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Abstract: Melanoma is the leading cause of death in patients with skin cancer. In the present study, we aimed to
prove the functions and molecular mechanisms of INcRNA-GAS5 in melanoma. Herein, we found that the expression
of GAS5 was down-regulated in melanoma tissues compared to adjacent normal tissues. GAS5 was significantly
associated with distal metastasis and TNM stage in melanoma. Furthermore, we found that GAS5 suppressed mela-
noma cell proliferation, migration and invasion. Then, we found thatmiR-137 was decreased in melanoma tissues
compared to adjacent normal tissues and was correlated with GAS5. Using a luciferase reporter gene assay, we also
demonstrated that GAS5 positively regulated miR-137 transcription. Finally, we suggested that GAS5 inhibited the
growth of melanoma through miR-137 in vivo. Therefore, our research demonstrated that the GAS5/miR-137 axis
could be a potential therapeutic target for the treatment of melanoma.
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Introduction

There are approximately 160,000 patients with
melanoma, and approximately 48,000 patients
die of malignant melanoma each year world-
wide [1]. The incidence of melanoma is high in
patients under 40 years of age [2]. The devel-
opment of metastatic melanoma treatment is
slow. Presently, interferons serve as an adju-
vant drug that can improve overall survival [3].
For malignant melanoma, an early diagnosis is
very important. It is reported that the 5-year
survival rate is more than 90% for malignant
melanoma diagnosed at an early stage after
surgical excision. Nevertheless, when malig-
nant melanoma is not diagnosed at an early
stage, it may invade to the lymph nodes, and
then the overall survival is less than 1 year [4].
Presently, systemic therapy is important for the
treatment of malignant melanoma. However,
there are many limitations. Because of a lack of
effective biomarkers, the diagnosis technology
for melanoma is limited. The molecular and
functional mechanisms of melanoma still need
to be further studied.

Currently, a large body of literature has emerged
supporting the biological significance of non-
coding RNAs (ncRNAs) in tumor progression.
Increasingly, ncRNAs are especially important
for the regulation of gene expression [5, 6].
NcRNAs include microRNA (miRNA), long non-
coding RNA (IncRNA), circular RNA (circRNA),
transfer RNA, ribosomal RNA, and small nucleo-
lar RNA. Among these, IncCRNAs, with sizes larg-
erthan 200 nucleotides, account for the largest
portion of RNA genes, which have important
effects on diverse cellular maintenance func-
tions, including protein scaffolding, chromatin
looping, and the regulation of mRNA stability
[7]. LncRNAs are regarded as a new class of
non-coding RNAs that contribute to cancer
development and progression [8]. However,
understanding the function and mechanism of
INcRNA-GASS5 in melanoma is just beginning. In
this study, we demonstrated that the mRNA
expression level of GAS5 was decreased in mel-
anoma, and GAS5 inhibited the progression of
melanoma cell proliferation, migration and
invasion.
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MiRNAs are also a major type of endogenous
non-coding small RNAs of approximately 20
nucleotides. Studies indicate that miRNAs par-
ticipate in post-transcriptional regulation to
affect the biological processes by targeting the
3-UTR of target genes [9-12] and playcrucial
roles in the occurrence and development of
various diseases, including the progression
and tumorigenesis of human cancers [10, 13,
14]. Various miRNAs are related to the disease
progression of melanoma, such as miR-137
[15], miR-214 [16], and miR-34a [17]. Thus,
miRNAs can be used as biological targets for
the diagnosis and treatment of melanoma.
Using a dual luciferase reporter gene assay, our
study indicated that GAS5 positively regulated
miR-137 transcription in melanoma.

In our study, we demonstrated the effects of
GAS5 in melanoma, the functional mechanisms
between GAS5 and miR-137, and potential
downstream genes regulating these processes.
Our research also demonstrated that GAS5H5
could be a pivotal potential therapeutic target
for the treatment of melanoma.

Materials and methods
Clinical specimens

In this study, we collected tissue samples from
94 patients with melanoma in The General
Hospital of Jinan Military Command and Jinan
Central Hospital Affiliated to Shandong Uni-
versity between 2014 and 2016. Informed con-
sent was obtained from each patient. This
study was approved by the Ethics committee of
The General Hospital of Jinan Military Com-
mand and Jinan Central Hospital Affiliated to
Shandong University. The histological diagnosis
of melanoma was evaluated based on the
World Health Organization (WHO). All of the tis-
sue samples were stored at -80°C.

