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LncRNA BASP1-AS1 interacts with YBX1 to regulate Notch
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1 | INTRODUCTION

Melanoma is a malignant tumor caused by melanocytes,* and its inci-
dence has been increasing in recent years. Despite the development
and application of more treatments,>® the prognosis of melanoma

remains poor,™” therefore finding new molecules and developing

Abstract

Melanoma is a fatal skin malignant tumor with a poor prognosis. We found that long
noncoding RNA BASP1-AS1 is essential for the development and prognosis of mela-
noma. The methylation, RNA sequencing, copy number variation, mutation data, and
sample follow-up information of melanoma from The Cancer Genome Atlas (TCGA)
were analyzed using weighted gene co-expression network analysis and 366 samples
common to the three omics were selected for multigroup clustering analysis. A four-
gene prognostic model (BASP1-AS1, LOC100506098, ARHGAP27P1, and LINC01532)
was constructed in the TCGA cohort and validated using the GSE65904 series. The
expression of BASP1-AS1 was upregulated in melanoma tissues and various mela-
noma cell lines. Functionally, the ectopic expression of BASP1-AS1 promoted cell pro-
liferation, migration, and invasion in both A375 and SK-MEL-2 cells. Mechanically,
BASP1-AS1 interacted with YBX1 and recruited it to the promoter of NOTCHS, initi-
ating its transcription process. The activation of the Notch signaling then resulted in
the transcription of multiple oncogenes, including c-MYC, PCNA, and CDK4, which
contributed to melanoma progression. Thus, BASP1-AS1 could act as a potential bio-

marker for cutaneous malignant melanoma.
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new biomarkers are needed to improve the prognosis of melanoma
patients.

Long noncoding RNAs (LncRNAs) are defined as RNAs of more
than 200 nucleotides in length with limited protein-coding capacity,’
in fact, it has been suggested that LncRNAs are involved with many

biological processes, and their key role in cell and tumor specificity

Abbreviations: CNV, copy number variation; GEO, gene expression omnibus; GO, gene ontology; GSEA, gene set enrichment analysis; HNPCs, human neural progenitor cells; KEGG,
Kyoto Encyclopedia of Genes and Genomes; LncRNAs, long noncoding RNAs; RNA-Seq, RNA sequencing; TCGA, The Cancer Genome Atlas; WGCNA, weighted gene co-expression

network analysis.
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indicates their potential for use as diagnostic markers or therapeutic
targets in many cancer types.7 LncRNAs regulate various oncogenes
and tumor suppressor genes at the transcriptional, translational,
protein localization, and functional levels; moreover, they are also
involved in the epigenetic regulation of cell cycles, differentiation,
apoptosis, DNA repair, and metabolism.81°

With the maturity of high-throughput sequencing technology,
large-scale omics data generation is allowed.!'? However, differ-
ential expression analysis only considers each gene without consid-
ering the relationship between genes. Therefore, trying to explain
the complex relationship between genes is still challenging.*®'*
Nevertheless, the application of network analysis using a WGCNA
has advantages in describing and analyzing molecular mechanisms
and network relationships.'®> Furthermore, WGCNA has achieved a
series of results in melanoma research.1618

In this work, the methylation, RNA-Seq, CNV, mutation data, and
sample follow-up information of melanoma from TCGA were ana-
lyzed using WGCNA. We used prognostic-related coding genes, CNV,
and methylation sites, and selected 366 samples shared by the three
omics to conduct a multigroup clustering analysis to construct a prog-
nostic model of four genes in the TCGA cohort, which was verified by
GSE65904. Survival analysis showed that functional LncRNAs-CNV
might be a candidate prognostic biomarker for clinical application, and
BASP1-AS1 is a new LncRNA that has not been screened out in mel-
anoma, even if it has been found that BASP1-AS1 regulates BASP1 in
HNPCs and plays a key role in neuronal differentiation.’

YBX1 (Y box binding protein 1) is an RNA/DNA binding multi-
functional protein, which is recognized as a carcinogenic transcrip-
tion factor that can regulate apoptosis, translation, cell proliferation,
mRNA splicing, repair, differentiation, and the stress response.?®
Additionally, studies have shown that the LncRNA DSCAM-AS1 in-
teracts with YBX1 to promote cancer progression by forming a
positive feedback loop that activates the FOXA1 transcription net-
work.?! Non-coding RNA HOXC-AS3 mediates the occurrence of

gastric cancer by binding to YBX1.22

However, both the regulation
and mechanism of action of YBX1 in melanoma remain unclear, lim-
iting the discovery of its potential therapeutic strategies. In addi-
tion, c-MYC is a proto-oncogene that can induce cell transformation
and regulate programmed cell death. A large number of studies have
shown that c-MYC overexpression can promote the development of
melanoma.?324

In this study, the methylation, RNASeq, CNV, mutation data,
and follow-up information of melanoma in TCGA were analyzed for
multigroup clustering analysis. It was found that the expression of
LncRNA BASP1-AS1 in melanoma tissue was increased and that it was
related to the clinical outcome of melanoma patients. Functionally,
the ectopic expression of BASP1-AS1 promoted cell proliferation, mi-
gration, and invasion in both A375 and SK-MEL-2 cells. Mechanically,
BASP1-AS1 interacted with YBX1 and recruited it to the promoter of
NOTCHS, initiating its transcription process. The activation of the
Notch signaling then resulted in the transcription of multiple on-
cogenes, including c-MYC, PCNA, and CDK4, which contributed to

melanoma progression. These results suggest that BASP1-AS1 plays

an important role in the progression and prognosis of melanoma, and

can be used as a potential diagnostic and prognostic biomarker.

