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Abstract. MicroRNA (miR) are a class of small non-coding 
RNA that are able to inhibit gene expression by directly binding 
to the 3' untranslated region (UTR) of their target mRNA and 
thus promote translational repression or mRNA degradation. 
Recently, miR-9 was reported to have a suppressive role in 
malignant melanoma; however, the underlying mechanism 
remains largely unclear. In the present study, reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR) and 
western blotting were used to examine the mRNA and protein 
expression levels in malignant melanoma tissues and cell 
lines. The MTT assay and wound healing assay were used to 
examine the cell viability, proliferation and migratory capaci-
ties. Bioinformatics prediction and luciferase reporter assay 
were performed to investigate the relationship between miR-9 
and its potential target gene. The present data revealed that 
miR‑9 expression was significantly downregulated in malig-
nant melanoma tissues when compared with their matched 
adjacent non-tumor tissues. Furthermore, the expression levels 
of miR-9 were reduced in malignant melanoma cell lines when 
compared with human normal skin HACAT cells. Moreover, 
the ectopic expression of miR‑9 significantly suppressed the 
proliferation and migration of malignant melanoma cells, 
accompanied with a remarkable decrease in the protein 
expression levels of sirtuin 1 (SIRT1), which were markedly 
upregulated in malignant melanoma tissues and cell lines. 
Additionally, restoration of SIRT1 reversed the suppressive 
effects of miR-9 on the proliferation and migration of malig-
nant melanoma cells. Luciferase reporter assay data further 
identified SIRT1 as a direct target gene of miR‑9. To conclude, 
the present findings indicate that miR‑9 has a suppressive role 
in malignant melanoma cell viability and migration, at least 
in part, via directly inhibiting the protein expression of its 

target gene, SIRT1. Therefore, miR-9 may serve as a potential 
candidate for the treatment of malignant melanoma.

Introduction

Malignant melanoma is a malignant tumor of melanocytes, 
characterized by rapid progression and distant metastasis (1). It 
ranks as the seventh most common malignancy for women and 
the fifth most common cancer for men (2,3), and its incidence 
has been increasing annually by 3.1% over the past decade (3). 
Therefore, investigations into the molecular mechanism of 
malignant melanoma are urgently required for the development 
of effective therapeutic strategies for malignant melanoma (4).

MicroRNA (miR), which are a class of small non-coding 
RNA, are able to negatively regulate gene expression via 
directly binding to the 3' untranslated region (UTR) of their 
target mRNA, thus resulting in mRNA degradation or trans-
lational repression (5). They participate in various cellular 
biological processes, such as cell survival, proliferation, 
apoptosis, differentiation, cell cycle progression and migra-
tion, predominantly by negatively regulating the protein 
expression of their target genes (6,7). Recently, miR-9 was 
reported to have a suppressive role in malignant melanoma (8). 
For instance, Liu et al (9) identified that miR‑9 suppressed the 
migration and invasion of uveal malignant melanoma cells 
through the NF-κB1 pathway. Zhao et al (10) reported that 
Yin Yang 1 promoted the proliferation, cell cycle progression, 
migration and invasion of malignant melanoma cells, likely 
via negatively regulating miR-9 expression. However, the 
molecular mechanism of miR-9 in regulating the proliferation 
and migration of malignant melanoma cells still remains to be 
fully elucidated.

Sirtuins (SIRTs) are nicotinamide adenine dinucleotide 
(NAD+)-dependent class III histone deacetylases (11). SIRT1, 
a member of the SIRT family, is characterized by a 275-amino-
acid catalytic core and the distinctive additional N-terminal 
and/or C-terminal sequences of variable length (12). Via inter-
actions with acetylating histones and multiple transcription 
factors, SIRT1 participates in various physiological processes, 
such as metabolism, senescence, neuroprotection, inflam-
mation and tumorigenesis (13-15). Recently, the oncogenic 
role of SIRT1 in malignant melanoma has gradually been 
revealed (16). For instance, Wilking et al (17) reported that 
SIRT1 was upregulated in malignant melanoma and inhibition 
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of SIRT1 by small molecules exhibited an anti-proliferative 
response via the activation of the tumor suppressor, p53. 
Ohanna et al (18) indicated that SIRT1 promoted prolifera-
tion and inhibited the senescence-like phenotype in malignant 
melanoma cells. However, the detailed regulatory mechanism 
of SIRT1 expression in malignant melanoma remains largely 
unclear.