Cell lines

Human epidermal melanocytes (HEMn), mela-
noma cell lines (A2058, B16, M21, MM200,
MEL-RM and A375), and HEK293T cells were
purchased from the College of Life Science,
Hunan Normal University, China. All cells were
cultured in Dulbecco’s modified Eagle’s (DMEM)
medium (Invitrogen, Carlsbad, CA, USA), includ-
ing 10% fetal bovine serum (FBS; Invitrogen,
Carlsbad, CA, USA), 100 U/ml penicillin, and
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100 pg/ml streptomycin at 37°C in an appropri-
ate incubator.

Lentiviral vector construction

Human GAS5 DNA was amplified by RT-PCR
from A375 cells. Then, the PCR products were
inserted into a lentiviral vector. Lentiviral vec-
tors expressing EGFP were used as a control.
Furthermore, we synthesized DNA fragments
for shRNA and cloned the shRNA into the
human U6 promoter-containing pBluescript SK
(+) plasmid (pU6) after annealing. Then, wesub-
cloned the U6-shRNA cassettes into a lentiviral
vector [18, 19]. shLuc was used as the control.
Lentiviral vectors expressing an shRNA target-
ing GAS5 were generated. Then, the lentivirus
vectors were packaged into HEK293T cells by
co-transfecting them with packaging vectors
(pCMV-VSVG, pMDLg/pRRE and pRSV-REV).
The lentivirus was ultracentrifuged, concentrat-
ed, and validated.

Transfection

A375 and A2058 cells (5 x 10* cells/well) were
seeded into 24-well plates and were trans-
duced with lentivirus supplemented with 8 pg/
mL of polybrene (Sigma-Aldrich Chemie, The
Netherlands). The A375 cells were transfected
with control and Lenti-GAS5; The A2058 cells
were transfected with control and Lenti-
shGAS5. G418 (Life Technologies, 0.8 mg/mL)
was used to select the stable expression cell
lines. Then, the A375 cells transfected with
Lenti-GAS5 were transfected with 200 pl of
mature miR-137 mimics (100 nM), mock or
inhibitors with Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA) for 72 hrs according to the
manufacturer’s protocol. Similarly, the A2058
cells transfected with Lenti-shGAS5 were trans-
fected with 200 pl of mature miR-137 mimics
(200 nM), mock or inhibitors with Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA) for 72 hrs.

RNA reverse transcription

Total RNA was extracted with TRIzol reagent
(Invitrogen, CA, USA) from the melanoma tis-
sues, the matched adjacent noncancerous tis-
sues and thetreated A375 and A2058 cells.
According to the manufacturer’'s protocols,
cDNA was synthesized using the RevertAid First
Strand cDNA Synthesis Kit (Thermo Fisher).
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Figure 1. GAS5 is down-regulated in melanoma tis-
sues. A. The mRNA expression level of GAS5 was
detected by gRT-PCR in 94 melanoma tissues and
their paired adjacent normal tissues (***P < 0.001).
B. The receiver operating characteristic curve (ROC)
was used to analyze the cut-off score of GASS.

Quantitative real-time reverse transcription
PCR (qRT-PCR)

According to the manufacturer’s instruction, we
analyzed the mRNA expression levels using a
SYBR-Green PCR Master Mix Kit (Takara). The
primer sequences for GAPDH were 5-TGTT-
CGTCATGGGTGTGAAC-3’ (the forward primer)
and 5-ATGGCATGGACTGTGGTCAT-3’ (the reve-
rse primer) (internal control). The primer sequ-
ences for GAS5 were 5- TCT GAG CAG GAATGG
CAG TGT-3’ (the forward primer) and 5’- CAT CCT
CCT TTG CCA CAG AAC T-3’ (the reverse primer).
The primer sequences for U6 were 5-CTCG-
CTTCGGCAGCACA-3’ (the forward primer) and
5-AACGCTTCACGAATTTGCGT-3’ (the reverse
primer). The primer sequences for hsa-miR-137
were 5-TAT TGC TTA AGA ATA CGC GTA G-3’ (the
forward primer) and 5-AAC TCC AGC AGG ACC
ATG TGA T-3’ (the reverse primer).
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Dual luciferase reporter assay