2 | MATERIALS AND METHODS
2.1 | Patients and tissues

A total of 15 melanoma samples and matched nontumorous tissue
were obtained from the First Hospital of China Medical University,
all enrolled patients provided written informed consent, and this
study was approved by the Ethics Committee of the First Hospital
of China Medical University. For gRT-PCR detection, cutaneous
melanoma tissues were obtained, snap-frozen in liquid nitrogen, and
stored at -80°C after surgery.

2.2 | Data analysis

Methylation, RNA-Seq, CNV, mutation data, and follow-up informa-
tion of melanoma samples were downloaded from the TCGA GDC.
We selected the samples with a follow-up time of more than 30 days
and used the univariate COX proportional hazard regression to es-
tablish the model. Next, the common samples of the three omics
were selected, and the R software package iClusterPlus was used for
multigroup clustering analysis. We further analyzed the differential
LncRNAs and encoding genes in different subtypes. Using the R soft-
ware package DEseq2, we first removed the genes with an average
number of counts less than 1 from the expression profile and fur-
ther used foldchange greater than 2 and fdr < 0.05 as the threshold
to screen the differential LncRNAs and encoding genes in different
subtypes. Furthermore, we use the absolute value of the difference
multiple as rank to do a GSEA analysis according to the different mul-
tiples of LncRNA in each subtype. Afterward, a Pearson correlation
coefficient was used to calculate the distance between each gene
and the LncRNA, and the R software package WGCNA was used to
construct the weight co-expression network. Further analysis of the
function of these modules was done using the R software package
clusterProfiler for KEGG pathway enrichment analysis. Afterwards,
the proportion of multicopy and copy deletion of each LncRNA was
counted, and its distribution was observed in the genome.

To systematically identify LncRNA prognostic markers, we ana-
lyzed the copy number of LncRNAs that were different in each sub-
type and selected LncRNAs that had a copy number change rate of
more than 0.1% in each sample and at least one difference in each
subtype, and the copy number was positively correlated with the ex-
pression level. Univariate survival analysis was used to analyze the
relationship between LncRNAs and total survival time. According to
the expression of LncRNAs, the samples were divided into high and
low expression groups, with the top 25% as the high expression group
and the lowest 25% as the low expression group. The KM method was
used to analyze the difference between the two groups. Multivariate

survival analysis was used to observe whether these LncRNAs were
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independent prognostic factors. We then used stepwise multivariate
regression to screen independent prognostic factors.

2.3 | Cell culture and transfection

All cell lines were obtained from the Chinese Academy of Sciences
and were cultured in DMEM supplemented with 10% fetal bovine
serum (FBS; Gibco) and 1% penicillin-streptomycin in an incubator
with humidified 5% CO, at 37°C. At 24 hours before transfection,
A375 and SK-MEL-2 cells were planted in six-well plates with 50-60%
confluence and then transfected with siRNA by using Lipofectamine
2000 according to the manufacturer's instructions.

2.4 | RNA isolation and qRT-PCR

Briefly, total RNA was isolated from tissues and cells by using
TRIzol® reagent (Thermo Fisher Scientific, Inc) and then reverse-
transcribed using QuantiTect Reverse Transcription Kit (Qiagen) ac-
cording to the manufacturer's specifications. Quantitative real-time
PCR (gRT-PCR) amplification was performed using SYBR-Green PCR
mix (Takara) and the expression levels of target genes were normal-
ized to the level of GAPDH or Ué6.

2.5 | Cell colony formation assay

Cell colony formation assay was performed as previously described.?’

2.6 | Cell migration and invasion assay

A375 and SK-MEL-2 cells migration and invasion assay was per-

formed as previously described.?®

2.7 | RNA pull-down assay

The biotin-coupled RNA complex was pulled down by incubating
the melanoma cell lysates with streptavidin-coated magnetic beads
(Sigma) following the manufacturer's instructions. gRT-PCR analysis
was used to evaluate the enrichment of BASP1-AS1 in the captured
fractions. Both the BASP1-AS1 junction probe and the control probe
were obtained from Sangon Biotech. The proteins in the capture com-

plex were identified by western blotting using an anti-YBX1 antibody.

2.8 | ChIP assay

Chromatin immunoprecipitation (ChlP) assay was performed using
a High-Sensitivity ChIP Kit (Abcam) according to the manufacturer's

specifications. In brief, cells were fixed with 4% paraformaldehyde
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and incubated with glycine for 20 min to enhance DNA-protein
cross-links. Then cells were lysed, and DNA was sonicated to gener-
ate chromatin fragments of 400-800 bp. After sonication, the DNA
fragments were immunoprecipitated with Magnetic Protein A Beads
conjugated with YBX1 antibody (Abcam) or rabbit nonimmune IgG
(as negative control) overnight. The next day, the precipitated DNA
was analyzed by PCR with NOTCH3 promoter-specific primers.

