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Background: LncRNA zinc finger and SCAN domain containing 16 antisense RNA 1 (ZSCAN16-AS1), a newly identified IncRNA,
has been proven to accelerate hepatocellular carcinoma progression. However, the function and molecular mechanism of ZSCAN16-
AS1 in melanoma are still unknown.

Methods: The level of ZSCAN16-AS1 in melanoma tissues was detected and reported in The Cancer Genome Atlas (TCGA) and
GEO#GSE15605. CCK-8, Transwell and flow cytometry assays were used to explore the role of ZSCAN16-AS1 in melanoma cells.
Luciferase reporter assays and RNA pull-down assays were used to verify the molecular mechanism of ZSCAN16-ASI.

Results: Here, we found that ZSCAN16-AS1 expression was increased in melanoma. We confirmed that ZSCAN16-AS1 promotes
the growth and metastasis of melanoma. ZSCAN16-AS1 exerts its pro-tumour role through sponging of miR-503-5p to liberate ADP-
ribosylation factor-like protein 2 (ARL2) mRNA transcripts.

Conclusion: These results demonstrated the role and molecular mechanism of ZSCAN16-AS1 in the occurrence and development of
melanoma. Therefore, ZSCAN16-AS1 may be used as a specific biomarker in the diagnosis and treatment of melanoma patients.
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Introduction

Cutaneous melanoma is the leading cause of skin cancer-related death, and its global incidence is increasing tremen-
dously each year." In 2022, the annual incidence of melanoma in China rose to 16.83/10,000, and the annual death toll
was 4369.% At present, comprehensive treatment strategies have been adopted for melanoma, including surgery,
chemotherapy, targeted therapy and immunotherapy, but the prognosis of melanoma remains very poor.>® Even in
some cases of targeted therapy, acquired drug resistance occurs frequently.” The main reason is the lack of critical
biomarkers and therapeutic targets in melanoma. Therefore, further study of the mechanism of melanoma genesis and
development is important for the diagnosis and treatment of melanoma patients.

It has been proven that very few RNAs are translated into proteins,® and this kind of RNA without coding ability is
called non-coding RNA (ncRNA).’ Long non-coding RNAs (IncRNAs), with a length of over 200 nucleotides, belong to
a subgroup of ncRNAs.'® Many studies have shown that IncRNAs are involved in multiple biological processes of
cancer, and some specific IncRNAs have been identified in the progression of melanoma.'"'* LncRNA zinc finger and
SCAN domain containing 16 antisense RNA 1 (ZSCANI16-AS1), a brand new IncRNA, is highly expressed in
hepatocellular carcinoma and expedites hepatocellular carcinoma progression.'>'* It was reported that ZSCAN16-AS1
is overexpressed in melanoma tissues,'> but the function and molecular mechanism of ZSCAN16-AS1 in melanoma are
not very clear.

In this paper, we found that the level of ZSCAN16-AS1 was increased in melanoma. Currently, most research on
IncRNAs has demonstrated that most IncRNAs act as competitive endogenous RNAs (ceRNAs) to influence tumour

Clinical, Cosmetic and Investigational Dermatology 2023:16 1821-1831 1821
Received: 25 March 2023 © 2023 Thao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
s 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 16 June 2023
Published: 17 July 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Zhao et al Dove

progression.'¢ Specifically, IncRNAs can promote the expression of specific genes by competitively sponging their target
miRNAs.'"'® ADP-ribosylation factor-like protein 2 (ARL2), a member of the ADP-ribosylation factor family,'® has

2021 miR-503-5p has been proven to play a role

been shown to play an oncogenic role in many human malignant cancers.
as a tumour suppressor gene in many cancers. Here, we demonstrated that miR-503-5p plays a role as a tumour
suppressor in melanoma by targeting ARL2. We established the scientific hypothesis that ZSCAN16-AS1 can promote
the expression of ARL2 by competitively binding to miR-503-5p in melanoma. We confirmed that ZSCAN16-AS1
expedites growth and metastasis of melanoma through regulating miR-503-5p/ARL2 axis. Therefore, ZSCAN16-AS1

may act as a specific biomarker in the diagnosis and treatment of melanoma patients in the future.