In the present study, miR-9 expression levels in malignant 
melanoma and the molecular mechanism of miR-9 in regu-
lating the proliferation and migration of malignant melanoma 
cells involving SIRT1 was investigated.

Materials and methods

Tissue samples. The present study was approved by the Ethic 
Committee of Third Xiangya Hospital of Central South 
University (Changsha, China). Primary malignant melanoma 
(n=24) and matched adjacent non-tumor tissues were collected 
from malignant melanoma patients who underwent surgical 
resections between May 2010 and April 2014 at Third Xiangya 
Hospital (Changsha, China). The patients included 11 males 
and 13 females, aged 47-77 years (mean, 63.5±11.3 years), who 
were diagnosed using histopathological analysis. All malig-
nant melanoma patients had received no radiation therapy or 
chemotherapy prior to the surgery. Tissues were snap-frozen in 
liquid nitrogen and stored at ‑70˚C prior to use.

Cell culture. Human malignant melanoma cell lines (B16, 
A375, G361, and HME1), human normal skin HACAT cell 
line and HEK293 cell line were obtained from the Cell Bank 
of Central South University (Changsha, China). Cells were 
cultured in RPMI‑1640 medium (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; Thermo Fisher Scientific, Inc.) maintained at 
37˚C in a humidified atmosphere containing 5% CO2.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from tissues and cells using TRIzol Reagent (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's instructions. 
DNase (Takara Biotechnology Co., Ltd., Dalian, China) treat-
ment was used to remove genomic DNA, according to the 
manufacturer's instructions. For reverse transcription, 5 µl 
total RNA was mixed with 0.15 µl of 100 mm dNTPs (with 
dTTP), 1 µl (50 U) MultiScribe reverse transcriptase, 1.5 µl 
of 10X reverse transcription buffer, 0.19 µl RNase inhibitor 
(20 U/µl), and 3 µl 1X gene specific primers. Nuclease‑free 
H2O was added to obtain a final volume of 15 µl. Reverse 
transcription was performed at 16˚C for 30 min, followed by 
an incubation step at 42˚C for 30 min and enzyme inactivation 
at 85˚C for 5 min. The resulting cDNA was stored at ‑20˚C 
until use. For mRNA expression detection, a SYBR-Green 
RT-PCR kit (Takara Biotechnology Co., Ltd.) was used to 
perform the RT-qPCR on 7300 Plus thermal cycler (Thermo 
Fisher Scientific, Inc.), in accordance with the manufacturer's 
instructions. GAPDH was used as an internal reference. For 
miRNA analysis, a PrimeScript miRNA RT-PCR kit (Takara 
Biotechnology Co., Ltd., Dalian, China) was used according 
to the manufacturer's instructions. U6 was used as an internal 
reference. For the PCR assay, 10 µl of 1X PCR master mix, 

0.33 µl cDNA solution, 2 µl of 1X gene specific primer, and 
7.67 µl H2O were mixed to obtain a final reaction volume of 
20 µl. For both mRNA and miRNA detection, the reaction 
conditions were 95˚C for 10 min, and 45 cycles of denaturation 
at 95˚C for 15 sec and annealing/elongation at 60˚C for 15 sec. 
The relative expression was analyzed by the 2-ΔΔCq method (19). 
The specific primers were designed as follows: SIRT1, forward 
5'-TGT GTC ATA GGT TAG GTG GTG A-3' and reverse 5'-AGC 
CAA TTC TTT TTG TGT TCG TG-3'; and GAPDH, forward 
5'-ACA ACT TTG GTA TCG TGG AAG G-3' and reverse 5'-GCC 
ATC ACG CCA CAG TTT C-3'.

