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Abstract: MicroRNA-138 (miR-138) has been proven to be a tumor suppressor gene in various types of tumors. 
However, the expression and the role of miR-138 in human malignant melanoma (MM) are still poorly understood. 
The aim of the present study was to investigate the functional significance of miR-138 and to identify its target 
genes in MM cells. We applied the quantitative real-time PCR (qRT-PCR) to detect the miR-138 levels in MM tissues 
(n=20) and cell lines, the overall survival rate of MM patients was determined by Kaplan-Meier survival curve. The 
cell proliferation, cell apoptosis and cycle were analyzed by cell counting Kit-8 (CCK-8) assay and by flow cytometry. 
Bioinformatical predication, luciferase reporter assay and western blot were used to identify the target gene of 
miR-138. We observed that miR-138 expression level was significantly decreased in MM tissues compared to their 
matched adjacent normal tissues. Kaplan-Meier survival analysis showed that the patients with low miR-138 ex-
pression presented significantly shorter survival time compared to those with high miR-138 expression. Moreover, 
overexpression of miR-138 significantly inhibited MM cell growth and prompted cell apoptosis and cycle arrest in 
vitro. We further identified human telomerase reverse transcriptase (hTERT) as a direct target gene of miR-138, and 
demonstrated that the protein level of hTERT was negatively mediated by miR-138 in MM cells. Meanwhile, overex-
pression of hTERT rescued the suppressive effects of miR-138 on MM cell proliferation. These findings suggested 
that miR-138 acts as a tumor suppressor in MM by targeting hTERT. MiR-138/hTERTmay be a novel therapeutic 
target in MM.
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Introduction

Malignant melanoma (MM) is one of the most 
common skin cancers in humans [1]. The inci-
dence of MM continues to rise more rapidly 
than that of all other malignancies except for 
lung cancer [2]. MM develops as a result of an 
accumulation of various endogenous and exog-
enous causes. Gene alterations play an impor-
tant role in MM, and alterations in a large num-
ber of oncogenes and tumor suppressor genes 
have already been reported in MM [3]. There- 
fore, better understanding of the molecular 
mechanisms of MM tumorigenesis will help to 
explore novel therapeutic agents and prognos-
tic markers in the treatment of patients with 
MM.

Human telomerase reverse transcriptase 
(hTERT), which confers the catalytic activity of 

telomerase, is the restricting factor for telomer-
ase activity [4]. As normal proliferating cells 
enter into the process of apoptosis or necrosis, 
the expression of hTERT expression gradually 
decreases and cells cease proliferation [5]. 
However, elevated hTERT expression and the 
activation of telomerase can result in unlimited 
proliferative ability in tumor cells [6]. Inves- 
tigations have shown that hTERT has a signifi-
cant role in cancer tumorigenesis, growth, 
migration and invasion [7]. Therefore, hTERT is 
considered as an attractive therapeutic tar- 
get for cancer treatment, and understanding 
the regulatory mechanisms controlling hTERT 
expression is of great interest.

MicroRNAs (miRNAs) are a class of endoge-
nously conserved small RNAs that regulate  
target gene expression by affecting mRNA 
translation and stability or by modulating the 
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promoter activity of target genes [8, 9]. miRNAs 
may control the majority of human genes, which 
are involved in a wide variety of biological and 
pathogenic processes, including cancers [10-
13]. Dysregulation of miRNAs in cancer cells 
influences the function of oncogenes and tumor 
suppressors [12, 14]. Overexpression or down-
regulation of specific miRNAs has recently been 
reported in a variety of human malignancies. 
Among these miRNAs, miR-138 generally acts 
as a tumor suppressor in different cancer 
types, such as ovarian cancer [15], glioblasto-
ma [16], squamous cell carcinoma [17], head 
and neck squamous cell carcinoma [18], as 
well as MM [19]. The overexpression of miR-
138 inhibits cell proliferation and colony for- 
mation [20]. Downregulation of miR-138 in  
neuroblastoma and thyroid carcinoma is asso-
ciated with the hTERT, which promotes malig-
nant cell growth of many tumors [21, 22]. 
Current study found that miR-346 and miR- 
138 competitively bind to a common region in 
the 3’UTR of hTERT mRNA and have opposite 
effects on the expression and function of hTERT 
in human cervical cancer cells [23]. However, 
the expression of miR-138 and its role in human 
MM are still poorly understood. 