GAS5 was constructed into a pGl3-basic lucif-
erase reporter vector (Promega, Madison, WI).
A375 cells were seeded at density of 5 x 10
cells/well in 24-well plates. A375 cells co-trans-
fected with wild type GAS5 or mutant type
GAS5, control or miR-137, and a renilla plasmid
(RL-SV40) using Lipofectamine 3000. After 48
hrs, according to the manufacturer’s instruc-
tions, a Dual-Luciferase Reporter Assay System
(Promega) was used to detect reporter gene
activities.

Cell proliferation

An methylthiazoletetrazolium (MTT) assay was
performed to determine the ability of cells to
proliferate. The treated A375 and A2058 cells
(3000 cells/well) were seeded into 96-well
plates, and 20 mL of the MTT solution (5 mg/
ml) was added to each well at 1, 2, 3, 4 and 5
days. After 4 hrs, 200 mL of dimethyl sulfoxide
(DMSO) was added to dissolve the precipitates.
A micro-plate reader (Bio Tek Instruments, Inc.,
Winooski, VT, USA) was used to detect the
absorbance at 490 nm.

Migration and invasion assays

For the migration assay, the treated A375 and
A2058 cells (1 x 10° cells/well), in serum-free
medium, were added to the top of 24-well
Millipore transwell chambers (Millipore Corpo-
ration, MA, USA), and 600 pl of DMEM com-
plete medium was added to the lower chamber.
The cells were incubated for 24 hrs, and the
migratory cells were fixed using 4% paraformal-
dehyde and were stained using a 0.1% crystal
violet solution. Then, the number of migratory
cells was counted. For the invasion assay, the
same procedures were followed, except we pre-
coated diluted matrigel (BD Biosciences) on the
upper well of the transwell chamber and incu-
bated it for 1 hr at 37°C.

Nude mouse tumorigenicity assay

This study was approved by the Institutional
Committee and was carried out based on the
Institutional Animal Care and Use Committee.
The treated A375 and A2058 cells (1 x 107
cells in 100 pl) were subcutaneously injected
into athymic nude mice. At 10, 15, 20, 25, 30,

Am J Transl Res 2017;9(3):1509-1520



GASD targets miR-137 in melanoma

Table 1. The relationship between GAS5 mRNA

expression levels (dCt) and the clinicopathological fac-

tors in melanoma tissues

ficity of continuous variables. The inci-
dence of melanoma was predicted by an
ROC curve analysis using GAS5 between

No. of

patients (%) GASS

Characteristics

the 94 melanoma patients and controls.
The area under the ROC curves was 0.886

Mean + SEM P value

(sensitivity = 0.904, specificity = 0.840, P

Total no. of patients 94
Age (years)
> 60 42 (44.7) 10.97 £2.75
<60 52 (55.3) 11.58+1.75
Gender
Male 36(38.3) 11.95+2.53
Female 58 (61.7) 11.47 +2.86
Lymphatic metastasis
NO 41 (43.6) 9.96 +2.63
N1-N2 53(56.4) 11.85+1.74
Distal metastasis
MO 57 (60.6) 9.08 +1.27
M1 37(39.4) 12.83+1.04
TNM stage
0,1 &ll 39 (41.5) 9.25+0.67
& IV 55 (58.5) 12.65+1.05

0.85

0.91

0.54

0.04*

0.02*

< 0.001) (Figure 1B).

GASS5 suppresses the ability of melanoma
cell proliferation, migration and invasion

We further analyzed the expression effect
of GAS5 in human epidermal melanocytes
(HEMn) and melanoma cell lines (A2058,
B16, M21, MM200, MEL-RM and A375).
gRT-PCR was performed to detect the
MRNA expression level of GAS5 in the cell
lines mentioned above. We found that
GAS5 was dramatically decreased in the
melanoma cells compared to the HEMn
cells (P < 0.0001). Among the melanoma
cells, the expression level of GAS5 was
lowest in the A375 cells and highest in the

*Indicated statistical significance (P < 0.05).

35, and 40 days, the mice were killed, and the
tumor volumes were measured and calculated.

