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MTAP-ANRIL gene fusion promotes
melanoma epithelial-mesenchymal
transition-like process by activating
the JNK and p38 signaling
pathways

Zhuoying Lin?, Yu Lei?*3, Mingyao Wen*, Qin He%3, Dean Tian?* & Huaping Xie%3**

Gene fusions caused by cytogenetic aberrations play important roles in the initiation and progression
of cancers. The recurrent MTAP-ANRIL fusion gene was reported to have a frequency of greater

than 7% in melanoma in our previous study. However, its functions remain unclear. Truncated MTAP
proteins resulting from point mutations in the last three exons of MTAP can physically interact with
the wild-type MTAP protein, a tumor suppressor in several human cancers. Similarly, MTAP-ANRIL,
which is translated into a truncated MTAP protein, would influence wild-type MTAP to act as an
oncogene. Here, we found that MTAP-ANRIL gene fusion downregulated the expression of wild-type
MTAP and promoted epithelial-mesenchymal transition-like process through the activation of JNK
and p38 MAPKSs in vitro and in vivo. Our results suggest that MTAP-ANRIL is a potential molecular
prognostic biomarker and therapeutic target for melanoma.

Melanoma is one of the most aggressive malignancies and is prone to metastasize in a subset of patients. In 2018,
287,723 new cases of cutaneous melanoma were diagnosed worldwide, accounting for 1.6% of primary malignan-
cies (excluding nonmelanoma skin cancer), and 60,712 cancer deaths (0.6% of all cancer deaths) were attributed
to cutaneous melanoma'. Once it metastasizes, melanoma is life-threatening, and few available treatments are
successful?®. The poor prognosis of metastatic melanoma requires the development of a better understanding
of the molecular mechanism driving the malignant phenotype.

Chromosomal abnormalities, such as translocations, inversions, insertions and deletions, probably lead to
gene fusions due to the exchange of coding or regulatory DNA sequences between genes®. Structural chromo-
somal rearrangements, including gene fusions, have been reported to trigger or maintain predominantly hema-
tological disorders and mesenchymal tumors rather than epithelial tumors. However, based on large amounts of
cytogenetic data in 44,750 neoplasms containing hematological malignancies and solid tumors, no fundamental
tissue-specific differences were found in the genetic mechanisms of neoplastic initiation. Therefore, cytogenetic
alterations may also play an important role in the initial step of epithelial tumorigenesis®. Recurrent gene fusions
between TMPRSS2 and ETS family genes were first detected in prostate cancer and proven to drive the develop-
ment as well as the progression of most prostate cancers®’. Subsequently, several other recurrent gene fusions
were discovered in different kinds of epithelial tumors, such as those of lung, stomach, breast and colorectal
cancers® . In melanoma, only sporadic cases with gene fusions have been reported. For instance, one case with
BRAF and RAF1 rearrangement was detected among 131 melanoma cases', and six cases with MET-related gene
fusions were reported among 1202 melanocytic neoplasms". Even among 333 cutaneous melanomas from The
Cancer Genome Atlas (TCGA) Network, recurrent gene fusions were rare among the 224 gene fusions detected.
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Chromosome 9p21 contains the CDKN2A/2B locus, which encodes tumor suppressor genes that are inacti-
vated via mutation, deletion and promoter methylation in a variety of human cancers, especially melanoma'®’.
Based on fine mapping of chromosome 9p21 deletions in melanoma cell lines, recurrent gene fusions between
methylthioadenosine phosphorylase (MTAP) and antisense noncoding RNA in the INK4 locus (ANRIL)—
namely, MTAP-ANRIL gene fusions—were reported in our previous study'®. The MTAP-ANRIL fusion gene is
the most frequently identified fusion gene in melanoma, with a frequency of greater than 7% across all melanoma
cell lines and approximately 20% in melanoma cell lines and tissues with chromosome 9p21 deletion'®. Recently,
MTAP-ANRIL fusion gene was also confirmed in acute lymphoblastic leukemia, with a frequency of 5% (15/279)
in acute lymphoblastic leukemia'®. However, the function of this fusion gene remains unclear.