In this study, we aim to determine whether  
miR-138 is differentially expressed in MM and 
to analyze its role in cancer cell growth. We 
found that the expression of miR-138 was sig-
nificantly lower in MM tissues, and miR-138 
overexpression in MM cells inhibited cell growth 
by inducing cell cycle arrest and apoptosis. It 
was also identified that hTERT is a direct and 
functional target of miR-138 in MM. Taken 
together, these results suggest that modula-
tion of the mechanism responsible for miR-138 
in MM could be used as acritical therapeutic 
strategy for MM intervention and warrants fur-
ther investigation.

Materials and methods

Ethics statement

Investigation has been conducted in accor-
dance with the ethical standards and according 
to the Declaration of Helsinki and according to 
national and international guidelines and has 
been approved by the authors’ institutional 
review board.

Tissue specimens and cell lines

Tumor samples and their adjacent healthy tis-
sue counterparts were obtained from 20 mela-

noma patients who underwent surgery bet- 
ween April 2013 and April 2014 in Zhongshan 
Hospital, Fudan University. The written informed 
consents had been signed by all patients in 
advance. The tissue samples were frozen in  
liquid nitrogen and stored at -80°C for RNA iso-
lation. None patients had received any radio-
therapy or chemotherapy prior to surgery. The 
metastatic melanoma cell lines (WM266-4, 
A375 and SK-MEL-2) were purchased from  
the American Type Culture Collection (ATCC). 
A2058 cells were a gift from Prof. Peter Klin- 
ken (Western Australian Institute for Medical 
Research). The cell line A375 was derived from 
a primary melanoma [24], and the WM266-4, 
A2058 and SK-MEL-2 cell lines were derived 
from melanoma lymph node metastases. Cells 
were maintained in RPMI 1640 supplemented 
with 10% fetal bovine serum (FBS) (Gibco BRL, 
Grand Island, NY) at 37°C in 5% CO2 and used 
within 20 passages of initial stock. 

RNA extraction and quantitative real-time PCR

The miRNAs were isolated from melanoma tis-
sues or cell lines using a RNeasy/miRNeasy 
Mini kit (Qiagen, Limburg, The Netherlands) 
according to the manufacturer’s instructions. 
Total RNA was extracted using the TRIzol Rea- 
gent (Life Technologies, Thermo Fisher Scien- 
tific, Inc.) according to the manufacturer’s ins- 
tructions. The cDNAs were synthesized using  
a RevertAid™ First Strand cDNA Synthesis kit 
(Fermentas, Vilnius, Lithuania), and real-time 
quantitative PCR (RT-qPCR) was carried out 
using the SYBR-Green PCR Master Mix (App- 
lied Biosystems, Foster City, CA, USA) on a 
7900 Real-Time PCR System (Applied Biosys- 
tems). Expression of U6 RNA was used to nor-
malize the expression of miR-138. The specific 
primers for miR-138 were shown as follow: 
5’-AGCTGGTGTTGTGAATCAGGCCG-3’ (forward), 
5’-TGGTGTCGTGGAGTCG-3’ (reverse). The spe-
cific primers for U6 were shown as follow: 
5’-CTCGCTTCGGCAGCACA-3’ (forward), 5’-AAC- 
GCTTCACGAATTTGCGT-3’ (reverse). The rela- 
tive expression level was quantified using the 
2-ΔΔCt method.

Oligonucleotide transfection

The miR-138 mimics or inhibitor and corre-
sponding negative control (NC) were designed 
and synthesised by RiboBio (Guangzhou, 
China). The human MM cell lines WM266-4 or 
A2058 were transfected with miR-138 mimics, 
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ences), the cells were prepared by using the  
BD Cycletest TM Plus-DNA reagent kit (BD 
Biosciences) according to manufacturer’s ins- 
tructions. The G0/G1 and G2/M ratios were  
calculated by using analysis software (Cell 
Quest, BD Biosciences).

