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MiR-497-5p, miR-195-5p and miR-455-3p
function as tumor suppressors by targeting
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Background: #TERT gene plays an important role in melanoma, although the specific mecha-
nism involved is unclear. The aim of this study was to screen and identify the relative miRNAs
with the regulation of hTERT in melanoma.

Materials and methods: Quantitative real-time polymerase chain reaction (q-PCR) and
immunohistochemistry were performed to detect hTERT mRNA and protein expression in 36
formalin-fixed paraffin-embedded melanoma tissues and 36 age- and sex-matched pigmented
nevi cases, respectively. Bioinformatics analysis and custom miRNA polymerase chain reaction
array were determined for predicting, screening and verifying miRNAs with the regulation of
the hTERT gene. To investigate the biological functions, miRNAs mimics or inhibitors were
transfected into melanoma A375 cells. The relative expression of miR-497-5p, miR-195-5p,
miR-455-3p and hTERT mRNA was determined by q-PCR. The protein expression of hTERT
was detected by Western blot. 3-(4,5-Dimethylthiazolyl-2-y1)-2,5-biphenyl tetrazolium bromide
and flow cytometry were employed to detect cell proliferation ability, cell apoptosis and cell
cycle. Transwell and wound healing assays were used to observe cell invasion and migration
abilities. A direct target gene of miRNAs was analyzed by a dual luciferase reporter activity assay.
Results: MiR-497-5p, miR-195-5p, miR-455-3p were significantly downregulated, while \TERT
was upregulated in melanoma tissues. hTERT expression level was inversely correlated with
miR-497-5p, miR-195-5p and miR-455-3p. Overexpression of miR-497-5p, miR-195-5p and
miR-455-3p inhibited A375 cell proliferation, migration and invasion, arrested the cell cycle,
induced cell apoptosis and decreased hTERT expression at both mRNA and protein levels. Sup-
pression of miR-497-5p, miR-195-5p and miR-455-3p partially reversed the inhibitory effects.
Finally, hTERT was identified as a direct target of miR-497-5p, miR-195-5p and miR-455-3p.
Conclusions: MiR-497-5p, miR-195-5p and miR-455-3p act as tumor suppressors by targeting
hTERT in melanoma A375 cells. Therefore, miR-497-5p, miR-195-5p and miR-455-3p could
be potential targeted therapeutic choice for melanoma.
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Introduction

Malignant melanoma is a highly malignant skin tumor, which originated mainly from
epidermal melanocytes cells.! The incidence of this disease is increasing each year.?
The tumorigenesis and progression of melanoma is a complex and multistep process
that results from interactions between genetics and environmental factors.® Surgical
resection is an effective treatment for early stage melanoma patients, but it becomes
extremely difficult to treat this disease when it progresses to the late stages. The metas-
tasis of melanoma is the most important factor affecting its prognosis.® The overall
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survival rate of metastatic melanoma patients with different
stages has been improved to some extent, compared with
the seventh edition of American Joint Committee on Cancer
(AJCC).% Although there has been significant progress in the
treatment of melanoma in recent years, the current application
of chemotherapy, immunotherapy and molecular biological
targeting therapy, and even combined therapy, still faces
enormous challenges.

The ATERT gene, which encodes the catalytic subunit
of telomerase, is the main factor determining telomerase
activity.” Its expression is involved in the process of cell
immortalization and cancer tumorigenesis, growth, migra-
tion, invasion and prognostic evaluation, although the
underlying mechanism remains unclear.® In 2013, Horn
et al’ and Huang et al'® reported highly recurrent hTERT
promoter mutations in melanoma. Subsequent studies have
pointed out the presence of recurrent somatic mutations
in the hTERT promoter in cancers of the central nervous
system (43%), bladder (59%), thyroid (follicular cell
derived, 10%) and skin (melanoma, 29%).!! All of these
results suggested that the A”TERT gene plays a vital role
in the occurrence and progression of melanoma. Hence, it
is necessary to study the posttranscriptional regulation of
the hTERT gene further.

MiRNAs are a class of small noncoding RNAs with
~22-24 nucleotides.'? The complementary combination of
miRNAs and the 3’UTR region of its targeted mRNA leads
to mRNA degradation or protein translation inhibition.'?
miRNAs participate in the regulation of approximately a
third of the human genome, including cell proliferation,
differentiation, metabolism, migration and invasion."
Abundant studies showed that ectopic miRNA expression
was involved in the diagnosis, treatment and prognosis of
melanoma.'*?° MiRNAs can act as oncogenes or anti-onco-
genes in different types of cancer, including melanoma.?'-»
However, the posttranscriptional regulation mechanism of
hTERT and its related miRNAs in melanoma is not clear.
The aim of this study is to screen the relative miRNAs
with the posttranscriptional regulation of hTERT and
investigate the detailed molecular regulatory mechanism
between them.

Materials and methods

Human tissue samples

Thirty-six FFPE melanoma tissues and 36 age- and sex-
matched pigmented nevi tissues (Table S1) were collected
from Uygur patients with melanoma and pigmented nevi

(during 2010 and 2016). This was approved by the Institu-
tional Review Board of People’s Hospital of Xinjiang Uygur
Autonomous Region. The diagnosis of melanoma was made
by two pathologists (Xinjiang, China) on the basis of H&E
stain and THC.

Bioinformatics analysis

We scanned the 3’UTR region of hTERT using the widely
used online target gene prediction software program Tar-
getScan (http://www.targetscan.org/vert 71/). The screening

criteria were as follows:

1. Conserved sites and poorly conserved sites. We chose
miRNAs both in conserved sites and in poorly con-
served sites, because more and more functional miR-
NAs have been found in both conserved and poorly
conserved sites.

