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Abstract: Increasing evidence indicates that long noncoding RNAs (IncRNAs) are therapeutic targets and key regu-
lators of tumors development and progression, including melanoma. Long intergenic non-protein-coding RNA 511
(LINCO0O511) has been demonstrated as an oncogenic molecule in breast, stomach, colorectal, and lung cancers.
However, the precise role and functional mechanisms of LINCOO511 in melanoma remain unknown. This study
confirmed that LINCOO511 was highly expressed in melanoma cells (A375 and SK-Mel-28 cells) and tissues, knock-
down of LINCOO511 could inhibit melanoma cell migration and invasion, as well as the growth of subcutaneous
tumor xenografts in vivo. By using Chromatin immunoprecipitation (ChlP) assay, it was demonstrated that the tran-
scription factor Yin Yang 1 (YY1) is capable of binding to the LINCOO511 promoter and enhancing its expression in
cis. Further mechanistic investigation showed that LINCOO511 was mainly enriched in the cytoplasm of melanoma
cells and interacted directly with microRNA-150-5p (miR-150-5p). Consistently, the knockdown of miR-150-5p could
recover the effects of LINCOO511 knockdown on melanoma cells. Furthermore, ADAM metallopeptidase domain ex-
pression 19 (ADAM19) was identified as a downstream target of miR-150-5p, and overexpression of ADAM19 could
promote melanoma cell proliferation. Rescue assays indicated that LINCOO511 acted as a competing endogenous
RNA (ceRNA) to sponge miR-150-5p and increase the expression of ADAM19, thereby activating the PI3K/AKT path-
way. In summary, we identified LINCOO511 as an oncogenic IncRNA in melanoma and defined the LINCO0511/miR-
150-5p/ADAM19 axis, which might be considered a potential therapeutic target and novel molecular mechanism
the treatment of patients with melanoma.

Keywords: LINCOO511, melanoma, ADAM19, ceRNA, PISK/AKT

Introduction

Melanoma is a high-grade malignant tumor
originating from melanocytes in the neural
crest, and its morbidity rate has been increas-
ing annually [1, 2]. Despite advances in treat-
ment, the five-year survival rate of patients with
melanoma remains low due to its highly meta-
static nature and resistance to treatment [3, 4].
The development of melanoma is multifactorial
with an interplay between environmental expo-
sure and genetic susceptibility, with ultraviolet
exposure being the most critical risk factor
[5-7]. Studies have demonstrated that long
noncoding RNAs (IncRNAs) regulate melanoma
progression through various epigenetic mecha-
nisms, including chromatin modification and
remodeling and gene transcription regulation,
and act as competing endogenous RNAs (ceR-

NAs) [8]. Accordingly, it is essential to investi-
gate the molecular regulatory mechanisms
implicated in melanoma is essential for the
effective treatment of this disease.

LncRNAs are RNA molecules longer than 200
nucleotides that lack an open reading frame
[9]. They perform critical regulatory functions in
diverse biological processes by acting as
guides, scaffolds, decoys, signaling molecules,
or sponges to modulate microRNA (miRNA)
activity. Numerous studies have demonstrated
that IncRNAs play a key role in cancer progres-
sion at multiple levels, including epigenetic,
transcriptional, and post-transcriptional regula-
tion [10]. For instance, the IncRNA CASC15
facilitates melanoma proliferation and migra-
tion through the epigenetic regulation of PDCD4
[11]. The IncRNA THOR promotes melanoma
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cell invasion and metastasis by interacting with
the RNA-binding protein, IGF2BP1, to stabilize
the IGF2 and CD44 genes [12]. The IncRNA
MALAT1 acts as a molecular sponge for miR-
22, modulating the expression of its down-
stream targets, MMP14 and Snail, and facilitat-
ing melanoma cell growth and metastasis [13].
In contrast, the IncRNA-HOXA11-AS can pre-
vent the proliferation and metastasis of mela-
noma cells while promoting apoptosis by
regulating the miR-152-3p/ITGA9 axis [14].
Additionally, IncRNAs MEG3 [15], CASC2 [16],
LINCOO518 [17], and SAMMSON [18] have
been identified as potential biomarkers and
therapeutic targets for melanoma. Given these
findings, it is essential to investigate the pre-
cise molecular mechanisms underlying IncRNA
function in melanoma to develop effective
treatment strategies.

The LINCOO511 RNA gene is located on chro-
mosome 17g24.3, spanning a transcriptional
length of 2265 bp [19]. It encodes the INcRNA
LINCO0O511, which plays a crucial role in the
development and progression of various tumors
by regulating tumor cell migration, invasion,
proliferation, and other malignant phenotypes.
For example, LINCOO511 regulates cell move-
ment in glioblastoma cells by functioning as a
molecular sponge for miR-126-5p, which indi-
cates its potential as a prognostic marker for
glioblastoma [20]. LINCOO511 stimulates the
growth and invasion of non-small cell lung can-
cer (NSCLC) cells by targeting miR-625-5p/
GSPT1 [21]. In bladder cancer, LINCO0511 sup-
presses miR-143-3p expression and promotes
PCMT1 production, thereby preventing the pro-
liferation and invasion of bladder cancer cells
[22]. Moreover, LINCOO511 inhibits the occur-
rence and progression of colorectal cancer
through the suppression of the miR-625/WEE1
and miR-29c¢-3p/NFIA axes [23, 24]. However,
the role of LINCOO511 in melanoma remains
unclear.

Several studies have established that IncRNAs
participate in cancer development by regulat-
ing the ceRNA network balance [25]. For
instance, the IncRNA SNHG16 promotes cervi-
cal cancer progression by acting as an endog-
enous ‘sponge’ that interacts with the miR-
216A-5p/ZEB1 axis [26]. The IncRNA SNHG6,
promotes the malignant phenotype of colorec-
tal cancer by upregulating EZH2 through
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sponge-like activity on miR-26a/b and miR-214
[27]. The IncRNA ARNILA functions as a ceRNA
of miR-204 and upregulates its downstream
target gene, SOX4, thus contributing to the
development of triple-negative breast cancer
and facilitating tumor cell invasion and metas-
tasis [28]. Additionally, the IncRNA DSCAM-AS1
promotes AKT3 overexpression in colorectal
cancer by acting as a molecular sponge for
miR-384 and promoting the progression of
NSCLC by targeting the miR-577/HMGB1 axis
[29, 30]. Hence, clarifying the specific mecha-
nisms underlying the regulatory network of
ceRNAs will improve our understanding of
the molecular mechanisms underlying cancer
development.

Consistently, this study aimed to elucidate the
biological function of LINCOO511 and explore
its ceRNA regulatory mechanism in melanoma
progression. These findings will potentially
help in the identification of novel therapeutic
targets and the development of diagnostic
biomarkers.

Materials and methods
Cell culture

The human melanoma cell lines (A375 and
SK-Mel-28) and human normal melanocytes
(PIG1) used in this study were procured from
Pricella (Wuhan, China). The cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with fetal bovine serum (FBS).

SiRNA transfection and lentiviral infection

According to the manufacturer’'s manual, trans-
fection was carried out using polyplus jet-
PRIME® reagent (lllkirch, France). The siRNAs
targeting LINCOO511 and ADAM19, negative
control (NC) si-RNA, miR-150-5p inhibitor, miR-
150-5p mimics, and negative control miR-150-
5p NC were all purchased from GenePharma
(Shanghai, China). The overexpression vectors
for LINCOO511 and ADAM19, as well as the
controls, were purchased from Genechem Co.,
Ltd. (Shanghai, China). Stable cell lines were
established using lentiviral vectors from Gene-
chem Co., Ltd. for the siRNA-mediated knock-
down of LINCO0511 and ADAM19. Prior to len-
tiviral transduction, A375 cells were seeded at
a density of 5 x 10* cells/well in a 6-well plate.
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Cells were transduced with lentiviral vectors
and 10 ug/mL polybrene (Sigma, Aldrich, St.
Louis, MO, USA) at a multiplicity of infection of
10. Medium was changed 12 h post-transduc-
tion. To select for stably transduced cells, cells
were cultured with a medium containing 2 ug/
mL puromycin (Sigma-Aldrich) for 48 h. Stable
transduced cells were cultured in medium con-
taining 0.5 pg/mL puromycin. Transduction effi-
ciency was assessed 72 h post-transduction
using fluorescence microscopy and further con-
firmed using qRT-PCR and western blotting. The
small interference sequences are listed in
Table S1.

