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Abstract: Recent evidence suggests the existence of a miRNA regulatory network involving human
telomerase reverse transcriptase gene (hTERT), with miR-138-5p playing a central role in many
types of cancers. However, little is known about the regulation of hTERT expression by microRNA
(miRNAs) in melanocytic tumors. Here, we investigated the effects of miR-138-5p in hTERT regu-
lation in melanoma cells lines. In vitro studies demonstrated higher miR-138-5p and lower hTERT
messenger RNA (mRNA) expression in human epidermal melanocytes, compared with melanoma
cell lines (A2058, A375, SK-MEL-28) by quantitative polymerase chain reaction (qPCR) observing
a negative correlation between them. A2058 melanoma cells were selected to be transfected with
miR-138-5p mimic or inhibitor. Using luciferase assay, hTERT was identified as a direct target of
this miRNA. Overexpression of miR-138-5p detected by Western blot revealed a decrease in hTERT
protein expression (p = 0.012), and qPCR showed a reduction in telomerase activity (p < 0.001).
Moreover, suppressions in cell growth (p = 0.035) and migration abilities (p = 0.015) were observed in
A2058-transfected cells using thiazolyl blue tetrazolium bromide and flow cytometry, respectively.
This study identifies miR-138-5p as a crucial tumor suppressor miRNA involved in telomerase
regulation. Targeting it as a combination therapy with immunotherapy or targeted therapies could
be used in advanced melanoma treatment; however, more preclinical studies are necessary.

Keywords: melanoma; hTERT; miR-138-5p

1. Introduction

Melanoma is considered the most dangerous form of skin cancer. Although it repre-
sents less than 5% of all cutaneous neoplasms, it is responsible for almost 60% of deaths
from skin tumors [1], and its incidence has rapidly increased over the past three decades [2].
When melanoma primary arises on mucosal surfaces, the outcome of the condition and
overall survival may be even worse [3].

The human telomerase reverse transcriptase gene (hTERT) has been implicated in
melanoma pathogenesis [4,5]. This gene encodes the catalytic subunit of telomerase
that is essential for telomere maintenance and cell senescence regulation. TERT pro-
moter mutations (pTERTm) have been described in sporadic melanoma at a high fre-
quency (20–70%) and have been associated with aggressive clinicopathological features
and poor prognosis [6–9]. Functional studies have demonstrated that pTERTm enhance
hTERT mRNA expression by creating de novo binding motifs for the ETS transcription
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factors [4,10,11]. Nevertheless, previous results of our group, as well as those of others,
have not identified differences at a protein level between pTERTm carriers and noncarrier
tumors [9,12–15].

In this regard, other mechanisms such as hTERT gene amplification [16], promoter
activators [17], or DNA methylation [18–20] have been suggested to be responsible for
telomerase activation in non-pTERTm carriers. Additionally, recent studies suggest the ex-
istence of a microRNA (miRNA) regulatory network involving hTERT [20,21]. Hrdličková
et al. showed that multiple miRNAs target the hTERT 3′UTR using luciferase reporter
screens such as let-7g, miR-133a, miR-138-5p, miR-342-5p, miR-491-5p, and miR-541-3p [21].
MiRNAs are a type of noncoding RNA that regulate gene expression at the posttranscrip-
tional level by degrading their target mRNAs or inhibiting protein translation by directly
binding to the 3′-untranslational region of mRNAs [22,23]. Increasing evidence shows that
miRNAs are involved in the control of a wide variety of biological processes, including cell
proliferation, differentiation, survival, apoptosis, and cell cycle progression [24–27]. Re-
garding melanocytic lesions, previous studies have revealed different miRNAs expression
profiles between melanoma and benign nevi [28], as well as specific expression patterns
associated with melanoma progression and invasion [29]. However, to date, few studies
have analyzed the regulation of hTERT expression by miRNAs in melanocytic tumors
identifying miR-497-5p, miR-195-5p, and miR-455-3p as tumor suppressors by targeting
hTERT in melanoma A375 cells [30]. Additionally, miR-19b has also been implicated in
TERT mRNA expression regulation through targeting PITX1 in melanoma cells [31]. Ad-
ditionally, the regulation of hTERT by miR-138-5p has been described in human cervical
cancer [32], colorectal cancer [33,34], and thyroid carcinoma cell lines [35].

Therefore, the aim of this study was to explore the role of miR-138-5p as a tumor
suppressor and their implication in the regulation of hTERT in human melanoma through
functional studies in melanoma cells lines.