MTAP is a ubiquitously expressed homotrimeric subunit enzyme in the methionine salvage pathway that
metabolizes the byproduct of polyamine synthesis, 5'-methylthioadenosine (MTA), leading to eventual regen-
eration of methionine and adenine®. Studies have shown that MTAP acts as a suppressor gene and inhibits the
proliferation, migration and invasion of tumor cells?*2. MTAP deletion reduces the methyltransferase activity
of protein arginine methyltransferase 5 (PRMTS5), increases the sensitivity to PRMT5 depletion and confers
selective dependence on PRMTS5 and its binding partner WDR?77 in cancer cells; therefore, inhibitors of PRMT5
are a potential therapeutic target in MTAP-deleted tumors?-%°. In addition, loss of MTAP results in epithelial-
mesenchymal transition (EMT) via the GSK3p/Slug/E-cadherin axis in esophageal squamous cell carcinoma
cells®. ANRIL regulates target genes, leading to increased cell proliferation, increased cell adhesion and decreased
apoptosis?’. Similar to the results in our previous study, point mutations in the last three exons of MTAP were
found to result in six truncated MTAP isoforms, each of which could physically interact with wild-type (WT)
MTAP and cause hereditary malignant fibrous histiocytoma?*?. Quite possibly, MTAP-ANRIL gene fusions play
arole in melanoma metastasis by acting on wild-type MTAP. In our present study, we found that MTAP-ANRIL
gene fusion downregulated the expression of wild-type MTAP and promoted EMT-like process through the
activation of JNK and p38 MAPKs in vitro and in vivo.

Materials and methods

Cell lines. Human melanoma cell lines (A375 and A875) were kindly donated by the Department of Der-
matology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. Cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% FBS, 100 pg/ml penicillin
and 100 pg/ml streptomycin at 37 °C in a 5% CO2 incubator.

RT-PCR. Total RNA was extracted using TRIzol Reagent (Takara, Japan), and reverse transcription was per-
formed using an Advantage RT-for-PCR Kit (Vazyme, China) according to the manufacturer’s instructions.
For real-time PCR analyses, aliquots of double-stranded cDNA were amplified using a SYBR Green PCR Kit
(Vazyme, China). The cycling parameters were as follows: 95 °C for 15 s, 60 °C for 15 s, and 72 °C for 15 s
for 45 cycles. The primer sequences were as follows: B-Actin: 5'-CATGTACGTTGCTATCCAGGC-3' (sense)
and 5-CTCCTTAATGTCACGCACGAT-3' (antisense); MTAP-ANRIL: 5-GGAGCACGAGGAAGCATG
TC-3' (sense) and 5-GCAACTAGAAGGCACAGTCG-3' (antisense); CDH1(E-cadherin): 5'-AAAGGCCCA
TTTCCTAAAAACCT-3' (sense) and 5-TGCGTTCTCTATCCAGAGGCT-3' (antisense); CDH2(N-cadherin):
5'-TCAGGCGTCTGTAGAGGCTT-3' (sense) and 5-ATGCACATCCTTCGATAAGACTG-3' (antisense);
Cyclin Bl: 5-TTGGGGACATTGGTAACAAAGTC-3' (sense) and 5'- ATAGGCTCAGGCGAAAGTTTTT-3'
(antisense); Cyclin DI: 5'- GCTGCGAAGTGGAAACCATC-3' (sense) and 5-CCTCCTTCTGCACACATT
TGAA-3' (antisense); Snaill: 5'-ACTGCAACAAGGAATACCTCAG-3' (sense) and 5-GCACTGGTACTTCTT
GACATCTG-3' (antisense); Snail2: 5-TGTGACAAGGAATATGTGAGCC-3' (sense) and 5-TGAGCCCTC
AGATTTGACCTG-3' (antisense). Relative gene expression levels were calculated using the formula 2(— AACt).
All experiments were performed in triplicate.