Quantitative reverse transcription-PCR (qRT-
PCR)

The TRIzol method (Takara, Otsu, Shiga, Japan)
was used for the isolation and extraction of
total RNA. Nanodrop one spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA)
was used to assess the quantity and quality of
the RNA. The primers used in this study are
listed in Table S2.

Western blot analysis

To analyze the relevant proteins, the cells were
lysed in the RIPA lysis buffer (Elabscience,
USA). The BCA assay kit was used to calcul-
ate the protein concentration (Thermo Fisher
Scientific, Waltham, MA, USA). Proteins sepa-
rated after electrophoresis were transferred
onto polyvinylidene difluoride membranes,
blocked, and overnight incubated with specific
primary antibodies against ADAM19, AKT,
p-AKT, PI3K, p-PI3K, GAPDH, Bax, Bcl-2, MMP9,
and PCNA followed by one-hour incubation
using secondary antibodies at room tempera-
ture. The blots were analyzed using the Image)
software (NIH, Version 1.53). The source files of
western blotting are provided in Table S3.

Tissue samples

Melanoma tissue microarray (TMA) (IWLT-N-
47ML61) was obtained from Shanghai Outdo
Biotech Company (China). This tissue microar-
ray contained 37 carcinoma tissue samples
and 10 normal tissue samples. Details of each
sample are listed in Table S4.

Xenograft tumor assay

We selected immunodeficient male nude mice
(5-6 weeks old, Beijing Experimental Animal
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Center, Beijing, China), which were randomly
divided into experimental and control groups,
with 6 mice in each group. Subcutaneous injec-
tions were performed according to the group-
ing, with a cell count of approximately 1 x
107/0.1 ml. All mice had ad libitum access to
food and water. Sterile food, drinking water,
and padding were changed every 3 days.
Moreover, tumor volume was monitored to
assess tumor growth. Approximately 4 weeks
later, the mice were euthanized to obtain tumor
tissue for weighing and measurement analysis.
Tumor volume was calculated using the follow-
ing formula: Tumor volume = %LW?, where L is
the maximum length and W is the minimum
length. All procedures in these studies com-
plied with the guidelines for the use of labora-
tory animals and the care guidelines of the
National Research Council. This study was
approved by the Ethics Committee of Inner
Mongolia University (IMU-mouse-2022-051).

Cell proliferation assay

A certain number of cells were plated following
the guidelines of the Cell Counting Kit-8 (CCK-
8) (Everbright America, Suzhou, China). Ten
microliters of CCK-8 solution was added per
well after the cells had adhered, followed by 1 h
incubation at 37°C. The absorbance was mea-
sured at 450 nm at designated time points to
generate proliferation curves, and the experi-
ments were conducted in triplicate.

The 5-ethynyl-2’-deoxyuridine (EdU) prolifera-
tion assay was performed using the Beyoclick™
EdU Cell Proliferation Kit (Beyotime Biotech-
nology, Shanghai, China). Fluorescence micros-
copy (Nikon) was employed to capture images,
and EdU-positive and total cells were counted
in each field.

Apoptosis analysis

The TransDetect Annexin V-FITC/PI Apoptosis
Detection Kit and TUNEL Apoptosis Assay Kit
(Promega, Madison, WI, USA) were used to con-
duct apoptosis assays. Flow cytometry was
performed to assess the cell apoptosis status,
and the cell fluorescence intensities were mea-
sured using a confocal microscope (Leica,
Wetzlar, Germany).

Immunohistochemistry analysis (IHC)

Tumor tissue was subjected to various treat-
ments, including dewaxing in xylene and hydra-
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tion in ethanol. Endogenous peroxidase activity
was blocked by incubating the sections in a 3%
H,0, solution. Next, antigen retrieval was car-
ried out by boiling the samples in a citric acid
solution (pH = 6.0). Non-specific binding was
blocked by applying host serum before incubat-
ing with anti-ADAM19 and anti-Ki-67 primary
antibodies overnight at 4°C. A biotinylated
secondary antibody was subsequently applied,
followed by incubation with HRP-conjugated
streptavidin. The tissue was counterstained
with hematoxylin, dehydrated, and mounted
after incubation in a 3,3-diaminobenzidine
solution. Finally, the images were obtained
using an inverted microscope (Nikon). Analysis
of the findings was conducted employing
ImageJ software.

Fluorescence in situ hybridization (FISH) assay

The FISH kit (GenePharma, Shanghai, China)
was used to determine the subcellular localiza-
tion of LINCOO511. Correlative fluorescence
images were obtained using a laser confocal
scanning microscope (Leica, Wetzlar, Germany).

Chromatin immunoprecipitation (ChIP) assay

The ChIP experiment was performed using the
EZ-CHIP KIT (Millipore, Billerica, MA, USA). First,
A375 and SK-Mel-28 cells (1 x 107 cells/well in
a 6-well plate) were fixed with 1% formaldehyde
at room temperature for 10 min, followed by
termination with glycine and collection in lysis
buffer. After centrifugation at 13000 rpm for
5 min, the supernatant was aspirated. The
lysates were then sonicated, washed, and sub-
jected to magnetic bead pretreatment. The pre-
cleared chromatin was then incubated with 5
pg of anti-YY1 ChlP-grade antibody or I1gG anti-
body at 4°C with slow rotation for 12-16 h.
Subsequently, 20 uL of protein A/G beads were
added, and the mixture was rotated at room
temperature for 30 min. This was followed by
washing and elution with elution buffer. After
reverse cross-linking, RNase A and Proteinase
K treatment, the purified immunoprecipitated
DNA was analyzed using gRT-PCR. The primers
sequences used in the ChIP experiment are
listed in Table S2.

RNA pull-down assay

For the biotinylated miRNA pull-down assay,
A375 and SK-Mel-28 cells (1 x 107 cells/well in
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a 6-well plate) were prepared for detection
of the binding of biotinylated miR-150-5p to
LINCO0511/ADAM19. Biotinylated miR-150-5p
and biotinylated miR-NC were transiently trans-
fected into A375 and SK-Mel-28 cells. After 48
h, whole cell lysates were prepared and mixed
with streptavidin magnetic beads (Invitrogen,
Waltham, MA, USA) and incubated at 4°C with
rotation for 16 h. The beads were then collect-
ed and thoroughly washed, and the RNA was
finally eluted and purified for further analysis.
The levels of specific RNA were detected using
gRT-PCR.

RNA immunoprecipitation assay (RIP)

The RIP kit (GENESEED, Guangzhou, China) was
used for the RIP assay. A375 and SK-Mel-28
cells (1 x 107 cells/well in a 6-well plate) were
washed twice with cold phosphate-buffered
saline and then centrifuged at 1500 rpm at
4°C for 10 min to collect the cells. After the
supernatant was discarded, lysis buffer was
added to the cell pellet, which was then incu-
bated on ice for 10 min. The lysate was then
centrifuged at 4°C at 14,000 rpm for 10 min.
Subsequently, 100 uL of the supernatant was
aliquoted as the input control, and 900 pL of
the supernatant was placed in an RNase-free
tube, which was incubated with pretreated
beads 4°C with gentle rotation for 30 min.
Ago-2 or IgG antibody was added and incubat-
ed overnight at 4°C with gentle rotation. After
5-10 washes, the purified immunoprecipitated
RNA was used for analysis. Enriched RNA was
further analyzed using qRT-PCR.

Luciferase reporter assay

One day before transfection, 5 x 10° cells were
plated onto a 96-well plate. After 24 h incuba-
tion, the cells were co-transfected with the
pmirGLO reporter vector encoding either the
LINCOO511 Mut or Wt gene, the ADAM19 Mut
or Wt gene, and miR-mimics or mimics-NC, and
incubated for another 48 h post-transfection.
Luciferase activities were detected using the
Dual-luciferase Reporter System (Promega,
USA).

Bioinformatics analysis
LINCOO511 expression data were obtained

from the GSE183878 dataset of the Gene
Expression Omnibus (GEO). Additionally, the
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expression data for LINCO0O511 and ADAM19
were derived using the GEPIA platform. For
the prediction of the upstream transcription
factor, PROMO, hTFtarget, and JASPAR data-
bases were employed. The interaction bet-
ween IncRNA and miRNA was predicted using
Starbase. A subcellular localization database
(IncLocator) was used to predict the cellular
location of IncRNA. We used multiple online
databases, such as miRDB, TargetScan,
ENCORI, and miR walk, for identifying target
mRNAs that directly interact with miR-150-5p
and predicted the possible interactions
between the relevant IncRNAs and miRNAs.
The common target mRNAs were examined,
and visually represented using the Draw Venn
Diagram Website Tool. All website URLs used in
the bioinformatic analysis are listed in Table
Sb.