Materials and Methods

Human Tissue Samples

We used The Cancer Genome Atlas (TCGA, 461 melanoma tissues) and Genotype-Tissue Expression (GTEx, 558
normal skin tissues) database to analyse the expression of ZSCAN16-AS1 through GEPIA (http://gepia.cancer-pku.cn/).
The other published dataset was GEO#GSE15605 (58 melanoma tissues and 16 normal skin tissues). The 458 melanoma
patients’ prognostic data from TCGA were also analysed by using GEPIA (http://gepia.cancer-pku.cn/). All human tissue

data are from public databases. The study was approved by the human research ethics committee of the Third the
People’s Hospital of Bengbu.

Cell Lines and Culture

We obtained malignant melanoma cell lines (CHL-1, A2058 and A375) from the American Type Culture Collection
(ATCC, USA) and human epidermal melanocytes (HEMa-LP) from Invitrogen (USA). Malignant melanoma cell lines
were maintained in Dulbecco’s modified Eagle’s medium (DMEM; Gibco, USA), and human epidermal melanocytes
were grown in medium 254 (Invitrogen, USA). All culture medium was supplemented with 10% foetal bovine serum
(Invitrogen, USA). The proper atmosphere for cells growth was 37 °C with 5% carbon dioxide.

Plasmids and Oligonucleotides

The inhibitor and mimic of miR-503-5p and small-interfering-RNA (siRNA) that inhibited the expression of ZSCAN16-
AS1 were chemically synthesized by GenePharma (Shanghai, China). The following sequences were used: si-ZSCAN16-
AS1 5-TTGTAAAATTGAAATATTTGAAT-3" and 5-GGCATACTTAGTTTTACATTTTT-3". For the ARL2 plasmid,
the amplified ATF2 coding sequence was inserted into the pcDNA3.1 vector (Invitrogen, USA).

Quantitative RT-PCR

After extracting total RNA from related tissues and cells through TRIzol (Invitrogen, USA), reverse transcription kits (Applied
Biosystems, CA) were applied to conduct reverse transcription. In the amplification reaction, an ABI StepOnePlus System
(Applied Biosystems, CA) was used, and the reaction conditions were set in advance. The primers were as follows: ZSCAN16-
ASI forwards 5'- GGGCTGCAATAAAACAGCAAA-3' and ZSCAN16-AS1 reverse 5'- CAATTTCCTATCCCGACCCTCT-
3'; ARL2 forwards 5- GAGCACCGCGGATTCAA-3" and ARL2 reverse 5- GCAAAGATGAGGAGGGTTCG-3'". Specific
primers for miR-503-5p were obtained from RiboBio (Guangzhou, China). GAPDH was used as a control for measuring
ZSCAN16-AS1 and ARL2, and U6 was used as a control for miR-503-5p. To assess the relative expression, we used the 2 44"
method.

Western Blot

RIPA buffer (KenGEN, China) was used to extract total proteins, and bicinchoninic acid (Invitrogen, USA) was used to
quantify the extracted protein. Protein was separated by 10% SDS-PAGE and transferred to polyvinylidene fluoride
membranes (Invitrogen, USA). The membrane was blocked in 5% nonfat milk for 1 h and incubated overnight with
a diluted primary antibody against ARL2 (1:1000, Abcam, Cambridgeshire, UK) at 4 °C. Next, the membrane was incubated
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with goat anti-rabbit secondary antibody (Invitrogen, USA) for 2 hours and exposed to chemiluminescence reagents
(Invitrogen, USA). A Gal imaging system was used to collect images.

CCK-8 Assay

To detect the proliferation ability of melanoma cells, cell counting kit-8 (CCK-8, Beyotime, Shanghai, China) was used.
Melanoma cells were placed into a 96-well-plate with culture medium, and CCK-8 reagent was added to each well at
different times (12 h, 24 h, 48 h, 60 h). We incubated the cells with CCK8 reagent for an additional two hours before

measuring the results. A microplate reader (Thermo Scientific, USA) was used to detect the absorbance at 450 nm.

Transwell Assay

We first digested and resuspended transfected melanoma cells. In the upper chamber of a Matrigel-coated Transwell (BD
Biosciences, USA), transfected cells were placed in serum-free culture medium. In the lower chamber, we added 10%
bovine serum containing culture medium as a lure. After 48 h, invasive melanoma cells were stained with crystal violet.
The transwell chamber was photographed upside down.