Plasmid construction. Plasmid construction was performed according to standard procedures as outlined
in http://www.genechem.com.cn. This construct corresponds to the sequence from the MTAP-ANRIL fusion
gene (KT386340.1). The polymerase chain reaction (PCR) product was cloned into the Nhel and BamHI sites
of the pcDNA3.1(+) vector with FLag. And the forward primer of the target gene sequence is 5'-~-ACGGGCCCT
CTAGACTCGAGCGCCACCATGGCCTCTGGCACCACCAC-3', the reverse primer is 5'-AGTCCAGTGTGG
TGGAATTCTCAAAAGGGACATGCTTCCTC-3'".

The establishment of stable expressing cells. For establishment of stable expressing cells, plasmids
(Genechem Company, China) were transfected into cells with Lipofectamine 2000 according to the manufac-
turer’s instructions. We achieved the stable overexpression transfectant by adding G418 (Sigma Aldrich) for
4 weeks.

Western blot analyses. Proteins extracted from lysed cells were separated by SDS-PAGE and transferred
to nitrocellulose membranes. Nonspecific binding sites were blocked with 5% BSA in TBST (120 mM Tris-HCl
(pH 7.4), 150 mM NaCl, and 0.05% Tween 20) for 1 h at room temperature. Membranes were probed with
primary antibodies against FLAG (Proteintech, 20543-1-AP), MTAP (Cell Signaling Technology, #4158), E-cad-
herin (Proteintech, 20874-1-AP), N-cadherin (Proteintech, 22018-1-AP), Cyclin B1 (Proteintech, 55004-1-
AP), Cyclin D1 (Proteintech, 26939-1-AP), total-JNK (Abcam, ab179461), phosphor-JNK (Abcam, ab124956),
total-p38 (Cell signaling technology, #9212S), phosphor-p38 (Cell signaling technology, #9211), total-Akt (Cell
signaling technology, #4685), phosphor-Akt (Cell signaling technology, #4060), total-ERK (Cell Signaling Tech-
nology, #9102), phosphor-ERK (Cell Signaling Technology, #4370), overnight at 4 °C. Membranes were then
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washed three times with TBST and incubated with HRP-conjugated secondary antibodies. Immunoreactions
were detected using ImmobilonTM Western Chemiluminescent HRP substrate (Tanon, China). All experiments
were performed in triplicate.

In vitro migration and invasion assays. The migratory and invasion abilities of cells were determined
using 24-well transwell plates (8 um pore size, Corning, USA). For transwell migration assays, 5 x 10* cells were
plated in the upper chambers, which were lined with a noncoated membrane. After 24 h of routine culture in 37
°C incubators, chambers were taken out and the cells were stained after fixation. For invasion assays, the cham-
ber inserts were coated with 200 mg/ml Matrigel and dried overnight under sterile conditions. Then, 1x 10°
cells were plated in the upper chambers. The next steps are the same as the migration assays above. Images were
acquired in five random fields under a microscope. All experiments were performed in triplicate.

CCK8 assays. The proliferation of melanoma cells in vitro was measured using CCK8 assays following the
manufacturer’s instructions. Briefly, 5x 103 cells/well were seeded in 96-well plates. At the defined time points,
cells were treated with 10 pl of CCK8 solution and incubated at 37 °C for 2 h. The medium was then replaced
with 100 pl of DMSO and incubated at room temperature for 10 min with shaking. Optical densities were meas-
ured spectrophotometrically at a wavelength of 450 nm. All experiments were performed in triplicate.