2. Seed match. There are three types of seed match: 7mer-1a
(match seed, UTR region and miRNA Int match position
is A), 7mer-m8 (match miRNA 2-8nt) and 8mer (match
miRNA 2-8, UTR region and miRNA 1nt match posi-
tion is A). Generally, the extent of contribution of these
three types is: 8mer>7mer-m8>7mer-1a. We filtered the
relevant miRNAs according to the degree of contribution
in descending order.

3. MiRBase database. We removed the miRNA which was
not encoded in the miRBase database. Taking the inter-
section of TargetScan prediction and screening criteria
as the final candidate miRNAs for miRNA PCR array.

RNA extraction

For FFPE tissues, miRNAs and mRNA were extracted by
using an miRNeasy FFPE Kit (50) (Qiagen NV, Venlo,
the Netherlands) in accordance with the manufacturer’s
protocol. For A375 cell lines, total RNA was extracted by
Trizol (Thermo Fisher Scientific, Waltham, MA, USA). The
concentrations were determined by 260/280 nm absorbance
using a Nanodrop UV spectrophotometer (Thermo Fisher
Scientific).

MiRNA PCR array

Two pL of each RNA sample was used for cDNA synthesis
using the miScript IT RT kit (Qiagen) according to the manu-
facturer’s instructions. The final candidate miRNAs were
quantified by means of Custom miScript miRNA PCR Array
(Qiagen) performed with an ABI PRISM 7900 Sequence
Detection System (Thermo Fisher Scientific) by Qiagen
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(Suzhou) Translational Medicine Co., Ltd (Suzhou, China).
All of the specific primers for the miRNA PCR array were
synthetized by Qiagen. Results are presented as the levels
of expression following normalization to human U6 small
nuclear RNA using the 2744“‘method.?*

Quantitative real-time polymerase chain

reaction (q-PCR)

MiR-497-5p, miR-195-5p, miR-455-3p and hTERT mRNA
expressions levels were quantified by miScript SYBR Green
PCR Kit (Qiagen). Approximately 3 pg of total RNA was
used in complementary DNA (cDNA) synthesis. Then, 2 L.
of cDNA was used for PCR amplification. The PCR reaction
conditions were: 10 min at 95°C for one cycle, and 30 s at
95°C then 30 s at 60°C for 40 cycles. The primer sequences
used are listed in Table S2. Results are presented as the levels
of expression following normalization to human U6 small
nuclear RNA and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) respectively, using the 2-**“‘method.?*

Immunohistochemistry (IHC)

Dewaxed and rehydrated sections (4 um) were oxidized for
5 min in 0.5% potassium permanganate solution, and then
bleached for 5 min in 2% oxalic acid solution. Depigmen-
tation was observed microscopically. Then dewaxed and
rehydrated sections (4 um) in 10 mmol/L sodium citrate
buffer (pH 6.0) were boiled in a microwave for antigen
retrieval. HC for detection of hTERT was performed using
a DAB Chromogenic Kit (ZSGB-BIO, Beijing, China)
and a 1:100 dilution of a polyclonal rabbit anti-human
hTERT antibody (Abcam, Cambridge, MA, USA). The
hTERT staining procedure produced brown cytoplasmic
particles in the hTERT-positive cells. The proportion of
hTERT-positive melanoma cells was scored as: <5%=0
(negative), 5%—-50%=1 (+), 51%—75%=2 (++) and >75%=3
(+++). Negative controls were conducted by replacing the
primary antibody with phosphate buffered saline (PBS,
ZSGB-BIO).

Cell lines and cell transfection

Human melanoma A375 cells, M14 cells and HEK 293T
cells were all purchased from the Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China) and
cultured in DMEM (Thermo Fisher Scientific), supplemented
with 10% fetal bovine serum (FBS), 100 U/mL penicillin
and 100 pg/mL streptomycin (Thermo Fisher Scientific),
at 37°C in a 5% CO, incubator. MiR-497-5p mimics, miR-

497-5p inhibitor, miR-195-5p mimics, miR-195-5p inhibitor,
miR-455-3p mimics, miR-455-3p inhibitor, mimics negative
control (mimics NC) and inhibitor negative control (inhibitor
NC) were synthesized and purchased from GenePharma Co,
Ltd (Shanghai, China). The sequences are listed in Table S3.
Human melanoma A375 cells with the concentration of 2x10°
cells per well were seeded in 6-well plates and cultured for
24 h. Then miRNAs mimics/inhibitors/NC (50 nM) were
transfected into the A375 cells using Lipofectamine 2000
(Thermo Fisher Scientific) in serum-free medium according
to the manufacturer’s instructions.

Cell proliferation assays

Cell proliferation assay was determined by using
3-(4,5-dimethylthiazolyl-2-yl1)-2,5-biphenyl tetrazolium
bromide (MTT) in accordance with the manufacturer’s
instructions. MTT was purchased from Boster Biological
Technology Co. Ltd (Wuhan, China). 5x10* cells per well
with/without miRNAs mimics/inhibitors/NC were seeded
into 96-well plates and cultured for 48 h. Ten pL MTT solu-
tions (5 mg/mL) was added into each well and incubated at
37°C in a 5% CO, incubator for 4 h. Then 150 pL. DMSO
(Sigma-Aldrich Co., St Louis, MO, USA) was added into
each well. The optical density values (OD values) at 570 nm
were measured with a microplate reader (Thermo Fisher
Scientific). All experiments were performed in triplicate.