Statistical analysis

The data were statistically evaluated using the
SPSS software version 22 (SPSS; USA) and
GraphPad Prism 8 (San Diego, California, USA).
Differences in experimental groups were evalu-
ated using Student’s t-test (two-tailed) or
ANOVA. P < 0.05 indicated statistically signifi-
cant difference in the experimental results.

Results

LINCOO511 is overexpressed in melanoma
cells

To investigate the expression of LINCO0O511 in
melanoma, we performed in-silico data mining
using high-throughput sequencing data from
the GEO dataset GSE183878. The volcano plot
displays the differentially expressed genes
(Figure 1A), and the heatmap highlights a sig-
nificantly higher expression of LINCOO511 in
melanoma samples compared to healthy tis-
sues (Figure S1). These finding were further
supported by data from The Cancer Genome
Atlas database on Skin Cutaneous Melanoma
(TCGA-SKCM), confirming the upregulation of
LINCOO511 in melanoma tissues (Figure 1B).
Immunofluorescence analysis of melanoma
tissue microarray demonstrated a significant
increase in LINCO0O511 expression in melano-
ma compared to that in normal samples.
Additionally, high LINCOO511 expression was
associated with tumor metastasis (Figure 1C
and Table 1). Moreover, gRT-PCR revealed that
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LINCOO511 was overexpressed in the melano-
ma cell lines A375 and SK-Mel-28 compared to
that in the non-transformed, normal melano-
cyte cell line PIG1 (Figure 1D).

We conducted in vitro and in vivo experiments
to explore the functional role of LINCO0O511 in
melanoma. The knockdown of LINCOO511 in
melanoma cells was confirmed by gRT-PCR
(Figure 1E). Partial silencing of LINCOO511
resulted in the inhibition of melanoma cell
proliferation, as demonstrated by the CCK-8
and EdU assays (Figure 1F, 1G). Moreover,
LINCOO511 knockdown increased the rate
of apoptosis (Figure 1H) and attenuated mela-
noma cell migration, and invasion (Figure
2A-C). Western blot analysis confirmed that
LINCOO511 depletion directly affected the
expression of apoptosis and migration markers
(Figure 2D). In contrast, LINCOO511 overex-
pression promoted melanoma cell prolifera-
tion, migration, and infiltration (Figure S2A-G)
and altered the expression of markers related
to cell apoptosis and migration (Figure S2H).
These findings highlight the critical role of
LINCOO511 in melanoma progression in vitro.

To evaluate the effect of LINCOO511 on tumor
progression in vivo, the LINCOO511 knockdown
cells were established and transfection effi-
ciency was confirmed by fluorescence and gRT-
PCR analysis (Figure S2I). We injected A375
cells with stable downregulation of LINCOO511
(LV-sh-LINCO0511) or control cells into the sub-
cutaneous tissues of nude mice. LINCOO511
knockdown considerably inhibited tumor grow-
th, as evidenced by decreased tumor volume
and weight (Figure 2E) and decreased Ki67
expression (Figure 2F). Further, gRT-PCR ana-
lysis confirmed the effective inhibition of
LINCOO511 expression by LV-sh-LINCOO511
(Figure 2G). Collectively, these findings further
support the role of LINCOO511 in promoting
melanoma progression both in vitro and in vivo.

Transcription factor Yin Yang 1 (YY1) mediates
the upregulation of LINCOO511

The transcription factor YY1 induces the activa-
tion of various IncRNAs at the transcriptional
level [31]. We identified overlapping transcrip-
tion factors (YY1, AR) through the PROMO,
hTFtarget, and JASPAR websites (Figure 3A). As
the regulatory mechanism between YY1 and
LINCOO511 in melanoma remains unclear, we
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Figure 1. LINCOO511 was over-expressed in melanoma cells. A. The results from the GEO database showed that
LINCOO511 expression was significantly upregulated in melanoma tissues compared with normal tissues. The fold
change (FC) of genes was assessed by log transformation. |log FC| > 2 and adjusted P < 0.05 were defined as the
screened threshold. B. Based on the TCGA dataset, LINCOO511 expression was found to be increased in melanoma
tissues. C. The expression of LINCO0511 in melanoma tissues and nor-tumor tissues by ISH (scale bars, 500 um).
D. Melanoma cells exhibited elevated levels of LINCOO511 expression. E. Relative LINCO0O511 levels were in mela-
noma cells transfected with si-NC and si-LINCO0511-1, -2. F, G. The proliferation of transfected melanoma cells was
assessed using CCK8 and EdU experiments. H. The effect of transfection with si-NC, si-LINCO0511-1, and -2 on the
rate of apoptosis was evaluated using TUNEL analysis. ***, P <0.001; **, P <0.01; *, P £0.05; ns, not significant.

chose YY1 as a candidate transcription factor binding motif using the JASPAR website (Figure
that regulates LINCOO511. We predicted its 3B). gRT-PCR and western blot analysis showed
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Table 1. Correlation between LINCO0511 expression and

clinicopathologic features in melanoma

was predominantly located in the
cytoplasm (Figure 4A), which was con-

firmed by nuclear-cytoplasmic separa-

o LINCOO511 expression

Characteristics Cases Low High P-value tion and fluorescence in-situ hybrid-
Gonder ization (FISH) assays (Figure 4B, 4C).
These results indicate that LINCOO5-

Male 20 10 10 0.591 11 exerts its regulatory effects in the
Female 17 7 10 cytoplasm. In cancer, ceRNA-medi-
Age ated posttranscriptional regulatory
> 65 16 6 10 0.368 mechanisms are commonly implicat-
<65 21 11 10 ed, where in IncRNAs act as ceRNAs
Tumor site and target miRNAs to influence the
Nasopharynx 19 6 13 0.072 development and progression of
Other sites 18 11 7 cancer [33]. We used the starBase
Tumor size fata.baset.fort sc;ienirjg nlwiRNAstan(jc
o investigate the involvement o

:i'g ‘;r: ;g ig 170 0.549 LINCOO511 in ceRNA regulation. We
- _ identified ten putative miRNAs that
LN Metastasis could interact with LINCOO511 (Table
Yes 8 1 7 0.032~* S6). Based on our previous research
No 29 16 13 and functional analysis [34], we
Pigmentation hypothesized that miR-150-5p is a
Yes 19 8 11 0.630 downstream target of LINCOO511.
No 18 9 9 Consistently, LINCOO511 knockdown
Histological type was found to increase the expression
Epithelium 20 8 12 0.431 qf miR—1.50—5p (Figure 4D)_. In addi-
Other types 17 9 8 tion, luciferase assays confirmed the

*P < 0.05 was considered statistically significant.

that LINCOO511 knockdown inhibited YY1
expression in melanoma cells (Figure 3C, 3D).
YY1 mRNA and protein levels decreased to
varying degrees following YY1 knockdown
(Figure 3E, 3F), and YY1 knockdown reduced
LINCOO511 expression (Figure 3G). The ChIP
assay confirmed the binding of YY1 with the
LINCOO511 promoter region (Figure 3H). Addi-
tionally, a luciferase reporter assay demon-
strated a reduction in the luciferase activity of
the LINCO0O511 promoter-wt upon YY1 knock-
down (Figure 3l). Collectively, these findings
suggest that YY1 enhances the expression of
LINCO0511 at the transcriptional level in mela-
noma cells.