Flow Cytometry Assay

To measure the apoptosis ratio of melanoma cells, an Annexin V-FITC apoptosis detection kit (BD Biosciences, USA)
was used. We first digested and resuspended transfected melanoma cells. We used flow cytometry to detect cell apoptosis
according to the instructions. The proportion of apoptosis was assessed through Annexin V-FITC and propidium iodide
(PI) double staining. The DNA content was measured to detect the distribution of the cell cycle. Cells were fixed
overnight and resuspended in a solution with RNase A and PI. The DNA content was measured by flow cytometry.

Luciferase Reporter Assay

We first predicted the binding sites. The 3’-UTR of ARL2 and ZSCAN16-AS1 fragments were inserted into the reporter
plasmid, and the mutant was used as the control. After transfection of oligonucleotides and luciferase reporter plasmids,
luciferase activity was detected using the Luciferase Reporter Assay System.

Fluorescence in situ Hybridization (FISH)

For the FISH assay, a Fluorescent In Situ Hybridization Kit was purchased from RiboBio (Guangzhou, China). The
experimental procedure was carried out according to a previous study.”* RiboBio (Guangzhou, China) was commissioned
to synthesize the ZSCAN16-AS1 probe. The cell nucleus was stained with DAPI, and representative images were
obtained by using a confocal microscopy.

RNA Pull-Down Assay

RiboBio (Guangzhou, China) was commissioned to chemically synthesize biotinylated miR-503-5p. Biotinylation
mutants and biotinylation NC were used as controls, and the mutated sequence was 3'-GACGUCUUGACAAGG
GGCAGGUU-5'". The cells were transfected with these biotinylated oligonucleotides and maintained with M-280
streptavidin magnetic beads (Invitrogen, USA) to obtain the bound RNA,* and then gRT-PCR was used to measure
the level of ZSCAN16-AS1 in bound RNA.

Statistical Analysis

SPSS13.0 (mean + SD) was used to evaluate the data, and Student’s #-test (comparison for two groups) and one-way
analysis of variance (ANOVA, comparison among multiple groups) was used. The group of data were considered
statistically significant when p < 0.05.
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Results

ZSCANI6-AS| is Overexpressed in Melanoma and Has Adverse Effects on the
Survival of Melanoma Patients

We detected the level of ZSCAN16-AS1 in 461 melanoma tissues and 558 normal skin tissues in the public melanoma
datasets of TCGA through the GEPIA website (http://gepia.cancer-pku.cn/index.html). We found that the ZSCAN16-AS1
level was higher in melanoma tissues than in normal skin tissues (Figure 1A). The other public melanoma database of

GEO#GSE15605 (including 58 melanoma tissues and 16 normal skin tissues) was used to further measure the expression
of ZSCAN16-AS1, and we discovered the same result (Figure 1B). We next confirmed that, compared to human

epidermal melanocytes (HEMa-LP), the level of ZSCAN16-AS1 was tremendously increased in malignant melanoma
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Figure | ZSCANI6-ASI is overexpressed in melanoma, and has adverse effects on the survival of melanoma patients. (A) GEPIA (http://gepia.cancer-pku.cn/index.html)
was used to detect the expression of ZSCANI6-AS| in TCGA melanoma dataset. (B) The level of ZSCANI16-AS| was analyzed in other public melanoma database of
GEO#GSE15605 (including 58 melanoma tissues and 16 normal skin tissues). (C) The expression profile of ZSCANI6-ASI in melanocytes (HEMa-LP) and malignant
melanoma cell lines (CHL-1, A2058 and A375). (D) The survival rate of melanoma patients in TCGA was analyzed by using GEPIA (http://gepia.cancer-pku.cn/index.html). *P
< 0.05, ¥P < 0.01, **P < 0.001.
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cell lines (CHL-1, A2058 and A375) (Figure 1C). Meanwhile, as shown in Figure 1D, the survival rate of melanoma
patients with high ZSCAN16-AS1 levels (expression ratio > median ratio) was poorer by analysing the melanoma
prognostic database of TCGA through the GEPIA website.

