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Silencing of microRNA-517a induces sl

oxidative stress injury in melanoma cells
via inactivation of the JNK signaling pathway
by upregulating CDKN1C

Chao Yang', Zegiang Yan?, Fen Hu', Wei Wei', Zhihua Sun'" and Wei Xu*"

Abstract

Background: Melanoma is notoriously resistant to current treatments, and less than 25% of metastatic melanoma
cases respond to existing therapies. Growing evidence has shown that microRNAs (miRNAs) play a vital role in the
prognosis of melanoma. MiR-517a has been implicated in many types of cancer; however, its expressional features
and potential biological functions in melanoma remain unclear. The present study aimed to investigate the possible
effects of miR-517a on oxidative stress (OS) in melanoma cells.

Methods: miR-517a expression in melanoma was determined using RT-qPCR. After treatment with different concen-
trations of H,0,, cell viability was determined in order to identify the most appropriate H,O, concentration. Through
loss and gain of function experiments, the interactions between miR-517a, the cyclin dependent kinase inhibitor 1C
(CDKN1C) and the c-Jun NH2-terminal kinase (JNK) signaling pathway, as well as their roles in OS of melanoma cells
were identified. Moreover, the expression of Cleaved Caspase-3, extent of ERK1/2 phosphorylation, Bax/Bcl-2 ratio,
levels of T-AOC, ROS and MDA, and SOD activity were also tested. Finally, melanoma cell viability and apoptosis were
detected.

Results: MiR-517a was upregulated, while CDKN1C was downregulated in melanoma tissues and cells. MiR-517a
targets CDKN1C and consequently reduced its expression. Inhibition of miR-517a was shown to increase Cleaved
Caspase-3 expression, Bax/Bcl-2 ratio, levels of ROS and MDA, as well as cell apoptosis but decrease extent of ERK1/2
phosphorylation, T-AOC levels, SOD activity, along with cell proliferation and mitochondrial membrane potential.

Conclusions: Overall, silencing miR-517a results in upregulated CDKN1C expression, and inhibited JNK signaling
pathway activation, consequently promoting OS in melanoma cells.
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Background

Melanoma is a type of cancer arising from the melano-
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the progression of melanoma [6] since OS can suppress
distant metastasis of melanoma cells in vivo [7]. Eiberger
et al. have revealed that OS inhibits the repair of oxidative
DNA base modifications in melanoma cells [8]. To date,
although therapeutic treatments of melanoma such as
chemotherapy, surgery, and immunotherapy were still the
common curative options for many patients, however, the
5-year survival rate for post-operation is only 5-10%, due
to melanoma metastasis [9, 10]. Therefore, it is important
to further investigate new prevention strategies and thera-
peutic methods for the treatment of melanoma.

In recent years, extensive studies have revealed that
microRNAs (miRNAs) play an essential role in the prog-
nosis and metastasis of melanoma [11] in part due to
their vital role in a variety of biological processes, such
as cellular proliferation, invasion, and apoptosis [12].
Moreover, a recent study showed that miRNAs and their
target genes exert a great influence in human melanoma
[13]. MiR-517a, on the 19q13.41 locus, is an oncogenic
miRNA that promotes cell proliferation and migration,
and tumorigenesis [14]. Furthermore, Sun et al. revealed
that miR-221 affects the occurrence and progression of
colorectal carcinoma (CRC) by targeting cyclin depend-
ent kinase inhibitor 1C (CDKNI1C), a key modulator of
cell cycle progression [15]. CDKN1C (p57¥'*?) belongs
to the cyclin-dependent kinase (CDK) inhibitors of the
Cip/Kip family, which participate in several cellular pro-
cesses in human cancers [16]. It has been shown that
melanoma cells can utilize CDKN1C/P57 to regulate cell
cycle arrest [17]. CDKNI1C is reported to be a cell-cycle
kinase inhibitor and has the potential to inhibit the c-Jun
N-terminal kinase (JNK) signaling pathway in chronic
inflammatory diseases [18]. JNK is a member of mitogen-
activated protein kinases (MAPKs) [19]. Moreover, pre-
vious data demonstrated the role of JNK in melanoma,
which can offer new targets for melanoma treatment
[20]. JNK signaling pathway has emerged as a major
regulator of cellular stress responses induced by ultra-
violet light, c-irradiation, or pro-inflammatory cytokines,
which ultimately lead to cell death [21]. Until now, only
a few studies focused on the roles of miR-517a and the
JNK signaling pathway via targeting of CDKN1C in OS
in melanoma. Therefore, this study was aimed to investi-
gate the possible mechanisms of miR-517a in melanoma
through CDKN1C and the JNK signaling pathway.

Materials and methods

Ethical statement

All experiments were approved by the Ethical Commit-
tee of Xiangyang Central Hospital, Affiliated Hospital
of Hubei University of Arts and Science and the written
informed consents were obtained from all participants
prior to sample collection. All experiments in the present
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study were conducted in strict accordance with the Dec-
laration of Helsinki.

Microarray analysis

Based on the melanoma-associated gene expression and
miRNA datasets in the Gene Expression Omnibus (GEO)
database (https://www.ncbinlm.nih.gov/geo/), differ-
entially expressed genes (DEGs) and miRNAs related
to melanoma were retrieved, and the molecular mecha-
nism in which they may be involved was speculated. The
GSE31909 database contained gene expression data of
melanoma cell lines and normal melanocytes. GPL10558-
Nlumina HumanHT-12 V4.0 expression beadchip was
used as the microarray data annotation platform. The
GSE35389 dataset contained the expression data in both
GPL570-[HG-U133_Plus_2] Affymetrix Human Genome
U133 Plus 2.0 Array and GPL8786-[miRNA-1] Affyme-
trix Multispecies miRNA-1 Array. GPL570 and GPL8786
correspond to the data of gene expression (GSE35389-
mRNA) and miRNA expression (GSE35389-miRNA),
respectively. The gene expression data of melanoma
cells and normal melanocytes were used in differen-
tial expression analysis. The Affy package of R language
[22] was employed to perform background correction
and standardization of pretreatment for microarray
data. The limma package of R language [23] was used
to screen the DEGs and miRNAs related to melanoma
with |log2FC|>2.0 and adj. p value<0.01 as the thresh-
old. The jvenn (http://jvenn.toulouse.inra.fr/app/examp
le.html) was used to compare the DEGs of the two gene
expression microarray data. The genes related to mela-
noma were retrieved from DisGeNET (http://www.disge
net.org/web/DisGeNET /menu/search?4) database. The
protein interaction analysis was performed using String
(https://string-db.org/) database and the Cytoscape 3.6.0
software was used to extract the information of interac-
tions between DEGs and miRNAs related to melanoma,
in order to construct the protein—protein interaction
(PPI) network. Furthermore, the five prediction tools for
miRNA-mRNA relationship, including miRWalk (http://
mirwalk.umm.uni-heidelberg.de/), mirDIP (http://ophid
.utoronto.ca/mirDIP/), TargetScan (http://www.targe
tscan.org/vert_71/), miRSearch (http://www.exiqon.com/
microrna-target-prediction), and miRpath (http://lgmb.
fmrp.usp.br/mirnapath/tools.php) were used to predict
the target source miRNAs of DEGs. Finally, jvenn (http://
jvenn.toulouse.inra.fr/app/example.html) was performed
to compare and analyze the predicted miRNAs.