2.9 | RIP assay

The RNA immunoprecipitation (RIP) experiment was performed
using a Magna RIPTM RNA Binding Protein Immunoprecipitation Kit
(Millipore) according to the manufacturer's specifications. In brief,
cells were lysed in RIPA buffer containing both a protease inhibitor
cocktail and an RNase inhibitor, and then incubated with buffer con-
taining magnetic beads conjugated with 5 pg human anti-YBX1 anti-
body or immunoglobulin G (IgG) control at 4°C for 6 h. Afterwards,
the beads were incubated with proteinase K to digest proteins.
Finally, purified RNA was analyzed with RT-PCR for further study.

2.10 | Western blot assay

Cells were lysed using RIPA Lysis containing Protease/Phosphatase
Inhibitor Cocktail (Abcam). The extracted proteins were separated
in 10% SDS-polyacrylamide gel and then transferred to immobilon-P
membranes (Merck Millipore). The membrane was blocked with 5%
nonfat dry milk in PBS containing 0.1% Tween 20 (PBST) for 1 h at
room temperature and then incubated with primary antibodies at 4°C
overnight. The next day, the membranes were washed three times with
Tris-buffered saline Tween and then incubated with HRP-conjugated
secondary antibody (1:1000, Santa Cruz Biotech) for 2 h at room tem-
perature. Finally, all bands were detected using ECL Western blotting

kit (Amersham Biosciences). GAPDH was used as an internal reference.

2.11 | Xenografts assays

Four-week-old athymic male BALB/c nude mice were purchased and
randomly divided into different groups. Then, 2 x 106 cells were inocu-
lated subcutaneously in the right flank of the nude mice. Five weeks after
cell inoculation, the mice were sacrificed and the tumors were collected.
The protocol of animal experiments was approved by the Institutional
Animal Care and Use Committee of the First Hospital of China Medical
University. The animal experiments were conducted based on mini-

mized animal number and the least pains on experimental animals.

2.12 | Statistical analysis

Statistical analysis was performed using SPSS 18.0 software and

Graphpad Prism 7 was used as the mapping software. The data were
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presented as the mean + SD as indicated. Comparison between
two groups was assessed using an unpaired two-tailed t-test, with

P < .05 being considered as statistically significant.

3 | RESULTS

3.1 | Multiomics screening of LncRNA differences in
melanoma subtypes

We screened 3509 coding genes from TCGA GDC and 2199 CNV
regions, and 25 788 CpG sites. We used prognosis-related coding
genes, CNV, methylation sites, and selected a total of 366 samples
from three omics, and conducted multi-omics cluster analysis. The
number of classifications was five, and five subtypes were obtained
(Table 1). The distribution of mRNA expression level, CNV, and meth-
ylation in each subtype can be seen in Figure 1A, from which it can be
seen that there are differences in the three distribution levels among
each subtype. Furthermore, we analyzed the prognosis differences of
these five subtypes (Figure 1B), and these five subtypes had progno-
sis differences (P < .0001), with the prognosis of group C1 being the
worst. At the same time, we counted the proportion of gene muta-
tions in different subtypes and selected the 20 genes with the highest
proportion of mutations in each subtype, and a total of 44 genes were
obtained. The intersection of the 20 genes with the highest frequency
of mutation in the five subtypes samples is shown in Figure 1C, which
suggests that the coincidence degree between the genes with the
highest frequency of mutation between the five subtypes is high.

Furthermore, we show the mutations of these 44 genes in
each subtype in Figure 1D. Further screening and analysis of dif-
ferent subtypes of LncRNA and coding genes were done and the
differences of each subtype are summarized in Table 2. A total of
3807 differential LncRNAs (All.DEIncRNA.txt) and 5057 encoding
genes were obtained. The differential volcanic maps of LncRNAs
in each subtype are shown in Figure 1E-1. The number of LncRNA
differences and the number of gene differences in each subtype
were counted as shown in Figure 1J. Moreover, we downloaded
LncRNAs closely related to melanoma from the LncRNADisease and
Lnc2Cancer database, and a total of 180 LncRNAs (disease.IncRNA.
txt) were obtained, which were compared with 3807 differential
LncRNAs, as shown in Figure 1K. There were 90 LncRNAs closely
related to disease (disease.DEIncRNA.txt), and the significance was
tested by hypergeometric test (P < .001).

TABLE 1 Number of samples of five subtypes

Sample
Cluster count
C1 39
c2 57
C3 142
c4 16
C5 112

As shown in Figure S1A-E, the results of GSEA analysis showed
that differentially expressed LncRNAs were clustered, with large dif-
ferences between the gene clusters. We analyzed the intersection
of LncRNAs between five subtypes and cancer and normal samples.
As shown in Figure S1F, we can see that there is a large intersection
of differentially expressed LncRNAs between five subtypes and all
tumor samples.