2. Materials and Methods
2.1. Cell Lines

Human melanoma A2058, A375, and SK-MEL-28 cells were purchased from the ATCC
and cultured in DMEM medium (Gibco, Thermo Fisher Scientific, Carlsbad, CA, USA),
supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 µg/mL
streptomycin, at 37 ◦C in a 5% CO2 incubator. Human epidermal melanocytes were kindly
provided by Dr. Julián Carretero (Universitat de València, Valencia, Spain), and cultured in
254CF medium supplemented with calcium chloride at a final concentration of 0.2 mM,
with a human melanocyte growth supplement (Gibco, Thermo Fisher Scientific, Carlsbad,
CA, USA), 100 U/mL penicillin and 100 µg/mL streptomycin, at 37 ◦C in a 5% CO2
incubator. The medium was changed daily.

2.2. Detection of pTERTm

The mutational status of the TERT promoter region (LRG_343t1) was determined by
polymerase chain reaction (PCR) and Sanger sequencing. PCR was performed using previ-
ously described primers of the TERT promoter: hTERT_2F CTCCCAGTGGATTCGCGGGC
and hTERT_2R CCCACGTGCGCAGCAGGAC (260bp product) [8]. The PCR was per-
formed in an automatic DNA thermal cycler using the following cycling conditions: initial
heating at 95 ◦C for 5 min, followed by 40 cycles at 95 ◦C for 45 s, 60 ◦C for 45 s, 72 ◦C for
36 s, and, finally, 72 ◦C for 10 min. Amplified products were purified with Exosap (GE
Healthcare, Buckinghamshire, UK) and direct sequencing was performed on a capillary
sequencer (AbiPrism 3130xl Genetic Analyzer).

2.3. Cell Transfection and Molecule Extractions

In total, 5 × 104 human melanoma cells per well were seeded in 24-well plates and
were transfected with miR-138-5p mimic (5′-AGCUGGUGUUGUGAAUCAGGCCG-3′) or
negative control at 50 nM (ID: 1027280 and 219600 from Qiagen, Düsseldorf, Germany),
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after 24 h being cultured (≥80% confluence) using TransIT-siQUEST (Mirus Bio, Madison,
Wisconsin, United States) in serum-free medium (Opti-MEMI Reduced-Serum Medium,
Thermo Fisher Scientific, Carlsbad, California, United States) according to the manufac-
turer’s instructions. At 48 h posttransfection, the cells were harvested, and the expression
of the target molecules was analyzed.

Total cells’ RNA was extracted using the TRIZOL method and was quantified using a
Qubit Fluorometer (Thermo Fisher Scientific, Carlsbad, CA, USA). For protein isolation,
cells were treated with total protein extraction buffer (50 mM Tris-HCl, 50 mM NaCl, 0.5
mM EGTA, 1 mM EDTA, 0,1% SDS, 1% Triton X-100, pH 7.5) supplemented with protease
inhibitors (25 µg/mL aprotinin and 10 µg/mL leupeptin). Samples were sonicated and
total protein was quantified by the Bradford method (Coomassie (Bradford) Protein Assay
Kit, Thermo Fisher Scientific, Carlsbad, CA, USA).

2.4. Luciferase Assay

In total, 7.5 × 103 cells per well were seeded into 96-well plates and cotransfected
(≥80% confluence) with the designated luciferase reporter plasmid (TERT, LightSwitch™ 3′

UTR Reporter GoClone®, Active Motif, Waterloo, Belgium) and with miR-138-5p mimic (QI-
AGEN, Düsseldorf, Germany) or negative control with Lipofectamine® 3000 Transfection
Kit (Invitrogen, Waltham, MA, USA). GAPDH and random C1 luciferase reporter plasmids
were included as internal controls for transfection efficiency (Supplemental Tables S1–S3).
The interaction between miR-138-5p and TERT was measured by comparing the results of
the cotransfection of the TERT 3′ UTR–luciferase reporter and miR-138-5p mimic with those
of the 3′ UTR–luciferase reporter plasmid with negative control. The luciferase assay was
performed using the LightSwitch™ Luciferase Assay Kit (Active Motif, Waterloo, Belgium).

2.5. Cell Proliferation Assays

Cell proliferation assay was determined by using thiazolyl blue tetrazolium bromide
(MTT) from Sigma-Aldrich (Saint Louis, MO, USA). A total of 7.5 × 103 cells per well with
miRNA mimic or negative control were seeded into 96-well plates and cultured for 48
h. Then, 10 µL MTT solutions (5 mg/mL) were added to each well and incubated at 37
◦C in a 5% CO2 incubator for 3 h. After removing the culture medium, 100 µL DMSO
(Sigma-Aldrich, Saint Louis, MO, USA) was added to each well mixing well. The optical
density values at 560 nm were measured with a microplate reader (Promega, Madison, WI,
USA). All the experiments were performed in triplicate.