Cell transfection. For ectopic expression of miR-9, a miR-9 
mimic (Genepharma, Shanghai, China) was used to trans-
fect malignant melanoma cell lines via Lipofectamine 2000 
(Thermo Fisher Scientific, Inc.), according to the manu-
facturer's instructions. Scramble miR mimic (Genepharm, 
Inc., Sunnyvale, CA, USA) was used as a negative control 
(NC). For SIRT1 reversal experiments, miR-9 mimic and 
pcDNA3.1-SIRT1 [outside reading frame (ORF)] plasmid 
(Amspring, Changsha, China) were used to co-transfect B16 
cells using Lipofectamine 2000, according to the manu-
facturer's instructions. Following transfection for 48 h, the 
expression levels of miR-9 or SIRT1 were evaluated.

Cell proliferation detection. B16 cells (10,000 cells/well) 
were plated into a 96‑well plate, and cultured at 37˚C in an 
atmosphere containing 5% CO2 for 0, 12, 24, 48, and 72 h. 
Subsequently, 10 µl of MTT (5 mg/ml; Thermo Fisher Scientific, 
Inc.) was added. Following incubation at 37˚C for 4 h, 100 µl of 
dimethyl sulfoxide was added and samples were incubated at 
room temperature for 20 min. Subsequently, formazan produc-
tion was detected by determining the optical density at 570 nm 
using an enzyme immunoassay analyzer.

Wound healing assay. A wound healing assay was performed 
to evaluate the cell migratory capacity and proliferation of 
B16 malignant melanoma cells. B16 cells were cultured to full 
confluence and a wound of ~1 mm width was created with a 
plastic scriber. Subsequently, cells were washed in Dulbecco's 
phosphate-buffered saline (Thermo Fisher Scientific, Inc.) 
and incubated in serum‑free RPMI‑1640 at 37˚C for 24 h. 
Subsequently, cells were incubated in RPMI-1640 supple-
mented with 10% FBS. Once cultured for 48 h, cells were fixed 
by 90% ethanol for 20 min at room temperature and observed 
under a light microscope (CX22; Olympus Corporation, 
Tokyo, Japan).

Western blotting. Tissues and cells were lysed in cold radioim-
munoprecipitation assay buffer (Thermo Fisher Scientific, Inc.). 
The concentration of protein was determined using a bicin-
choninic acid (BCA) Protein Assay kit (Pierce; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's instructions. 
Protein was separated using 12% SDS-PAGE, transferred to 
a polyvinylidene fluoride membrane (PVDF; Thermo Fisher 
Scientific, Inc.), and blocked in 5% non‑fat dried milk in phos-
phate‑buffered saline (Thermo Fisher Scientific, Inc.) at 4˚C 
overnight. The PVDF membrane was subsequently incubated 
with rabbit anti-human SIRT1 monoclonal antibody (1:200; 
ab32441; Abcam, Cambridge, MA, USA), or rabbit anti-human 
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GAPDH monoclonal antibody (1:100; ab9485, Abcam) for 3 h 
at room temperature. The membrane was washed three times 
using Dulbecco's phosphate-buffered saline, incubated with 
goat anti-rabbit IgG (1:20,000; ab6721; Abcam) for 40 min 
at room temperature and washed three times with Dulbecco's 
phosphate-buffered saline. An enhanced chemiluminescence 
(ECL)  Western Blotting kit (Pierce; Thermo Fisher Scientific, 
Inc.) was used to detect the immune complex on the PVDF 
membrane. Protein expression was analyzed using Image-Pro 
Plus software 6.0 (Media Cybernetics, Inc., Rockville, MD, 
USA). GAPDH was used as an internal control.

Bioinformatics analysis and luciferase reporter assay. 
TargetScan software (targetsan.org) was used to analyze 
whether SIRT1 was a potential target of miR-9. The wild type 
(WT) of SIRT1 3'UTR containing the putative binding sites 
of miR‑9 was amplified and subcloned into the psiCHECK‑2 
vector (Promega Corp., Madison, WI, USA), downstream to 
the luciferase gene sequence. The mutant type (MT) of SIRT1 
3'UTR was generated using the Quick-Change Site-Directed 
Mutagenesis kit (Agilent Technologies, Inc., Santa Clara, CA, 
USA), in accordance with the manufacturer's protocol and was 
subcloned into the psiCHECK-2 vector. In the control group, 
B16 cells were transfected with 100 ng of WT-SIRT1-3'UTR 
vector or MT-SIRT1-3'UTR vector using Lipofectamine 2000, 
according to the manufacturer's instructions. In the NC group, 
cells were co-transfected with 50 nM of scramble miR mimic 

