cells (Figure 7C
and D). These results suggested that HOXA11-AS knock-
down inhibited the level of ITGA9 by promoting miR-
152-3p.

Depression of HOXAI |-AS Inhibited
Melanoma Progression Partly by
Up-Regulating miR-152-3p and
Decreasing ITGA9 in vivo

To further explore the impact of HOXA11-AS in vivo,
A875 cells stably expressed sh-NC or sh-HOXA11-AS
were subcutaneously injected into the back flank of nude

mice to establish the xenograft model of melanoma. As
Figure 8A revealed, the tumor volume of sh-HOXA11-AS

group was smaller than that of sh-NC group between 1 and
4 weeks. After 4 weeks, tumor weight was lower in sh-
HOXAT11-AS group by contrast to sh-NC group (Figure
8B). The qRT-PCR presented that HOXA11-AS expres-
sion was down-regulated in sh-HOXAI11-AS group
(Figure 8C). The level of miR-152-3p was up-regulated
(Figure 8D), while ITGA9 mRNA and protein levels were
decreased (Figure 8E and F) in the sh-HOXA11-AS group.
Additionally, E-cadherin protein expression was enhanced
while N-cadherin and Vimentin protein levels were
reduced after knockdown of HOXAI1-AS in vivo
(Figure 8G). The down-regulation of PCNA and
cyclinD1 (pro-proliferation proteins) in sh-HOXA11-AS
group suggested that silencing HOXA11-AS inhibited the
proliferation of melanoma in vivo (Figure 8H). The repres-
sion of Bcl-2 (anti-apoptosis marker) and the upregulation
of Bax (pro-apoptosis marker) implied that apoptosis was
triggered by knockdown of HOXA11-AS in vivo (Figure
8I). At least in part, HOXA11-AS affected the melanoma
progression in vivo by modulating miR-152-3p and
ITGA9 expression.

Discussion
Melanoma is the most invasive type of skin cancer and
seriously affects human health due to its high metastatic
capacity and mortality. More biomarkers for melanoma
treatment need to be sought. The current study elucidated
that HOXA11-AS was up-regulated in melanoma and
facilitated the malignant development of cutaneous mela-
noma partly by the miR-152-3p/ITGA9 axis. HOXA11-AS
might be a satisfactory candidate biomarker of melanoma.

LncRNA HOXA11-AS was testified to be up-regulated
and promote the progression of multiple malignant tumors,
such as non-small cell lung cancer, gastric cancer, osteo-
sarcoma and glioblastoma.'® In recent years, Li et al clar-
ified that interfering with the expression of HOXA11-AS
inhibited cell proliferation, metastasis and EMT but stimu-
lated apoptosis in breast cancer cells.® Qu et al found that
HOXAI11-AS
growth and metastasis of laryngeal squamous

knockdown prominently repressed cell
cell
carcinoma.”’” The silence of HOXAI11-AS was also
showed to reduce proliferation and metastasis but expedite
apoptosis of glioma cells.”® Lu et al unraveled that
HOXAT11-AS knockdown reduced proliferation and inva-
sion abilities, but induced apoptosis of uveal melanoma
(UM) cells.”” But the role of HOXA11-AS in cutaneous
melanoma is almost unclear. In this report, the up-
regulation of HOXA11-AS was found in cutaneous
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Figure 6 Down-regulation of miR-152-3p mitigated si-ITGA9-induced effects on proliferation, apoptosis, metastasis and EMT in melanoma cells. (A-D) The level of ITGA9
was detected by qRT-PCR and Western blot in A875 cells (A and B) and M14 cells (C and D). (E and F) MTT was adopted for the determination of cell proliferation. (G and
H) Flow cytometry was utilized for measurement of cell apoptosis. (I and J) Transwell assay was used for evaluation of cell migration and invasion. (K and L) Western blot
was exploited to examine the levels of E-cadherin, N-cadherin and Vimentin in A875 and M14 cells. *P< 0.05.
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Figure 7 Knockdown of HOXAI |-AS suppressed ITGA9 expression through elevating miR-152-3p. (A) The linear relation between HOXAI |-AS and ITGA9 in melanoma
tissues was analyzed using Spearman correlation coefficient. (B) ITGA9 mRNA level was detected by qRT-PCR in A875 and M4 cells transfected with si-HOXAI |-AS, si-
HOXAI 1-AS+anti-miR-152-3p or the relative controls. (C and D) ITGA9 protein level was examined by Western blot. *P< 0.05.

melanoma tissues and cells. Further experiments indicated
that proliferation, metastasis (migration and invasion) and
EMT of melanoma cells were all repressed but apoptosis
was facilitated after HOXA11-AS was knocked down,
suggesting that HOXA11-AS played as an oncogenic role
in cutaneous melanoma.