3.2 | Differential expression of LncRNA copy
number in melanoma subtype

The results of WGCNA co-expression algorithm mining are shown
in Figure 2A. To ensure that the network is scale-free, we choose
= 3 (Figure 2B,C). Cluster analysis was conducted on the modules,
and 39 modules were obtained (Figure 2D). Gene and LncRNA sta-
tistics in each module are shown in Table 3 and Figure 2E (wgcna.
all.Inc.count.txt). We selected the intersection of the top 15 mod-
ules with the largest number of LncRNAs in the module and the top
15 modules with the largest LncRNA enrichment factor. There are
four modules: dark green, midnight-blue, dark red, and tan; after-
ward, the analysis of the functions of these modules shows that all
the four modules (module.enrich.txt) are enriched to 8, 4, 11, and 8
Pathways, respectively (Figure 2F).

In addition, we used GISTIC 2.0 software to analyze the copy
number data of 366 melanoma cases downloaded from TCGA,
the copy number variation of each gene such as all_thresholded.
by_genes.txt. Its distribution in the genome is shown in Figure 2G.
It can be seen that the proportion of copy amplification is similar
to that of copy deletion, with the largest proportion of deletion
on chromosomes 9 and 10, and the largest proportion of amplifi-
cation on chromosomes 6 and 7. Furthermore, we calculated the
correlation between LncRNA expression profile and copy number,
as shown in Figure 2H, and it can be seen that the expression of
LncRNA and copy number showed an overall positive correlation
trend, and their distribution was increased than that of random dis-
tribution (P < 1e-16). There are many LncRNAs with an increased
number of copies or deletions, and the copy deletion of LncRNAs
is more frequent than the copy amplification region (Figure 2I),
which suggests that LncRNA copy deletion may be related to the
occurrence and development of melanoma. To further observe the
relationship between LncRNA expression and copy number, we
selected 45 LncRNAs (P30.Inc.cnv.txt) with a copy number ratio
of more than 5% in each sample. The expression differences of
each LncRNA in copy amplification samples or copy deletion and
copy normal samples were analyzed. We selected at least 10 sam-
ples with an expression greater than O in each group, and finally 29
LncRNAs (Figure 2J) were obtained. It can be seen that the expres-
sion of 13 LncRNAs in copy amplification samples was higher than
that in normal copy samples, and the expression of one LncRNA
in copy deletion samples was lower than that in normal samples,
which suggests that the change of LncRNA copy number is closely

related to the expression of LncRNA.
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FIGURE 1 Multiomics screening of LncRNA differences in melanoma subtypes. A, Multigroup cluster analysis on mRNA, methylation
data, and CNV all have significant differences in the three distribution levels among each subtype. B, KM survival curves of five melanoma
subtypes. C, Wayne diagram of the upper 20 genes with highest mutation frequencies in each subtype. D, The mutation frequency heat
maps of the top 20 genes with the highest mutation in each subtype in various samples. E-1, Differences among the five subtypes of LncRNA
volcano maps, with orange indicating upregulation and green downregulation. J, Distribution of different IncRNAs and coding genes within
each group with orange indicating genes and green indicating IncRNAs. K, Venn diagram of IncRNAs differentially associated with disease-
related IncRNAs

3.3 | Screening LncRNAs associated with was analyzed respectively, as shown in Ist.Inc.cox.txt. The LncRNAs

prognosis of melanoma with univariate cox and KM P values less than .05 were selected, and
11 LncRNAs were finally obtained, which were positively correlated

We analyzed the copy number of different LncRNAs in each subtype, with poor prognosis, as shown in Table 4.

and a total of 108 LncRNAs (sig.IncRNA.txt) were obtained, and the Afterward, we analyzed their efficacy in prognosis classifica-

relationship between these 108 LncRNAs and total survival time tion according to the expression levels of the 11 LncRNAs that
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Type Cc1 Cc2 Cc3 ca

PCG_Down 2838 510 784 1089
PCG_Up 793 609 363 1231
PCG_AIl 3631 1119 1147 2320
Lnc_Down 2124 413 602 796
Lnc_Up 607 433 268 870
Lnc_All 2731 846 870 1666

impacted the poor prognosis in each sample and plotted the ROC
curve (Figure 3A). It can be seen that the average AUC area of
these 11 LncRNAs was about 0.61. We screened six LncRNAs
with an AUC greater than the mean. Multivariate survival analy-
sis was used to observe whether these LncRNAs were indepen-
dent prognostic factors. Afterward, four LncRNAs (Table 5) were
screened, and according to the multivariate regression model of
four LncRNAs (RiskScore = 0.09 * ENSG00000215196 + -0.11
* ENSG00000233834 + -0.18 * ENSG00000215769 + 0.43 * E
NSG00000267014), we calculated the risk scores of each sam-
ple. According to the risk scores, the samples were divided into
high-risk and low-risk groups. Simultaneously, the samples were
divided into high- and low-expression groups according to the
median, and the KM curve (Figure 3A) was made. It can be seen
that the prognosis of high-risk samples was worse than that of
low-risk samples.