Cell cycle and apoptosis assays

After 48 h of transfection, 2x10° cells were harvested, cen-
trifuged for 5 min at 1,000 rpm, and washed three times by
cold PBS liquid. Cell proliferation was performed by a Cell
Cycle Detection Kit (KeyGen BioTECH, Nanjing, China).
The A375 cells with/without miRNAs mimics/inhibitors/NC
were fixed with 70% ethanol. After incubation for 30 min
with RNase (50 pg/mL), propidium iodide staining of cells
protected from light at 4°C for 30 min. Cell cycle status was
measured by flow cytometry (Beckman Coulter, Brea, CA,
USA). For the cell apoptosis assay, after transfection for
48 h, 2x10° cells were harvested, centrifuged at 1,000 rpm
for 5 min, and washed three times by PBS solution. Then
Annexin V-APC/7-AAD Cell Apoptosis Detection Kit (Key-
Gen BioTECH) was used according to the manufacturer’s
instructions. Quantity of apoptotic cells was carried out by
flow cytometry (Beckman Coulter). Annexin V-APC+/7-
AAD- and Annexin V-APC+/7-AAD+ represented early
apoptosis and late apoptosis/necrosis, respectively. All of
the experiments were performed in triplicate.

Cancer Management and Research 2018:10

submit your manuscript

991

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/get_supplementary_file.php%3Ff%3D163335.pdf
https://www.dovepress.com/get_supplementary_file.php%3Ff%3D163335.pdf

Chai et al

Dove

Cell migration and cell invasion assays

Wound healing assay was performed to examine the migration
ability of cells. Ten pL pipette tips were used to make scratches
when transfected cells reached 90% confluence. Scratches were
monitored by the microscope (Olympus Corporation, Tokyo,
Japan) at different time points (0 h, 24 h). Transwell chamber
with 8 um pore size, precoated with Matrigel (BD Biosciences,
San Jose, CA, USA) was used to determine cells’ invasion
ability. For this, 2x10* cells per well were added to the upper
chamber of the insert with serum-free medium, and 600 pL
DMEM supplemented with 10% FBS was added to the lower
chamber. The cells were cultured for 24 hat 37°Cina 5% CO,
incubator. Then noninvading cells were removed by cotton
swab. The lower chamber of the insert was washed three times
by PBS (Thermo Fisher Scientific), fixed with 100% ethanol for
30 min, and stained with 0.1% crystal violet (Sigma-Aldrich)
for 10 min. The numbers of invaded cells were counted in five
randomly visual fields by a microscope (Olympus Corporation).

Western blot

Transfected cells were treated with radio immunoprecipitation
assay peptide lysis buffer supplemented with 1% protease
inhibitor—phenylmethylsulfonyl fluoride (Beyotime Institute
of Biotechnology, Jiangsu, China). Total protein was con-
centrated by the BCA Protein Assay Kit (Beyotime Institute
of Biotechnology), separated by sodium dodecyl sulfate—
polyacrylamide gels (SDS-PAGE, Thermo Fisher Scientific),
and transferred to polyvinylidene fluoride (PVDF) membrane
(EMD Millipore, Billerica, MA, USA). The membranes were
blocked by IXTBST solution containing 5% nonfat milk for 1
h and incubated with primary antibody—polyclonal rabbit anti-
human hTERT antibody (1:1,000, Abcam), GAPDH (1:1,000,
Abcam) overnight at 4°C. The membranes were washed three
times by IXTBST solution, and then incubated with second-
ary antibody—goat anti-rabbit immunoglobulin conjugated to
horseradish peroxidase (1:5,000, ZSGB-BIO) for 2 h at room
temperature. The bands were visualized using an enhanced
chemiluminescence solution (Thermo Fisher Scientific). All
of the experiments were performed in triplicate.

Plasmid construction and luciferase
activity assay

To generate the luciferase reporter plasmid, the wild type
and mutant type of hTERT 3’UTR were amplified and
constructed into pYr-mirTarget vector (Biofavor Biotech
Co Ltd, Wuhan, China). Then the plasmids (1 pg) and miR-
497-5p or miR-195-5p or miR-455-3p mimics, mimics NC
(50 nM) were cotransfected into HEK 293T cells (5x10%)

using Lipofectamine 2000 (Thermo Fisher Scientific). At
48 h posttransfection, luciferase activity was determined
using a dual-luciferase assay system (Promega Corpora-
tion, Fitchburg, WI, USA) according to the manufacturer’s
instructions. All experiments were performed in triplicate.

Statistical analysis

Statistical calculations were performed with IBM SPSS soft-
ware, version 23.0 (IBM Corporation, Armonk, NY, USA).
All data were shown as meantSD. Any differential expressions
between groups were determined by independent samples
t-test. The mRNA expression correlation between miR-497-5p,
miR-195-5p, miR-455-3p and hTERT were measured by
Spearman’s correlation analysis. All of the tests were performed
as two-tailed and the level of significance was set as p<0.05.

Ethics statement

This study was approved by the Institutional Review Board
of People’s Hospital of Xinjiang Uygur Autonomous Region.
Formalin-fixed paraffin-embedded (FFPE) tissues were col-
lected from patients after obtaining written informed consent.