MiRNAs are generally considered as tumor suppres-
sors to regulate tumor progression, including miR-152-3p.
For instance, Sun et al illuminated that miR-152-3p over-
expression inhibited invasion while motivated cell apop-
tosis in glioma.*® Also, miR-152-3p was down-regulated
in prostate cancer and attenuated the abilities of cell
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Figure 8 Depression of HOXAI [-AS inhibited melanoma growth partly by up-regulating miR-152-3p and decreasing ITGA9 in vivo. (A) Tumor volume of sh-NC and sh-
HOXAI 1-AS groups was calculated. (B) The excised tumors were weighed. (C and D) The qRT-PCR was utilized for detecting the levels of HOXAI I-AS (C) and miR-152-
3p (D). (E and F) The mRNA and protein levels of ITGA9 were detected by qRT-PCR and Western blot, respectively. (G=I) Western blot was exploited to measure the
protein levels of EMT (G), proliferation (H) and apoptosis (I) associated markers in excised tumors. *P< 0.05.

proliferation and invasion.>' Consistent with these studies,
we found that miR-152-3p expression was overtly
declined in melanoma. The upregulation of miR-152-3p
inhibited cell proliferation, metastasis and EMT but aggra-
vated apoptosis in melanoma cells. Accumulating studies
verified that IncRNAs functioned as miRNAs sponge to
regulate cancer development. Cui et al discovered that
HOXAT11-AS promoted the glioma oncogenesis by target-
ing miR-140-5p as a miRNA sponge,®> and Zhan et al
declared that HOXA11-AS modulated cellular processes
of hepatocellular carcinoma via sponging miR-214-3p.*
HOXA11-AS was also reported to expedite the retinoblas-
toma progression through down-regulating miR-506-3p.**
Herein, we found a sponge effect of HOXA11-AS on miR-
152-3p. In addition, HOXAI11-AS regulated the cellular
processes of melanoma partly by acting as a sponge of
miR-152-3p. MiRNAs are proved to regulate cancer evo-
lution by combining with the 3’-UTR of target genes to
degrade mRNA and reduce translation.'® TargetScan soft-
ware was used for seeking the target gene of miR-152-3p
and the analysis revealed that 3’-UTR of ITGA9 contained

the binding sites of miR-152-3p. Subsequent assays
proved that ITGA9 was a downstream target of miR-
152-3p. Furthermore, the tumor inhibitor role of miR-
152-3p in melanoma was partially achieved by targeting
ITGAO.

HOXA11-AS was reported to elevate glioma cell
growth, metastasis by targeting miR-214-3p/enhancer of
zeste homolog 2 (EZH2) axis.>® Yang et al asserted that
HOXAT11-AS increased cell viability and invasion ability
in renal cancer through regulating miR-146b-5p/matrix
metallopeptidase 16 (MMP16) axis.*® Wang et al claimed
that HOXA11-AS promoted liver cancer progression via
modulating miR-15a-3p/signal transducer and activator of
transcription 3 (STAT3) axis.’” In our report, the relation
between HOXA11-AS and ITGA9 was positive in mela-
noma tissues. Knockdown of HOXA11-AS suppressed the
level of ITGA9 via elevating miR-152-3p, implying that
HOXAT11-AS modulated cellular processes of cutaneous
melanoma by the miR-152-3p/ITGA9 axis.

To explore the impact of HOXA11-AS in vivo, we
established a xenograft model of melanoma. The results
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indicated that down-regulation of HOXAI11-AS sup-
pressed tumor progression partially by increasing miR-
152-3p and reducing ITGA9 expression in vivo. Zhang
et al reported that repression of HOXA11-AS refrained
the tumorigenesis of non-small cell lung cancer in vivo,*®
and Li et al purported that overexpression of HOXA11-AS
stimulated tumor growth of oral squamous cell carcinoma
by decreasing miR-518a-3p expression and promoting
PDK1 expression in vivo.’’ HOXA11-AS/miR-152-3p/
ITGA9 axis was also affirmed in the progression of mel-
anoma in vivo.

In conclusion, our report elucidated that HOXAI11-AS
regulated proliferation, apoptosis, metastasis and EMT of
cutaneous melanoma cells by targeting the miR-195-5p/
ITGAY9 axis in part. This is the first study to disclose the
HOXA11-AS/miR-152-3p/ITGA9 signal axis in cutaneous
melanoma, which might play a vital role in tumorigenesis
and development of melanoma. HOXAI1-AS might be
a useful biomarker for the therapy of cutancous melanoma,
which needs further confirmation through clinical exploration.

Disclosure
The authors declare that they have no competing interests
in this work.
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