LINCO0O511 acts as a sponge for miR-150-5p

The biological functions of IncCRNAs are highly
dependent on their subcellular location [32];
therefore, to investigate the regulatory and bio-
logical functions of LINCOO511 in melanoma,
we examined its subcellular localization. The
IncLocator database predicted that LINCO0O511
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direct binding of LINCO0O511 to miR-
150-5p at endogenous levels (Figure
4E). Additionally, the RIP assay dem-
onstrated significant enrichment of both miR-
150-5p and LINCO0O511 in the anti-Ago2 frac-
tion (Figure 4F). Furthermore, RNA pull-down
analysis indicated that the wild-type LINCO0511
was enriched in miR-150-5p vector-transfected
cells compared to that in cells transfected with
the empty vector (Figure 4G). Pearson’s corre-
lation analysis revealed a negative correlation
between the expression of LINCOO511 and
miR-150-5p in melanoma (Figure 4H). Coll-
ectively, these results support the role of
LINCO0O511 as a ceRNA that targets miR-150-
5p in melanoma cells.

miR-150-5p directly targets ADAM19 in mela-
noma

Online databases (MiRDB, TargetScan, ENCORI,
and miRWalk) were used to predict the target
MRNAs of miR-150-5p and identify their molec-
ular role in melanoma progression. Based
on this analysis, we identified ten potential tar-
get genes-ADIPOR2, CHD2, ADAM19, HILPDA,
TADA1, PAPPA, BASP1, MTCH2, DCAF6, and

Am J Cancer Res 2024;14(2):809-831



LncRNAOO511 promotes melanoma via the miR-150-5p/ADAM19 axis

A375

A375
- e
= SiLINCO0S11-1
- SHUNC00511-2

NS

B
-
2 W SHLUINCO0S11-1
2 Wl SHLINCO0511-2
8
°
=
5 - PG 0 UYL R
NC Si-LINC00511-1 Si-LINCO( A3TS SK-Mel-28
D b\"'\ X 'o\\'\ b\,\fl«
& & & &
SR NN
O N O N Y
v & L)
BaX o cm— 21 KDa
B2 e — 26 KDa
MMPY N B 92 KDa
PCNA I S 36 KDa
GAPDH = e s s e w36 K ()3
E £
E
k3
9
3
i
5
E
e
F

SK-Mel-28

S &
OH
i

24H

SK-Mel-28

- e
100, T8 SHUNCO0S11-1
- SLLINC00511-2

48H

-
1.6 T8 SHUNCO0511-1
. SHUNCD0511.2

A375 O

SK-Mel-28

SK-Mel-28

A375 SK-Mel-28
- NC

N Si-LINC00511-1
Wl Si-LINC00511-2

- NC
B8 SILINC00511-1
@ SHLINC00511-2

Relative protein expression
- » “

Bax Bcl-2 MMP9  PCNA MMP9  PCNA

- 8 & 8 8

LV-NC  LV-sh-LINC00511 LV-NC  LV-sh-LINC00511

8w G ,
5 5
~
£ 60 2
g s,
- 8%
] 58
L4 30
£ 02
° >dy
> e
20 % o
©
: , —
LV-NC LV-Sh-LINC00511 LV-NC LV-sh-LINC00511

Figure 2. LINCO0O511 was over-expressed in melanoma cells. A. Metastasis ability was measured by wound-healing
assay. B, C. The migration and invasion abilities of A375 and SK-Mel-28 cells were detected (scale bars, 100 ym). D.
Relative expression levels of protein markers were observed in A375 and SK-Mel-28 cells transfected with si-NC, si-
LINCO0511-1, and -2 by western blot. E. The tumor’s morphology, growth curve, volume, and weight were observed.
F. The expression of Ki-67 was assessed by IHC (scale bars, 200 um). G. The levels of LINCO0511 were measured
in xenograft tissues by gRT-PCR. *** P < 0.001; **, P <0.01; *, P <0.05; ns, not significant.

ENSA. Among these genes, ADAM19 was over-
expressed in melanoma tissues and cell lines
(Figure BA-C). Furthermore, an analysis of TCGA
data revealed significantly higher levels of
ADAMA19 in samples of patients with melanoma
than in those of healthy controls (Figure S3).
Increased ADAM19 expression was associated
with decreased overall survival, advanced his-
topathological stage, and accelerated disease
progression (Figures 5D, S4A, S4B). Consis-
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tently, ADAM19 expression was elevated in
melanoma tissues, and its expression was cor-
related with tumor metastasis (Figure 5E, 5F
and Table 2). Additionally, the luciferase report-
er assay confirmed that ADAMA9 directly binds
to miR-150-5p (Figure 5G), which was also vali-
dated by the RIP and miRNA pull-down assays
(Figure 5H, 5I). Collectively, these findings con-
firm that ADAM19 is a downstream target of
miR-150-5p in melanoma.
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Figure 3. Transcription factor YY1 mediates the upregulation of LINCOO511. A. The intersection of PROMO, hTFtar-
get, and JASPAR databases was utilized to identify transcription factors upstream of LINCOO511. B. The DNA motif

of YY1 on the promoter LINCO0511. C, D. The expression of
knockdown was detected by qRT-PCR and western blot. E, F.

YY1 in A375 and SK-Mel-28 cells after LINCOO511
The efficiency of YY1 knockdown in A375 and SK-

Mel-28 cells was determined by qRT-PCR and western blot. G. Adopted qRT-PCR assay to detect the relative ex-

pression of LINCOO511 by YY1 depletion. H. The ChIP assay

confirmed the binding affinity between YY1 and the

LINCOO511 promoter. I. The luciferase activity of the wild/mutant LINCO0511 promoter was detected upon YY1
depletion. *** P <0.001; **, P <0.01; *, P <0.05; ns, not significant.

Silencing ADAM19 suppresses melanoma pro-
gression in vitro and in vivo

To specifically target ADAM19 in melanoma
cells, we used si-RNAs (si-ADAM19-1 and -2),
and a NC siRNA (si-NC) was used for compari-
son (Figure 6A, 6B). Functional assays showed
that ADAM19 knockdown significantly inhibited
melanoma cell proliferation, suppressed anti-
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apoptotic properties, and impaired migration
and invasion (Figures 6C-F and S5A-E). In
contrast, ADAM19 overexpression promoted
melanoma cell proliferation (Figure S6A-C),
suppressed cell apoptosis (Figure S6D), and
increased cell motility (Figure S6E-G). Western
blot analysis revealed that depletion of ADAM19
altered the expression of markers associated
with cell apoptosis and decreased the expres-
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Figure 5. miR-150-5p directly targeted ADAM19 in melanoma. A. The intersection of miRDB, Target Scan Human,
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ns, not significant.

sion of migration markers (Figure 6G), whereas
its overexpression exerted the opposite eff-
ects (Figure S6H). Additionally, we established
ADAM19 knockdown cells, and fluorescence,
gRT-PCR, and western blotting confirmed suc-
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cessful transfection (Figure S6l, S6J). We con-
ducted in vivo experiments by injecting A375
cells with stable ADAM19 downregulation into
the groin of nude mice. The results demonstrat-
ed significant suppression of tumor growth
(Figure 6H). qRT-PCR analysis confirmed that
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Table 2. Correlation between ADAM19 expression and

clinicopathologic features in melanoma

impact of miR-150-5p on melanoma
cells (Figures 7D-G, S7B-F, S8B-G). Fur-

thermore, western blot analysis revealed

o ADAM19 expression
Characteristics Cases Low High P-value that the inhibitory effect of miR-150-5p
Gender on melanoma fglls was partially attenu-
ated by ADAM19 overexpression (Figure
Male 20 13 ! 0.531 7H). These findings indicate that miR-
Female 7 ! 10 150-5p facilitates melanoma growth by
Age negatively modulating ADAM19.
> 65 16 9 7 0.424
<65 21 11 10 LINCOO511 acts as a sponge for miR-
Tumor site 150-5p to upregulate ADAM19
Nasopharynx 19 10 9 0.637 ]
Other sites 18 10 8 gRT-PCR analysis revealed that ADAM19
) was downregulated upon LINCO0511
Tumor size .
> 1.9 om 17 9 8 1,000 knockdqwn, and thls gffgct WE?S revers-
<190m 50 " o ed by miR-150-5p inhibition (Figure 8A).
- Furthermore, miR-150-5p inhibition re-
LN Metastasis versed the effect of LINCOO511 knock-
Yes 8 4 4 0.007* down on the expression of ADAM19,
No 29 16 13 BAX, Bcl-2, MMP9, and PCNA (Figure
Pigmentation 8B). Results of cell proliferation, wound
Yes 19 12 7 0.669 healing, apoptosis, and transwell assays
No 18 8 10 demonstrated that the differential inhibi-
Histological type tory and promoting effects of LINCO0511
Epithelium 20 11 9 0.491 on melanoma cells were reversed by
Other types 17 9 8 miR-150-5p inhibitors or mimics, respec-

*P < 0.05 was considered statistically significant.

ADAM19 expression was lower in tissues trans-
fected with LV-sh-ADAM19 than in the control
tissues (Figure 6l). IHC revealed decreased
Ki-67 expression in the experimental group
compared to that in the control group (Figure
6J). These findings suggest that ADAM19 pro-
motes melanoma progression both in vitro and
in vivo.