Study subjects

We selected 62 patients with melanoma who under-
went surgical resection at the Xiangyang Central Hos-
pital, Affiliated Hospital of Hubei University of Arts and
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Science from January 2015 to February 2018 in this study.
There were 32 males and 30 females, aged 21-75 years
old, with a mean age of 58.61+£9.99 years and a dis-
ease course of about 441.5 months. The tumor posi-
tion was observed accordingly: 17 cases of melanoma
on the dorsal part of hand, 11 cases of melanoma under
the fingernail, 2 cases of melanoma on vulva, 9 cases of
melanoma on the head and face, and 23 cases of mela-
noma on the lower limbs, including 28 cases with lymph
node metastasis and 34 cases without lymph node metas-
tasis. According to the Clark classification of skin can-
cer, 29 cases were stage I, 27 cases were stage II, and 6
cases were stage III. Patients were included in the study
if they had complete medical history and clinical data,
and no combination of other malignant tumors, treat-
ment with medicine, laser, or radiation therapy. For the
normal group, normal skin tissues were collected from
a total of 40 patients. This cohort consisted of 23 males
and 17 females, aged 15-67 years old, with a mean age of
45.531+10.05 years who received surgical resection dur-
ing the same period.

Cell and H,0, concentration screening

The human melanoma cell lines A375, G-361, and
OCM-1 and, the normal human skin cell line HACAT
were used for the following experiments. Among them,
G-361 cells were from the American Type Culture Col-
lection (ATCC; Manassas, VA, USA) and the remaining
cells were from the Cell Resource Center of the Institute
of Basic Medical Sciences, Chinese Academy of Medical
Sciences (Beijing, China). Reverse transcription quantita-
tive polymerase chain reaction (RT-qPCR) was employed
to screen the melanoma cells with the highest expres-
sion of miR-517a. The cells were then cultured in Roswell
Park Memorial Institute (RPMI) 1640 culture medium
containing 10% serum with 5% CO, at 37 °C, and then
sub-cultured.

The cells were treated with H,O, to construct a cell
model of OS. Cells were treated with 100 pM, 150 pM,
200 pM, 250 pM, and 300 pM H,O, that was prepared
with serum-free culture medium. After the cell suspen-
sion concentration was adjusted to 1x 10° cells/mL,
the cells were inoculated in 96-well plates at a density
of 1x10* cells per well and incubated overnight. An
amount of 100 pL of H,O, medium at a final concentra-
tion of 250 umol/L was added into the corresponding
wells, with three replicates set in each group. The samples
were placed in an incubator for 1 h, 2 h, and 4 h, respec-
tively. After incubation, the absorbance value at 490 nm
was measured using a microplate reader in accordance
with the instructions of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) kit. The con-
centration and time point of H,O, with the greatest
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inhibitory effect on the cells were selected for subsequent
experiments.

Plasmid construction and cell transfection

According to the known sequences of miR-517a and
CDKNIC in National Center for Biotechnology Informa-
tion (NCBI), miR-517a mimic, miR-517a inhibitor, and
pcDNA-CDKNIC were constructed by Shanghai San-
gon Biotech Co., Ltd., (Shanghai, China). The cells were
then transfected with the plasmids of miR-517a inhibitor,
pcDNA-CDKNI1C, miR-517a mimic + pcDNA-CDKN1C
and SP600125 (inhibitor of the JNK signaling pathway).

Observation of cell morphological changes

After 24 h of transfection, the cells were seeded into
96-well plates at a density of 2 x 10* cells/well, and the
morphological changes of the cells were observed under
an inverted microscope (IX73, Olympus Corporation,
Tokyo, Japan).

RNA isolation and quantitation

The total RNA from tissues and cells was extracted
according to the provided instructions of Trizol reagent
(Invitrogen, Carlsbad, CA, USA). The RNA was reverse
transcribed into complementary DNA (cDNA) using
the PrimeScriptTM RT reagent Kit (Takara, RR047A,
Beijing Think-Far Technology Co., Ltd., Beijing, China).
The primer sequences (Table 1) were synthetized by Bei-
jing TSINGKE Biological Technology Co., Ltd. (Beijing,
China). RT-qPCR was conducted using the ABI 7900HT
instrument by the two-step method. With U6 and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) as inter-
nal references, the relative gene expression was calculated
using the 2724 method. The CT values of miR-517a and

Table 1 Primer sequences of related genes for RT-qPCR

Gene Primer sequence

miR-517a F: 5-CGGCGGATCGTGCATCCCTTTA-3!
R: 5/- GTGCAGGGTCCGAGGT-3/

CDKN1C F: 5-AACGCCGAGGACCAGAACC-3'

R: 5-GCGAAGAAATCTGCACCGTCT -3/
U6 F. 5"-CTCGCTTCGGCAGCACA-3/
R: 5-AACGCTTCACGAATTTGCGT-3’
F: 5-ATGGAGAAGGCTGGGGCTC-3/
R: 5"-AAGTTGTCATGGATGACCTTG-3/

GAPDH

RT-qPCR reverse transcription quantitative polymerase chain reaction, miR-
517a microRNA-517a, CDKN1C cyclin dependent kinase inhibitor 1C, GAPDH
glyceraldehyde-3-phosphate dehydrogenase, F forward, R reverse
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U6 expression determined by RT-qPCR were shown in
Additional file 1: Tables S1 and S2..

Western blot analysis

Cells were treated with lysis buffer and phosphatase
inhibitor (1111111, Beijing Jia Mei Niu Nuo Biotech-
nology Co., Ltd., Beijing, China) and total protein was
collected. Proteins were then separated using 10%
sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis (SDS-PAGE), and transferred onto polyvi-
nylidene fluoride (PVDF) membranes. After blocking
with 5% skimmed milk for 1 h, the PVDF membrane
was incubated overnight at 4 °C with the diluted pri-
mary rabbit antibodies: CDKN1C (1:500, ab75974),
JNK (1:2000, ab112501), phosphorylated JNK (phospho
T183+Y185) (1:1000, ab4821), p38 (1:1000, ab27986),
phosphorylated p38 (phospho T180-+Y182) (1:1000,
ab4822), Cleaved Caspase-3 (1:1000, ab2302), cas-
pase 3 (1:5000, ab32351), ERK1/2 (1:1000, ab17942),
phosphorylated ERK1/2 (Thr202/Tyr204) (1:2000,
#4370, Cell Signaling Technology, Beverly, MA, USA),
Bcl2-associated X protein (Bax) (1:5000, ab32503),
and B-cell lymphoma 2 (Bcl-2) (1:2000, ab182858).
All abovementioned antibodies were purchased from
Abcam Inc. (Cambridge, MA, USA) with the exception
of the phosphorylated ERK1/2 antibody. Afterwards,
the membrane was washed 3 times with Tris-buffered
saline Tween-20 (TBST), incubated with secondary
horseradish peroxidase (HRP)-labeled goat anti-rabbit/
rat immunoglobulin G (IgG) (HA1003, Shanghai Yan-
hui Biotechnology Co., Ltd., Shanghai, China) for 1 h,
and immersed in enhanced chemiluminescence (ECL)
(ECL808-25, Biomiga, CA, USA). Next, X-ray images
were taken (36209ESO1, Shanghai Qianchen Biotech-
nology Co., Ltd., Shanghai, China). The ratio of the gray
value of the target band to GAPDH was representative
of the relative protein expression.