Results

MiRNA prediction and screening

Using TargetScan software, we found 1,347 predicted target
miRNAs related to the h”TERT gene (http://www.targetscan.
org/cgi-bin/targetscan/vert 71/view gene.cgi?rs=ENSTOQ
0000296820.5&taxid=9606&members=&showcnc=0&s
hownc=0&showncfl=&showncf2=&subset=1). After the
intersection of screening criteria and TargetScan prediction,

14 candidate miRNAs were screened out, and the details are
shown in Table 1.

Confirmation of 14 miRNAs in melanoma

tissues with custom miRNA PCR array
The 14 candidate miRNAs were further validated by a custom
miScript miRNA PCR array through SYBR Green g-PCR. Ct
values of the positive PCR controls were 1912 across all tis-
sue samples, indicating the uniformity of reaction conditions.
As shown in Figure 1, the expression level of miR-497-5p,
miR-195-5p and miR-455-3p were statistically significantly
downregulated, whereas miR-424-5p and miR-212-5p were
statistically significantly upregulated in the melanoma indi-
viduals compared with pigmented nevi controls. There was
no significant difference in the levels of miR-15a-5p, miR-
15b-5p, miR-16-5p, miR-103a-3p, miR-107, miR-143-3p,
miR-338-3p, miR-665 and miR-1306-5p (Table S4). The
melt curve images are shown in Figure S1.
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Table | Information about the 14 candidate miRNAs

No. Encoding in miRBase database Name Position Site type
| MIMATO0001341 hsa-miR-424-5p 192-198/2565-2571/2568-2574 7mer-m8
2 MIMAT0002820 hsa-miR-497-5p 192-198/2565-2571/2568-2574 7mer-m8
3 MIMATO000046| hsa-miR-195-5p 192-198/2565-2571/2568-2574 7mer-m8
4 MIMAT0000069 hsa-miR-16-5p 192-198/2565-2571/2568-2574 7mer-m8
5 MIMAT0000068 hsa-miR-15a-5p 192-198/2565-2571/2568-2574 7mer-m8
6 MIMATO00004 17 hsa-miR-15b-5p 192-198/2565-2571/2568-2574 7mer-m8
7 MIMATO0000763 hsa-miR-338-3p 195-201/1639-1645 7mer-1A
8 MIMATO0000 104 hsa-miR-107 411-417/441-447 7mer-1A
9 MIMATO0000101 hsa-miR-103a-3p 411-417/441-447 7mer-1A
10 MIMATO0000435 hsa-miR-143-3p 498-504/2083-2089/2096-2102/2114-2120/2186-2192 7mer-m8
I MIMAT0022695 hsa-miR-212-5p 566-572/990-996 7mer-m8
12 MIMAT0022726 hsa-miR-1306-5p 214-220/1299-1305/1865-1871 7mer-m8
13 MIMAT0004952 hsa-miR-665 668-674/783-789 7mer-m8
14 MIMAT0004784 hsa-miR-455-3p 786-793 8mer
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Figure | The relative expression levels of miR-497-5p (A), miR-195-5p (B), miR-455-3p (C), miR-424-5p (D) and miR-212-5p (E) in melanoma and pigmented nevi group
tissues, respectively.

Note: **p<0.001, compared to control groups.

Abbreviations: M, melanoma group; C, control (pigmented nevi group).
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hTERT has an inverse correlation with
miR-497-5p, miR-195-5p and miR-455-3p
We determined hTERT mRNA and protein levels in
melanoma and pigmented nevi tissues by q-PCR and IHC.
The results showed that the hTERT protein level in the
melanoma group (31/36) was significantly higher than
in the control (pigmented nevi group) (4/36), (p<0.001,
Figure 2A). The relative expression of hTERT mRNA in
melanoma and pigmented nevi tissues was 1.962+0.509
and 1.17010.430, respectively (p<0.001, Figure 2B). The
expression of hTERT mRNA was inversely correlated with
miR-497-5p (Figure 2C), miR-195-5p (Figure 2D) and
miR-455-3p (Figure 2E).

Transfection efficiency

The hTERT protein levels in A375 and M 14 cells were deter-
mined by Western blot. The expression of hTERT protein
in A375 cells (0.520+0.064) was higher than in M14 cells
(0.259£0.039) (Figure 3A). Due to this result, A375 cells
were chosen for further studies. To investigate the role of
miR-497-5p, miR-195-5p and miR-455-3p on the biological
functions of cells, miR-497-5p mimics, miR-497-5p inhibi-
tor, miR-195-5p mimics, miR-195-5p inhibitor, miR-455-3p

mimics, miR-455-3p inhibitor, mimics NC and inhibitor NC
were transfected into A375 cells. The gq-PCR results showed
the high transfection efficiency of miRNAs mimics and
inhibitors (Figure 3B-D).

Overexpression of miR-497-5p, miR-
195-5p and miR-455-3p suppressed cell
proliferation

Forty-eight hours after transfection, we used MTT to evalu-
ate the effects of miR-497-5p, miR-195-5p and miR-455-3p
on A375 cell proliferation. The results showed that over-
expression of miR-497-5p, miR-195-5p and miR-455-3p
significantly suppressed the growth of cells (Figure 4).
Additionally, the inhibitory effects were partially reversed
after miR-497-5p/ miR-195-5p/ miR-455-3p inhibitor trans-
fection (Figure 4).

Overexpression of miR-497-5p, miR-195-
5p and miR-455-3p arrested cell cycle

and promoted cell apoptosis
Flow cytometry was performed to detect the cell cycle dis-
tribution and cell apoptosis. As shown in Figure 5SA-C, the
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Figure 2 The relative expression of hTERT and miR-497-5p, miR-195-5p and miR-455-3p.
Notes: (A) hTERT protein expression in melanoma and pigmented nevus tissues (magnification, x100). (B) hTERT mRNA expression in melanoma and pigmented nevus
tissues. h\TERT mRNA expression level was inversely correlated with miR-497-5p (C), miR-195-5p (D) and miR-455-3p (E).