ADAM 19 reverses the impact of miR-150-5p
on melanoma cells

To validate whether the observed miR-150-5p-
mediated effects in melanoma cells can be
reversed by restoring ADAM19 expression, we
conducted rescue experiments. The results
confirmed the reciprocal relationship between
the expression of ADAM19 and miR-150-5p
(Figure 7A-C), which was restored via trans-
fection with ADAM19 or miR-150-5p (Figures
S7A, S8A). Results of various biological assays,
including cell proliferation, apoptosis, cell scra-
tch, and Transwell assays, demonstrated that
ADAM19 partially counteracted the biological
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tively (Figures 8C-F, S9A-E, S10A-F).
Moreover, in vivo experiments demon-
strated that mice in the LINCO0511
knockdown group showed markedly decreased
tumor size and tumor weight compared to that
in the control group, while miR-150-5p inhibi-
tion promoted LINCO0511 knockdown-induced
tumor progression (Figure 8G). Additionally, IHC
staining showed that knockdown of LINCOO511
inhibited the expression of Ki67 expression,
which was rescued by the knockdown of miR-
150-5p (Figure 8H). qRT-PCR analysis showed
that silencing LINCOO511 inhibited ADAM19
expression in melanoma cells, which was
reversed by ADAM19 overexpression (Figure
S11A). Functional experimental results demon-
strated that ADAM19 overexpression reversed
the impact of LINCO0511 silencing on melano-
ma cells by inhibiting cell migration, prolifera-
tion, and invasion and increasing the rate
of cell apoptosis (Figure S11B-G). Moreover,
ADAM19 overexpression reversed the effect of
LINCOO511 knockdown on the expression of
apoptosis- and migration-related proteins
(Figure S11H). In addition, in vivo experiments
have shown that overexpression of ADAM19
promotes tumor progression induced by the
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Figure 6. Silencing ADAM19 suppressed melanoma progression in vitro and in vivo. A. The efficiency of si-ADAM19
knockdown was determined by qRT-PCR. B. The protein level of ADAM19 was illustrated by Western blot assay after
knocking down ADAM19 in A375 and SK-Mel-28 cells. C, D. CCK8 and EdU experiments were used to evaluate the
proliferation rate of transfected melanoma cells. E. The influence of ADAM19 knockdown on the rate of apoptosis
was assessed by TUNEL analysis. F. Metastatic ability was assessed using the wound-healing assay. G. Relative
expression levels of Bax, Bcl-2, MMP9, and PCNA were observed in A375 and SK-Mel-28 cells with ADAM19 knock-
down. H. The tumor’s morphology, growth curve, volume, and weight were observed. I. The levels of ADAM19 in
xenograft tissues were measured using qRT-PCR. J. The expression of Ki-67 was examined through IHC (scale bars,
200 pm). *** P <0.001; **, P<0.01; *, P <0.05; ns, not significant.

knockdown of LINCOO511 (Figure S12A). IHC LINCOO511 activates the PISK/AKT pathway
demonstrated that knockdown of LINCOO511 in melanoma cells through the miR-150-5p/
inhibits Ki67 expression, while overexpression ADAM 19 axis

of ADAM19 restored Ki67 expression (Figure

S12B). These findings suggest that LINCOO511 PIBK/AKT signaling plays a critical role in tumor
functions as a sponge for miR-150-5p to regu- initiation, progression, and therapeutic res-
late ADAM19 expression. ponse. Previous studies have reported the key
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Figure 7. ADAM19 reversed the impact of miR-150-5p on melanoma cells. A. Expression levels of miR-150-5p were
identified in melanoma cells after ADAM19 overexpression. B, C. Relative expression levels of ADAM19 are observed
in A375 and SK-Mel-28 cells transfected with miR-150-5p. D, E. CCK8 and EdU assays to proliferation rate of trans-
fected cells. F. The influence of ADAM19 and miR-150-5p mimics on the rate of apoptosis was evaluated through
TUNEL analysis. G. Scratch wound healing assay is used to evaluate migration capacity. H. Relative expression levels
of ADAM19, Bax, Bcl-2, MMP9, PCNA were observed in A375 and SK-Mel-28 cells transfected with ADAM19 and
miR-150-5p mimics. *** P <0.001; **, P <0.01; *, P <0.05; ns, not significant.

role of the PI3BK-AKT pathway in melanoma pro-
gression, which is consistent with the findings
of KEGG enrichment analysis findings (Figure
9A) [35-37]. Silencing LINCO0511 significantly
reduced the levels of phosphorylated PI3K
(p-PI3K) and phosphorylated AKT (p-AKT)
compared to those in the control group. How-
ever, there were no significant differences in
the total PIBK and AKT levels. Conversely,
LINCOO511 overexpression increased the
phosphorylation of these proteins but did not
affect the levels of total PISK and AKT (Figure
9B). The rescue experiment further demon-
strated that the miR-150-5p inhibitor prevent-
ed the effects of LINCOO511 and ADAM19
knockdown on p-PI3K and p-AKT and that

822

ADAM19 overexpression partially restored
the phosphorylation of these proteins altered
by LINCOO511 depletion (Figure 9C-E). Addi-
tionally, LINCOO511 partially reversed the
effects of the PI3K inhibitor (LY294002) and
activator (740Y-P) on melanoma cell prolifera-
tion (Figure S13). These findings suggest that
LINCCO511 affects melanoma progression by
activating the PI3K/AKT pathway via the miR-
150-5p/ADAM19 axis.

Discussion
Melanoma is a highly aggressive skin cancer

associated with a poor prognosis and a high
metastatic rate, resulting in a significant annu-
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Mel-28 cells transfected with si-LINCO0511 and miR-150-5p inhibitor. C, D. CCK8 and EdU assays to proliferation
rate of transfected cells. E. The influence of si-LINCO0511 and miR-150-5p inhibitor on the rate of apoptosis was
evaluated through TUNEL analysis. F. Metastasis ability was measured using wound-healing assay in melanoma
cells transfected with si-LINCOO511and miR-150-5p inhibitor. G. Gross appearance, tumor volume, and tumor
weight of each group. H. IHC staining results (Ki-67). ***, P <0.001; **, P <0.01; *, P < 0.05; ns, not significant.

al mortality rate [38, 39]. Despite recent
advances in treatment modalities such as sur-
gery, radiotherapy, immunotherapy, and target-
ed therapy, the prognosis of patients with mela-
noma remains unfavorable [40]. Accumulating
evidence supports the involvement of IncRNAs
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in  melanoma initiation, development, and
metastasis, as they influence crucial cellular
processes [41]. Hence, in-depth investigations
of the underlying mechanisms and biological
functions of IncCRNAs can reveal potential new
therapeutic targets for melanoma.
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Figure 9. LINCOO511 activated the PI3K/AKT pathway in melanoma cell through the miR-150-5p/ADAM19 axis. A.
KEGG enrichment analysis. B. The effects of the LINCO0511 gene on PI3K, p-PI3K, p-Akt and Akt expression in A375
and SK-Mel-28 cells were detected by western blot analysis. C-E. The relative protein expression of PI3K, p-PI3K, p-
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Our findings highlight the significant role of
LINCOO511 in promoting melanoma migration
and invasion while inhibiting the growth of
xenografted tumors in vivo. LINCOO511 is a
cancer-promoting factor in melanoma and has
been implicated in several types of cancers,
showing promise as a potential biomarker for
cancer diagnosis, prognosis, and treatment
strategies. For instance, LINCOO511 overex-
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pression has been linked to cell invasion and
migration in cervical cancer, which suggesting
its potential as a novel biomarker [42]. In hepa-
tocellular carcinoma, LINCO0O511 was found to
be upregulated, and its overexpression induced
vascular invasion and lymph node metastasis
[43]. A meta-analysis revealed a close relation-
ship between LINCOO511 overexpression and
poor prognosis (overall, progression-free, or
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relapse-free survival) in lung cancer, pancreatic
ductal adenocarcinoma, and breast cancer
[44]. Additionally, inhibition of LINCO0511
reportedly suppresses cell growth and metas-
tasis in glioma [20], NSCLC [21], and melano-
ma [45]. These studies, combined with our find-
ings, suggest that targeting LINCO0O511 could
be an effective therapeutic strategy for mela-
noma and suggest its potential role as a key
regulator of multiple tumor types.