Dual-luciferase reporter assay

The wild-type (WT) and mutant (Mut) primers of tar-
get predicted CDKNI1C 3’ untranslated region (UTR)
fragments were designed and synthetized by Shanghai
Sangon Biotech Co., Ltd. (Shanghai, China). The pMIR-
report luciferase vector was treated with double enzyme
digestion using restrictive endonuclease HindIII and
Pmel. Next, HindIII/Pmel double enzyme single point
was added on both sides of the WT and Mut CDKN1C
3'UTR target predicted fragments. Finally, the target
genes were ligated into intended vectors with Ligase 4.
CDKNIC 3'UTR-WT-Luc and CDKN1C 3'UTR-Mut-
Luc plasmids were co-transfected into 293T cells with
the NC mimic and the miR-517a mimic, respectively.
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Subsequently, the Firefly Luciferase Reporter Gene Assay
Kit (RG005, Beyotime Biotechnology Co., Ltd., Shanghai,
China) and a microplate reader (MK3, Thermo Fisher
Scientific, California, USA) were used to detect luciferase
activity at 560 nm.

5-ethynyl-2’-deoxyuridine (EdU) staining

The cells were treated with EdU solution, fixed with
40 g/L polyoxymethylene for 30 min, and incubated with
glycine solution for 8 min. The cells were then rinsed
with PBS containing 0.5% Triton X-100, incubated with
Apollo® staining solution, washed with methanol, cul-
tured with Hoechst 3334 solution, and observed under
a fluorescence microscope. Three fields of view were
selected under 400x magnification. The proliferating
cells stained with EdU and total cells stained with Hoe-
chst 33342 were counted. Cell proliferation rate=the
number of proliferating cells/total cells x 100%.

Flow cytometry

Annexin V-fluorescein isothiocyanate (FITC)/propid-
ium iodide (PI) double staining was performed to detect
cell apoptosis. The cells were incubated with 5% CO, at
37 °C for 48 h. Subsequently, the cells were suspended in
200 pL binding buffer, added with 10 uL. Annexin V-FITC
(ab14085, Abcam Inc., Cambridge, MA, USA) and 5 pL
PI, and incubated for 15 min. After final resuspension in
300 pL of binding buffer, cell apoptosis was detected on
a flow cytometer at an excitation wavelength of 488 nm.

Mitochondrial membrane potential detection
Mitochondrial membrane potential detection reagent kit
(JC-1; C2006) was purchased from Beyotime Biotech-
nology Co., Ltd. (Shanghai, China). The cells were incu-
bated with 5% CO, at 37 °C for 3 h, added with 500 pL
JC-1 working fluid (500 pL 1 x Incubation Buffer+1 pL
JC-1) in 5% CO, at 37 °C for 15-20 min, rinsed with
1 x Incubation Buffer, and observed under a fluorescence
microscope (XSP-63B, Shanghai Optical Instrument
Factory, Shanghai, China). The results were scored as
follows: normal cells: observation of double color filter:
green++red ++ (high green high red), the color under
the same color filter was yellow green; apoptotic cells:
observation of double color filter: green++ red+ (high
green low red), the color under the same color filter was
green.

Detection of biochemical indexes

The Fe*" reduction method was employed to determine
the total antioxidant capacity (T-AOC) using T-AOC
reagent kit (YBAO15, Shanghai Yu Bo Biological Tech-
nology Co., Ltd., Shanghai, China). The reactive oxygen
species (ROS) level was determined by fluorescent probe
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dichloro-dihydro-fluorescein  diacetate =~ (DCFH-DA)
assay using the ROS reagent kit (50101ESO1, Shang-
hai YEASEN Biological Technology Co., Ltd., Shanghai,
China). The xanthine oxidase method was used to detect
superoxide dismutase (SOD) activity in accordance to
the SOD reagent kit (BC0170, Beijing Solarbio Science
& Technology Co., Ltd., Beijing, China). The thiobarbi-
turic acid (TBA) method was used to determine malon-
dialdehyde (MDA) level based on the MDA reagent kit
instructions (S0131, Beyotime Biotechnology Co., Ltd.,
Shanghai, China).

Statistical analysis

Statistical analysis was performed using the SPSS 21.0
software (IBM Corp. Armonk, NY, USA). Measure-
ment data were expressed as mean =+ standard deviation.
Comparisons between two groups were analyzed inde-
pendently by t-test, and comparisons among multiple
groups were analyzed using one-way analysis of variance
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(ANOVA). The optical density (OD) value was analyzed
using repeated measures ANOVA. The data normal-
ity test was conducted using the Kolmogorov—Smirnov
method. Comparisons of data with normal distribution
among multiple groups were analyzed using ANOVA,
followed by Tukey’s post hoc tests with corrections for
multiple comparisons. Differences in p value of less than
0.05 were considered to be statistically significant.

Results

Expression of CDKN1C is altered in melanoma cells

Firstly, the R language was used to screen DEGs from mela-
noma gene expression microarray data (GSE31909 and
GSE35389-mRNA). The first 100 DEGs from the GSE31909
and GSE35389-mRNA datasets were selected for com-
parison and a Venn diagram of the results was constructed
(Fig. 1a). The results indicated 15 intersecting genes (MAL,
MAGEA6, WFDC1, KIT, TYRP1, S100A4, CDKNIC,
COL1A2, DDIT4L, CA14, RAB33A, PRUNE2, PXDN,
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SELENBPI, and CYP1B1), which were used as melanoma
DEGs. The genes related to melanoma were searched for in
DisGeNET. The top 20 genes were regarded as melanoma
genes (CDKN2A, MCIR, NRAS, MITE, PTEN, TERT,
POT1, BRAE, TP53, TYR, CDK4, MLANA, PMEL, IL2,
ERCC2, IENG, TNEF, PTGS2, CDKN2B, TYRP1). Based on
the protein intersection information in the String database,
the PPI network between DEGs and melanoma genes was
constructed (Fig. 1b). The DEGs that associated with other
genes in this network are KIT, CDKN1C, and TYRP], sug-
gesting these three DEGs may affect melanoma, in which
TYRP1 was both a DEG and a melanoma gene. Moreo-
ver, most studies have focused on the effects of KIT on
melanoma [24, 25]. Interestingly, the heat maps of the
top 60 DEGs of melanoma gene expression microarray
data GSE31909 (Fig. 1c) and GSE35389-mRNA (Fig. 1d)
revealed that CDKN1C expression in melanoma cells was
lower than that in normal melanocytes.