In vivo tumor growth assays. Suspensions of transfected A875 cells were prepared using cell culture
medium, and the concentration was adjusted to 1 x 106 cells/ul. A 100 pl volume of the cell suspension was inoc-
ulated subcutaneously into mice. Tumor formation in the nude mice was monitored over a 30 days period. The
tumors were measured every 3 days, and the tumor volumes were calculated as 1/2 (largest diameter) x (smallest
diameter)2.

In vivo metastasis assays. For metastasis assays, 1 x 106 A875 cells in 100 pl of phosphate-buffered saline
(PBS) were injected into the tail vein of nude mice. Mice were sacrificed on day 30 by neck-breaking execution.
Lung tissues were resected, fixed with 4% paraformaldehyde and stained with H&E.

Quantification and statistical analysis. All values were recorded as the mean + standard deviation (sd).
P values were statistically analyzed by the x? test for categorical variables and by Student’s test for quantitative
data. Statistical values were calculated with SPSS software (Version 20.0).

Ethics approval and consent to participate. In this study, all experiments on live vertebrates were
approved by animal ethics management committee of Tongji Hospital. And all experiments were performed in
accordance with relevant guidelines and regulations.

Results

MTAP-ANRIL promoted melanoma cell migration, invasion and proliferation in vitro. To
investigate the function of the MTAP-ANRIL fusion gene, we constructed a MTAP-ANRIL fusion gene plasmid
and transfected it into melanoma cell lines to establish the A375-MTAP-ANRIL and A875-MTAP-ANRIL sta-
ble cell lines (Fig. 1A). To verify whether the MTAP-ANRIL fusion gene is important for cell viability, the cell
viability was assessed by CCK8 assays. Overexpression of MTAP-ANRIL significantly increased melanoma cell
proliferation (Fig. 1B). We used a transwell assay to evaluate the migration and invasion abilities of melanoma
cells overexpressing MTAP-ANRIL compared with control cells. MTAP-ANRIL overexpression enhanced the
cell migration and invasion abilities compared with those of control cells (Fig. 1C,D). Furthermore, MTAP-
ANRIL overexpression decreased E-cadherin expression but increased N-cadherin expression, indicating that
MTAP-ANRIL promoted EMT-like process (Fig. 3A,B). To explore whether MTAP-ANRIL could bind to the
cytoskeleton of melanoma cells, the effect of MTAP-ANRIL on F-actin cytoskeletal arrangement was assessed
by immunofluorescence microscopy. Although punctate F-actin was observed in control cells, F-actin fibers
were densely arranged and formed circular bundles in the cytoplasm of MTAP-ANRIL-overexpressing cells
(Fig. 1E,F). This organization is characteristic of cells with apical-basolateral polarity, such as epithelial cells.

MTAP-ANRIL promoted melanoma cell migration, invasion and proliferation in vivo. Mice
injected with A875-MTAP-ANRIL cells showed more lung metastases than those injected with vector-express-
ing cells (Fig. 2A,B). Moreover, MTAP-ANRIL overexpression increased tumor cell proliferation, as indicated by
the increase in ki67-positive cells (Fig. 2C,D), and significantly promoted tumor growth (Fig. 2E,F). Collectively,
these findings implied that the MTAP-ANRIL fusion gene promoted melanoma cell migration, invasion and
proliferation.