To observe the function of these four LncRNAs, we used
the gene expression profile to enrich and analyze the KEGG
Pathway and GO Term of each sample by ssGSEA, and fur-
ther screened the top 20 KEGG Pathways and GO Term with
the highest correlation with the sample risk score (Figure 3B).
To verify the effect of these four CNV-related LncRNAs on
prognosis, we downloaded the standardized clinical data of
GSE65904 data from GEO, which contains 214 samples. We
extracted the expression profiles of these four LncRNAs, and
ENSG00000233834 and ENSG00000267014 were not detected.
Finally, two LncRNAs (BASP1-AS1 and ARHGAP27P1) were de-
tected the expression profiles. We further analyzed the rela-
tionship between the expression levels of these two LncRNAs
and the prognosis. According to the median expression levels of
these two LncRNAs, patients were divided into high-expression
and low-expression groups to analyze their prognosis, and the
KM curve (Figure 3C,D) shows that both LncRNAs have progno-
sis differences, which is similar to the training set. Afterward, we
used multivariate Cox regression to establish a risk prediction
model and calculated the prognostic risk scores of each sample.
Furthermore, we divided the high-risk group and the low-risk
group according to the median of the risk score of the sample.
The difference in the prognosis of the high-risk group and the
low-risk group was analyzed as shown in Figure 3E, and it can be
seen that the prognosis of the high-risk group was more nega-
tive than that of the low-risk group (P < .01).

TABLE 2 Differences in statistics for

© each subtype

386
102
488
287

77
364

3.4 | BASP1-AS1 depressed cell apoptosis via BCL-2

As shown in Figure 4A, BASP1-AS1 was located at chromosome
5 with a conversed orientation of BASP1. Subcellular fractiona-
tion demonstrated the nucleus localization of BASP1-AS1, which
hinted that BASP1-AS1 might participate in the transcription pro-
cess (Figure 4B). Next, to determine whether BASP1-AS1 regulated
melanoma progression, the expression of BASP1-AS1 was detected
in tumors and adjacent tissues by qRT-PCR. The result showed
that BASP1-AS1 was upregulated in tumors compared with adja-
cent tissues (Figure 4C). Furthermore, the result of gRT-PCR also
validated the expression pattern of BASP1-AS1 in different kinds
of melanoma cells. A375 and SK-MEL-2 displayed the highest
BASP1-AS1 expression, so we decided to use A375 and SK-MEL-2
for further experiments (Figure 4D). To further investigate the ef-
fect of BASP1-AS1 on melanoma progression, we constructed a
recombinant pcDNA3.1 plasmid to overexpress BASP1-AS1 and
siRNA constructs to knockdown BASP1-AS1. Afterward, transfec-
tion efficiency was measured by a gqRT-PCR assay (Figure 4E,F), and
the top-10 BASP1-AS1 positive correlated genes were determined
using TCGA co-expression network analysis (Figure 4G). Among
them, as the key regulator of apoptosis process, BCL-2 aroused
our great interest (Figure 4H). By using gqRT-PCR and western
blot assays, we found that both BCL-2 mRNA and protein levels
decreased after BASP1-AS1 knockdown (Figure 4l). Moreover,
cell apoptosis rate also increased after si BASP1-AS1 transfection
(Figure 4J). Furthermore, the expression of apoptosis-related pro-
teins also increased in the BASP1-AS1 knockdown group, which
was determined using Tunel assays (Figure 4K). Taken together,
BASP1-AS1 inhibited cell apoptosis by upregulating BCL-2 during

melanoma progression.

3.5 | Knockdown of BASP1-AS1 suppressed cell
proliferation, migration, and invasion in vitro and
in vivo

Several experiments were performed to investigate further the
effect of BASP1-AS1 on cell function, such as cell proliferation and
invasion. Two different BASP1-AS1 target siRNA were transfected
in A375 and SK-MEL-2 cell lines. Colony formation assays detected

the proliferation of cells (Figure 5A); besides, the migration and
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FIGURE 2 Differential expression of LncRNA copy number in melanoma subtype. A, Sample cluster analysis. B, C, Analysis of network
topology for various soft-thresholding powers. D, Gene dendrogram and module colors. E, Relative multiple histograms of IncRNA ratios

to PCG in 39 modules. The value on the right is the number of statistically significant IncRNA modules. The horizontal axis indicates the
multiple of the ratio of IncRNA to PCG in the module and the vertical axis is the module. F, Results of KEGG enrichment of upper dark green,
midnight blue, dark red, and tan modules. G, LncRNA copy deletion and copy amplification ratio distributions in the genome. H, Distribution
of IncRNA expression and CNV, with light blue indicating the distribution under random conditions and light red the distribution under actual
conditions. A t-test was used to test for statistical significance between the two distributions. I, LncRNAs located in the focal CNV peaks
are SKCM-related. False-discovery rates (q values) and scores from GISTIC 2.0 for alterations (x axis) are plotted against genome positions

(y axis). Dotted lines indicate the centromeres. The deletions (right, blue) and amplifications (left, red) of IncRNA genes are also shown. The
green line represents the 0.25 g value cutoff point that determines signficance. J, Differences in expression of 29 IncRNAs in samples with
copy amplification or deletion and samples copying normal

invasion ability of melanoma cells were also inhibited by siRNA performed. As shown in Figure 5D, the siRNA BASP1-AS1 sup-
BASP1-AS1 (Figure 5B,C). To validate whether or not BASP1-AS1 pressed the volume and weight of the tumor, indicating BASP1-AS1

regulates cell proliferation in vivo, a tumor formation assay was increased cell proliferation during melanoma progression.
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TABLE 3 Gene and LncRNA statistics for each module
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FIGURE 3 Screening LncRNAs associated with prognosis of melanoma. A, ROC curves of 11 LncRNAs with significant prognosis
potential and prognostic differences as indicted in KM curves in four high- and low-risk groups of LncRNA multifactor models. B, Risk
scores of the most relevant top 20 KEGG and GO pathway heat maps. C, KM curves of LncRNA BASP1-AS1. D, KM curves of LncRNA