The possible miRNAs regulating CDKNIC were
predicted by the miRWalk, mirDIP, TargetScan, miR-
Search, and miRpath databases. There were 897 miRNAs
with energy<—20 in miRWalk, and 105 miRNAs were
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predicted in mirDIP with “Score Class” as “Very High”.
In the prediction results of TargetScan, 18 miRNAs were
screened with context ++ score < —0.4 as the threshold,
while another 28 and 43 miRNAs were predicted to regu-
late CDKNIC in miRSearch and miRpath, respectively.
After comparing the predicted results of these five miR-
NAs (Fig. 1e), only one intersecting miRNA (hsa-miR-
517a-3p) was found, indicating that miR-517a might
regulate CDKNI1C. Next, the differentially expressed
miRNAs were screened in the melanoma miRNA expres-
sion dataset GSE35389-miRNA. The heat maps of the
first 60 differential expressed miRNAs were drawn
(Fig. 1f), and we noticed that miR-517a expression in
melanoma cells was higher than the normal melanocytes.
Taken together, these results revealed that miR-517a tar-
gets the regulation of CDKN1C-mediated JNK signaling
pathway in melanoma.

Upregulation of miR-517a in melanoma tissues and cells
Next, RT-qPCR was performed to determine miR-517a
expression in melanoma tissues and cells. The results

» Normal tissues b
- Melanoma tissues

Relative expression of
miR-517a

C -e- 0 ymol/L
- 100 ymol/L
-A- 150 ymol/L

200 pmol/L
—- 250 ymol/L
300 pmol/L

-
&
1

-
o
1

]
/

OD value (490 nm)

Relative expression of miR-517a gy
w
1

T
HACAT A375

-
o
)

N
o
1
*

o
a
1

Relative expression of miR-517a @

o
o
I

0 pmol/L 250 pmol/L

G361

0 pmol/L

o
o

T
OCM-1 1h 2h 4h

-

250 pmol/L

Fig. 2 miR-517a is upregulated in melanoma tissues and cells. a miR-517a expression in melanoma samples (n =62) and normal skin tissues
(n=40); *p < 0.05 compared with the normal skin tissues; b miR-517a expression in melanoma cells, A375, G-361, and OCM-1 and in normal
skin cell, HACAT; **p < 0.05 compared with the HACAT cell; ¢ OD value of cells treated with H,O, of various concentration for 1 h, 2 h,and 4 h;

*p<0.05 compared with cells treated with O umol/L H,O,; d miR-517a expression after treated with H,O,; *p <0.05 compared with cells treated
with 0 pmol/L H,0,; e Cell morphology after treatment with 250 pmol/L H,0, under the inverted microscope (x400). All data were expressed
as mean = standard deviation; comparisons between two groups were analyzed by unpaired t-test; comparisons among multiple groups were
analyzed by one-way ANOVA; the OD values at different points were analyzed by repeated measures ANOVA




Yang et al. Cancer Cell Int (2020) 20:32

showed that miR-517a expression in melanoma sam-
ples was significantly increased (p <0.05), as shown in
Fig. 2a.

Compared with the HACAT cells, miR-517a was highly
expressed in A375, G-361, and OCM-1 cells. Among
them, G-361 cells showed the highest miR-517a expres-
sion (p <0.05), as shown in Fig. 2b. Thus, G-361 cells were
selected for subsequent experiments.

The cells were treated with 100 pM, 150 uM, 200 pM,
250 pM, 300 pM of H,O, to construct OS cell models.
The results of H,O, concentration screening (Fig. 2c)
indicated the survival rate of cells gradually decreased
with the increase of H,0, concentration and H,O,
treatment time. When H,O, concentration was about
250 pmol/L and the processing time was 2 h, the prolif-
eration rate of cells was about 50%, which was the low-
est concentration and shortest time to minimize the half
growth of cells. Therefore, 250 pmol/L H,0, was used to
treat the subsequent cells for 2 h.

The expression of miR-517a was detected by RT-
qPCR, and the results showed that, when compared
with the untreated cells, the miR-517a expression was
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significantly decreased in cells treated with 250 pmol/L
H,0, (p<0.05) (Fig. 2d).

The results observed under the microscope (Fig. 2e)
showed that when compared with the untreated cells,
treatment with 250 pmol/L H,O, resulted in more obvi-
ous cytoplasmic shrinkage, sparse cells, and mainly round
cells. These results revealed that miR-517a was upregu-
lated in melanoma tissues and cells, while the expression
of miR-517a was significantly decreased after treatment
with H,O, (250 umol/L).

miR-517a regulates OS damage in melanoma cells

G-361 cells were treated with or without H,O,,
or transfected with miR-517a inhibitor sequence,
pcDNA-CDKN1C sequence, miR-517a mimic + pcDNA-
CDKNI1C sequence, SP600125 (JNK inhibitor), or relative
negative control (NC) individually or together to identify
their roles in OS of melanoma cells. Western blot analysis
(Fig. 3a, b), EAU (Fig. 3¢, d), and flow cytometry (Fig. 3f,
g) revealed that in the cells treated with 250 pumol/L
H,0O,, the protein levels of Cleaved Caspase-3, ratio of
Bax/Bcl-2 as well as cell apoptosis rate were significantly
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enhanced while extent of ERK1/2 phosphorylation and
cell proliferation were decreased when compared to the
cells without treatment (all p<0.05). Compared with
the cells treated with NC inhibitor, the protein levels
of Cleaved Caspase-3, ratio of Bax/Bcl-2 and cell apop-
tosis rate were significantly increased, while the extent
of ERK1/2 phosphorylation and cell proliferation were
reduced in the cells treated with miR-517a inhibitor and
H,0, (p<0.05).

As shown in Fig. 3e, after treatment with 250 umol/L
of H,0,, the normal cells showed red and green fluores-
cence, presented with yellow-green color, and showed
no significant changes in the membrane potential. In
contrast, apoptotic cells presented with high green and
low red in color, and the membrane potential was signifi-
cantly decreased. The normal cells showed no changes in
the membrane potential, and the results in cells treated
with H,O, and NC inhibitor showed no significant differ-
ence. In contrast to cells treated with NC inhibitor, the
membrane potential in cells treated with H,0O, and miR-
517a inhibitor was significantly decreased (p <0.05).