Plasmid and luciferase reporter assay

The full-length of the 3’-UTR of hTERT were  
generated by PCR amplification from the cDNA 
generated from WM266-4 cells using the  
primers: 5’-ATCTCGAGTGGCCACCCGCCCACAG- 
3’ (forward), 5’-ATCTCGAGCTGAGTGAGTGTTTG- 
3’ (reverse). Using the XhoI-XbaI sites incorpo-
rated into the primers, they were subcloned 
into pcDNA3.0+ (Invitrogen) to generate pcDNA-
hTERT 3’-UTR-full-length. MiR target site predic-
tion for hTERT was performed using Target- 
scan Release 6.2, PicTar5and miRanda 3.0  
programs. The wildtype hTERT3’-UTR was con-
structed by PCR and inserted into the psi-
CHECKTM-2 vector (Promega, Madison, WI, 
USA). The mutant hTERT3’-UTR was generated 
by using Quick-Change Site-Directed Muta- 
genesis Kit (Stratagene, La Jolla, CA, USA), in 
accordance with the manufacture’s protocol, 
and then inserted into the psiCHECKTM-2 vec-
tor (Figure 3A). The WM266-4 cells were cul-
tured to approximately 70% confluence, and 
co-transfected with wildtype hTERT3’-UTR or 
mutant hTERT3’-UTR plasmid (100 ng), and 
miR-138 mimics/inhibitor or corresponding NC 
oligos (50 nM), using Lipofectamine 2000. The 
relative firefly luciferase activity normalized 
with Renilla luciferase was measured 48 h 
after transfection by using the Dual-Light lumi-
nescent reporter gene assay (Applied Biosy- 
stems).

Western blot analysis

Forty-eight hours after transfection, total pro-
tein extracts were prepared using RIPA buffer 
with protease inhibitor Cocktail (Pierce, Rock- 
ford, IL, USA). Protein concentrations were 
examined using the BCA Protein Assay Kit 
(Pierce). Total proteins (20 μg) were separated 
on 10% SDS PAGE and then transferred onto 
polyvinylidene fluoride membranes (Millipore, 
Billerica, MA, USA). After blocking with 5% non-
fat milk at 4°C overnight, the membranes were 
incubated with primary antibodies against 
hTERT (1:500, mouse monoclonal anti-hTERT, 
Tianjin Saier Biotech) at 4°C overnight, β-actin 

miR-138 inhibitor or the corresponding nega-
tive controls at a final concentration of 40  
μM using Lipofectamine 2000 (Invitrogen Life 
Technologies) according to the manufacturer’s 
instructions. About 48 h after transfection, the 
transfection efficiency was assessed. The cells 
could be used for subsequent analysis when 
the transfection efficiency was above 80%.

Cell counting Kit-8 assay

The proliferation of cells was determined by  
the Cell counting Kit-8 (CCK-8) assay according 
to the manufacturer’s instructions [25]. After 
transfected miR-138 into WM266-4 or A2058, 
cells were seeded in 96-well plates, each well 
of which contained 100 μL PRMI-1640 medium 
supplemented with 10% FBS at 5×104 cells/
well. After 48 h incubation, CCK-8 reagent (10 
μL) was added to each well of a 96-well flat bot-
tomed microplate containing 100 μL of culture 
medium to a final concentration of 10 μL/100 
μL, and incubated for an additional 1 hours at 
37°C. The absorbance rate was measured at 
450 nm by auto Microplate Reader (Bio-Rad, 
USA). All experiments were performed in quin-
tuplicate on three separate occasions.

Apoptosis assay

Forty-eight hours after transfection, cells were 
harvested, washed once with binding buffer 
(10 mM Hepes, 140 mM NaCl, 2.5 mM CaCl2) 
and stained with 5 μL Annexin V-FITC (Bectone 
Dickinson, Mountain View, CA, United States) 
for 15 min and 10 μL propidium iodide (PI, 20 
μL g/ml) (Bectone Dickinson, Mountain View, 
CA, United States) for 10 min. The cells were 
analyzed by flow cytometry using an EPICS 
XL-MCL FACS can (Bectone Dickinson, Moun- 
tain View, CA, United States). The data was  
analyzed with the Multi Cycle Software for 
Windows (Phoenix Flow Systems, San Diego, 
CA, United States). The experiments for the 
apoptosis assay were performed at least three 
times.