Note: **¥p<0.001, compared to control groups.

Abbreviations: hTERT, human telomerase reverse transcriptase; M, melanoma group; C, control (pigmented nevi group).
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Figure 3 hTERT protein expressions levels in melanoma cell lines and transfection efficiency.
Notes: (A) hTERT protein expressions in A375 cells and M4 cells were detected by Western blot. The expression levels of miR-497-5p (B), miR-195-5p (C), and miR-455-
3p (D) after transfection were determined by q-PCR. All data are presented as mean£SD, and all of these experiments were performed in triplicate. ***p<0.001, compared

to control groups.

Abbreviations: hTERT, human telomerase reverse transcriptase; NC, negative control; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; q-PCR, quantitative real-time

polymerase chain reaction.

percentage of GO/G1 phase cells in overexpression of miR-
497-5p/ miR-195-5p/miR-455-3p groups was significantly
higher than in the NC groups, while S phase and G2/M
phase cells were decreased. In addition, the arrest effects
were partially reversed by transfecting miR-497-5p/miR-
195-5p/miR-455-3p inhibitors. The cell cycle histograms are
shown in Figure S2. For cell apoptosis, the apoptosis rates
of miR-497-5p/miR-195-5p/miR-455-3p mimic groups were
significantly increased compared with NC groups (Figure
5D-F). Moreover, miR-497-5p/miR-195-5p/miR-455-3p
inhibitors significantly decreased the apoptosis rate of cells
(Figure 5D-F).

Overexpression of miR-497-5p, miR-
195-5p and miR-455-3p inhibited cell
migration and invasion abilities

Wound healing assay results showed that the mobility of A375
cells was significantly suppressed after overexpression of
miR-497-5p, miR-195-5p and miR-455-3p (Figure 6A—C).
However, suppression of miR-497-5p, miR-195-5p and miR-
455-3p did not increase the cells’ mobility significantly. The
results of Transwell chambers displayed that the numbers of
invasion cells were significantly reduced in the mimic groups
compared to NC groups (Figure 6D-F). Furthermore, for the
invasion ability, suppression of miR-497-5p, miR-195-5p
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Figure 4 The effects of overexpression of miR-497-5p (A), miR-195-5p (B) and miR-455-3p (C) on cells proliferation.
Notes: All data are presented as meantSD, and all of these experiments were performed in triplicate. ***p<0.001, compared to control groups.

Abbreviations: NC, negative control; OD, optical density.

and miR-455-3p partially reversed the inhibitory effects of
mimic groups (Figure 6D—F).

Identification of hTERT as the target

gene of miR-497-5p, miR-195-5p and
miR-455-3p

Western blot and g-PCR results showed that overexpression
of miR-497-5p, miR-195-5p and miR-455-3p significantly
decreased hTERT expression at both protein and mRNA
levels. Similarly, with the transfection of miR-497-5p/miR-
195-5p/miR-455-3p inhibitors, the inhibitory effects were
partially reversed (Figure 7A—C). Additionally, a dual-lucif-
erase reporter assay was performed, and the results showed

that the h”TERT gene was a direct target gene of miR-497-5p,
miR-195-5p and miR-455-3p (Figure 7D-G).

Discussion

MiR-497-5p and miR-195-5p belong to the miR-
15/16/195/424/497 family. There have been some reports
showing the vital roles that miR-497-5p, miR-195-5p and
miR-455-3p play in the tumorigenesis and development
of angiosarcoma,? colorectal cancer,’*% colon cancer,?-*
thyroid cancer,’' osteosarcoma,’*** prostate cancer,* hepa-
tocellular carcinoma,’® breast cancer,>*’ gastric cancer®® and
melanoma.***? However, the expressions of miRNAs show
high tissue and cell type specificity.** Although miR-497-5p,
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Figure 5 Overexpression of miR-497-5p, miR-195-5p and miR-455-3p arrested cell cycle and promoted cell apoptosis.
Notes: (A-C) Cell cycle analysis was performed after transfected with miR-497-5p/miR-195-5p/miR-455-3p mimics and inhibitors. (D=F) The percentage of early/late/
total apoptosis cells of each group after transfection. All data were presented as meantSD, and all of these experiments were performed in triplicate. **p<0.001, *p<0.01,

*p<0.05, compared to control groups.
Abbreviation: NC, negative control.

miR-195-5p and miR-455-3p act as anti-oncogenes in most
human cancers, they could act as oncogenes in other diseases,
such as glioma,* chronic lymphocytic leukemia® and triple
negative breast cancer.”’