The levels of biochemical indexes in G-361 cells,
including T-AOC, ROS, and MDA as well as SOD activ-
ity, were measured. As shown in Fig. 3h, cells treated
with H,0, (250 uM) showed elevated ROS and MDA
levels, and reduced T-AOC levels and SOD activity in
comparison to the cells without treatment (all p <0.05).
When compared with cells treated with NC inhibitor, the
cells treated with miR-517a inhibitor exhibited elevated
ROS and MDA levels and reduced T-AOC levels and
SOD activity (all p<0.05). The abovementioned findings
revealed that silencing miR-517a promoted OS of G-361
cells.

miR-517a inhibition suppresses activation of the JNK
signaling pathway by elevating CDKN1C
Dual-luciferase reporter assay was used to identify the
target relationship between miR-517a and CDKNIC.
After co-transfection with CDK N1C-WT-Luc plasmid
into 293T cells, the luciferase activity was significantly
lower in cells transfected with miR-517a mimic than that
of the empty vector-transfected cells (p <0.05) (Fig. 4a).
RT-qPCR was used to determine miR-517a expres-
sion and CDKNIC mRNA expression. As shown in
Fig. 4b, the cells treated with miR-517a mimic + pcDNA-
CDKNI1C displayed increased miR-517a expression
(p<0.05) when compared to cells without treatment,
while cells treated with NC inhibitor, pcDNA-NC, and
miR-517a mimic 4+ pcDNA-CDKNI1C showed no signifi-
cant changes in the CDKN1C mRNA levels (all p>0.05).
The cells treated with miR-517a inhibitor presented with
a downregulated miR-517a expression, and upregulated
CDKNI1C mRNA levels (both p<0.05) when compared
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with cells treated with NC inhibitor. The cells treated
with pcDNA-CDKN1C showed no significant difference
in miR-517a expression, but CDKN1C mRNA level was
increased when compared with the cells treated with
pcDNA-NC (p<0.05).

Several studies have indicated that activation of the
JNK signaling pathway is involved in melanoma [26,
27], and CDKNI1C is known to inhibit the JNK signaling
pathway [28], suggesting that CDKN1C could modulate
the JNK signaling pathway in melanoma. Western blot
analysis showed that the levels of JNK and p38 were not
affected by miR-517a and CDKN1C. Compared with cells
without treatment, the extent of JNK and p38 phospho-
rylation was decreased in the cells treated with SP600125,
while the cells treated with NC inhibitor, pcDNA-NC,
and miR-517a mimic+ pcDNA-CDKNI1C showed no
significant difference (all p>0.05). Compared with cells
treated with NC inhibitor, CDKN1C protein was upregu-
lated and the extent of JNK and p38 phosphorylation was
decreased in the cells treated with miR-517a inhibitor (all
p<0.05). Compared with cells treated with pcDNA-NC,
the cells treated with pcDNA-CDKN1C showed upregu-
lated CDKNI1C protein expression and decreased extent
of JNK and p38 phosphorylation (all p <0.05) (Fig. 4c, d).

The abovementioned findings revealed a target rela-
tionship between miR-517a and CDKN1C, the downreg-
ulation of which inhibited activation of the JNK signaling
pathway.

CDKN1C/JNK signaling pathway regulates melanoma cells
to exert anti-oxidative stress

Western blot analysis was performed to determine the
protein levels of Cleaved Caspase-3, Bax/Bcl-2 ratio and
the extent of ERK1/2 phosphorylation in cells following
different treatments. As shown in Fig. 5a, b, compared to
untreated cells, the protein levels of Cleaved Caspase-3
and Bax/Bcl-2 ratio were significantly elevated while
the extent of ERK1/2 phosphorylation was reduced in
the cells treated with SP600125 (all p <0.05). Compared
with cells treated with pcDNA-NC, Cleaved Caspase-3
protein levels and Bax/Bcl-2 ratio were significantly
increased while the extent of ERK1/2 phosphorylation
was decreased in cells treated with pcDNA-CDKN1C (all
p<0.05).

EdU staining was performed to detect cell proliferation
after cells were treated with 250 pmol/L H,0,. As shown
in Fig. 5¢, d, compared with cells without treatment, cell
proliferation was significantly inhibited in cells treated
with SP600125 (p<0.05). The cells treated with pcDNA-
CDKNIC showed an inhibited cell proliferation when
compared to the cells treated with pcDNA-NC (p <0.05).

Mitochondrial membrane potential detection was also
conducted after treatment with 250 pmol/L H,0,. As
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shown in Fig. 5e, the cells with normal growth showed
red and green fluorescence, the cells presented yel-
low green, and showed no significant changes in mem-
brane potential. In contrast, apoptotic cells showed high
green and low red in color, and the membrane poten-
tial was significantly decreased. Cells without treat-
ment, as well as cells treated with pcDNA-NC, and
miR-517a mimic+ pcDNA-CDKNIC displayed no sig-
nificant changes in membrane potential. Compared to

untreated cells, the membrane potential was decreased
in cells treated with SP600125 (p<0.05). Compared to
cells treated with pcDNA-NC, the membrane potential
was significantly reduced in cells treated with pcDNA-
CDKN1C (p<0.05).

Flow cytometry was performed to detect cell apop-
tosis upon treatment with 250 pmol/L H,0O,. As shown
in Fig. 5f, g, compared with cells without treatment, cell
apoptosis was increased in cells treated with SP600125
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(p<0.05). Cells treated with pcDNA-CDKNI1C showed elevated ROS and MDA levels but decreased T-AOC lev-
enhanced apoptosis compared to cells treated with els and SOD activity compared to cells without treatment
pcDNA-NC (p<0.05). (all p<0.05). Compared with cells treated with pcDNA-

The levels of biochemical indexes in G-361 cells, includ-  NC, the cells treated with pcDNA-CDKN1C exhibited
ing T-AOC, ROS, and MDA as well as SOD activity, were  elevated ROS and MDA levels and reduced T-AOC levels
measured after treatment with 250 pmol/L H,O,. As and SOD activity (all p <0.05). The abovementioned find-
shown in Fig. 5h, the cells treated with SP600125 showed  ings revealed that overexpression of CDKN1C promoted
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OS in melanoma G-361 cells. At the same time, upregula-
tion of miR-517a could reverse the effects of CDKNIC,
and the suppression of the JNK signaling pathway could
promote OS in melanoma cells.

Discussion

Melanoma is a highly aggressive and prevalent skin
cancer with high mortality, and OS and DNA damage
due to ultraviolet light have been identified as the lead-
ing causes of melanoma formation [29]. In recent years,
the incidence of melanoma has been increasing glob-
ally [30]. Numerous studies have revealed that miRNAs
are expressed abnormally in a variety of human diseases,
including melanoma [13, 31]. Our work aimed to assess
the mechanism of miR-517a in melanoma. It was demon-
strated that the inhibition of miR-517a contributes to OS
via inactivation of the JNK signaling pathway by upregu-
lating CDKNI1C, in melanoma cells.