Cell-cycle analysis

The WM266-4 or A2058 cells were seeded  
into 6-well plates at a concentration of 0.5×105 
cells/well the day before transfection. After the 
transfection with miR-138 mimics or mimics 
NC, the cells were incubated for 72 h. For flow 
cytometric analysis (FACSC alibur, BD Biosci- 
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(1:1000, Sigma, St. Louis, MO) was used as an 
internal control for protein loading. Horseradish 
peroxidase-conjugated (HRP) antibodies were 
used as the secondary antibodies. The bands 
were scanned using the ChemiDocXRS+ Ima- 
ging System (Bio-Rad) and quantified using 
Quantity One v4.6.2 software (Bio-Rad).

Statistical analysis

Each experiment was repeated at least 3 times. 
Numerical data are presented as the mean ± 
SEM. The difference between means was anal-
ysed with Student’s t test. All statistical analy-
ses were conducted using SPSS 14.0 software 
(Chicago, IL). The overall survival was calculat-
ed using the Kaplan-Meier method. p value of 
<0.05 was considered significant and <0.01 
was considered very significant.

Results

miR-138 expression was downregulated in hu-
man melanoma tissues and cell lines

The expression level of miR-138 was quantified 
by qRT-TPCR analysis in human MM tissues. 
Results showed that compared with the adja-
cent normal tissues, the expression level of 
miR-138 was significantly downregulated in 
human MM tissues (P<0.01) (Figure 1A). In 
order to further verify this differential expr- 
ession ofmiR-138, we detected the miR-138 
expression in four kinds of human melanoma 
cells lines (WM266-4, A375, SK-MEL-2 and 
A2058). Consistent with the results in melano-
ma tissues, miR-138 was downregulated in all 
melanoma cells compared with the normal tis-

sues (P<0.01) (Figure 1B). To assess the clini-
cal significance of decreased miR-138 in mela-
noma patients, Kaplan-Meier survival analysis 
was performed using patient overall survival. 
The results demonstrated that patients with 
low miR-138 expression presented significantly 
shorter survival time compared to those with 
high miR-138 expression (P<0.01) (Figure 1C). 
These data revealed that low expression of 
miR-138 was an independent prognostic mark-
er of melanoma patients.

Functional effects of miR-138 upregulation on 
melanoma cell proliferation, apoptosis and cell 
cycle

Because our data suggest that miR-138 exp- 
ression is significantly downregulated in mela-
nomas when compared with normal tissues,  
we further analysed the role of miR-138 in  
proliferation and apoptosis of melanoma cells 
in vitro. Therefore, the WM266-4 or A2058 
melanoma cell lines (showing low endogenous 
miR-138 expression) were transiently trans- 
fected with miR-138 mimics or mimics NC. 
Quantitative RT-qPCR revealed a significant 
upregulation of miR-138 in cells transfected 
with miR-138 mimics as compared with mimics 
NC in both melanoma cell lines (P<0.01) (Figure 
2A). Subsequently, the effect of miR-138 up- 
regulation on proliferation and apoptosis of 
WM266-4 or A2058 cells were investigated. In 
both cell lines, miR-138 upregulation resulted 
in increased proliferation as assessed by CCK-
8 assay after 1-5 d (Figure 2B and 2C). Flow 
cytometry indicated that WM266-4 or A2058 
cells with ectopic overexpression of miR-138 

Figure 1. Mir-138 expression was downregulated in human malignant melanoma (MM) tissues and cell lines. A. The 
mRNA levels of miR-138 were quantified by qRT-TPCR analysis in human MM tissues. B. The mRNA levels of miR-
138 were quantified by qRT-TPCR analysis in human MM lines. C. Kaplan-Meier survival analysis was performed 
using patient overall survival (n=20). All values are mean ± SD. **vs control, P<0.01.
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showed a significant increase in cell apoptosis 
portion compared with the control (Figure 2D). 