Although Ohira et al*® have reported that miR-19b could
regulate hTERT mRNA expression by targeting PITX1 in
melanoma cells at a pretranscriptional regulation level, the
posttranscriptional regulation mechanism of hTERT and
its related miRNAs in melanoma is not clear. Recently, a
few studies reported the postregulation role of miRNAs in
hTERT.** Mitomo et al*’ showed that miR-138 directly
repressed hTERT expression in anaplastic thyroid carcino-
mas. Chen et al*® identified that miR-1207-5p and miR-1266
directly suppressed hTERT expression in gastric cancer. Here,
we first verified 14 candidate miRNAs by custom miRNA

PCR array after bioinformatics prediction and screening.
Our results showed that miR-497-5p, miR-195-5p and miR-
455-3p were all significantly downregulated in melanoma
tissues samples compared with pigmented nevus samples.
Then hTERT mRNA and protein levels were detected by
using q-PCR and IHC.

hTERT, the rate-limiting factor of telomerase activity,
encodes the catalytic reverse transcriptase subunit of telom-
erase.’® hTERT mRNA was significantly expressed higher
in malignant tumors, but not expressed or low expressed
in normal tissues and benign tumors.’' Levels of hTERT
mRNA are closely related to telomerase activity and hTERT
protein expression.’®*? Qur results displayed significantly
higher expression of hTERT mRNA and protein in mela-
noma compared with pigmented nevi tissues. Pearson’s and
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Spearman’s correlation analysis reflected a converse rela-
tionship between hTERT and miR-497-5p, miR-195-5p and
miR-455-3p. These findings suggested that \TERT played
an important role in the pathogenesis of melanoma. Also,
hTERT might be involved in the pathogenesis of melanoma
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Figure 6 (Continued)

via posttranscriptional regulatory mechanism interacting
with miRNAs.

It is well known that abnormal proliferation of cells is
crucial to the tumorigenesis of malignancies. Cell cycle
arrest is the main cause of inhibition of cell proliferation.*
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Notes: (A-C) Micrographs of 0 and 24 h (left, 100x) and quantification data of relative wound area (right, 24 h) were analyzed by Image ] software. (D-F) Quantification
data of invasion cells (left) and micrographs of crystal violet-stained cells (right, 200x) are shown. All data are presented as meantSD, and all of these experiments were

performed in triplicate. ***p<0.001; *p<0.05, compared to control groups.
Abbreviation: NC, negative control.

We detected cell proliferation ability by cell biological and miR-455-3p significantly suppressed cell proliferation

function experiments. MTT assay and flow cytometry assay  ability as a result of GO/G1 phase cell arrest. In addition,
showed that overexpression of miR-497-5p, miR-195-5p  the inhibition of cell proliferation is closely related to the
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enhancement of cell apoptosis.®* Our cell apoptosis assay
displayed the promoted apoptosis rate after treated with miR-
497-5p, miR-195-5p and miR-455-3p mimics.

Invasion and metastasis are considered to be the most
significant biological characteristics of malignant tumors* and
are the greatest challenges in cancer treatment. In the present
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Figure 7 (Continued)

study, wound healing assay and Transwell results showed that
overexpression of miR-497-5p, miR-195-5p and miR-455-3p
significantly suppressed cell migration and invasion abilities.
Further, the promoted effects of apoptosis and the inhibitory
effects of cell proliferation and cell invasion were partially
reversed by transfection with inhibitors. All of these data
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Notes: All data are presented as meantSD, and all of these experiments were performed in triplicate. **p<0.01; ***p<0.001, compared to control groups.
Abbreviations: hTERT, human telomerase reverse transcriptase; NC, negative control; wt, wild type; mut, mutant type; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

of cell biological function experiments indicated that miR-
497-5p, miR-195-5p and miR-455-3p functioned as tumor
suppressors in the occurrence and development of melanoma.
Accumulating evidence has indicated that one miRNA
may target multiple genes, and one gene also might be
targeted by multiple miRNAs.* Here we showed that over-
expression of miR-497-5p, miR-195-5p, and miR-455-3p
significantly decreased hTERT expression at both protein
and mRNA levels. Furthermore, we identified that hTERT
acted as a direct target gene of miR-497-5p, miR-195-5p and
miR-455-3p by a dual-luciferase reporter assay.

Conclusions

We provided evidence that miR-497-5p, miR-195-5p and
miR-455-3p functioned as tumor suppressors in mela-
noma A375 cells by targeting hTERT. Overexpression of

miR-497-5p, miR-195-5p, and miR-455-3p might be a
potential effective strategy for the treatment of melanoma.

Acknowledgments

This work was supported by the International Science and
Technology Cooperation Project of Xinjiang Uygur Autono-
mous Region (grant number 20146022, China) and the
Natural Science Foundation of Xinjiang Uygur Autonomous
Region (grant number 2016D01C101, China).

Disclosure
The authors report no conflicts of interest in this work.

References
1. LiuJ, Fukunaga-Kalabis M, Li L, Herlyn M. Developmental pathways
activated in melanocytes and melanoma. Arch Biochem Biophys.
2014;563:13-21.

Cancer Management and Research 2018:10

submit your manuscript

1001

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Chai et al

Dove

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Coit DG, Thompson JA, Algazi A, et al. Melanoma, Version 2.2016,

NCCN Clinical Practice Guidelines in Oncology. J Nat/ Compr Canc
Netw. 2016;14(4):450-473.

. Pejkova S, Dzokic G, Tudzarova-Gjorgova S, Panov S. Molecular

biology and genetic mechanisms in the progression of the malignant
skin melanoma. Pril (Makedon Akad Nauk Umet Odd Med Nauki).
2016;37(2-3):89-97.

. Long GV, Hauschild A, Santinami M, et al. Adjuvant dabrafenib plus

trametinib in stage 11l BRAF-mutated melanoma. N Engl J Med.
2017;377(19):1813-1823.

. Wei D. A multigene support vector machine predictor for metastasis of

cutaneous melanoma. Mol Med Rep. 2018;17(2):2907-2914.

. Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma staging: Evi-

dence-based changes in the American Joint Committee on Cancer eighth
edition cancer staging manual. C4 Cancer J Clin. 2017;67(6):472-492.