ZSCANI6-AS| Directly Binds to miR-503-5p in Melanoma

We further studied the molecular mechanism of ZSCAN16-AS1 in melanoma. We used FISH assays and qRT—PCR of nuclear
and cytoplasmic fragments to identify the cellular location of ZSCAN16-AS1, and discovered that ZSCAN16-AS1 was
located in both the nucleus and cytoplasm of melanoma cells (Figure 2A and B). IncRNAs have been well proven to function
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Figure 2 ZSCANI6-AS| directly bind to miR-503-5p in melanoma. (A) FISH showed that ZSCANI6-AS| was mainly distributed in both cytoplasm and nucleus in
melanoma cells. Scale bar, 25 um. (B) QRT-PCR of extracted RNA from nucleus and cytoplasm showed that ZSCANI6-AS| was mainly distributed in both cytoplasm and
nucleus. (C) ZSCANI6-AS| has a negative correlation with miR-503-5p in TCGA melanoma database. (D) The binding sites of miR-503-5p on the ZSCANI6-ASI. (E)
Luciferase activity of melanoma cells transfected with ZSCAN16-ASI-WT or ZSCANI16-AS|-MUT reporter together with miR-503-5p or NC. (F) Melanoma cells were
transfected with biotin-labeled miR-503-5p, and assayed by biotin-pull-down. ZSCANI6-AS| levels were analyzed by qRT-PCR. (G) The expression of miR-503-5p in
melanoma cells following transfection with ZSCANI16-AS| siRNA. **P < 0.01, **P < 0.001.
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as ceRNAs that can competitively bind to miRNAs in many tumours. LncBase v3.0 (https://diana.e-ce.uth.gr/Incbasev3/
interactions) was used to search for specific miRNAs that have binding sites in ZSCAN16-AS1, and 31 miRNAs were found
to have potential binding sites in ZSCAN16-AS1 (Supplementary Table 1). Among these miRNAs, miR-503-5p was selected
for further study because it is the only miRNA that has a negative correlation with ZSCAN16-AS1 in melanoma based on
analysis of the data from TCGA (Figure 2C). We next constructed a ZSCAN16-AS1 luciferase reporter vector that contains
the binding sites of miR-503-5p, and mutant vectors were used as the control (Figure 2D). The Activity of luciferase in the

wild-type ZSCAN16-AS1 luciferase reporter vector was suppressed by the miR-503-5p mimic, but no significant changes
were found in the mutant plasmid (Figure 2E). In addition, an RNA pull-down assay indicated that ZSCAN16-AS1 was pulled
down by biotinylated miR-503-5p in melanoma cells (Figure 2F). Endogenetic miR-503-5p expression increased substantially
after depletion of ZSCAN16-AS1 in melanoma cells (Figure 2G). All of these results demonstrated that miR-503-5p and
ZSCAN16-ASI1 have a direct binding relationship in melanoma.

ZSCANI6-AS| Promotes ARL2 Expression by Sponging miR-503-5p in Melanoma
Cells

To identify the target gene of miR-503-5p, bioinformatics software (TarBase, TargetScan, StarBase and miRDB) was
used (Figure 3A). ARL2 was found to be a potential target of miR-503-5p. We chose ARL?2 for further research because
it is the only gene among the 11 potential target genes that has a positive correlation with ZSCAN16-AS1 (Figure 3G).
As shown in Figure 3B, the 3’-UTR of ARL2 shares the same binding sites of miR-503-5p with ZSCAN16-AS]1.
A luciferase reporter assay showed that the luciferase activity of the wild-type ARL2 reporter plasmid was repressed by
the miR-503-5p mimic in melanoma cells (Figure 3C). Meanwhile, we also found that the mRNA and protein expression
of ARL2 were inhibited by the miR-503-5p mimic (Figure 3D and E). All these results demonstrated that ARL2 is
a target gene of miR-503-5p. Furthermore, we also showed that the luciferase activity of the wild-type ARL2 reporter
plasmid decreased in the ZSCAN16-AS1 knockdown group, and this effect was reversed by co-transfection with an
inhibitor of miR-503-5p (Figure 3F). ARL2 mRNA levels had a positive correlation with ZSCAN16-AS1 in melanoma
based on TCGA data (Figure 3G). The protein and mRNA expression of ARL2 declined sharply in the ZSCAN16-AS1
knockdown group, and these suppressed effects could also be abolished by the inhibitor of miR-503-5p (Figure 4A and
B). All these results demonstrated that ZSCAN16-AS1 facilitates the expression of ARL2 by sponging miR-503-5p.