Statistical analysis

The data were analyzed using an independent t
test (SPSS, USA) with Student’s t-test. P < 0.05
was considered statistically significant. All of
the experiments were repeated 3 times. The
data are presented as the mean + SE.

Results
GAS5 is down-regulated in melanoma tissues

We separated out the melanoma tissues and
randomly pairedmelanoma samples with the
adjacent normal tissues from 94 patients. The
mMRNA expression level of GAS5 was analyzed
by gRT-PCR. Our results showed that the mRNA
expression level of GAS5 was down-regulated
in melanoma tissues compared to the adjacent
normal tissues (P < 0.0001) (Figure 1A). As
shown in Table 1, the mRNA expression level of
GAS5 was significantly related to distal metas-
tasis (P < 0.05) and the TNM stage (P < 0.05) by
a clinicopathological analysis in the melanoma
tissues. The ROC curve serves as a comprehen-
sive index and reflects the sensitivity and speci-
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A2058 cells (Figure 2A). Thus, we chose
the A375 and A2058 cells as target cells.

Furthermore, we investigated the effects of
GAS5 on melanoma cell proliferation, migra-
tion, and invasion. A375 cells were transfected
with control and lenti-GAS5, and A2058 cells
were transfected with control and lenti-shGAS5.
The expression effects of GAS5 were measured
by qRT-PCR. We found that GAS5 mRNA was
markedly overexpressed in the A375 cells
transfected with lenti-GAS5 (P < 0.0001)
(Figure 2B), and the mRNA expression of GASH
was significantly suppressed in the A2058 cells
transfected with lenti-shGAS5 (P < 0.0001)
(Figure 2C).

We then detected the effect of GAS5 on mela-
noma cell growth using an MTT assay. As shown
in Figure 2D, the proliferative ability of the A375
cells transfected with GAS5 was significantly
decreased compared to the control group (P <
0.0001). Similarly, the proliferative ability of the
A2058 cells transfected with shGAS5 was sig-
nificantly increased compared to the control
group (P < 0.0001) (Figure 2E).

The effects of GAS5 on migration and invasion
of melanoma cells were analyzed using the
Transwell assays. As shown in Figure 2F, the
migration and invasion abilities were signifi-
cantly inhibited in the A375 cells transfected

Am J Transl Res 2017;9(3):1509-1520
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Figure 2. GAS5 suppresses melanoma cell proliferation, migration and invasion. A. qRT-PCR was used to analyze
the mRNA expression level of GAS5 in human epidermal melanocytes (HEMn) and melanoma cell lines (A2058,
B16, M21, MM200, MEL-RM and A375) (*P < 0.05, **P < 0.01, ***P < 0.001). B. The mRNA expression level of
GAS5 was measured by gRT-PCR in the A375 cells transfected with control and GAS5 (***P < 0.001). C. The mRNA
expression level of GAS5 was measured by qRT-PCR in the A2058 cells transfected with control and shGASS (***P
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< 0.001). D. An MTT assay was performed to detect the proliferative ability of the A375 cells transfected with con-
trol and GAS5 (***P < 0.001). E. An MTT assay was performed to detect the proliferative ability of the A2058 cells
transfected with control and shGAS5 (***P < 0.001). F. Migration and invasion were measured by a Transwell assay
in the A375 cells transfected with control and GAS5 (***P < 0.001). G. Migration and invasion were measured by a
Transwell assay in the A2058 cells transfected with control and shGAS5 (***P < 0.001).
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with GAS5 compared with the control groups (P
< 0.0001). Simultaneously, the migration and
invasion abilities were significantly promoted in
the A2058 cells transfected with shGAS5 com-
pared with the control groups (P < 0.0001)
(Figure 2G).

miR-137 is down-regulated in melanoma tis-
sues

To evaluate the mRNA expression level of miR-
137 in melanoma, qRT-PCR was used to mea-
sure the miR-137 expression in the melanoma
tissues (n = 94) and the paired adjacent normal
tissues (n = 94). The results indicated that the
MRNA expression level of miR-137 was signifi-
cantly lower in the melanoma tissues com-
pared to paired the adjacent normal tissues
(Figure 3A). Furthermore, the mRNA expression
level of miR-137 was significantly related to dis-
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tal metastasis (P < 0.05) and the TNM stage (P
< 0.05) by a clinicopathological analysis in the
melanoma tissues (Table 2). We then analyzed
the incidence of melanoma with a ROC curve
analysis of GAS5 between the 94 melanoma
patients and controls. The area under the ROC
curves was 0.886 (sensitivity = 0.894, specific-
ity = 0.851, P < 0.001) (Figure 3B). Then, we
analyzed the mRNA expression relationship
between GAS5 and miR-137 by qRT-PCR. We
found that GAS5 mRNA expression positively
correlated with miR-137 mRNA expression (R?
=0.2122, P < 0.001, Figure 3C).