and 100 ng of WT-SIRT1-3'UTR vector or MT-SIRT1-3'UTR 
vector, respectively. In the experimental group, cells were 
co-transfected with 50 nM of miR-9 mimic and 100 ng of 
SIRT1 3'UTR WT vector or SIRT1 3'UTR MT vector, respec-
tively. Following transfection for 48 h, the activities of Renilla 
luciferase and Firefly luciferase were examined using the 
luciferase reporter assay system (Promega Corp.), according to 
the manufacturer's instructions. The Renilla luciferase activity 
was normalized to Firefly luciferase activity.

Statistical analysis. Data were expressed as mean ± standard 
deviation. SPSS 17.0 software (SPSS, Inc., Chicago, IL, 
USA) was used for statistical analysis. Data were analyzed 
by a Student's t-test for two-group comparison and one-way 
analysis of variance for multiple-group comparison. Tukey's 
post hoc test was also used. P<0.05 was considered to indicate 
a statistically significant difference.

Results

miR‑9 is downregulated in malignant melanoma. To reveal the 
role of miR-9 in malignant melanoma, RT-qPCR was used to 
detect miR-9 expression levels in malignant melanoma tissues 
and their matched adjacent non-tumor tissues. As shown in 
Fig. 1A, the miR-9 expression level was lower in 83.3% (20/24) 
of malignant melanoma tissues when compared with their 
matched adjacent non-tumor tissues. miR-9 expression levels 

Figure 1. Reverse transcription-quantitative polymerase chain reaction data indicated that the miR-9 expression levels (A) were decreased in 83.3% (20/24) 
of malignant melanoma tissues when compared with their matched adjacent non‑tumor tissues; (B) were significantly downregulated in malignant melanoma 
tissues when compared with that in adjacent non‑tumor tissues; and (C) were significantly downregulated in human malignant melanoma cell lines (B16, A375, 
G361, and HME1) when compared with human normal skin HACAT cells. *P<0.01 vs. HACAT. miR, microRNA.
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were significantly downregulated in malignant melanoma 
tissues when compared with that of adjacent non-tumor tissues 
(P=0.0019; Fig. 1B). In addition, the expression levels of miR-9 
in human malignant melanoma cell lines, including B16, A375, 
G361, and HME1 and human normal skin HACAT cells were 
determined. The data suggested that miR-9 expression levels 
were significantly decreased in malignant melanoma cell 
lines when compared with HACAT cells (P<0.01; Fig. 1C). 
Accordingly, miR-9 was indicated to be downregulated in 
malignant melanoma.

Ectopic expression of miR‑9 suppressed the proliferation 
and migration of malignant melanoma cells. As miR-9 was 
downregulated in malignant melanoma cell lines, B16 cells 
were transfected with miR-9 mimic to restore its expression. 
Scramble miR mimic was used as the NC. RT-qPCR data 
indicated that the miR‑9 expression level was significantly 
increased in B16 cells transfected with miR-9 mimic, when 
compared with that in the control group (P<0.01; Fig. 2A). 
However, no significant difference was observed in the miR‑9 
expression levels in the NC group when compared with that in 
the control group (Fig. 2A). MTT and wound healing assays 
were used to examine cell viability, proliferation and migra-
tory capacities in each group. Ectopic expression of miR-9 
resulted in a significant decrease in viability, proliferation and 
migration of B16 cells when compared with the control group 
(P<0.01; Fig. 2B and C, respectively). However, no significant 
difference in the viability and migration of B16 cells in the NC 
group were observed when compared with those in the control 
group (Fig. 2B and C, respectively). These results suggest that 

miR-9 may have a suppressive role in regulating the viability, 
proliferation and migration of malignant melanoma B16 cells.