ARHGAP27P1. E, Two LncRNA multivariate regression models predicted prognostic differences in the KM curves of these samples

TABLE 5 Four prognostic independent CNV-related IncRNA molecules

IncRNA

ENSG00000215196
ENSG00000233834
ENSG00000215769
ENSG00000267014

performed to demonstrate the differentially expressed genes after
BASP1-AS1 knockdown (Figure 6A,B). As shown in Figure 6C, a total
of 1371 genes were upregulated and 1031 genes were downregu-
lated after BASP1-AS1 knockdown. Among them, the expression
NOTCH3 was suppressed by si BASP1-AS1 transfection, suggest-
ing its function as a key regulator of the Notch signaling pathway
(Figure 6D). Furthermore, GSEA analysis of RNA-Seq data was used
to demonstrate that the BASP1-AS1 knockdown regulated MYC

Symbol
BASP1-AS1
LOC100506098
ARHGAP27P1
LINC01532

Exp(coef)
1.090817357
0.89881841
0.839351815
1.530696045

Lower 0.95

1.009935497
0.795600195
0.733129039
1.001950489

Upper 0.95

1.178176734
1.015427773
0.960965167
2.338469223

z

2.211481495
-1.713973181
-2.536722134
1.968976251

Pr(>|z])

0.027002512
0.086533651
0.011189573
0.048955818

target genes (Figure 6E). Therefore, we supposed that BASP1-AS1
regulated the expression of NOTCHS3, thereby regulating the down-
stream molecular targets, including c-MYC. Afterward, qRT-PCR
and western blot assays were performed after si BASP-AS1 transfec-
tion to validate our hypothesis. The result demonstrated that both
NOTCHS3 and c-MYC were downregulated in the siRNA BASP1-AS1
group (Figure 6F,G). We also detected several c-MYC target onco-
genes, such as PCNA, CDK4, MCM2, and PSMD1, using qRT-PCR
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(Figure 6H,1). The result showed that depletion of NOTCHS3 inhibited
the expression of PCNA, CDK4, MCM2, and PSMD1, which can be
abrogated by BASP1-AS1 overexpression, hinting that BASP1-AS1
regulated c-MYC and downstream molecules by NOTCH3.

3.7 | BASP1-AS1 regulate NOTCHS transcription by
interacting with YBX1

Bioinformatics analysis was performed based on the catRAPID and
RBPDB database to validate whether BASP1-AS1 participates in the
NOTCHS transcription process. Both catRAPID and RBPDB data-
bases anticipated that BASP1-AS1 interacted with transcription fac-
tor Y-box binding protein 1 (YBX1) (Figure 7A). Moreover, the data
from the TCGA database suggested that YBX1 was upregulated in
melanoma (Figure 7B). These results were further validated by qRT-
PCR in clinical sample tissues (Figure 7C). Interestingly, the result of
RT-PCR showed that BASP1-AS1 does not affect YBX1 expression
(Figure 7D). Nevertheless, the interaction between BASP1-AS1 and
YBX1 was also validated by RIP and RNA-pulldown assays, suggest-
ing that BASP1-AS1 may function as a regulator during the genes
transcription process (Figure 7E,F).

In addition, CHIP assays were performed using NOTCH3
promoter-specific primers to validate whether or not BASP1-AS1
and YBX1 participated in the transcription process of NOTCH3.
The result demonstrated that YBX1 was enriched in the promoter
of NOTCH3, and that the BASP1-AS1 knockdown could suppress the
combination (Figure 7G,H). We next constructed YBX1 targeting
siRNA and examined the knockdown efficiency (Figure 71). In addi-
tion, siRNA YBX1 decreased NOTCH3 expression, and BASP1-AS1
did not affect NOTCHS3 after YBX1 knockdown (Figure 7J,K).

We also transfected YBX1 target siRNA in A375 and SK-MEL-2
cell lines. Colony formation assays detected the proliferation of cells
(Figure 8A); besides, the migration and invasion ability of melanoma
cells were also inhibited by siRNA YBX1 (Figure 8B,C). The results
indicate YBX1 increased cell proliferation and invasion during mela-
noma progression. We detected several NOTCH3 target molecules
such as Hesl and Hey1/2, and the western blot result confirmed
that BASP1-AS1 knockdown could decrease these proteins' expres-
sion levels (Figure 9A). Taken together, as shown in Figure 9B, our
study suggested that BASP1-AS1 was essential for YBX1-mediated
NOTCHS3 expression. BASP1-AS1 interacted with YBX1 and recruited
it to the promoter of NOTCHS, initiating its transcription process.
The activation of Notch signaling then resulted in the transcription
of multiple oncogenes, including c-MYC, PCNA, and CDK4, which

contributed to melanoma progression.