Initially, our data demonstrated that miR-517a was
upregulated, while CDKN1C was downregulated in mel-
anoma cells. A previous study identified that about half
of miRNAs are located in chromosomal areas, known to
amplify or delete in human cancer cells [32]. miR-517a is
also known as an oncomiR in hepatocellular carcinoma
(HCC) with elevated expression in HCC samples and,
it can increase proliferation, migration, and invasion
of HCC cells in vitro as well as drive tumorigenesis and
metastasis in vivo [14]. Furthermore, high hsa-miR-517a
expression is a contributor to the worse prognosis for
tumor progression/recurrence-free survival and, overall
survival of patients with glioblastoma [33]. Overexpres-
sion of miR-517a-3p in lung cancer cell lines has been
found to increase lung cancer cell proliferation, migra-
tion and invasion abilities through inhibition of forkhead
box J3 (FOX]J3) expression [34]. Furthermore, miR-517a
is detected to be activated in CRC, and is related to poor
prognosis and low survival rates of CRC patients [35]. It
has been reported that miRNAs have the ability to pro-
mote tumor proliferation and metastasis by downregulat-
ing the expression of their target genes [36]. Our study
showed that CDKN1C was a target gene of miR-517a and
its expression can be downregulated by miR-517a. It has
been shown that miR-221 is involved in CRC by target-
ing CDKNI1C [15]. A recent study has also shown that
CDKNI1C exhibits reduced mRNA expression in several
human cancers [37]. CDKN1C, known as a tumor sup-
pressor gene, is found to be decreased in patients with
cutaneous T-cell lymphoma, which is the most common
lymphoma of the skin [38]. CDKN1C suppression follow-
ing CITEDI overexpression has been shown to augment
cell cycle progression and cell viability in melanoma cells
[17].
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In addition, this study also confirmed that inhibition
of miR-517a resulted in increased levels of CDKNI1C,
Cleaved Caspase-3 and Bax/Bcl-2 ratio, as well as
reduced the extent of ERK1/2, JNK and p38 phosphoryla-
tion, suggesting that silencing of miR-517a inhibited cell
proliferation and promoted apoptosis via upregulation of
CDKNIC and inactivation of the JNK signaling pathway.
Bax has been reported to induce apoptosis [39], while
Bcl-2 serves as an apoptosis inhibitor [40]. A previous
study reported that suppression of miR-150 promotes
apoptosis of melanoma cells [41]. Moreover, miR-221
was shown to promote colon carcinoma cell prolifera-
tion by downregulating CDKN1C/p57 expression [42]. In
addition, miRNA could also affect J]NK expression [43].
Beales et al. have shown that activation of JNK inhibits
cell apoptosis [44], suggesting that the suppression of
JNK enhances cell apoptosis. A previous study has also
demonstrated that inhibition of JNK could facilitate
cell apoptosis [26]. However, the role of the miR-517a/
CDKN1C/JNK signaling in melanoma still remains enig-
matic. Thus, further investigations are needed to further
explore their effects on melanoma.

Interestingly, this study has found that the miR-517a
silencing or SP600125 resulted in increased levels of
ROS and MDA, and decreased levels of T-AOC and SOD
activity. OS often occurs in the progression of melanoma
[6]. OS contributes to increased levels of ROS including
H,0, [45, 46]. ROS usually generates from the process of
metabolic processes in healthy cells, but is also produced
in malignant melanoma [47]. MDA is also considered to
be a marker of OS that can be determined in the blood
[48]. In addition, elevated OS levels are reported to be
correlated with reduced levels of T-AOC [49]. SOD is one
of the primary antioxidant enzymes that exist in mam-
malian cells [50]. Wang et al. revealed that upregulation
of SOD1 could suppress OS [51]. MiR-141 was identified
to attenuate OS in human retinal ganglion cells [52]. Fur-
thermore, activity of the JNK signaling pathway is capable
of alleviating the toxic effects of ROS [53]. These findings
suggest that the downregulation of miR-517a promotes
OS in melanoma cells by suppressing activation of the
JNK signaling pathway and targeting CDKN1C.

Conclusions

In conclusion, we show here that miR-517a is activated in
melanoma and that it directly targets CDKN1C. Down-
regulation of miR-517a inactivated the JNK signaling
pathway while upregulating CDKN1C expression, lead-
ing to OS in melanoma (Fig. 6). Our work thus identifies
the potential role of miR-517a/CDKN1C/JNK axis in the
treatment of OS in melanoma. Further investigations into
the interaction between miR-517a, CDKNI1C and the
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Fig. 6 The mechanisms of the regulatory network and function of miR-517a in OS in melanoma. miR-517a was highly expressed, while CDKN1C
was downregulated. H,0, could inhibit the miR-517a expression and the JNK/p38 signaling pathway to affect the levels of apoptosis-related factors

JNK signaling pathway are still required to fully under-
stand the specific mechanisms of miR-517a in melanoma.

Supplementary information

Supplementary information accompanies this paper at https://doi.
org/10.1186/512935-019-1064-y.

Additional file 1: Table S1. CT values of miR-517a and U6 expression
determined by RT-gqPCR in Fig. 2b. Table S2. CT values of miR-517a and U6
expression determined by RT-qPCR in Fig. 2d.

Abbreviations

miRNAs: microRNAs; OS: oxidative stress; CDKN1C: cyclin dependent kinase
inhibitor 1C; JNK: c-Jun NH2-terminal kinase; CRC: colorectal carcinoma;
CDK: cyclin-dependent kinase; MAPKs: mitogen-activated protein kinases;
GEQ: Gene Expression Omnibus; DEGs: differentially expressed genes; PPI:
protein-protein interaction; ATCC: American Type Culture Collection; RPMI:

Roswell Park Memorial Institute; RT-qPCR: reverse transcription quantitative
polymerase chain reaction; SDS-PAGE: sodium dodecyl sulfate-polyacrylamide
gel electrophoresis; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; NCBI: National Center for Biotechnology Information; cDNA: comple-
mentary DNA; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; PVDF:
polyvinylidene fluoride; TBST: tris-buffered saline Tween-20; HRP: horseradish
peroxidase; Bax: Bcl2-associated X protein; Bcl-2: B cell ymphoma 2; HRP:
horseradish peroxidase; IgG: immunoglobulin G; ECL: enhanced chemilumi-
nescence; WT: wild-type; Mut: mutant; UTR: untranslated region; FITC: fluores-
cein isothiocyanate; PI: propidium iodide; T-AOC: total antioxidant capacity;
ROS: reactive oxygen species; SOD: superoxide dismutase; MDA: malondialde-
hyde; TBA: thiobarbituric acid; EdU: 5-ethynyl-2’-deoxyuridine; ANOVA: analysis
of variance; OD: optical density; NC: negative control.

Acknowledgements
We would like to acknowledge the reviewers for their helpful comments on
this paper.

Authors’ contributions
CY and ZY designed the study. FH and WW collated the data, carried out
data analyses and produced the initial draft of the manuscript. ZS and WX


https://doi.org/10.1186/s12935-019-1064-y
https://doi.org/10.1186/s12935-019-1064-y

Yang et al. Cancer Cell Int (2020) 20:32

contributed to drafting the manuscript. All authors read and approved the
final manuscript.

Funding
None.

Availability of data and materials
All data generated or analyzed during this study are included in this article.

Ethics approval and consent to participate

All experiments were approved by the Ethical Committee of Xiangyang
Central Hospital, Affiliated Hospital of Hubei University of Arts and Science
and the written informed consents were obtained from all participants prior
to sample collection. All experiments in the present study were conducted in
strict accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Oncology, Xiangyang Central Hospital, Affiliated Hospital

of Hubei University of Arts and Science, No. 136, Jingzhou Street, Xiangcheng
District, Xiangyang 441021, Hubei, People’s Republic of China. 2 Department
of Gastroenterology, Xiangyang Central Hospital, Affiliated Hospital of Hubei
University of Arts and Science, Xiangyang 441021, People’s Republic of China.
3 Department of Dermatology, Xiangyang Central Hospital, Affiliated Hospital
of Hubei University of Arts and Science, No. 136, Jingzhou Street, Xiangcheng
District, Xiangyang 441021, Hubei, People’s Republic of China.