GASS5 positively regulates miR-137 transcrip-
tion

According to the positive correlation between
GAS5 mRNA expression and miR-137 mRNA
expression, we further investigated that miR-

Am J Transl Res 2017;9(3):1509-1520
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Table 2. The relationship between miR-137 mRNA ex-

pression level (dCt) and the clinicopathological factors

in melanoma tissues

GAS5, GAS5 and miR-137 control, GAS5
and miR-137 mimics, or GAS5 and miR-
137 inhibitors; A2058 cells were trans-

No. of

patients (%) miR-137

Characteristics

fected with control, shGAS5, shGAS5 and
miR-137 control, shGAS5 and miR-137

Mean + SE P value

mimics, or shGAS5 and miR-137 inhibi-

Total no. of patients 94
Age (years)
> 60 42 (44.7) 12.11+£1.37
<60 52(55.3) 11.64 +1.69
Gender
Male 36(38.3) 12.96+1.97
Female 58 (61.7) 11.82+1.38
Lymphatic metastasis
NO 41 (43.6) 11.07 +1.24
N1-N2 53(56.4) 13.55+1.41
Distal metastasis
MO 57 (60.6) 10.17 £0.95
M1 37(39.4) 1347 +1.01
TNM stage
0,1 &ll 39(41.5) 10.27+£0.94
&IV 55(58.5) 13.75+1.11

0.83

0.63

0.20

0.02*

0.03*

tors. Second, qRT-PCR was used to ana-
lyze the mRNA expression level of miR-
137. We found that GAS5 markedly
increased the mRNA expression of miR-
137 in the A375 cells transfected with
GAS5 (P < 0.001). The mRNA expression
of miR-137 was upregulated in the A375
cells transfected with GAS5 and miR-137
mimics compared to GAS5 and the miR-
137 control (P < 0.001). The mRNA expres-
sion of miR-137 was down-regulated in the
A375 cells transfected with GAS5 and
miR-137 inhibitors compared to GAS5 and
the miR-137 control (P < 0.001) (Figure
4D). Similarly, we found that GAS5 mark-
edly decreased the mRNA expression of
miR-137 in the A2058 cells transfected
with shGAS5 (P < 0.001). The mRNA

*Indicated statistical significance (P < 0.05).

137 may be the downstream effect or gene of
GASD. Our results demonstrated that miR-137
was upregulated in the A375 cells transfected
with GAS5 relative to the control group (P <
0.001) (Figure 4A). Meanwhile, miR-137 was
down-regulated in the A2058 cells transfected
with shGAS5 relative to the control group (P <
0.001) (Figure 4B). Therefore, the gqRT-PCR
confirmed that the over-expression of GASbH
increased the mRNA expression level of miR-
137, whereas silencing GAS5 decreased the
MRNA expression of miR-137. To determine
whether GAS5 interacts with miR-137 in mela-
noma cells, we speculated that GAS5 may
directly regulate the expression of miR-137. We
cloned the wild type GAS5 or a mutant type
GAS5 into a pGL3-basic luciferase reporter
vector. The luciferase reporter gene assays
indicated that GAS5 increased the fluores-
cence activity (Figure 4C).