Meanwhile, we also analyzed the cell cycle  
distribution in WM266-4 or A2058 cells after 

Figure 2. Functional effects of miR-138 upregulation on melanoma cell growth. A. The human MM cell lines WM266-
4 or A2058 (showing low endogenous miR-138 expression) were transfected with miR-138 mimics at a final concen-
tration of 40 μM, miR-138 expression level were quantified by qRT-TPCR analysis, mimics NC was used as negative 
control (NC). B and C. The WM266-4 or A2058 cells were transfected with miR-138 mimics at a final concentration 
of 40 μM and the Cell Counting Kit-8 (CCK-8) assay was performed to detect the cell proliferation at 1-5 d post-
transfection, mimics NC was used as NC. D. Apoptosis of WM266-4 or A2058 cells were detected by flow cytometric 
analysis after transfection with miR-138 mimics or mimics NC. E and F. After the transfection with miR-138 mimics 
or mimics NC, the WM266-4 or A2058 cells cycle was measured by flow cytometric analysis. All values are mean ± 
SD. **vs control, P<0.01.
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Figure 3. hTERT is the direct target of miR-138. A. The hTERT3’-UTR region containing the wild type or mutant 
binding site for miR-138. B. The relative luciferase activity of hTERT wild type or mutant 3’UTR in WM266-4 cells 
following transfection with the miR-138 mimic/inhibitor or corresponding mimic NC. C. hTERT mRNA expression in 
WM266-4 cells and A2058 cells following transfection with miR-138 mimic/inhibitor or corresponding mimic NC. D. 
Western blot was conducted to detect the protein level of hTERT in WM266-4 cells transfected with miR-138 mimic/
inhibitor or corresponding mimic NC, β-actin was used as an internal control. E. miR-138 expression and hTERT 
level in MM tissues showed an inverse correlated trend from 20 MM patients (R2=0.6553). All values are mean ± 
SD. **vs control, P<0.01.

transfection with miR-138 mimics or mimics 
NC. Flow cytometric analysis revealed that the 
G0/G1 ratio was increased and the G2/M ratio 
was decreased by the induction of miR-138 
into the WM266-4 or A2058 cells (Figure 2E 
and 2F), which suggested that miR-138 overex-
pression resulted in cell cycle arrested in the 
G0/G1 phase.

miR-138 reduces hTERT expression by directly 
targeting its 3’-UTR

Next, we performed bioinformatic analysis to 
predicate the putative targets of miR-138, and 
found that hTERT might be a target gene of miR-
138 and the target site located in the 3’-UTR 
(Figure 3A). To verify this bioinformatic predica-
tion, the wild type or mutant type of hTERT3’-
UTR was constructed and inserted into the psi-
CHECKTM-2 vector. Luciferase reporter assay 
was then performed in WM266-4 cell, results 
showed that the luciferase activity was signifi-

cantly downregulated only in WM266-4 cells 
co-transfected with miR-138 mimic and wild 
type of hTERT3’UTR, but miR-138 inhibitor sig-
nificantly enhanced the luciferase activity com-
pared with the inhibitor NC (P<0.01) (Figure 
3B). In addition, miR-138 did not inhibit the 
luciferase activity of the reporter vector con-
taining 3’-UTR of hTERT with mutations in the 
miR-138-binding site (Figure 3B). These data 
indicate that miR-138 was able to interact 
directly with the 3’-UTR of hTERT mRNA. To fur-
ther confirm this result, we examined the 
effects of miR-138 on hTERT expression in 
WM266-4 or A2058 cells. The protein level of 
hTERT was then examined in WM266-4 or 
A2058 cells transfected with miR-138 mimic or 
inhibitor. The results demonstrated that the 
protein level of hTERT was significantly reduced 
in miR-138-overexpressing WM266-4 or A2058 
cells, but markedly increased after knockdown 
of miR-138, compared to the control group 
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(Figure 3C and 3D). Subsequently, we explored 
the association between miR-138 and hTERT  
in melanoma patients, their expressions in  
melanoma patient tissues were quantified by 
qRT-PCR. Our results revealed that hTERT level 
in the cancer tissues was inversely correla- 
ted with miR-138 expression in 20 melanoma 
patients (R2=0.6553, P<0.01) (Figure 3E).