Received: 28 April 2019 Accepted: 10 December 2019
Published online: 29 January 2020

References

1. Bakkal FK, Basman A, Kizil Y, Ekinci O, Gumusok M, Ekrem Zorlu M, et al.
Mucosal melanoma of the head and neck: recurrence characteristics
and survival outcomes. Oral Surg Oral Med Oral Pathol Oral Radiol.
2015;120(5):575-80.

2. Nunez Herrero L, Chaucer B, Zafar W, Davalos F, Salman S, Naing S. Pri-
mary malignant melanoma of the rectum: a case report of an extremely
rare gastrointestinal cancer. J Gastrointest Cancer. 2016;47(4):494-6.

3. ChenJ, Feilotter HE, Pare GC, Zhang X, Pemberton JG, Garady C, et al.
MicroRNA-193b represses cell proliferation and regulates cyclin D1 in
melanoma. Am J Pathol. 2010;176(5):2520-9.

4. Goldberg KH, Yin AC, Mupparapu A, Retzbach EP, Goldberg GS, Yang CF.
Components in aqueous Hibiscus rosa-sinensis flower extract inhibit
in vitro melanoma cell growth. J Tradit Complement Med. 2017;7(1):45-9.

5. Azoury SC, Lange JR. Epidemiology, risk factors, prevention, and early
detection of melanoma. Surg Clin North Am. 2014;94(5):945-62.

6. Cotter MA, Thomas J, Cassidy P, Robinette K, Jenkins N, Florell SR, et al.
N-acetylcysteine protects melanocytes against oxidative stress/damage
and delays onset of ultraviolet-induced melanoma in mice. Clin Cancer
Res. 2007;13(19):5952-8.

7. Piskounova E, Agathocleous M, Murphy MM, Hu Z, Huddlestun SE, Zhao
Z, et al. Oxidative stress inhibits distant metastasis by human melanoma
cells. Nature. 2015,527(7577):186-91.

8. Eiberger W, Volkmer B, Amouroux R, Dherin C, Radicella JP, Epe B.
Oxidative stress impairs the repair of oxidative DNA base modifica-
tions in human skin fibroblasts and melanoma cells. DNA Repair.
2008;7(6):912-21.

9. LiJY, Zheng LL, Wang TT, Hu M. Functional annotation of metastasis-

associated micrornas of melanoma: a meta-analysis of expression profiles.

Chin Med J. 2016;129(20):2484-90.

10. Mirzaei H, Gholamin S, Shahidsales S, Sahebkar A, Jaafari MR, Mirzaei HR,
et al. MicroRNAs as potential diagnostic and prognostic biomarkers in
melanoma. Eur J Cancer. 2016;53:25-32.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 13 of 14

. Jayawardana K, Schramm SJ, Tembe V, Mueller S, Thompson JF, Scolyer

RA, et al. Identification, review, and systematic cross-validation of micro-
RNA prognostic signatures in metastatic melanoma. J Invest Dermatol.
2016;136(1):245-54.

. Zhang J, LiS,Yan Q, Chen X, Yang Y, Liu X, et al. Interferon-beta

induced microRNA-129-5p down-regulates HPV-18 E6 and E7 viral
gene expression by targeting SP1 in cervical cancer cells. PLoS ONE.
2013;8(12):e81366.

. Philippidou D, Schmitt M, Moser D, Margue C, Nazarov PV, Muller A,

et al. Signatures of microRNAs and selected microRNA target genes in
human melanoma. Cancer Res. 2010;70(10):4163-73.

. Toffanin S, Hoshida Y, Lachenmayer A, Villanueva A, Cabellos L,

Minguez B, et al. MicroRNA-based classification of hepatocellular
carcinoma and oncogenic role of miR-517a. Gastroenterology.
2011;140(5):1618-28.

. Sun K, Wang W, Zeng JJ, Wu CT, Lei ST, Li GX. MicroRNA-221 inhibits

CDKN1C/p57 expression in human colorectal carcinoma. Acta Pharma-
col Sin. 2011;32(3):375-84.

. Kavanagh E, Joseph B. The hallmarks of CDKN1C (p57, KIP2) in cancer.

Biochim Biophys Acta. 2011;1816(1):50-6.

. Howlin J, Cirenajwis H, Lettiero B, Staaf J, Lauss M, Saal L, et al. Loss

of CITED1, an MITF regulator, drives a phenotype switch in vitro and
can predict clinical outcome in primary melanoma tumours. PeerJ.
2015;3:e788.

. Newton R. Anti-inflammatory glucocorticoids: changing concepts. Eur

J Pharmacol. 2014;724:231-6.

. Costa AP, Lopes MW, Rieger DK, Barbosa SG, Goncalves FM, Xikota JC,

et al. Differential activation of mitogen-activated protein kinases, ERK
1/2, p38(MAPK) and JNK p54/p46 during postnatal development of rat
hippocampus. Neurochem Res. 2016;41(5):1160-9.

Lopez-Bergami P, Huang C, Goydos JS, Yip D, Bar-Eli M, Herlyn M,

et al. Rewired ERK-JNK signaling pathways in melanoma. Cancer Cell.
2007;11(5):447-60.

. Alexaki VI, Javelaud D, Mauviel A. JNK supports survival in melanoma

cells by controlling cell cycle arrest and apoptosis. Pigment Cell Mela-
noma Res. 2008;21(4):429-38.

Gautier L, Cope L, Bolstad BM, Irizarry RA. affy—analysis of Affymetrix
GeneChip data at the probe level. Bioinformatics. 2004;20(3):307-15.
Smyth GK. Linear models and empirical bayes methods for assessing
differential expression in microarray experiments. Stat Appl Genet Mol
Biol. 2004;3:Article3.

Dahl C, Abildgaard C, Riber-Hansen R, Steiniche T, Lade-Keller J, Gul-
dberg P.KIT is a frequent target for epigenetic silencing in cutaneous
melanoma. J Invest Dermatol. 2015;135(2):516-24.

Carvajal RD, Antonescu CR, Wolchok JD, Chapman PB, Roman RA, Tei-
tcher J, et al. KIT as a therapeutic target in metastatic melanoma. JAMA.
2011;305(22):2327-34.

Kogushi-Nishi H, Jinnin M, Kobayashi Y, Muchemwa FC, Hirano A,
Makino T, et al. Role of c-Jun N-terminal kinase isoforms in the cellular
activity of melanoma cell lines. Clin Exp Dermatol. 2013;38(8):890-6.
Ke H, Augustine CK, Gandham VD, Jin JY, Tyler DS, Akiyama SK, et al.
CYLD inhibits melanoma growth and progression through suppres-
sion of the JNK/AP-1 and betal-integrin signaling pathways. J Invest
Dermatol. 2013;133(1):221-9.

Chang TS, Kim MJ, Ryoo K, Park J, Eom SJ, Shim J, et al. p57KIP2
modulates stress-activated signaling by inhibiting c-Jun NH2-
terminal kinase/stress-activated protein Kinase. J Biol Chem.
2003;278(48):48092-8.