GAS5 inhibits cell proliferation, migration and
invasion via miR-137 in melanoma cells

Due to the interaction relationship between
GAS5 and miR-137, we sought to determine
whether GAS5 inhibits the progression of cell
proliferation via miR-137 in melanoma cells.
First, A375 cells were transfected with control,

1515

expression of miR-137 was upregulated in

the A2058 cells transfected with GAS5

and the miR-137 mimics compared to
GAS5 and the miR-137 control (P < 0.001). The
MRNA expression of miR-137 was down-regu-
lated in the A2058 cells transfected with GAS5
and the miR-137 inhibitors compared to GAS5
and the miR-137 control (P < 0.001) (Figure
4E). Furthermore, our results indicated that
GASb5 suppressed the progression of cell prolif-
eration via miR-137 in the A375 cells (Figure
4F); Silencing GAS5 promoted the progression
of cell proliferation through miR-137 in the
A2058 cells (Figure 4G). As shown in Figure
4H, GAS5 inhibited the progression of cell
migration and invasion via miR-137 in the A375
cells. Similarly, silencing GAS5 promoted the
progression of cell migration and invasion
through miR-137 in the A2058 cells (Figure 4l).

GAS5 inhibits the growth of melanoma
through miR-137 in vivo

To further assess the effect of GAS5 on tumori-
genesis in vivo, A375 cells transfected with
control and GAS5 were subcutaneously impl-
anted into nude mice, and A2058 cells trans-
fected with control and shGAS5 were also sub-
cutaneously implanted into nude mice. The
mice were killed at 10, 15, 20, 25, 30, 35 and
40 days. The tumor volume was measured and
calculated. As shown in Figure 5A, GAS5 inhib-

Am J Transl Res 2017;9(3):1509-1520
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Figure 4. GAS5 positively regulates miR-137 transcription and inhibits the progression of cell proliferation, migration
and invasion via miR-137 in melanoma cells. A. qRT-PCR was used to analyze the mRNA expression level of miR-
137 in the A375 cells transfected with control and GAS5 (***P < 0.001). B. The mRNA expression level of miR-137
was measured by gRT-PCR in the A2058 cells transfected with control and shGAS5 (***P < 0.001). C. The relative
fluorescence value was detected by the luciferase reporter gene assay in theA375 cells co-transfected with wild type
GAS5 or a mutant type GAS5 and control or miR-137 (***P < 0.001). D. gRT-PCR was used to analyze the mRNA
expression level of miR-137 in the A375 cells transfected with control, GAS5, GAS5 and miR-137 control, GAS5 and
miR-137 mimics, or GAS5 and miR-137 inhibitors (**P < 0.01, ***P < 0.001). E. qRT-PCR was used to analyze
the mRNA expression level of miR-137 in the A2058 cells transfected with control, shGAS5, shGAS5 and miR-137
control, shGAS5 and miR-137 mimics, or shGAS5 and miR-137 inhibitors (*P < 0.05, ***P < 0.001). F. An MTT
assay was performed to measure cell proliferation in thetreated A375 cells as described in D. G. An MTT assay was
performed to measure cell proliferation in thetreated A2058 cells as described in E. H. Migration and invasion were
detected in thetreated A375 cells as described in D by a Transwell assay (*P < 0.05, **P < 0.01, ***P < 0.001). I.
Migration and invasion were detected in the A2058 cells treated as described E by a Transwell assay (**P < 0.01).
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Figure 5. GAS5 inhibits the growth of melanoma in vivo. A. GAS5 expression reduced the volume of melanoma in
nude mice. Athymic mice were injected with the A375 cells transfected with control or GAS5. Tumor volume was
detected at particular time points. B. GAS5 expression reduced the volume of melanoma in nude mice. Athymic
mice were injected with the A2058 cells transfected with control or shGAS5. Tumor volume was detected at particu-
lar time points. C. The mRNA expression level of miR-137 was detected by qRT-PCR in nude mice injected with the
A375 cells that were transfected with control and GAS5 (***P < 0.001). D. The mRNA expression level of miR-137
was detected by gRT-PCR in nude mice injected with the A2058 cells that were transfected with control or shGAS5
(**P < 0.01).

ited the growth of melanoma. Silencing GAS5 We then extracted total RNA from the nude
promoted the growth of melanoma (Figure 5B). mice. qRT-PCR was used to detect the mRNA
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expression level of miR-137. We found that miR-
137 was increased in the A375 cells that were
transfected with GAS5 compared to the control
group (P < 0.001) (Figure 5C), and miR-137 was
decreased in the A2058 cells that were trans-
fected with shGAS5 compared to the control
group (P < 0.001) (Figure 5C).