Overexpression of hTERT rescued the suppres-
sive effects of miR-138 upregulation on MM 
cell proliferation

Based on the above data, we evaluated wheth-
er ectopic expression of hTERT could rescue 
the suppressive effect of miR-138, WM266-4 
and A2058 cells were transfected with miR-
138 mimics (miR-138 mimics group) or were 

co-transfected with miR-138 mimics and pcD-
NA-hTERT plasmid (miR-138 mimics + pcDNA-
hTERT group). WM266-4 and A2058 cells did 
not receive transfection (blank group). Subse- 
quently, cell proliferation in each group was 
investigated by CCK-8 assay, our result sho- 
wed that upregulation of miR-138 (miR-138 
mimics group) was significantly suppressed  
cell proliferation, but overexpression of hTERT 
led to a marked increase in cell proliferation 
after co-transfection with miR-138 mimics and 
pcDNA-hTERT plasmid (Figure 4A). These data 
indicated that upregulation of hTERT signifi-
cantly rescued miR-138-induced cell prolifera-
tion inhibition. To further validate these results, 
cell apoptosis and cycle were measured by  
flow cytometric analysis. As expected, apopto-
sis rate was markedly decreased in miR-138- 

Figure 4. Overexpression of hTERT rescued the suppressive effects of miR-138 upregulation on MM cell prolifera-
tion. A. Cell counting Kit-8 (CCK-8) assay was conducted to examine cell proliferation in WM266-4 cells transfected 
with miR-138 mimic (miR-138), or co-transfected with miR-138 mimic and hTERT overexpression plasmid (miR-
138mimics + pcDNA-hTERT). B. Apoptosis of WM266-4 cells was detected by flow cytometric analysis after transfec-
tion with miR-138 mimics or miR-138mimics + pcDNA-hTERT. C and D. After the transfection with miR-138 mimics 
or miR-138 mimics + pcDNA-hTERT, the A2058 or WM266-4 cells cycle was measured by flow cytometric analysis. 
All values are mean ± SD. **vs control, P<0.01.



miR-138 suppresses MM cells activity

6524 Int J Clin Exp Med 2017;10(4):6517-6526

mimics + pcDNA-hTERT group compared with 
miR-138 mimics group (Figure 4B) (P<0.01). 
Moreover, our results also revealed that over- 
expression of hTERT inhibited miR-138-indu- 
ced cell-cycle arrest in WM266-4 and A2058 
cells (Figure 4C and 4D). Taken together, these 
results indicate that miR-138 regulated MM 
cell growth, at least in part, by downregulating 
hTERT. 

Discussion

MM is a common skin tumor that derives from 
excessive hyperplasia of abnormal melano-
cytes. Clinical manifestations include bleeding, 
itching, tenderness, and ulcer [26]. Because  
of its high malignancy, incidence, and morta- 
lity, MM has drawn more and more attention. 
Previous studies have demonstrated that MM 
patients have a very poor prognosis, with medi-
an survival of 6-10 months and a 5-year sur-
vival rate of <5% [27]. It is urgent to find new 
strategies and novel indicators to improve the 
diagnosis, treatment, and prognosis of MM 
patients. 

miRNAs are major players in post-transcrip- 
tional regulation of tissue-and disease-specific 
gene expression. The importance of miRNAs  
as master gene regulators, as potential diag-
nostic markers for many different diseases and 
as targets for future therapeutic applications 
form the basis for investigating into the rele-
vance of miRNAs in MM and other cancers [28]. 
In the present study, we found that miR-138 
was obviously downregulated in human MM  
tissues and cell lines, and patients with low 
miR-138 expression presented significantly 
shorter survival time compared to those with 
highmiR-138 expression. Moreover, upregula-
tion of miR-138 was significantly suppressed 
cell growth in MM cells by inducing cell cycle 
arrest and apoptosis. Meanwhile, we identified 
a novel regulatory mechanism of hTERT gene 
expression mediated by miR-138 in MM. These 
findings provided new insights into melanoma 
research and therapeutic strategies for MM.