4 | DISCUSSION

The development of melanoma is an extremely complex process.
The abnormal expression of LncRNA in tumor tissues and cells is
considered a promising biomarker for the diagnosis and prognosis
of various cancers.? So far, there are few studies on LncRNAs-CNV
in melanoma.

In this study, we used prognostic-related coding genes, CNV, and
methylation sites, and selected 366 samples shared by the three
omics to conduct a multigroup clustering analysis and constructed
a prognostic model of four genes (BASP1-AS1, LOC100506098,
ARHGAP27P1, and LINC01532) in the TCGA cohort, which was
verified by GSE65904. Survival analysis showed that functional
LncRNAs-CNV might be a candidate prognostic biomarker for clin-
ical application. We found that BASP1-AS1 is a novel LncRNA and is
associated with the prognosis of melanoma. Compared with normal
cells and tissues, BASP1-AS1 was upregulated in melanoma cells and
tissues. High expression of BASP1-AS1 is associated with the prolif-
eration, invasion, and migration of melanoma cells, resulting in the
rapid growth of tumors in vivo. Knockdown of BASP1-AS1 can inhibit
the proliferation, tumor growth, and melanoma cell invasion and mi-
gration in vivo.

Furthermore, we found that BCL-2 is a key regulator of apop-
tosis using the TCGA co-expression network analysis. In addition,
the gRT-PCR and western blot revealed that the mRNA and pro-
tein levels of BCL-2 decreased after BASP1-AS1 gene knockdown.
After transfection of siRNA BASP1-AS1, both the apoptosis rate
and the expression of apoptosis-related proteins increased in the
BASP1-AS1 knockdown group. Those results suggest that BASP1-AS1
inhibits apoptosis in melanoma progression by upregulating BCL-2.
Therefore, we concluded that BASP1-AS1 is a carcinogenic LncRNA
in melanoma.

Despite our results, BASP1-AS1 remains as an undefined
LncRNA. At present, only BASP1-AS1 regulates BASP1 in hNPCs and
plays a crucial role in neuronal differentiation.'” The importance of
BASP1-AS1 in the progression and prognosis of melanoma is still un-
clear. In this study, we used the subcellular stratification technique
to find that BASP1-AS1 was localized in the nucleus, suggesting
that BASP1-AS1 may be involved in the transcription process. We
used next-generation sequencing technology to find differentially
expressed genes after BASP1-AS1 knockout and found that the ex-
pression of NOTCHS3 was inhibited. It is suggested that BASP1-AS1
regulates NOTCHS3 to promote the proliferation and migration of
melanoma cells, leading to tumor growth.

Next, we used RNA-Seq data for GSEA analysis and found that
the downregulation of BASP1-AS1 regulated MYC target genes.

FIGURE 4 BASP1-AS1 inhibited cell apoptosis by upregulating BCL-2. A, Schematic diagram of BASP1-AS1 in chromosome. B, The
localization of BASP1-AS1 was measured in cells by cytoplasmic and nuclear mRNA fractionation experiment. C, The expression of BASP1-
AS1 was measured by qRT-PCR in tissues. D, The expression of BASP1-AS1 was measured by gRT-PCR in cells. E, F, The efficiency of si
BASP1-AS1 and pcDNA3.1 BASP1-AS1 was validated by gRT-PCR. G, BASP1-AS1 correlated genes were analyzed by TCGA database. H,
The correlation between BASP1-AS1 and BCL-2 in TCGA. |, The expression of BCL-2 was detected by gRT-PCR and western blot after si
BASP1-AS1 transfection. J, The apoptotic rate of A375 cells was measured by Tunel assays. K, The expression of apoptosis-related proteins

was measured by western blot
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FIGURE 5 Downregulating of BASP1-AS1 decreased cell proliferation and invasion in vitro and in vivo. A, The effect of BASP1-AS1 on
cell proliferation was detected by colony formation assays after transfection in vitro. B, C, Cell migration and invasion assays were used
to measure the effect of BASP1-AS1 on cell invasion. D, A subcutaneous tumor formation experiment was used to measure the effect of

BASP1-AS1 on cell proliferation ability in vivo

Therefore, we speculated that BASP1-AS1 regulated c-MYC and its
downstream molecules through NOTCHS3, and gRT-PCR and west-
ern blot confirmed our inference. Recent studies have shown that
the Notch proteins can be carcinogenic or tumor suppressors, de-
pending on the tissue and cell environment. Therefore, the Notch
pathway represents an important target for the design of therapeu-
tic agents to treat various types of cancer.?’ The most typical car-
cinogenic function of Notch in human cancer is to open the gene
expression program for the growth increase of supporting cells and
focus on c-MYC to increase the expression of Notch.?8-3° NOTCH3
is upregulated most obviously in melanoma-initiated metastatic cell
lines, and NOTCHS3 interacts with LEC to induce the conversion
of melanoma cells to 3D growth‘31 NOTCHS3 can reduce the inva-
sion and diffusion of melanoma, and it inhibits the growth, colony
formation, and microtubule formation of melanoma in vitro and
in vivo.®? ¢-MYC is a proto-oncogene with clear characteristics,