ZSCANI6-AS| Enhances the Growth and Metastasis of Melanoma Cells by Regulating

the miR-503-5p/ARL2 Axis

To further explore the biological role of ZSCAN16-AS1 in melanoma cells, ZSCAN16-AS1 siRNA, miR-503-5p mimic,
ZSCAN16-AS1 siRNA plus miR-503-5p inhibitor and ARL2 plasmid plus miR-503-5p mimic were transfected into A375
and A2058 cells. The changes in the protein and mRNA expression of ARL2 are shown in Figure 4A and B. The CCKS8 assay
demonstrated that the growth of melanoma cells was tremendously decreased after downregulating ZSCAN16-AS1 levels or
upregulating miR-503-5p levels (Figure 4C). Meanwhile, ZSCAN16-AS1 siRNA and miR-503-5p mimic transfected
melanoma cells showed significant inhibition of invasion and an increase in the early apoptosis rate (Figure 4D and E).
Flow cytometry showed that the ZSCAN16-AS1 siRNA and miR-503-5p mimic induced cell cycle arrest in G1 phase and
decreased the percentage of melanoma cells in S phase (Figure 4F). In addition, the ARL2 plasmid abolished the effect of
miR-503-5p (Figure 4C-F), which indicated that miR-503-5p plays a role as a tumour suppressor in melanoma by targeting
ARL2. More importantly, the effect of ZSCAN16-AS1 siRNA on the ARL2 level, metastasis, apoptosis, cell cycle and growth
of melanoma cells was also reversed by co-transfection with an inhibitor of miR-503-5p (Figure 4C-F). In summary, these
results demonstrated that ZSCAN16-AS1 exerts its oncogenic effect in melanoma by regulating the miR-503-5p/ARL2 axis.

Discussion

ncRNAs, a class of RNAs without coding ability, exert their biological role by regulating gene expression at the
transcriptional and posttranscriptional levels.”**> LncRNAs are a class of ncRNAs with a length of more than 200
nucleotides and have been shown to participate in many biological processes, especially in the malignant
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Figure 3 ZSCANI6-AS| promotes ARL2 expression through sponging miR-503-5p in melanoma cells. (A) Bioinformatics software (TarBase, https://dianalab.e-ce.uth.gr/
html/diana/web/index.php?r=tarbasev8%2Findex; TargetScan, https://www.targetscan.org/vert_80/; StarBase, https://rnasysu.com/encori/agoClipRNA.php?source=mRNA
and miRDB, https://mirdb.org/) was used to identify the target gene of miR-503-5p. (B) The binding sites of miR-503-5p within the 3’-UTR of ARL2. (C) Luciferase activity
of melanoma cells transfected with ARL2-WT or ARL2-MUT reporter together with miR-503-5p or NC. (D) The expression of ARL2 mRNA in melanoma cells transfected
with miR-503-5p or NC. (E) Western blots identified ARL2 protein expression changes; beta-actin was used as a control. (F) Luciferase assay of melanoma cells transfected
with ARL2-WT or ARL2-MUT plasmid together with ZSCAN16-AS| siRNA or ZSCANI16-AS| siRNA plus miR-503-5p inhibitor. (G) TCGA melanoma dataset revealed
a significant positive correlation between ARL2 mRNA and ZSCAN16-AS|. **P < 0.01.