Upstream regulatory factors, such as transcrip-
tion factors, can contribute to the dysregulation
of IncRNA expression in cancers [46]. In the
present study, the transcription factor YY1 was
identified as an upstream transcriptional regu-
lator of LINCOO511 using database analysis.
YY1 is a member of the GLI-Kruppel class of
zinc finger proteins and is involved in cell prolif-
eration, invasion, and metastasis, among other
biological processes [47]. In addition, YY1 acts
as a master modulator of the regulatory epigen-
etic network and modulates the expression of
downstream target genes, thereby affecting
tumorigenesis in pancreatic [48], lung [49],
colorectal [50], and breast cancers [51].
Moreover, YY1 has been found to participate
in several biological processes by activating
the expression of various IncRNAs, including
ZFPM2-AS12 [52], PKMYT1AR [53], SNHG17
[54], and LINCO0673 [55]. Our study revealed
direct binding of YY1 to the promoter region
of LINCOO511 and consistently, we found that
downregulation of YY1 led to decreased expres-
sion of LINCOO511. Previous studies have dem-
onstrated that elevated YY1 expression in mel-
anoma promotes cell proliferation and migra-
tion [56]. In melanoma, YY1 has been implicat-
ed in the regulation of autophagy and lysosom-
al biogenesis in conjunction with the TFEB
transcription [57] and the regulation of the
miR-9/RYBP axis [58]. A recent study reported
the role of the YYl-induced IncRNA SNHGS in
the promotion of melanoma tumorigenesis
via the microRNA-656-3p/SERBP1 axis [59].
Collectively, our findings reveal a novel regula-
tory mechanism in melanoma, wherein the YY1-
mediated upregulation of LINCOO511 promotes
melanoma development.

Mechanisms underlying the functions of ceRNA
have garnered significant attention in cancer
biology; endogenous IncRNAs contain miRNA-
responsive elements and modulate mRNAs by
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acting as molecular sponges and binding to
specific miRNAs [60]. For instance, LINCOO612
functions as a ceRNA of miR-214-5p, indirectly
upregulating SOX4 and promoting the proli-
feration, invasion, and epithelial-mesenchymal
transition of osteosarcoma cells [61]. The
IncRNA SNHG8 can bind to miR-152 and
increase c-MET expression in endometrial can-
cer [62]. The ceRNA activity of LINCOO665,
which acts as a molecular sponge for miR-98,
has been implicated in the activation of the
AKR1B10-ERK signaling pathway and the pro-
gression of lung adenocarcinoma [63]. The bio-
logical function of IncRNAs is predominantly
determined by their specific subcellular local-
ization [32]. LINCOO511 is primarily localized in
the cytoplasm of melanoma cells, which sug-
gests that it may regulate critical gene expres-
sion through the ceRNA network. Previous stud-
ies have demonstrated that LINCOO511 pro-
motes gastric cancer progression by regulating
NFIX expression and targeting miR-625 [64]. In
hepatocellular carcinoma, LINCOO511 acts as
a ceRNA to regulate the miR-195/EYA1 axis
and promotes the malignant behavior of hepa-
tocellular carcinoma [65]. Moreover, LINC-
00511 can affect cancer development, pro-
gression, and prognosis by sponging various
miRNAs, including miRNA-29b-3p [66], miRNA-
29c [67], miRNA-124-3p [68], miRNA-185 [69],
mMiRNA-424 [70], miRNA-618 [71], and miRNA-
765 [72]. Bioinformatics analysis revealed that
LINCO0O511 has potential miR-150-5p-binding
sites, suggesting its role as a ceRNA for miR-
150-5p. This miRNA has been identified as a
tumor suppressor in several cancers, including
thyroid cancer [73], colorectal cancer [74],
NSCLC [75], and melanoma [76]. In the present
study, FISH, RIP, and RNA pull-down assays
confirmed that LINCOO511 acts as a ceRNA
by sponging miR-150-5p in melanoma cells.
Zhang et al. found that LINCOO511 acts as a
sponge for miR-150-5p to regulate cell prolifer-
ation and apoptosis in osteoarthritis [77]. Wu
et al. reported that LINCOO511 suppresses
lung squamous cell carcinoma migration and
proliferation by suppressing miR-150-5p and
activating TADA1 [78]. Consistent with these
findings, our study indicates that the tumor-pro-
moting effect of LINCOO511 in melanoma may
be largely attributable to its regulation of miR-
150-5p activity. Therefore, an in-depth explora-
tion of the mechanisms underlying the func-

Am J Cancer Res 2024;14(2):809-831



LncRNAOO511 promotes melanoma via the miR-150-5p/ADAM19 axis

miR-150-6p

Cytoplasm

AL,

”m%
\ 0
)] Y
/ T— 0
.{\“(Y% PTOmORE (X L l ADAM19

OO O

mRNA degradation

Melanoma

Apoptosis

Figure 10. A proposed model in which YY1-induced LncRNAOO511 promotes melanoma progression by regulating
ADAM19 expression and PI3K/AKT signaling through competitive binding with miR-150-5p.

tions of ceRNAs can assist researchers in gain-
ing a better understanding of the structure and
function of gene regulatory networks in tumor
regulatory mechanisms. Further, these findings
can contribute to the implementation of preci-
sion therapy and further advance clinical diag-
nosis, and the development of treatment
modalities.

As a crucial member of the ADAM family,
ADAM19 plays a role in cell adhesion, proteoly-
sis, and phenotypic alteration [79]. Abnormal
ADAM19 expression has been reported in vari-
ous malignancies, with high expression being
associated with increased cancer cell invasion
and migration in NSCLC and nasopharyngeal
carcinoma [80, 81]. Conversely, ADAM19 has
been found to exert a tumor-suppressive effect
on prostate cancer, attenuating the prolifera-
tion and motility of prostate cancer cells upon
overexpression [82]. ADAM19 is also a target of
multiple miRNAs, including miR-145 [83], miR-
30c [84], miR-361-3p [85], and miR-144-3p
[86]. The present study validated ADAM19 as a
direct downstream target of miR-150-5p and
proposed that this relation could be determi-
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nant for its biological effects in melanoma
cells. Numerous studies have suggested that
IncRNAs regulate the expression of miRNA
target genes by sequestering miRNAs and
inhibiting their interactions with protein-coding
transcripts [48]. Herein, we demonstrated
that LINCOO511 enhances the expression of
ADAM19 by targeting miR-150-5p in melanoma
cells. Furthermore, the inhibitory effects of
LINCOO511 on melanoma cell migration and
invasion can be counteracted by the inhibition
of miR-150-5p or ADAM19 overexpression.
Overall, our findings indicate that the LINC-
00511/miR-150-5p/ADAM19 axis plays a cru-
cial role in regulating melanoma progression,
thereby supporting the involvement of LINC-
00511 in the ceRNA regulatory system in mela-
noma cells.

The PIBK/AKT signaling pathway promotes the
growth, survival, and invasion of cancer cells.
Aberrant expression of IncRNAs can activate
the PIBK/AKT pathway and contributes to the
progression of different cancers, including mel-
anoma [35, 36]. Downregulation of the IncRNA
MIAT inhibits the activation of PI3K/AKT signal-
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ing pathway, thereby reducing melanoma cell
invasion and proliferation [87]. The IncRNA
DBH-AS1 induces melanoma progression th-
rough the miR-233-3p/IGF-1R/PI3K/AKT path-
way [88]. Our data revealed that LINCOO511
promotes melanoma progression by modulat-
ing the miR-150-5p/ADAM19 axis to enhance
the activity of the PIK3/AKT pathway. A recent
study demonstrated that LINCOO511 promot-
es gastric cancer progression by inhibiting
PTEN to activate the PI3BK/AKT pathway [89].
These findings suggest that LINCO0511 func-
tions as an oncogene, promoting cancer occur-
rence and development by driving the activa-
tion of the PIBK/AKT signaling pathway.

Conclusion

In conclusion, our study provides valuable
insights into the complex molecular landscape
of melanoma. The activation of LINCO0511 by
YY1, its ceRNA activity, and its role in regulat-
ing ADAM19 and the PI3K/AKT signaling path-
way contribute to our understanding of mela-
noma. These findings pave the way for the
development of targeted and personalized
therapies for patients with melanoma, ulti-
mately improving their clinical outcomes
(Figure 10). However, the present study has
some limitations. Firstly, the findings of this
study need to be verified using clinical samples
from patients with melanoma. Secondly, a
metastasis model should be established to
explore the impact of the LINCO0511-miR-150-
5p-ADAM19 axis on melanoma cell metastasis.
This is also a future research direction.
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Table S1. The small interference sequences used in the experiment are shown

Gene

Sequences

Si-NC
Si-LINCO0511-1
Si-LINCO0511-2
Si-ADAM19-1
Si-ADAM19-2
Negative control
miR-150-5p mimics
mMiRNA inhibitor NC
miR-150-5p inhibitor

5’-UGACCUCAACUACAUGGUUTT-3’
5’-CCAUCGAUCGACCUACAAATT-3’
5’-GCUUGUGCCCUUGGAAUUATT-3’
5’-GCUCCUUCCUACACAGAAATT-3’
5’-GCAAGGGCCAACACCUUAUTT-3’
5’-UUCUCCGAACGUGUCACGUTT-3’
5’-UCUCCCAACCCUUGUACCAGUG-3’
5’-CAGUACUUUUGUGUAGUACAA-3’
5’-CACUGGUACAAGGGUUGGGAGA-3’