Overexpression of miR‑9 decreased the expression of SIRT1 
in malignant melanoma cells. Recently, SIRT1 has been 
demonstrated to promote the proliferation and migration of 
malignant melanoma cells (17,18). Therefore, the expression of 
SIRT1 in B16 cells in each group was examined. As indicated 
in Fig. 3A, RT‑qPCR data indicated no significant difference 
in SIRT1 mRNA expression levels between the miR-9 over-
expression group and the control group. However, western 
blot data indicated that overexpression of miR-9 resulted in a 
significant decrease in the protein expression levels of SIRT1 
in B16 cells when compared with the control group (P<0.01; 
Fig. 3B). Therefore, the present findings suggest that miR‑9 
may negatively regulate SIRT1 expression at post-transcrip-
tional level.

Furthermore, the present study indicated that the mRNA 
expression levels of SIRT1 were significantly increased in 
malignant melanoma tissues when compared with their 
matched adjacent non-tumor tissues (P<0.0001; Fig. 3C). 
In addition, SIRT1 protein expression levels were signifi-
cantly upregulated in malignant melanoma cell lines when 
compared with the normal skin HACAT cells (P<0.01; 
Fig. 3D). Moreover, a reversed correlation between the miR-9 
and SIRT1 expression levels in malignant melanoma tissues 
was observed (Fig. 3E). The present findings suggest that the 
increased mRNA and protein expression levels of SIRT1 may 
be due to the downregulation of miR-9 in malignant melanoma 
tissues and cell lines.

Figure 2. (A) Reverse transcription‑quantitative polymerase chain reaction data showed that the miR‑9 expression level was significantly increased in B16 cells 
transfected with miR-9 mimic when compared with that in the control group. (B and C) MTT assay and wound healing assay data indicated that ectopic expres-
sion of miR-9 led to decreased viability, proliferation and migration of B16 cells when compared with the control group. *P<0.01 vs. B16. miR, microRNA; 
B16, non-transfected B16 cells used as control group; NC, B16 cells transfected with scramble microRNA mimic.
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Overexpression of SIRT1 reversed the miR‑9‑mediated 
proliferation and migration of malignant melanoma cells. 
As overexpression of miR-9 was able to decrease the protein 
expression levels of SIRT1, which has an oncogenic role in 
malignant melanoma, subsequently, whether SIRT1 was 
involved in the miR-9-mediated viability, proliferation and 
migration of malignant melanoma cells was investigated. B16 
cells were transfected with miR-9 mimic, or co-transfected 

with miR-9 mimic and SIRT1 ORF plasmid, respectively. 
Following transfection, western blotting was performed to 
examine the protein expression levels of SIRT1 in each group. 
The data revealed that SIRT1 protein expression levels were 
significantly increased in B16 cells co‑transfected with miR‑9 
mimic and SIRT1 ORF plasmid when compared with B16 
cells transfected with miR-9 group (P<0.01; Fig. 4A). This 
suggested that transfection with SIRT1 ORF plasmid reversed 

Figure 3. (A and B) Reverse transcription-quantitative polymerase chain reaction and western blotting was used to examine the mRNA and protein expression 
levels of SIRT1 in B16 cells transfected with miR-9 mimic. *P<0.01 vs. B16. (C) Reverse transcription-quantitative polymerase chain reaction data indicated 
that the mRNA expression level of SIRT1 was significantly upregulated in malignant melanoma tissues when compared with that in adjacent non‑tumor tissues. 
(D) Western blot assay data indicated that the protein expression level of SIRT1 was significantly upregulated in human malignant melanoma cell lines (B16, 
A375, G361, and HME1) when compared with human normal skin HACAT cells. *P<0.01 vs. HACAT. (E) A reversed correlation was observed between the 
miR-9 and SIRT1 expression in malignant melanoma tissues. miR, microRNA; B16, non-transfected B16 cells used as control group; NC, B16 cells transfected 
with scramble microRNA mimic; SIRT1, sirtuin 1.



BU et al:  miR-9 INHIBITS MM CELL PROLIFERATION AND MIGRATION936

the suppressive effect of miR-9 on the protein expression levels 
of SIRT1 in B16 cells.