which can induce cell transformation and regulate programmed

cell death. Overexpression of c-MYC promotes the development of
melanoma.?324

In melanoma, the regulatory mechanism of BASP1-AS1 on
NOTCHS is still unclear. We determined the interaction between
BASP1-AS1 and YBX1 through bioinformatics analysis, qRT-PCR,
western blot, RIP analysis, RNA pulldown, and CHIP profiling and
recruited it to the promoter of NOTCHS to initiate its transcription
process. YBX1 is a DNA and RNA binding protein involved in various
cellular processes, including transcription and translation regulation,
pre-mRNA splicing, DNA repair, and mRNA packaging. Its abnormal
expression is related to cancer proliferation in many tissues and may
be a prognostic marker for poor prognosis and drug resistance in
some cancers.>*** Studies have shown that a variety of LncRNAs
interact with YBX1 to affect its transcription factor function. For ex-
ample, LncRNA DSCAM-AS1 interacts with YBX1 to promote cancer
progression by forming a positive feedback loop that activates the
FOXA1 transcription network.?* LncRNA HOXC-AS3 participates in

FIGURE 6 BASP1-AS1 regulated tumor progression by notch signaling pathway. A-C, The downstream genes of BASP1-AS1 were

explored by next-generation sequencing. D, The top-15 downregulated genes after si BASP1-AS1 transfectio. E, GSEA analysis indicated a
significant correlation between BASP1-AS1 and MYC-related gene signatures. F, G, The expression of Notch3 and c-myc was decreased after
BASP1-AS1 transfection. H, The expression of PCNA, CDK4, MCM2 and PSMD1decreased after si Notch3 transfection. I, The expression of
PCNA, CDK4, MCM2 was detected by qRT-PCR after si Notch3 and BASP1-AS1 co-transfection
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FIGURE 7 BASP1-AS1 interacted with YBX1 and regulated Notch3 transcription. A, The potential binding proteins of BASP1-AS1 was
predicted by catRAPID and RBPDB database. B, The expression of BASP1-AS1 in SKCM was validated by TCGA database. C, The expression
of BASP1-AS1 was measured by gRT-PCR. D, The effect of BASP1-AS1 on YBX1 was detected by gqRT-PCR. E, The interaction between
BASP1-AS1 and YBX1 was detected by RIP assays. F, The interaction was further confirmed by RNA-pulldown assays. G, H, The enrichment
of YBX1 on the promoter of Notch3 was detected by ChIP assay. |, The efficiency of si YBX1 was validated by gqRT-PCR. J, The effect of
YBX1 on Notch3 expression was detected by gqRT-PCR. K, The expression of Notch3 was detected by qRT-PCR after si YBX1 and BASP1-
AS1 co-transfection



LI ET AL

Cancer Science R uiis o

SK-MEL-2
600
o @
'gaoo -g
=] 3
o c *kk
@zoo §
0 % i
si YBX1 siSCR si YBX1 siSCR si YBX1 siSCR si YBX1
600- 600
(- 5
AP 2@2 Q 400 2 400
Sy Y ; g 400 £
)\< (*g E g Kk
- T 2001 == D 21
o A Ny 5] 3
si YBX1 ol )
siSCR si YBX1 siSCR si YBX1
©) 150 200
# ‘.& :’. . v"r: < o} & 1501
45 X7 7 ) P -g 100 _g »
3 O W
A \.“\, <\ 4 34 T = £
"::’f'.'.“.'. R T o I 8 Q 50
siSCR si YBX1 0 si YBX1 0
siSCR s YBX1 SiSCR si YBX1

FIGURE 8 YBX1 knockdown significantly inhibited cell proliferation and invasion in vitro during melanoma progression. A, The effect of
YBX1 on cell proliferation was detected by colony formation assays after transfection in vitro. B, C, Cell migration and invasion assays were

used to measure the effect of YBX1 on cell invasion

(A)

NICD3

Hes1

Hey1

Hey2

GAPDH

FIGURE 9 BASP1-AS1 regulated
Notch signaling pathway target genes.
A, The protein levels of Notch signaling
pathway target genes were detected by
western blot assays. B, Mechanism for
the regulatory function of BASP1-AS1 in
melanoma progression

1.5- [ siSCR

[0 si BASP1-AS1

Relative fold

Hey2

Hes1 Hey1

BASP1-AS1
fg\:’,/% Notch3 transcriptional activation

Notch target genes( MYC, PCNA, CDK4 et.al) ?

Tumor progression



LI ET AL

CREWABSZ Cancer Science

tumorigenesis of gastric cancer through binding to YBX1 and tran-
scriptional regulation of other genes.?2 LncRNA LINC00312 induces
migration and angiogenesis mimicry of lung adenocarcinoma by
directly binding to YBX1.3® Interestingly, qRT-PCR results showed
that BASP1-AS1 had no effect on the expression of YBX1, indicating
that in addition to the BASP1-AS1/YBX1/NOTCHS3 axis, there may
be other regulatory mechanisms for target genes, and the detailed
mechanism needs further study in the future.

In summary, we identified a new type of LncRNA BASP1-AS1,
which can promote melanoma development both in vivo and in
vitro. Detailed studies on the molecular mechanism showed that
BASP1-AS1 promoted the proliferation, invasion, and migration of
melanoma cells by regulating YBX1. In addition, LncRNA BASP1-AS1
is a poor prognostic indicator and a potential therapeutic target for
melanoma.
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