Table S2. The primers used for PCR amplification are shown

Gene

Sequences

Primers for real-time PCR
LINCOO511 sense
LINCOO511 antisense
miR-150-5p sense
miR-150-5p antisense
ADAM19 sense
ADAM19 antisense
GAPDH sense
GAPDH antisense
U6 sense
U6 antisense
Ul sense
U1 antisense
YY1 sense
YY1 antisense

Primers for ChIP
ChIP sense
ChIP antisense

Primers for double fluorescent report carrier

ADAM19-Wild-Top
ADAM19-Wild-Bottom
ADAM19-Mut-Top
ADAM19-Mut-Bottom
LINCO0511-Wild-Top
LINCO0511-Wild-Bottom
LINCOO511-Mut-Top
LINCO0511-Mut-Bottom

5-CTGCTTGGGTGTGGGACTGA-3’
5’-CGATGAGGTCATACGCCGTAA-3’
5-TGAAGGTCGGAGTCAACGGATT-3’
5’-GTCGTATCCAGTGCAGGGTCCGAGGT-3’
5’-ATGGCGAGTGTAGTGCTGC-3’
5’-GATCACTGTCACGTCTTTCGT-3’
5-TGAAGGTCGGAGTCAACGGATT-3’
5’-CCTGGAAGATGGTGATGGGATT-3’
5’-CTCGCTTCGGCAGCACA-3’
5’-AACGCTTCACGAATTTGCGT-3’
5’-TCCCAGGGCGAGGCTTATCCATT-3’
5’-GAACGCAGTCCCCCACTACCACAAAT-3’
5’-AGCAGAAGCAGGTGCAGATCAA-3’
5’-CTGCCAGTTGTTTGGGATCT-3’

5’-TGACATCCCATTTCCCGTTC-3’
5’-GTTCCTTCCAGACATTCCCG-3’

5-CGAATTTTCTTTTTATTTGGGAGAC-3’
5’-TCGAGTCTCCCAAATAAAAAGAAAATTCGAGCT-3’
5’-CGAATTTTCTTTTTATTACCCAGAC-3’
5’-TCGAGTCTGGGTAATAAAAAGAAAATTCGAGCT-3’
5’-CCCTTCTCTCAAGTGGCATTTGGGATGC-3’
5’-TCGAGACTCCCAAATGCCACTTGAGAGAAGGGAACT-3’
5"-CCCTTCTCTCAAGTGGCATAACCCTCTC-3’
5'-TCGAGAGAGGGTTATGCCACTTGAGAGAAGGGAACT-3’
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Table S3. Antibodies used in the study

Antibody Name Company/Vendor Catalogue Application Ratio
ADAM19 Bioss, China bs-5850R Immunohistochemistry 1:50
ADAM19 Abmart, China TD9161M Western Blotting 1:1000
AKT Abmart, China T55561 Western Blotting 1:1000
PI3K Abmart, China T40115 Western Blotting 1:1000
p-AKT CST, USA #4060 Western Blotting 1:1000
p-PI3K Abmart, China T40065 Western Blotting 1:1000
Bax Proteintech, China 50599-2-lg  Western Blotting 1:1000
Bcl-2 Proteintech, China 26593-1-AP Western Blotting 1:1000
MMP9 Proteintech, China 10375-2-AP  Western Blotting 1:1000
GAPDH Proteintech, China 60004-1-g  Western Blotting 1:1000
PCNA Proteintech, China 24036-1-AP  Western Blotting 1:1000
Ki-67 Proteintech, China 28074-1-AP  Immunohistochemistry 1:100
YY1 CST, USA #63227 Western Blotting; 1:1000
Chromatin Immunoprecipitation 1:50




Table S4. Clinicopathological data of melanoma tissue chip
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Location Age Benlgn and Primary/Recurrent Site Originate Histological type Maximum diameter Chromatosis
Malignant of the mass (cm)

Al 69 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 1.8 No
A2 71 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 1.5 Yes
A3 7 Malignant Recurrent Cavum nasi Mucosal tissue Epithelium cell type 3.3 No
A4 79 Malignant Recurrent Cavum nasi Mucosal tissue Epithelium cell type 3.5 Yes
A5 63 Malignant Recurrent Nasopharynx Mucosal tissue Epithelium cell type 2 Yes
A6 65 Malignant Recurrent Nasopharynx Mucosal tissue Epithelium cell type 2 Yes
A7 48 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 3.5 Yes
A8 50 Malignant Primary Cavum nasi Mucosal tissue Undifferentiated type 4 Yes
B1 49 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 2.8 No
B2 47 Malignant Primary Cavum nasi Mucosal tissue Plasmacytoid 3 No
B3 72 Malignant Recurrent Cavum nasi Mucosal tissue Spindle cell type 4.5 Yes
B4 74 Malignant Primary Cavum nasi Mucosal tissue Spindle cell type 0.7 Yes
B5 57 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 3 Yes
B6 67 Malignant Recurrent Cavum nasi Mucosal tissue Plasmacytoid 1 No
B7 47 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 1 Yes
B8 55 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 4 Yes
Cc1 63 Malignant Primary Cavum nasi Mucosal tissue Epithelium cell type 2.5 No
c2 60 Malignant Primary Cavum nasi Mucosal tissue Mixed type 2.5 No
C3 74 Malignant Primary Cavum nasi Mucosal tissue Spindle cell type 1 Yes
c4 71 Malignant Primary Pelma Skin tissue Spindle cell type 0.8 No
C5 70 Malignant Primary Vulva Skin tissue Epithelium cell type 1.5 Yes
C6 48 Malignant Primary Great thenar of left wrist Skin tissue Epithelium cell type 0.8 No
c7 77 Malignant Primary Pelma Skin tissue Spindle cell type 1.5 No
Cc8 58 Malignant Primary Pelma Skin tissue Epithelium cell type 2 No
D1 76 Malignant Primary Pelma Skin tissue Epithelium cell type 1.5 No
D2 78 Malignant Primary Chest Skin tissue Spindle cell type 0.5 No
D3 88 Malignant Primary Thigh Skin tissue Epithelium cell type 1.7 Yes
D4 56 Malignant Primary Pelma Skin tissue Spindle cell type 2.5 No
D5 65 Malignant Primary Second toe Skin tissue Undifferentiated type 2.5 Yes
D6 49 Malignant Primary Eyeball Choroid membranes Epithelium cell type 1 Yes
D7 70 Malignant Recurrent Orbit Skin tissue Epithelium cell type 1.2 No
D8 38 Malignant Primary Orbit Skin tissue Spindle cell type 0.5 Yes
E1 70 Malignant Primary Rectum Mucosal tissue Epithelium cell type 1 No
E2 32 Malignant Primary Rectum Mucosal tissue Undifferentiated type 1.2 No
E3 43 Malignant Primary Rectum Mucosal tissue Spindle cell type 0.6 No
G2 29 Benign Skin cell type

G3 51 Benign Skin cell type

G4 40 Benign Skin cell type

G5 31 Benign Skin cell type
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Table S5. Bioinformatic analysis website

Data base Web links

GEO https://www.ncbi.nim.nih.gov/geo/
GEPIA http://gepia.cancer-pku.cn

PROMO http://acgt.cs.tau.ac.il/promo/
hTFtarget http://bioinfo.life.hust.edu.cn/hTFtarget
JASPAR http://jaspar.genereg.net/

Starbase http://starbase.sysu.edu.cn/

IncLocator http://www.csbio.sjtu.edu.cn/bioinf/IncLocator/
miRDB http://mirdb.org/

TargetScan http://www.targetscan.org/

ENCORI https://rna.sysu.edu.cn/encori/
miRwalk http://mirwalk.umm.uni-heidelberg.de/

Venn Diagram

http://bioinformatics.psb.ugent.be/webtools/Venn/
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Figure S1. The expression of LINCO0511 was higher in melanoma tissues compared to normal tissues by the cluster
heat map analysis.
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Figure S2. Overexpression of LINCOO511 promotes melanoma cells in vitro proliferation. A. qRT-PCR was used
to detect the expression of LINCOO511 in A375 and SK-Mel-28 cells that were stably transfected with NC or
LINCOO511. B, C. CCK8 and Edu assays the cell proliferation of transfected melanoma cells. D. The influence of NC
and LINCOO511 on the rate of apoptosis was evaluated through TUNEL assay. E. Metastasis ability was measured
using wound-healing. F, G. Migration and invasion abilities of A375 and SK-Mel-28 cells transfected with NC or
LINCOO511 were assessed by transwell assays (scale bars, 100 uym). H. Relative expression levels of Bax, Bcl-2,
MMP9, and PCNA were observed in A375 and SK-Mel-28 cells transfected with NC and LINCOO511. |. Fluorescence
and PCR analysis of cell lines stably knocking down lincO0511 expression after lentivirus transfection. ***, P <