MTT assay and wound healing assay were subsequently 
conducted to examine the cell viability, proliferation and 
migration of B16 cells. The viability, proliferation and migra-
tion of B16 cells in the miR‑9 + SIRT1 group were significantly 
increased when compared with the miR-9 group (P<0.01; 
Fig. 4B and C). The present findings suggested that overex-
pression of SIRT1 reversed the suppressive effects of miR-9 on 
B16 cell viability, proliferation and migration.

SIRT1 is a direct target of miR‑9 in B16 cells. TargetScan was 
used to analyze whether SIRT1 was a potential target of miR-9. 
As indicated in Fig. 5A and B, SIRT1 was predicted to be an 
evolutionarily conserved direct target of miR-9. To further 
confirm the targeting relationship between miR‑9 and SIRT1, 
the WT-SIRT1-3'UTR luciferase reporter vector and the 
MT-SIRT1-3'UTR luciferase reporter vector were generated 
(Fig. 5C and D). HEK293 cells were further co-transfected 
with WT-SIRT1-3'UTR vector or MT-SIRT1-3'UTR vector, 
with miR-9 mimic or miR-NC, respectively. Subsequently, 
the luciferase reporter assay was performed. As indicated in 
Fig. 5E, the luciferase activity was significantly decreased 
in HEK293 cells co-transfected with miR-9 mimic and 
WT-SIRT1-3'UTR vector when compared to the control cells 
that were transfected with WT-SIRT1-3'UTR vector alone 
(P<0.01). However, the downregulation of luciferase activity 

was abolished when co-transfection with miR-9 mimic and 
MT-SIRT1-3'UTR vector (Fig. 5E), indicating that SIRT1 is a 
direct target gene of miR‑9. To conclude, the present findings 
demonstrate that miR-9 may have a suppressive role in malig-
nant melanoma cell viability, proliferation and migration, at 
least in part, via directly inhibiting the protein expression 
levels of its target gene, SIRT1.

Discussion

miR-9 has recently been demonstrated to have a suppressive 
role in malignant melanoma (9); however, the underlying 
mechanism remains to be fully elucidated. In the present study, 
miR-9 was indicated to be significantly downregulated in 
malignant melanoma tissues and cell lines when compared with 
matched adjacent non-tumor tissues or normal skin HACAT 
cells, respectively. Ectopic expression of miR-9 suppressed 
malignant melanoma cell viability, proliferation and migration, 
accompanied with the decreased protein expression levels of 
SIRT1, which was upregulated in malignant melanoma tissues 
and cell lines. Moreover, overexpression of SIRT1 reversed the 
suppressive effects of miR-9 on the viability, proliferation and 
migration of malignant melanoma cells. Furthermore, lucif-
erase reporter assay data identified SIRT1 as a direct target 
gene of miR-9.

Deregulations of various miR have been implicated in 
malignant melanoma (20-22). For instance, miR-365 was 

Figure 4. (A) Western blot assay data showed that the SIRT1 protein expression level was significantly increased in B16 cells co‑transfected with miR‑9 mimic 
and SIRT1 outside reading frame plasmid when compared with that in cells transfected with miR-9 group. (B and C) MTT assay and wound healing assay data 
showed that the viability, proliferation and migration of B16 cells in the miR‑9 + SIRT1 group were significantly increased when compared with the miR‑9 
group. *P<0.01 vs. miR-9. miR, microRNA; SIRT1, sirtuin 1.
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significantly downregulated in malignant melanoma tissues 
and cell lines and its expression levels were associated with 
lymph node metastasis, clinical stage, and survival of this 
disease (23). Moreover, miR‑365 has been identified to inhibit 
the growth, invasion and metastasis of malignant melanoma 
by targeting NRP1 expression (23). Additionally, miR-193b 
is significantly downregulated in the melanoma tissues and 
was able inhibit melanoma cell proliferation via targeting 
Cyclin D1 (24). Recently, the miR-9 expression was reported 
to be significantly reduced in metastatic melanoma when 
compared with primary melanoma (8). In the present study, 
miR-9 was revealed to be downregulated in melanoma tissues 
when compared to their matched adjacent non-tumor tissues. 
Furthermore, miR-9 levels were decreased in melanoma cell 
lines when compared with normal skin HACAT cells. These 
findings suggest that miR‑9 may have a role in melanoma. To 
further study the exact role of miR-9 in malignant melanoma, 
B16 cells were transfected with miR-9 mimic to upregulate its 
expression levels. The present data indicated that overexpression 