miR-138 has been proven to be a tumor  
suppressor gene in various types of tumors. 
Long et al. reported that downregulation of  
miR-138 in human colorectal cancer tissues 
was associated with lymph node metastasis, 
distant metastasis, and predicted poor progno-
sis. Ectopic expression of miR-138 can inhibit 

colorectal cancer migration and invasion in 
vitro and in vivo [29]. In ovarian cancer, miR-
138 can suppress cell invasion and metastasis 
by targeting SRY-box 4 (SOX4) and hypoxia 
inducible factor 1, alpha subunit (HIF-1α) [15]. A 
recent study revealed that miR-138 suppress-
es proliferation, invasion and glycolysis in MM 
cells by targeting HIF-1α [19]. Consistent with 
these results, we found that miR-138 was obvi-
ously downregulated in human MM tissues and 
cell lines. Moreover, our data showed that 
patients with low miR-138 expression present-
ed significantly shorter overall survival com-
pared to those with high miR-138 expression. 
These findings suggested that miR-138 may 
play important roles in the progression of MM. 
Subsequently, we performed the in vitro gain-
of-function and loss-of-function experiments to 
elucidate the role of miR-138 in MM cells. We 
found that overexpression of miR-138 signifi-
cantly inhibits cell proliferation abilities and 
induces cells apoptosis and cycle arrest in the 
G0/G1 phase in vitro. These data further con-
firmed that miR-138 acts as a tumor suppres-
sor in human MM. Our report is consistent  
with the previous studies showing the tumor 
suppressor role of miR-138 in other types  
of tumors [15, 18]. The further steps of this 
study need to investigate the association bet- 
ween miR-138 expression and clinicopathologi-
cal parameters of MM patients.

hTERT plays a critical role in tumorigenesis  
and immortalized cells through its telomere-
dependent and-independent activity [30, 31]. 
The reactivation of hTERT expression is a criti-
cal step in carcinogenesis, which is required  
to maintain the rapid proliferation of cancer 
cells, and hTERT expression is strictly regul- 
ated in varying environments in human cells 
[30]. Mitomo et al. have shown that the overex-
pression of miR-138 induced a reduction in 
hTERT protein expression in human anaplastic 
thyroid carcinoma [22]. A recent study revealed 
that miR-346-mediated upregulation and miR-
138-mediated downregulation competitively 
coordinate the regulation of hTERT expression 
by binding to a common site in the hTERT 
3’-UTR, which promotes the growth of human 
cervical cancer cells [23]. In this study, we veri-
fied that miR-138 significantly inhibited hTERT 
expression level by targeting the 3’-UTR of 
hTERT, and hTERT level in the cancer tissues 
was inversely correlated with miR-138 expres-
sion in 20 melanoma patients. To further con-
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firm the association betweenmiR-138 and 
hTERT in MM cells, WM266-4 and A2058 cells 
were co-transfected with miR-138 mimics and 
pcDNA-hTERT plasmid, and cell proliferation  
or cell apoptosis and cycle were investigated  
by CCK-8assay or flow cytometric analysis. Our 
results showed that upregulation of hTERT  
significantly rescued miR-138-induced cell pro-
liferation inhibition, apoptosis and cell-cycle 
arrest. 

These data suggested that miR-138 inhibited 
cell growth and induces cell apoptosis and 
cycle arrest in MM cells by directly targeting the 
3’-UTR of hTERT.

In summary, our study revealed that miR-138 
was downregulated in human MM tissues and 
cell lines, and low expression of miR-138 was 
an independent prognostic marker of melano-
ma patients. Furthermore, overexpression miR-
138 inhibits cell proliferation and promotes cell 
apoptosis and cycle arrest in MM cells. Most 
importantly, we validated hTERT as a functional 
target of miR-129 in vitro. Our findings suggest 
that miR-138 may function as a novel tumor 
suppressor in MM and could be a potential 
therapeutic target for this disease.
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