2.6. Cell Cycle Assays

In total, 5 × 104 cells per well with miRNA mimic or negative control were seeded
into 24-well plates and cultured for 48 h. Cells were harvested and fixed with cold ethanol
for 2 h. Then, they were stained with propidium iodide protected from light at 4 ◦C for
30 min. Cell cycle status was measured by flow cytometry (Beckman Coulter). All the
experiments were performed in triplicate.

2.7. Telomerase Activity

Telomerase activity was determined by using Telomerase Activity Quantification
qPCR Assay Kit (ScienCell Research Laboratories, Carlsbad, CA, USA) according to the
manufacturer’s instructions. A total of 5 × 104 cells per well with miRNA mimic or
negative control were seeded into 24-well plates and cultured for 48 h. After lysing cells,
the telomerase reactions were prepared for each sample and incubated at 37 ◦C for 3 h. The
reaction was stopped by heating the samples to 85 ◦C for 10 min and the quantitative PCR
(qPCR) was performed on the LightCycler® 480 II Instrument (Roche, Basel, Switzerland).
All the experiments were performed in triplicate.
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2.8. Cell Migration Assay

A wound healing assay was performed to test the migration ability of A2058 cells. For
this assay, 5 × 104 cells per well with miRNA mimic or negative control were seeded into
24-well plates and cultured for 48 h. Scratches were performed with 100 µL pipette tips
and were monitored with an inverted microscope (Leica DMi8 platform) for live cells for
29 h. The ImageJ program was used to measure the area of the wound after 12 and 29 h of
follow-up. The migration ability was calculated as the % of the healing area with respect to
time 0.

2.9. Western Blot Assay

Proteins were separated using Mini-PROTEAN TGX gels with 10% polyacrylamide
(Bio-Rad). After electrophoresis, the proteins were transferred from the gel to a nitrocellu-
lose membrane by wet transfer using the Mini Trans-Blot® module (Bio-Rad, Hercules, CA,
USA). The membranes were blocked by 1×TBST solution containing 45% nonfat milk for
1 h at room temperature and incubated with primary anti-Telomerase reverse transcriptase
antibody-C-terminal (1:1000) and anti-β Actin antibody (1:2000) from Abcam (Cambridge,
UK) overnight at 4 ◦C. The bands were visualized using a secondary antibody conjugated
to horseradish peroxidase (HRP) and Pierce™ ECL Western blotting substrate (Thermo
Fisher Scientific, Carlsbad, CA, USA), according to the manufacturer’s instructions. ImageJ
software was used to quantify the integrated density of the band. All the experiments were
performed in triplicate.

2.10. Real Time qPCR (RT-qPCR)

MiR-138-5p and hTERT mRNA expression were performed employing the miScript II
Reverse Transcription Kit, miScript Primer Assay, and miScript SYBR Green PCR Kit (for
miR-138-5p, QIAGEN, Düsseldorf, Germany) or TaqMan® Gene Expression Assays (for
hTERT, Thermo Fisher Scientific, Carlsbad, CA, USA) with the 7500 real-time PCR system
(Applied Biosystems, Waltham, MA, USA). All experiments were carried out in duplicate,
normalization was performed regarding the small nuclear SNORD95 and GAPDH, and
relative expression was calculated using the 2−∆∆Ct method [36].

2.11. Statistics

Data are expressed as the mean ± standard deviation. The Kolmogorov–Smirnov test
was applied for analyzing the cells’ data distribution. Significant mean differences between
groups with a normal distribution were analyzed by using Student’s t-test, whereas the
nonparametric Mann–Whitney U test was performed for comparisons between data that
were non-normally distributed. p < 0.05 was considered statistically significant. All
statistical analyses were performed using the SPSS software (version 20.0) for Windows
(IBM SPSS Inc., New York, NY, USA).

3. Results
3.1. Mutational Characterization of hTERT Promoter and hTERT and miR-138-5p Expression in
Melanoma Cell Lines and Human Epidermal Melanocytes

Mutational characterization showed that the A2058 and A375 cell lines had the most
frequent pTERTm: c.−124C > T and c.−146C > T, respectively. However, the SK-MEL-28
cell line and human epidermal melanocytes were wild types for these mutations.