of miR‑9 significantly decreased the viability and migration 
of B16 cells, suggesting that miR-9 has suppressive effects 
on melanoma growth and metastasis. These findings were 
consistent with several alternative studies (9,10). For instance, 
Zhao et al (10) reported that overexpression of miR-9 reduced 
the proliferation, cell cycle progression, migration and inva-
sion of melanoma cells. Liu et al (9) showed that miR-9 was 
able to suppress the migration and invasion of highly invasive 
melanoma cells. These findings and the present study indicate 
that miR-9 acts a tumor suppressor in malignant melanoma.

As miR function predominantly through the inhibition 
of their target genes (25), we further focused on the potential 
targets of miR-9 in melanoma. SIRT1, an NAD+-dependent 
class III histone deacetylase, exhibits an oncogenic role in 
human cancers (14,15). For instance, Wu et al (26) demonstrated 
that SIRT1 participated in the tumorigenesis, metastasis, and 
chemoresistance of hepatocellular carcinoma. Qu et al (27) 
reported that SIRT1 promoted proliferation and inhibited 
apoptosis of glioma cells. Recently, SIRT1 was indicated to 

Figure 5. (A and B) TargetScan software indicated that SIRT1 was predicted to be a direct target of miR-9 and was evolutionarily conserved. (C and D) The 
WT-SIRT1-3'UTR luciferase reporter vector and the MT-SIRT1-3'UTR luciferase reporter vector were generated, respectively. (E) HEK293 cells were further 
co-transfected with WT-SIRT1-3'UTR vector or MT-SIRT1-3'UTR vector, with miR-9 mimic or miR-NC, respectively. Luciferase reporter assay data indi-
cated that luciferase activity was significantly decreased in HEK293 cells co‑transfected with miR‑9 mimic and WT‑SIRT1‑3'UTR vector when compared 
with the control cells that were transfected with WT-SIRT1-3'UTR vector alone. *P<0.01 vs. B16. WT, wild type; MT, mutant type; UTR, untranslated region; 
miR, microRNA; B16, non-transfected B16 cells used as control group; NC, B16 cells transfected with scramble microRNA mimic; SIRT1, sirtuin 1.
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be involved in malignant melanoma. Knockdown of SIRT1 
resulted in cell cycle arrest and a senescence-like phenotype 
of melanoma cells as well as inhibition of tumor growth, while 
overexpression of SIRT1 relieved the senescence-like pheno-
type and the proliferation arrest (18). However, the regulatory 
mechanism of SIRT1 expression in melanoma has not yet been 
fully studied. The present study identified that overexpression 
of miR-9 led to decreased protein expression levels of SIRT1 in 
melanoma cells; however, this did not affect the mRNA expres-
sion level of SIRT1. Further investigation showed that SIRT1 
was upregulated in melanoma tissues and cell lines, which 
was reversely correlated with the miR-9 expression levels in 
melanoma tissues. These findings suggest that downregulation 
of miR-9 may contribute to the upregulation of SIRT1 in mela-
noma. As bioinformatics analysis predicted that SIRT1 was a 
direct target gene of miR-9, we used a luciferase reporter assay 
to confirm their relationship. Luciferase activity was indicated 
to be significantly decreased in HEK293 cells co‑transfected 
with miR-9 mimic and WT-SIRT1-3'UTR vector; however, 
this downregulation was markedly abolished in cells co-trans-
fected with miR-9 mimic and WT-SIRT1-3'UTR vector, 
suggesting that miR-9 can directly bind to the seed sequences 
in the SIRT1 3'UTR. Therefore, SIRT1 is indeed a target 
gene of miR-9. Accordingly, the present study reveals that the 
miR-9/SIRT1 axis is involved in malignant melanoma.

In conclusion, to the best of our knowledge, our study is 
the first to demonstrate a suppressive role of miR‑9 in regu-
lating malignant melanoma cell proliferation and migration 
via inhibition of SIRT1. Therefore, we suggest that miR-9 may 
serve as a potential candidate for the treatment of malignant 
melanoma.
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