0.001; **, P<0.01; *, P<0.05.
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Table S6. The predicting target miRNAs in the top ten for LINCOO511

miRNA Target Site

hsa-miR-345-5p chr17:70399550-70399575][-]
hsa-miR-3145-3p chr17:70399585-70399610[-]
hsa-miR-511-3p chr17:70399609-70399628[-]
hsa-miR-29b-3p chr17:70399748-70399770[-]
hsa-miR-29a-3p chr17:70399748-70399772[-]
hsa-miR-29¢-3p chr17:70399748-70399772[-]
hsa-miR-3622-5p chr17:70399761-70399780][-]
hsa-miR-150-5p chr17:70399769-70399794([-]
hsa-miR-7853-5p chr17:70399773-70399791][-]
hsa-miR-105-5p chr17:70399773-70399795]-]
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Figure S3. ADAM19 was over-expressed in melanoma.
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Figure S4. ADAM19 expression in pan-cancer. A. The expression of ADAM19 in different human tumors with TCGA,
including SKCM, STAD, TGCT and THCA. B. Kaplan-Meier survival curves of patients with melanoma based on
ADAM19 expression levels (DSS; OS; PFI). *** P <0.001; **, P<0.01; *, P<0.05.
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Figure S5. ADAM19 silencing suppressed melanoma progression in vitro. A. The proliferation of A375 and SK-
Mel-28 cells transfected with NC, Si-ADAM19-1, or -2 was determined using Edu assays. B. The effect of ADAM19
knockdown on the rate of apoptosis was evaluated by TUNEL analysis. C. Metastasis ability was measured using
wound-healing. D, E. The migration and invasion abilities of A375 and SK-Mel-28 cells transfected with NC, Si-
ADAM19-1, or -2 were evaluated (scale bars, 100 um). *** P <0.001; **, P<0.01; *, P<0.05.
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Figure S6. Overexpression of ADAM19 promotes melanoma cells in vitro proliferation. A. ADAM19 was observed in
A375 and SK-Mel-28 cells following transfection with NC and ADAM19. B, C. CCK8 and Edu assays were performed
to measure the impact of overexpression ADAM19 on proliferation capability in A375 and SK-Mel-28 cells. D. The
influence of NC and ADAM19 on the rate of apoptosis was assessed through TUNEL assay. E. Metastasis ability was
measured using wound-healing in A375 and SK-Mel-28 cells transfected with NC and ADAM19. F, G. Migration and
invasion abilities of A375 and SK-Mel-28 cells transfected with NC or ADAM19 as assessed by transwell assays
(scale bars, 100 um). H. Relative expression levels of ADAM19, Bax, Bcl-2, MMP9 and PCNA were observed in A375
and SK-Mel-28 cells transfected with NC or ADAM19. I. Fluorescence and PCR analysis of cell lines stably knock-
ing down ADAM19 expression after lentivirus transfection. J. Western analysis of cell lines stably knocking down
ADAM19 expression after lentivirus transfection. ***, P <0.001; **, P<0.01; *, P<0.05.
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Figure S7. Restoration of ADAM19 reverses the effects of miR-150-5p on melanoma cells. A. The expression levels
of ADAM19 mRNA were determined in A375 and SK-Mel-28 cells using qRT-PCR. B. Edu analysis was performed to
determine the proliferation ability of A375 and SK-Mel-28 cells co-transfected with ADAM19 and miR-150-5p mim-
ics. C. The influence of ADAM19 and miR-150-5p mimics on the rate of apoptosis was evaluated through TUNEL
analysis. D. Metastasis ability was measured using wound-healing in melanoma cells transfected with ADAM19 and
miR-150-5p mimics. E, F. Migration and invasion abilities of A375 and SK-Mel-28 cells transfected with ADAM19
and miR-150-5p mimics were assessed by transwell assays (scale bars, 100 uym). *** P <0.001; **, P <0.01; *,
P <0.05.
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Figure S8. Knockdown ADAM19 could rescue miR-150-5p expression. A. The expression level of ADAM19 was
detected by qRT-PCR in A375 and SK-Mel-28 cells transfected with Si-ADAM19 and miR-150-5p inhibitors. B, C.
The proliferation of A375 and SK-Mel-28 cells was determined using CCK8 and Edu assays after transfection with
Si-ADAM19 and miR-150-5p inhibitor. D. The influence of Si-ADAM19 and miR-150-5p inhibitor on the rate of apop-
tosis was evaluated through TUNEL assay. E. Metastasis ability was measured using wound-healing assay in A375
and SK-Mel-28 cells transfected with Si-ADAM19 and miR-150-5p inhibitor. F, G. Migration and invasion abilities of
A375 and SK-Mel-28 cells were assessed by transwell assays after transfection with Si-ADAM19 and miR-150-5p
inhibitor (scale bars, 100 pm). ***, P <0.001; **, P <0.01; *, P <0.05; NS, not significant.
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Figure S9. LINCO0511 acts as a sponge of miR-150-5p to upregulate ADAM19 expression. A. The proliferation of
A375 and SK-Mel-28 cells was determined using Edu assays after transfection with Si-LINCO0511 and miR-150-5p
inhibitor. B. The influence of Si-LINCO0511 and miR-150-5p inhibitor on the rate of apoptosis was evaluated through
TUNEL analysis. C. Metastasis ability was measured using wound-healing assay in melanoma cells transfected with
Si-LINCO0511 and miR-150-5p inhibitor. D, E. Migration and invasion abilities of A375 and SK-Mel-28 cells were
assessed by transwell assays after transfection with Si-LINCO0511 and miR-150-5p inhibitor (scale bars, 100 um).

*%% P<0.001; **, P<0.01; *, P<0.05.
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Figure S10. Overexpression LINCOO511 could rescue miR-150-5p expression. A, B. Proliferation of A375 and SK-
Mel-28 cells transfected with LINCOO511 and miR-150-5p mimics, as determined using CCK8 and Edu assays. C.
The influence of LINCO0511 and miR-150-5p mimics were appraised on the rate of apoptosis in TUNEL assay. D.
Metastasis ability was measured using wound-healing in A375 and SK-Mel-28 cells transfected with LINCO0511 and
miR-150-5p mimics. E, F. Migration and invasion abilities of A375 and SK-Mel-28 cells transfected with LINCOO511
and miR-150-5p mimics, as assessed by transwell assays (scale bars, 100 ym). *** P <0.001; **, P <0.01; *, P
< 0.05; NS, not significant.
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Figure S11. ADAM19 is key for LINCOO511-mediated melanoma cell proliferation and metastasis. A. The expres-
sion levels of LINCO0511, miR-150-5p, and ADAM19 were identified in A375 and SK-Mel-28 cells transfected with
Si-LINCO0511 and ADAM19 using gqRT-PCR. B, C. The proliferation of A375 and SK-Mel-28 cells transfected with
Si-LINCOO511 and ADAM19 was determined using CCK8 and Edu assays. D. The influence of Si-LINCO0511 and
ADAM19 on the rate of apoptosis was evaluated through TUNEL analysis. E. Metastasis ability was measured using
wound-healing assay in melanoma cells transfected with Si-LINCO0511 and ADAM19. F, G. Migration and invasion
abilities of A375 and SK-Mel-28 cells were assessed by transwell assays after transfection with Si-LINCOO511and
ADAM19 (scale bars, 100 pm). H. Relative expression levels of ADAM19, Bax, Bcl-2, MMP9 and PCNA were observed
in A375 and SK-Mel-28 cells transfected with Si-LINCO0O511 and ADAM19. *** P <0.001; **, P<0.01; *, P<0.05.
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Figure S12. ADAM19 is key for LINCOO511-mediated melanoma cell proliferation and metastasis. A. Gross appear-
ance, tumor volume, and tumor weight of each group. B. IHC staining results (Ki-67). ***, P <0.001; **, P <0.01;
* P<0.05.
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Figure S13. LINCO0511 activates the PI3K/AKT pathway in melanoma cell lines. The proliferation of A375 and SK-
Mel-28 cells co-transfected with si-NC, DMSO, si-LINCO0511, 740 Y-P, LY294002 was determined using CCK8. ***,
P <0.001; **, P<0.01; *, P<0.05.
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