The MTAP-ANRIL fusion gene regulated melanoma migration, invasion and prolifera-
tion-related genes. MTAP deletion is involved in EMT21, and MTAP as well as ANRIL are related to
cell migration, invasion and cell viability 18-19, 22. We found that MTAP-ANRIL overexpression in melanoma
cells inhibited the expression of MTAP and decreased the expression of E-cadherin but increased the expression
of N-cadherin, important markers of EMT. In addition, MTAP-ANRIL overexpression increased the expres-
sion of both Cyclin B1 and Cyclin D1, which are related to proliferation (Fig. 3A,B). Our results showed that
MTAP-ANRIL fusion gene regulated melanoma migration and invasion abilities via EMT-like process, but the
EMT transcriptional factors which involved in the experimental model is unclear. We detected the expression
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Figure 1. Overexpression of MTAP-ANRIL promoted melanoma migration, invasion and proliferation in vitro.
(A) The MTAP-ANRIL fusion gene plasmid with Flag was transinfected into A375 and A875 cells. Western blot
analysis showed that the expression of Flag which represented the plasmid was successfully transinfected into
cells, and the expression of MTAP which was truncated protein after transfecting the MTAP-ANRIL plasmid.
(B) CCK8 assays indicated that overexpression of MTAP-ANRIL promoted the cell viability of A375 (left) and
A875 (right) melanoma cells. (C, D) Representative cell images and quantifications from transwell migration
and invasion assays with A375 cells (C) and A875 cells (D) overexpressing the MTAP-ANRIL fusion gene. (E, F)
MTAP-ANRIL overexpression diminished the epithelial phenotype of A375 (E) and A875 (F) melanoma cells.
F-actin cytoskeletal arrangement was examined by fluorescence microscopy in melanoma cells. Green arrows:
punctate F-actin, yellow arrows: cortical F-actin organized as a curvilinear network. The data are presented as
the mean + SD values. *P<0.01.
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Figure 2. Overexpression of MTAP-ANRIL promoted metastasis and proliferation in vivo. (A) Representative
hematoxylin and eosin (H&E) staining images of lung samples from mice injected with A875 melanoma cells.
The black arrows indicate the lung metastatic tumors. (B) The number of metastatic nodules in the lungs of mice
injected with A875 melanoma cells was analyzed. (C, D) Representative Ki67 staining images of tumors from
mice injected with A875 melanoma cells. (E, F) The volume and weight of tumors in mice injected with A875
melanoma cells were calculated. The data are presented as the mean + SD values. *P<0.01.

of SNAIL1 and SNAIL2, which are the important EMT transcriptional factors. The results showed that MTAP-
ANRIL increased SNAIL1 expression, but not affect the expression of SNAIL2 (Fig. 3C). Consistently, the pro-

tein level of E-cadherin, N-cadherin, Cyclin B1, Cyclin D1, SNAIL1 and SNAIL2 had the similar results with the
mRNA levels (Fig. 3D).

MTAP-ANRIL promoted melanoma cell migration, invasion and proliferation by activating the
JNK and p38 signaling pathways. According to TCGA data for cutaneous melanoma, activations of
RAF RAS or loss of NF1, the three most frequently mutated genes, can subsequently activate the MAPK signal-
ing pathway. In addition, higher frequencies of amplification and overexpression of AKT were detected in RAS,
NF1 and triple wild-type melanomas'®. Therefore, to determine which of these events contributed to the onco-
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Figure 3. Overexpression of MTAP-ANRIL regulated the expression of metastasis and proliferation-related
genes. (A, B) Real-time PCR analysis of metastasis-related gene (E-cadherin and N-cadherin) expression and
proliferation-related gene (Cyclin Bl and Cyclin D1) expression in A375 (A) and A875 (B) melanoma cells
after transfection with the MTAP-ANRIL plasmid. (C) Real-time PCR analysis of EMT-related gene (SNAIL1
and SNAIL2) expression in A375 (left) and A875 (right) melanoma cells after transfection with the MTAP-
ANRIL plasmid. (D) Western blot analysis of metastasis-related gene (E-cadherin and N-cadherin) expression,
EMT-related gene (SNAIL1 and SNAIL2) and proliferation-related gene (Cyclin B1 and Cyclin D1) expression
in melanoma cells after transfection with the MTAP-ANRIL plasmid. The data are presented as the mean + SD

values. *P<0.01.

genic effects of MTAP-ANRIL, we investigated the MAPK and Akt signaling pathways, which play key roles in
tumor proliferation and metastasis. Overexpression of MTAP-ANRIL increased the phosphorylation of JNK and
P38 but not Akt or ERK1/2 in melanoma cells (Fig. 4A).