progression of human cancer.’®?’ To date, many specific IncRNAs have been identified that are abnormally
expressed and play special roles in many human malignant tumours.”®**° ZSCAN16-AS1, a newly recognized
IncRNA, is over-regulated in liver cancer and promotes the malignant properties of hepatocellular carcinoma.'"'*
It has been reported that it is also highly expressed in malignant melanoma.'> However, no one has studied the
specific function and biological mechanism of ZSCAN16-AS1 in melanoma. Here, we demonstrated that ZSCAN16-
AS1 is overexpressed in melanoma by analysing the TCGA and GEO#GSE15605 melanoma databases. High
ZSCANI16-AS1 expression has adverse effects on the survival of melanoma patients. We also found that ZSCAN16-
AS1 expedites the growth and metastasis of melanoma cells. Next, we further explored the molecular mechanism of
ZSCAN16-AS1 in melanoma.
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The mechanisms of action of IncRNAs are diverse, including chromatin modifications, transcriptional regulation,
RNA processing, mRNA stability and translation.*® To date, it has been demonstrated that IncRNAs can directly interact
with proteins to influence their stability and localization, and they also function as ceRNAs in many malignant tumours.>!
ceRNA, a kind of RNA that contains miRNA binding sites, reduces the interaction between miRNA and its target genes
by competitively binding to miRNA, and regulates the expression of specific oncogenes and tumour suppressors.*
Similarly, ZSCAN16-AS1 has been demonstrated to expedite the malignant progression of hepatocellular carcinoma by
modulating the miR-181c-5p/SPAGY/INK and miR-451a/ATF2 pathways.'*'* Here, we used bioinformatics software
and the TCGA database to identify the ceRNA network of ZSCAN16-AS1 in melanoma, and found that ZSCAN16-AS1,
miR-503-5p and ARL2 have potential ceRNA correlations. By using luciferase reporter and RNA pull-down assays, we
proved that ARL?2 is a direct target gene of miR-503-5p and that miR-503-5p and ZSCAN16-AS1 have a direct binding
relationship in melanoma. We also demonstrated that ZSCAN16-AS1 facilitates the expression of ARL2 through
decaying miR-503-5p in melanoma.

ARL2, a member of the ADP-ribosylation factor family, is a small G-protein.'® Small G-proteins participate in multiple
cellular signal transduction pathways and functions, including cytoskeleton construction, cell differentiation and exosome
transport.®> ARL2 binds to tubulin cofactor D (TBCD) in the form of ARL2-GDP in the cytoplasm to regulate microtubule
dynamics.** The complex formed by ARL2 GTP and ARL2 binding factor (BART) enters mitochondria and maintains
mitochondrial morphology, movement, ATP levels, and so on.>>3% In addition, ARL2 can enhance the interaction between
BART and STAT3, promoting STAT3 nuclear translocation.”” ARL2 in cancer progression has been documented and has been
shown to play an oncogenic role in many human malignant cancers, such as cervical cancer hepatocellular carcinoma,
pancreatic cancer and breast cancer.>*!*%3° For instance, ARL2 knockdown contributed to cell apoptosis and impeded the
proliferation of osteosarcoma cells.** Overexpression of ARL2 almost abrogated PVTI1 deficiency-mediated anti-
proliferation, pro-apoptosis, and anti-metastasis effects on cervical cancer cells.*' miR-503-5p has been proven to play
a role as a tumour suppressor gene in many cancers, including colon cancer and osteosarcoma.’”** In this paper, we
demonstrated that miR-503-5p also plays an anti-cancer role in melanoma through targeted inhibition of ARL2 expression.
Moreover, we showed that co-transfection of an inhibitor of miR-503-5p abolished the effect of ZSCAN16-AS1 siRNA on the
ARL2 level, metastasis, apoptosis, cell cycle and growth of melanoma cells. In summary, ZSCAN16-AS1 is crucial to the
malignant progression of melanoma. This study indicated that ZSCAN16-AS1 exerts its oncogenic effect in melanoma by
regulating the miR-503-5p/ARL2 axis. ZSCAN16-AS1 can be a novel potential target for melanoma treatment in the future.

Conclusion

In conclusion, we demonstrated that ZSCAN16-AS1 prevents the binding of miR-503-5p and ARL2 by decoying miR-503-
5p, resulting in increased ARL2 expression. ZSCAN16-AS1 acts as an oncogene in melanoma by regulating the miR-503-5p/
ARL2 axis. Understanding the internal molecular mechanism of the ZSCAN16-AS1/miR-503-5p/ARL2 network in mela-
noma will be beneficial to identify new and meaningful therapeutic targets for patients with melanoma. It has been reported
that the combination of radiotherapy and immunotherapy seems to be a safe therapeutic option and shows better results in
terms of survival outcomes in melanoma.** Therefore, it is meaningful for researchers to explore the role of the ZSCAN16-
AS1/miR-503-5p/ARL2 network in terms of radiotherapy and immunotherapy for melanoma patients in the future.
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