. Cukugi¢ A, Skrobot Vidadek N, Sopta M, Rubelj 1. Telomerase

regulation at the crossroads of cell fate. Cytogenet Genome Res.
2008;122(3-4):263-272.

. Daniel M, Peek GW, Tollefsbol TO. Regulation of the human catalytic

subunit of telomerase (WTERT). Gene. 2012;498(2):135-146.

. Horn S, Figl A, Rachakonda PS, et al. TERT promoter mutations in

familial and sporadic melanoma. Science. 2013;339(6122):959-961.
Huang FW, Hodis E, Xu MJ, Kryukov GV, Chin L, Garraway LA. Highly
recurrent TERT promoter mutations in human melanoma. Science.
2013;339(6122):957-959.

Vinagre J, Almeida A, Populo H, et al. Frequency of TERT promoter
mutations in human cancers. Nat Commun. 2013;4:2185.

Ruksha TG, Komina AV, Palkina NV. MicroRNA in skin diseases. Eur
J Dermatol. 2017;27(4):343-352.

Kim J, Yao F, Xiao Z, SunY, Ma L. MicroRNAs and metastasis: small
RNAs play big roles. Cancer Metastasis Rev. 2018;37(1):5-15.

Ross CL, Kaushik S, Valdes-Rodriguez R, Anvekar R. MicroRNAs in
cutaneous melanoma: role as diagnostic and prognostic biomarkers. J
Cell Physiol. 2018;233(7):5133-5141.

Babapoor S, Horwich M, Wu R, et al. microRNA in situ hybridization
for miR-211 detection as an ancillary test in melanoma diagnosis. Mod
Pathol. 2016;29(5):461-475.

Errico MC, Felicetti F, Bottero L, et al. The abrogation of the HOXB7/
PBX2 complex induces apoptosis in melanoma through the miR-
221&222-c-FOS pathway. Int J Cancer. 2013;133(4):879-892.

Felli N, Errico MC, Pedini F, et al. AP2a controls the dynamic balance
between miR-126&126* and miR-221&222 during melanoma progres-
sion. Oncogene. 2016;35(23):3016-3026.

Liu S, Howell PM, Riker Al. Up-regulation of miR-182 expression
after epigenetic modulation of human melanoma cells. Ann Surg Oncol.
2013;20(5):1745-1752.

Huynh C, Segura MF, Gaziel-Sovran A, et al. Efficient in vivo microRNA
targeting of liver metastasis. Oncogene. 2011;30(12):1481-1488.
Fleming NH, Zhong J, Da Silva IP, et al. Serum-based miRNAs in the
prediction and detection of recurrence in melanoma patients. Cancer.
2015;121(1):51-59.

XuY, Brenn T, Brown ER, Doherty V, Melton DW. Differential expres-
sion of microRNAs during melanoma progression: miR-200c, miR-205
and miR-211 are downregulated in melanoma and act as tumour sup-
pressors. BrJ Cancer. 2012;106(3):553-561.

Luo C, Tetteh PW, Merz PR, et al. miR-137 inhibits the invasion of
melanoma cells through downregulation of multiple oncogenic target
genes. J Invest Dermatol. 2013;133(3):768-775.

Kanemaru H, Fukushima S, Yamashita J, et al. The circulating
microRNA-221 level in patients with malignant melanoma as a new
tumor marker. J Dermatol Sci. 2011;61(3):187-193.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C (T)) method.
Methods. 2001;25(4):402—408.

Chen Y, Kuang D, Zhao X, et al. miR-497-5p inhibits cell prolifera-
tion and invasion by targeting KCa3.1 in angiosarcoma. Oncotarget.
2016;7(36):58148-58161.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

QiuY, Yu H, Shi X, et al. microRNA-497 inhibits invasion and metas-
tasis of colorectal cancer cells by targeting vascular endothelial growth
factor-A. Cell Prolif. 2016;49(1):69-78.

Guo ST, Jiang CC, Wang GP, et al. MicroRNA-497 targets insulin-like
growth factor 1 receptor and has a tumour suppressive role in human
colorectal cancer. Oncogene. 2013;32(15):1910-1920.

Sun M, Song H, Wang S, et al. Integrated analysis identifies
microRNA-195 as a suppressor of Hippo-YAP pathway in colorectal
cancer. J Hematol Oncol. 2017;10(1):79.

Luo Q, Zhang Z, Dai Z, et al. Tumor-suppressive microRNA-195-5p
regulates cell growth and inhibits cell cycle by targeting cyclin depen-
dent kinase 8 in colon cancer. Am J Transl Res. 2016;8(5):2088-2096.
Zheng J, Lin Z, Zhang L, Chen H. MicroRNA-455-3p inhibits tumor
cell proliferation and induces apoptosis in HCT116 human colon cancer
cells. Med Sci Monit. 2016;22:4431-4437.

Wang P, Meng X, Huang Y, et al. MicroRNA-497 inhibits thyroid
cancer tumor growth and invasion by suppressing BDNF. Oncotarget.
2017;8(2):2825-2834.

Ruan WD, Wang P, Feng S, Xue Y, Zhang B. MicroRNA-497 inhibits
cell proliferation, migration, and invasion by targeting AMOT in human
osteosarcoma cells. Onco Targets Ther. 2016;9:303-313.

Qu Q, Chu X, Wang P. MicroRNA-195-5p suppresses osteosarcoma
cell proliferation and invasion by suppressing naked cuticle homolog
1. Cell Biol Int. 2017;41(3):287-295.