Chen L, Karisma VW, Liu H, Zhong L. MicroRNA-300: a transcellular
mediator in exosome regulates melanoma progression. Front Oncol.
2019;9:1005.

Leibowitz-Amit R, Sidi Y, Avni D. Aberrations in the micro-RNA biogenesis
machinery and the emerging roles of micro-RNAs in the pathogen-

esis of cutaneous malignant melanoma. Pigment Cell Melanoma Res.
2012;25(6):740-57.

Garzon R, Fabbri M, Cimmino A, Calin GA, Croce CM. MicroRNA expres-
sion and function in cancer. Trends Mol Med. 2006;12(12):580-7.

LiuY, Hei Y, Shu Q, Dong J, Gao Y, Fu H, et al. VCP/p97, down-regulated
by microRNA-129-5p, could regulate the progression of hepatocellular
carcinoma. PLoS ONE. 2012;7(4):e35800.



Yang et al. Cancer Cell Int (2020) 20:32

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Feng J, Kim ST, Liu W, Kim JW, Zhang Z, Zhu Y, et al. An integrated analysis
of germline and somatic, genetic and epigenetic alterations at 9p21.3 in
glioblastoma. Cancer. 2012;118(1):232-40.

JinJ, Zhou S, Li C, Xu R, Zu L, You J, et al. MiR-517a-3p accelerates lung
cancer cell proliferation and invasion through inhibiting FOXJ3 expres-
sion. Life Sci. 2014;108(1):48-53.

Ma W, Yu Q Jiang J, Du X, Huang L, Zhao L, et al. miR-517a is an inde-
pendent prognostic marker and contributes to cell migration and inva-
sion in human colorectal cancer. Oncol Lett. 2016;11(4):2583-9.

Yong FL, Law CW, Wang CW. Potentiality of a triple microRNA classifier:
miR-193a-3p, miR-23a and miR-338-5p for early detection of colorectal
cancer. BMC Cancer. 2013;13:280.

Larson PS, Schlechter BL, King CL, Yang Q, Glass CN, Mack C, et al.
CDKN1C/p57kip2 is a candidate tumor suppressor gene in human breast
cancer. BMC Cancer. 2008;8:68.

Litvinov IV, Kupper TS, Sasseville D. The role of AHIT and CDKN1C in cuta-
neous T-cell ymphoma progression. Exp Dermatol. 2012;21(12):964-6.
Czabotar PE, Westphal D, Dewson G, Ma S, Hockings C, Fairlie WD, et al.
Bax crystal structures reveal how BH3 domains activate Bax and nucleate
its oligomerization to induce apoptosis. Cell. 2013;152(3):519-31.
Skommer J, Brittain T, Raychaudhuri S. Bcl-2 inhibits apoptosis by increas-
ing the time-to-death and intrinsic cell-to-cell variations in the mitochon-
drial pathway of cell death. Apoptosis. 2010;15(10):1223-33.

Wan J, Yang J, Huang Y, Deng L. MicroRNA-150 inhibitors enhance

cell apoptosis of melanoma by targeting PDCD4. Oncol Lett.
2018;15(2):1475-82.

Sun K, Wang W, Lei ST, Wu CT, Li GX. MicroRNA-221 promotes colon car-
cinoma cell proliferation in vitro by inhibiting CDKN1C/p57 expression.
Nan Fang Yi Ke Da Xue Xue Bao. 2011;31(11):1885-9.

Soyocak A, Kurt H, Ozgen M, Turgut Cosan D, Colak E, Gunes HV.
miRNA-146a, miRNA-155 and JNK expression levels in peripheral blood
mononuclear cells according to grade of knee osteoarthritis. Gene.
2017,627:207-11.

Beales IL, Ogunwobi O. Glycine-extended gastrin inhibits apoptosis in
colon cancer cells via separate activation of Akt and JNK pathways. Mol
Cell Endocrinol. 2006;247(1-2):140-9.

Page 14 of 14

45. Rendo-UrteagaT, Puchau B, Chueca M, Oyarzabal M, Azcona-Sanjulian
MC, Martinez JA, et al. Total antioxidant capacity and oxidative stress after
a 10-week dietary intervention program in obese children. Eur J Pediatr.
2014;173(5):609-16.

46. Schieber M, Chandel NS. ROS function in redox signaling and oxidative
stress. Curr Biol. 2014;24(10):R453-62.

47. Woiniak A, Drewa G, Wozniak B, Schachtschabel DO, Mila-Kierzenkowska
C, DrewaT, et al. The effect of antitumor drugs on oxidative stress in B16
and S91 melanoma cells in vitro. Med Sci Monit. 2005;11(1):BR22-9.

48. Bartoli ML, Novelli F, Costa F, Malagrino L, Melosini L, Bacci E, et al. Malon-
dialdehyde in exhaled breath condensate as a marker of oxidative stress
in different pulmonary diseases. Mediators Inflamm. 2011,2011:891752.

49. Venturini D, Simao AN, Barbosa DS, Lavado EL, Narciso VE, Dichi |, et al.
Increased oxidative stress, decreased total antioxidant capacity, and
iron overload in untreated patients with chronic hepatitis C. Dig Dis Sci.
2010;55(4):1120-7.

50. Weydert CJ, Cullen JJ. Measurement of superoxide dismutase, catalase
and glutathione peroxidase in cultured cells and tissue. Nat Protoc.
2010;5(1):51-66.

51. Wang G, SongY, Feng W, Liu L, Zhu'Y, Xie X, et al. Activation of AMPK
attenuates LPS-induced acute lung injury by upregulation of PGClalpha
and SOD1. Exp Ther Med. 2016;12(3):1551-5.

52. Cheng LB, LiKR, Yi N, Li XM, Wang F, Xue B, et al. miRNA-141 attenuates
UV-induced oxidative stress via activating Keap1-Nrf2 signaling in human
retinal pigment epithelium cells and retinal ganglion cells. Oncotarget.
2017,8(8):13186-94.

53. Wang MC, Bohmann D, Jasper H. JNK signaling confers tolerance
to oxidative stress and extends lifespan in Drosophila. Dev Cell.
2003;5(5):811-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Silencing of microRNA-517a induces oxidative stress injury in melanoma cells via inactivation of the JNK signaling pathway by upregulating CDKN1C
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Ethical statement
	Microarray analysis
	Study subjects
	Cell and H2O2 concentration screening
	Plasmid construction and cell transfection
	Observation of cell morphological changes
	RNA isolation and quantitation
	Western blot analysis
	Dual-luciferase reporter assay
	5-ethynyl-2′-deoxyuridine (EdU) staining
	Flow cytometry
	Mitochondrial membrane potential detection
	Detection of biochemical indexes
	Statistical analysis

	Results
	Expression of CDKN1C is altered in melanoma cells
	Upregulation of miR-517a in melanoma tissues and cells
	miR-517a regulates OS damage in melanoma cells
	miR-517a inhibition suppresses activation of the JNK signaling pathway by elevating CDKN1C
	CDKN1CJNK signaling pathway regulates melanoma cells to exert anti-oxidative stress

	Discussion
	Conclusions
	Acknowledgements
	References