As shown in Figure 1A, the expression of mRNA hTERT was greater in the melanoma
cell lines with−124C > T and−146C > T mutations, compared with the SK-MEL-28 cell line.
Expression was not detectable in human epidermal melanocytes with the methodology
used. The expression of miR-138-5p showed a negative correlation (r =−0.733) with mRNA
hTERT expression so that human epidermal melanocytes showed the highest expression,
significantly higher than A2058, A375, and SK-MEL-28 (Figure 1B). These results were
confirmed by measuring protein levels of hTERT by Western blot (Figure 1C).
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mimic, while signals for housekeeping and random sequence UTRs were not (Figure 2A), 
demonstrating that hTERT was the target of miR-138-5p. The upregulation of miR-138-5p 
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Figure 1. Human telomerase reverse transcriptase (hTERT) mRNA, miR-138-5p, and telomerase protein levels in melanoma
cell lines and human epidermal melanocytes: (A) relative hTERT mRNA, (B) miR-138-5p, and (C) telomerase levels in A2058,
A375, and SK-MEL-28 melanoma cells, and human epidermal melanocytes. # p < 0.05 and ### p < 0.001 vs. SK-MEL-28, and
* p < 0.05 and ** p < 0.01 vs. human epidermal melanocytes. Relative messenger RNA (mRNA) and microRNA (miRNA)
expressions were performed by Real Time quantitative polymerase chain reaction (RT-qPCR) in a 7500 real-time PCR system
using small nuclear SNORD95 and GAPDH as normalizers. Relative expression was calculated using 2−∆∆Ct method.
Telomerase protein levels were determined by Western blot. β-Actin was used as protein normalizer.

Given these levels of hTERT, miR-138-5p, and telomerase, we selected cell line A2058
(−124C > T) for further studies.

3.2. Effect of miR-138-5p Overexpression on Melanoma Cells

Measurement of luciferase activity showed that the signal from human 3′UTR re-
porter for hTERT gene was significantly knocked down in the presence of the miR-138-5p
mimic, while signals for housekeeping and random sequence UTRs were not (Figure 2A),
demonstrating that hTERT was the target of miR-138-5p. The upregulation of miR-138-5p
(Figure 2B) did not modify hTERT mRNA expression in our cells, but miR-138-5p was able
to block hTERT translation, significantly decreasing hTERT protein expression (Figure 2C).
Moreover, miR-138-5p upregulation resulted in a reduction over twofold the telomerase
activity (FC = −2.21, p = 0.001) of A2058 cells.
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Figure 2. Induction of miR-138-5p in A2058 melanoma cells: (A) luciferase reporter assay performed
using the LightSwitch™ Luciferase Assay System. The data from housekeeping (GAPDH) and
random (C1) constructs were used to control for non-UTR specific treatment effects; (B) miR-138-5p
transfection efficiency and human telomerase reverse transcriptase (hTERT) levels determined by
Real Time quantitative polymerase chain reaction (RT-qPCR) as in Figure 1; (C) effects on TERT
protein expression using Western blot, the data are relative to negative control group whose values
were set to 1; (D) telomerase activity determined by using Telomerase Activity Quantification qPCR
Assay Kit by qPCR. The data are relative telomerase activity to negative control group based on
2−∆Cq of Cq obtained with LightCycler® 480 II Instrument. Bars with striped patterns are miR-138-5p
mimic group, and bars with and smooth patterns are negative control group. * p < 0.05, ** p < 0.01,
*** p < 0.001.

Likewise, the miR-138-5p mimic transfection suppressed cells growth, observing
significantly lower proliferation (Figure 3A) and cell arrest in G0/G1 phase. As shown in
Figure 3B, cells of the G0/G1 phase were significantly higher in the miR-138-5p-transfected
group than in the control group, while the S and G2/M phase cells were decreased. Further,
miR-138-5p overexpression suppressed A2058 migration abilities (Figure 3C).
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Figure 3. Inhibition of the proliferation and migration of A2058 melanoma cells by miR-138-5p overexpression. Cell
proliferation was determined by spectrophotometric quantification at 560 nm using thiazolyl blue tetrazolium bromide
(MTT) (A), cell cycle distribution was measured by flow cytometry using propidium iodide to stain (B), and migration
ability by wound healing assay, monitoring cells with Leica DMi8 platform for 29 h. The migration ability was calculated as
the % of healing area with respect to time 0 (C). Bars with striped patterns are miR-138-5p mimic group, and bars with and
smooth patterns are negative control group. * p < 0.05, ** p < 0.01.

4. Discussion

Different miRNAs have been described as important regulators of hTERT in multiple
types of malignant tumors. HTERT-targeting miRNAs mediate the posttranscriptional
gene silencing inducing translation repression or mRNA degradation, thus inhibiting the
aberrant self-renewal capacity of cancer cells [21,37]. To date, however, little is known
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about the role of miRNAs in melanoma hTERT regulation. This study identified miR-138-5p
as a crucial tumor suppressor miRNA involved in telomerase regulation.