To clarify whether MTAP-ANRIL induced SNAIL1, N-cadherin and Cyclin B1/Cyclin D1 expression via the
JNK and p38 signaling pathways, MTAP-ANRIL melanoma cells were treated with a JNK inhibitor (SP600125)
and a p38 inhibitor (SB203580). Inhibition of the JNK and p38 pathways in MTAP-ANRIL melanoma cells
increased the expression level of E-cadherin but decreased the expression levels of SNAIL1, N-cadherin, cyclin

B1 and cyclin D1 that were increased by MTAP-ANRIL (Fig. 4B).
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Figure 4. Overexpression of MTAP-ANRIL promoted melanoma migration, invasion and proliferation through
activation of the JNK and p38 signaling pathways. (A) Western blot analysis of MTAP and phosphorylated and
total Akt, ERK1/2, p38, and JNK after transinfected MTAP-ANRIL plasmid. (B) Western blot analysis of MTAP,
E-cadherin, N-cadherin, SNAILI, cyclin B1, cyclin D1, and phosphorylated and total p38, and JNK in A375
cells in the presence of the p38 inhibitor SB203580 (10 uM) and the JNK inhibitor SP600125 (10 uM). (C, D)
Representative cell images and quantifications from transwell migration and invasion assays with A375 cells in
the presence of the p38 inhibitor SB203580 (10 uM) and the JNK inhibitor SP600125 (10 uM). (E) CCKS assays
indicated that A375 cell proliferation was inhibited after treatment with the p38 inhibitor SB203580 (10 pM) and
the JNK inhibitor SP600125 (10 uM). The data are presented as the mean +SD values. *P<0.01.
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Moreover, JNK and p38 pathway inhibitor treatment abolished MTAP-ANRIL-enhanced cell migration and
invasion (Fig. 4C,D). Similarly, inactivation of the JNK and p38 signaling pathways inhibited the cell prolifera-
tion induced by MTAP-ANRIL overexpression (Fig. 4E). These findings indicated that MTAP-ANRIL inhibited
E-cadherin expression and upregulated cyclin Bl/cyclin D1 expression in melanoma cells via the JNK and p38
signaling pathways.

Discussion

Although oncogenes such as RAF and RAS can be activated by somatic mutations, gene fusions may also play
important roles in melanoma initiation and development™'¢. To our knowledge, the MTAP-ANRIL gene fusions
reported in our previous study are the most frequently occurring gene fusions in melanomal8. Here, we further
observed that MTAP-ANRIL downregulated the expression of the wild-type tumor suppressor gene MTAP and
promoted melanoma cell proliferation and metastasis.

Gene fusions usually occur between two coding genes, where coding regions or regulatory DNA sequences
can be exchanged, and lead to the activation of functional units. In contrast, MTAP-ANRIL gene fusions occur
between the housekeeping gene MTAP and the long noncoding RNA gene ANRIL and are consistent with
recently reported pseudogene-associated and miRNA-convergent gene fusions in human cancers***". The MTAP-
ANRIL fusion gene is translated into a truncated protein isoform of the tumor suppressor gene MTAP. Most
gene truncations might be recognized as inactivation due to the lack of precise characterization of molecular
effects. However, several truncated proteins have been proven to be functional***2, For instance, truncated
RUNX1 proteins translated from the RUNX1-TMEM48 fusion gene contribute to leukemogenesis by increasing
proliferation and self-renewal through disruption of the wild-type RUNX1b gene®. Truncated BRCAL1 proteins
resulting from nonsense mutations can antagonize the function of the wild-type BRCA1 protein and actively
promote oncogenesis as well as chemoresistance®. As mentioned above, truncated MTAP isoforms resulting from
point mutations in MTAP exons can physically interact with wild-type MTAP and biologically active. Moreover,
the overexpression of two new MTAP isoforms in patient-derived tissues suggested an oncogenic role for these
newly discovered MTAP variants in hereditary malignant fibrous histiocytoma?.