Discussion

LncRNAs are long non-coding RNAs long great-
er than 200 nucleotides [5, 20] which are non-
protein coding transcripts transcribed by RNA
polymerase Il [21]. LncRNAs play important
roles in chromatin structure [22], including
epigenetic, transcriptional, posttranscriptional,
and translational mechanisms [23, 24], pro-
moting numerous biological functions. LncRNAs
participate in various biological processes,
such as proliferation [25], differentiation [26],
and carcinogenesis [27], and numerous human
diseases [28-30]. For example, SLNCR1 regu-
lates melanoma invasion through the SRA1-like
region [31]; the UCA1-miR-507-FOXM1 axis par-
ticipates in melanoma cell proliferation, inva-
sion and cell cycle arrest [32]; and HOTAIR is
related to the motility, invasion, and metastasis
of metastatic melanoma [33]. Studies indicate
that GAS5 is involved in various cancers.
Currently, accumulating studies demonstrate
that a class of IncRNAs are dysregulated in
hepatocellular carcinoma (HCC) and are closely
related with tumorigenesis, metastasis, prog-
nosis or diagnosis [34]. The down-regulation
of GAS5 is associated with the prognosis of
HCC, and GAS5 suppresses the migration and
invasion of HCC cells through miR-21 [35].
Furthermore, there is a critical role for GAS5 in
the proliferation and apoptosis abilities of non-
small-cell lung cancer [36]. GAS5 also inhibits
bladder cancer cell proliferation [37]. In our
study, we found that the mRNA expression level
of GAS5 was down-regulated in melanoma tis-
sues compared to adjacent normal tissues.
GAS5 was significantly associated with distal
metastasis and the TNM stage, and there was
a good prognosis effect of GAS5 in melanoma.
Furthermore, we demonstrated that GAS5 sup-
pressed melanoma cell proliferation, migration
and invasion. Therefore, GAS5 inhibits the
developmental process of melanoma.

MiRNAs are small, noncoding RNAs 19-22
nucleotides in length with important functions
in development, cell differentiation, and the
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regulation of the cell cycle and apoptosis [38].
A growing body of research suggests that miR-
NAs are dysregulated in various tumor types,
and the detection of their levels promises to be
a new indicator for cancer diagnosis. miRNAs
can serve as oncogenes or tumor suppressor
genes to regulate mRNA expression [39].
Currently, miR-137 acts as an important tumor
suppressor and plays an important role in
tumor growth, migration and invasion. For
example, miR-137 was shown to inhibit the
invasion ability of melanoma cells by down-reg-
ulating oncogenes [40], and miR-137 serves as
a tumor suppressor in colorectal cancer [41].
MiR-137 suppresses the proliferative ability of
lung cancer cells by modulating the expression
of Cdc42 and Cdk6 [42] and serves as a tumor
suppressor in neuroblastoma by regulating
KDM1A [43]. In our study, we found that miR-
137 was down-regulated in melanoma tissues
compared to adjacent normal tissues. MiR-137
was significantly associated with distal metas-
tasis and the TNM stage, and there was a good
prognostic effect of miR-137 in melanoma.
Furthermore, we found that there was a posi-
tive correlation between miR-137 and GAS5 in
melanoma tissues and that GAS5 positively
regulated miR-137 transcription. At the same
time, we indicated that GAS5 inhibited cell pro-
liferation, migration and invasion through miR-
137 in melanoma cells, and GAS5 inhibited the
growth of melanoma through miR-137 in vivo.

In summary, we demonstrated that the mRNA
expression levels of both GAS5 and miR-137
were down-regulated in melanoma tissues
compared to adjacent normal tissues. Both
GAS5 and miR-137 were significantly associat-
ed with distal metastasis and the TNM stage,
and there were good prognostic effects for both
GAS5 and miR-137 in melanoma. Furthermore,
we found that there was a positive correlation
between miR-137 and GAS5 in melanoma tis-
sues, and GAS5 positively regulated miR-137
transcription. We also indicated that GAS5
inhibited the progression of cell proliferation,
migration and invasion through miR-137 in mel-
anoma cells. Finally, we proved that GAS5
inhibited the growth of melanoma through miR-
137 in vivo. Therefore, our research indicates
that GAS5 could be a potential therapeutic tar-
get for the treatment of melanoma.
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