Downregulation of miR-138-5p has been frequently observed in various cancers and
highly metastatic cells [38]. Liu et al. identified miR-138-5p downregulation in human
head and neck squamous cell carcinoma cell lines and demonstrated that overexpression
was associated with an inhibition of proliferation through cell cycle arrest and apoptosis
and with suppression of tumoral cells invasion [39]. Chen et al. also found that miR-
138-5p was downregulated in ovarian cancer and that the overexpression of miR-138-5p
inhibited ovarian cancer cell proliferation, migration, and invasion [40]. Moreover, miR-
138-5p has been described as downregulated in colorectal cancer, decreasing proliferation
and promoting apoptosis by targeting 3′UTR of hTERT [27]. In addition, Mitomo et al.
identified miR138-5p downregulation in human anaplastic thyroid carcinoma cell lines
and described hTERT as a direct target of miR-138, with a reduction in hTERT protein
expression mediated by the enforced overexpression of miR-138 [35].

Regarding melanoma, only two studies have analyzed miR-138-5p expression. Chen
et al. identified miR-138-5p downregulation in melanoma WM451 cells, compared with
a normal human melanocyte cell line, and demonstrated that overexpression of miR-
138-5p significantly inhibited the proliferation and invasion of WM451 cells by targeting
HIF-1α [41]. Additionally, Meng et al. found miR-138-5p significant downregulation in a
few blood samples from melanoma patients when compared with healthy control subjects
and demonstrated inhibition of cell proliferation and induction of apoptosis with miR-
138-5p overexpression in the human melanoma cell line A2058 by targeting PDK1 [42].
Consistent with these results, we identified higher miR-138-5p and lower hTERT expression
in human epidermal melanocytes, compared with melanoma cells, observing a negative
correlation between them.

In addition, we found that hTERT mRNA and protein expressions were increased
in pTERTm melanoma cells, compared with nonmutated ones. However, several studies
have demonstrated no correlation of hTERT protein expression with mutation status in
tumoral tissues, thus suggesting that hTERT protein expression may be regulated by other
mechanisms in addition to its promoter mutation [9,12–15,43]. The discrepancy in hTERT
expression could be explained by the simplicity of the model used. Cell culture is one of
the major tools used in cellular and molecular biology, providing excellent simple model
systems for studying the normal physiology and biochemistry of cells. However, it lacks
information about interactions between the different cell types as well as between cells and
the extracellular matrix involved in the regulation of the in vivo homeostasis.

As previously described in other types of cancer, we identified hTERT as a direct target
of miR-138-5p in melanoma cells and confirmed a decrease in hTERT protein expression
with the enforced overexpression of this miRNA [35]. Thus, the posttranscriptional reg-
ulation of the hTERT gene by miR-138-5p may have an important role in the telomerase
expression of melanoma cells. Thereby, in melanoma samples, this could be a mechanism
to approach to abrogate the elevated telomerase activity and telomerase expression in
melanoma patients.

Moreover, we observed a significant reduction in telomerase activity, cell proliferation,
and migration with miR-138-5p overexpression in A2058 cells. The uncontrolled cell
proliferation state that occurs by disruption of the equilibrium between cell death and
proliferation is one of the main hallmarks of cancer [44]. Together with migration, they are
two key aspects of tumor progression; therefore, its suppression strongly suggested that
miR-138-5p downregulation may promote melanoma tumorigenesis.

Identification of molecular alterations implicate in melanoma development and pro-
gression may represent potential therapeutic targets [45]. A novel treatment that targets the
RNA template of hTERT (imetelstad) has been shown to inhibit telomerase activity and cell
proliferation in various cancer types [46–48]. Although there is still much to understand
about the complexity of miRNAs regulation, the discovery of miRNAs that target hTERT
also could be a promising approach to treat cancers that are telomerase dependent. In
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this sense, ongoing clinical research is testing miR-based treatments as miR-34a mimic
in solid tumors (Phase I, NCT01829971) [49]. Combined treatment with several of these
approaches may enhance individual anticancer effects. For instance, melatonin potentiates
the vemurafenib-mediated antitumor effect in melanoma through the suppression of the
hTERT expression [50].

In conclusion, these preliminary data identified miR-138-5p as a crucial tumor sup-
pressor miRNA involved in telomerase regulation. The administration of miR-138-5p as
a combination therapy with immunotherapy or targeted therapies could be used in the
treatment of advanced melanoma. However, more preclinical/clinical studies are needed
in order to provide a more comprehensive view of miRNA-based therapies.
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