Wul,JiA, Wang X, et al. MicroRNA-195-5p, a new of Fra-1, suppresses
the migration and invasion regulator of prostate cancer cells. J Trans/
Med. 2015;13:289.

Xu H, Hu YW, Zhao JY, et al. MicroRNA-195-5p acts as an anti-
oncogene by targeting PHF 19 in hepatocellular carcinoma. Oncol Rep.
2015;34(1):175-182.

Luo Q, Wei C, Li X, et al. MicroRNA-195-5p is a potential diagnostic and
therapeutic target for breast cancer. Oncol Rep.2014;31(3):1096-1102.
LiZ, Meng Q, Pan A, et al. MicroRNA-455-3p promotes invasion and
migration in triple negative breast cancer by targeting tumor suppressor
EI24. Oncotarget. 2017;8(12):19455-19466.

Wang J, Li L, Jiang M, Li Y. MicroRNA-195 inhibits human gastric
cancer by directly targeting basic fibroblast growth factor. Clin Transl
Oncol. 2017;19(11):1320-1328.

Shoshan E, Mobley AK, Bracuer RR, et al. Reduced adenosine-to-
inosine miR-455-5p editing promotes melanoma growth and metastasis.
Nat Cell Biol. 2015;17(3):311-321.

Kunz M. MicroRNAs in melanoma biology. Adv Exp Med Biol.
2013;774:103-120.

Poell JB, van Haastert RJ, de Gunst T, et al. A functional screen identi-
fies specific microRNAs capable of inhibiting human melanoma cell
viability. PLoS One. 2012;7(8):e43569.

Bhattacharya A, Schmitz U, Wolkenhauer O, Schonherr M, Raatz Y,
Kunz M. Regulation of cell cycle checkpoint kinase WEE1 by miR-195
in malignant melanoma. Oncogene. 2013;32(26):3175-3183.

Forrest ME, Khalil AM. Review: regulation of the cancer epigenome
by long non-coding RNAs. Cancer Lett. 2017;407:106—112.

Lan J, Xue Y, Chen H, et al. Hypoxia-induced miR-497 decreases
glioma cell sensitivity to TMZ by inhibiting apoptosis. FEBS Lett.
2014;588(18):3333-3339.

Zanette DL, Rivadavia F, Molfetta GA, et al. miRNA expression profiles
in chronic lymphocytic and acute lymphocytic leukemia. Braz J Med
Biol Res. 2007;40(11):1435-1440.

Ohira T, Naohiro S, Nakayama Y, et al. miR-19b regulates hTERT
mRNA expression through targeting PITX1 mRNA in melanoma cells.
Sci Rep. 2015;5:8201.

Mitomo S, Maesawa C, Ogasawara S, et al. Downregulation of miR-138
is associated with overexpression of human telomerase reversetranscrip-
tase protein in human anaplastic thyroid carcinoma cell lines. Cancer
Sci. 2008;99(2):280-286.

Chen L, Lii MH, Zhang D, et al. miR-1207-5p and miR-1266 suppress
gastric cancer growth and invasion by targeting telomerase reverse
transcriptase. Cell Death Dis. 2014;5:¢1034.

1002

submit your manuscript

Dove

Cancer Management and Research 2018:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

MiR-497-5p, miR-195-5p and miR-455-3p function as tumor suppressors

49.

50.

S1.

52.

QinYZ, Xie XC, Liu HZ, Lai H, Qiu H, Ge LY. Screening and prelimi-
nary validation of miRNAs with the regulation of hTERT in colorectal
cancer. Oncol Rep. 2015;33(6):2728-2736.

Ramlee MK, Wang J, Toh WX, Li S. Transcription regulation of the
human telomerase reverse transcriptase (W\TERT) gene. Genes (Basel).
2016;7(8)pii:ES0.

Kyo S, Takakura M, Fujiwara T, Inoue M. Understanding and exploit-
ing hTERT promoter regulation for diagnosis and treatment of human
cancers. Cancer Sci. 2008;99(8):1528-1538.

Ivancich M, Schrank Z, Wojdyla L, et al. Treating cancer by targeting
telomeres and telomerase. Antioxidants (Basel). 2017;6(1)pii:E15.

Cancer Management and Research

Publish your work in this journal

Cancer Management and Research is an international, peer-reviewed
open access journal focusing on cancer research and the optimal use of
preventative and integrated treatment interventions to achieve improved
outcomes, enhanced survival and quality of life for the cancer patient.
The manuscript management system is completely online and includes

53.

54.

55.

Sandal T. Molecular aspects of the mammalian cell cycle and cancer.
Oncologist, 2002;7:73-81.

de Ruijter AJ, Kemp S, Kramer G, et al. The novel histone deacety-
lase inhibitor BL1521 inhibits proliferation and induces apop-
tosis in neuroblastoma cells. Biochem Pharmacol. 2004;68(7):
1279-1288.

Filipowicz W, Bhattacharyya SN, Sonenberg N. Mechanisms of post-
transcriptional regulation by microRNAs: are the answers in sight? Nat
Rev Genet. 2008;9(2):102-114.

Dove

a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

Cancer Management and Research 2018:10

submit your manuscript

1003

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

	OLE_LINK1
	_Hlt500798729
	_Hlt500798728
	_Hlt500798727
	_Hlt500798726
	_Hlt500798725
	_Hlt500798739
	_Hlt500798738
	_Hlt500798737
	_Hlt502160458
	_Hlt502160412
	_Hlt502160417
	_Hlt502160413
	_Hlt502160446
	_Hlt502160436

	Publication Info 4: 