EMT, a process by which epithelial cells transdifferentiate into motile mesenchymal cells, plays important roles
in development, wound healing and stem cell behaviors and contributes pathologically to tumor metastasis®.
During EMT, epithelial cancer cells lose epithelial differentiation and instead gain mesenchymal characteris-
tics; thus, they can initiate early steps in metastasis, such as local tissue invasion and intravasation®. Although
melanocytes are derived from the neural crest and differentiate into pigment-producing cells, they also possess
some features of differentiated epithelial cells; moreover, EMT-like process promotes melanoma progression®**-3,
Mutations in RAC1 P29, the third most frequently mutated codon in human cutaneous melanoma, can activate
the PAK, AKT and ARF/MRTF signaling pathways and lead to melanocytic mesenchymal phenotypic switching™.
PTX3, a key factor in a subtype of invasive melanoma, can mediate the expression of the EMT transcription
factor TWIST1 through a TLR4/MYD88/IKK/NF-kB signaling pathway and drive melanoma cell migration®.
In the current study, we found that MTAP-ANRIL promoted melanoma cell metastasis by inducing EMT-like
process through downregulating E-cadherin and upregulating N-cadherin. The expression of SNAIL1, which
is a transcriptional factor of EMT, was increased when MTAP-ANRIL was up-regulated. In addition, we dem-
onstrated that MTAP-ANRIL enhanced melanoma cell proliferation by upregulating the expression of the cell
cycle regulators, cyclin Bl and cyclin D1. In parallel, we found that MTAP-ANRIL promoted melanoma cell
metastasis and proliferation in vivo.

According to the molecular characteristics based on TCGA data for cutaneous melanoma, melanoma can
be divided into four subtypes, namely, the BRAF, RAS, NF1 and triple- wild- type subtypes. BRAF mutations
were detected in 52% and RAS mutations in 28% of melanomas, and BRAF and RAS mutations were mutually
exclusive, meaning that collectively, BRAF and RAS mutations were detected in more than 80% of melanomas'°.
Moreover, activation of BRAF and RAS as well as NF1 can subsequently activate the MAPK signaling pathway, the
most important pathway mediating melanoma metastasis®!. Therefore, the RAF-RAS-MAPK signaling pathway
predominantly promotes melanoma progression. Activation of three important MAPKSs, namely, ERK, JNK and
P38, mediates human tumor development*!. Additionally, the AKT signaling pathway contributes to melanoma
recurrence and plays an important role in melanoma progression'®. To further investigate the mechanism of
MTAP-ANRIL-induced EMT-like process and cell proliferation, we investigated the effect of MTAP-ANRIL on
the MAPK and AKT signaling pathways. And found that MTAP-ANRIL activated the JNK and p38 signaling
pathways without influencing both ERKs or Akt. Furthermore, we found that MTAP-ANRIL-enhanced mela-
noma cell migration and proliferation were abolished by pretreatment with JNK and p38 inhibitors. Collectively,
these findings indicated that MTAP-ANRIL can promote melanoma cell migration and proliferation by activating
the JNK and P38 signaling pathways.

In summary, our present study demonstrated that MTAP-ANRIL gene fusion can downregulate the expression
of the wild-type tumor suppressor MTAP and promote melanoma cell migration via EMT-like process through
the activation of JNK and p38 MAPKs. Gene fusions in solid tumors drive cancer development and progression,
and act as useful biomarkers and even as promising targets for cancer treatment*. To our knowledge, this is the
first study to show that MTAP-ANRIL plays oncogenic roles in melanoma. More studies should be performed
to further confirm the functions of MTAP-ANRIL, which could be a molecular prognostic biomarker as well as
a therapeutic target for melanoma.

Data availability
All data generated or analysed during this study are included in this published article and its supplementary
information files.
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