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Introduction

Melanoma is one of the most prevalent malignancies with an estimated 200,000 new
cases and 46,000 occurring globally each year.' Previous findings have demonstrated
favorable prognoses for melanoma patients at early stages (I and II), but poor prognoses
for melanoma patients at advanced stages (IIT and IV).? Due to melanoma’s suscept-
ibility to metastasis, the prognosis of melanoma patients with advanced disease is
unfavorable, with five-year survival rates below 20%.° Therefore, clarifying the
mechanisms of melanoma pathogenesis and establishing biomarkers for early diag-

nosis and therapy would be a significant milestone in improving patient outcomes.

(T:TTEZPT’;?;QS;}@""M Shi Long non-coding RNAs (IncRNAs) are a sub-class of non-coding RNAs (ncRNAs)
e -
Email hdkosoier283@163.com with abundant and diverse functions.* Despite limited protein-coding potential,
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IncRNAs can exert important regulatory functions on both
the transcriptional and post-transcriptional levels.” Previous
studies have shown the X inactive-specific transcript (XIST)
to be dysregulated in various malignancies and associated
with malignancy progression.®® XIST has been reported to
act both as an oncogene and as an anti-oncogene across
various types of malignancies. XIST was found to act as
a cancer-promoting gene in bladder cancer, and downregula-
tion of XIST was shown to inhibit cell proliferative and
migratory capacity via p53 and Tet Methylcytosine
Dioxygenase 1 (TET1).” Upregulation of XIST has been
found in retinoblastoma tissues and cells. Upon reduction
of XIST levels, retinoblastoma cell proliferation is inhibited
and cell apoptosis increased, demonstrating XIST to act as an
oncogene in retinoblastoma.'® In cervical cancer, XIST was
found to be elevated in tumor tissues and cells and further
defined as an oncogene promoting cancer progression via the
miR-200a/Fus pathway.'' In breast cancer, downregulation
of XIST was found in tumor tissues and cells, and cell
proliferative, migratory and invasive capacity was inhibited
after upregulation of XIST, showing XIST to act as an anti-
oncogene in this case.'? In prostate cancer, downregulation
of XIST has been found in tumor specimens and cells.
Cellular proliferation and metastasis were inhibited
XIST, demonstrating that XIST acts as an anti-oncogene i
prostate cancer.'> However, the crucial function

identified.
Therefore, we assessed XIST lg

Affiliated Hospital of Hebei University of Engineering,
and Child Health Hospital
Handan Second hospital between 2015 and 2018. None
of the patients received therapy or had other tumors prior

Handan Maternal and

to surgery. Corresponding para-carcinoma tissues were
obtained more than 3 cm from the tumor margin.
Histopathological diagnosis was performed under the man-
agement of two experienced pathologists. After the fresh

tissues were collected, they were flash-frozen in liquid
nitrogen and stored at —80°C. The current research was
managed by the Ethics Committees of the three aforemen-
tioned hospitals. All patients read and signed informed
consent agreements prior to this experiment.

Immunohistochemistry

Three-millimeter tumor sections were incubated with com-
mercial rabbit polyclonal antibodies against XIST (Santa
Cruz Biotechnology) at 1/100 dilution overnight at 4°C.

Biotechnology, Santa Cruz,
2 hrs, then covered by

Laboratories).
under light

pecimens from 10 patients with melanoma were processed
r whole transcriptomic analysis by RNA-seq. Long (>200
bp) transcripts without any ORFs or protein domain that
failed to encode any proteins were considered as novel
IncRNA candidates. DEGseq software (v1.14.0) was used
to identify differentially expressed IncRNA candidates, and
IncRNAs with |logy(fold change)>2 and false discovery
rate.'* (FDR)<0.05 were identified as significant IncRNA
regulators in melanoma.

Cell Culture and Transfection

Melanoma cell lines (A375 (ATCC® CRL-1619), SK-MEL
-110 (ATCC® HTB-67), HS-1 (ATCC® CRL-9446), MEL-
RM (ATCC® HTB-70), and A2508 (ATCC® CRL-11147))
and normal human epidermal melanocytes (HEMa-LP
(ATCC® PCS-200-013)) were obtained from American Type
Culture Collection and cultivated in Dulbecco’s Modified
Eagle Medium (DMEM, Gibco-BRL, Grand Island, NY,
USA) and Medium 254 (Cascade Biologics, Portland, OR,
USA) containing 10% fetal bovine serum (FBS; Sigma-
Aldrich, St. Louis, MO), penicillin (100 pL/mL), streptomycin
(100 mg/mL) and glutamine. All cells were maintained in
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a 37°C atmosphere that containing 5% CO,. pcDNA-XIST
(Rho-associated coiled-coil containing protein kinase 1, XIST-
overexpressing plasmid), si-XIST (siRNA targeting XIST), si-
ROCKI1 (siRNA targeting ROCK1), si-NC (negative control
siRNAs), miR-139-5p mimic (overexpressing oligonucleo-
tides) and mimic NC (negative control) were all obtained
from GenePharma (Shanghai, China). Lipofectamine 3000
(Invitrogen) was utilized for transfecting all oligonucleotides
and plasmids into melanoma cells.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

RNA extraction from melanoma tissues and cells was
carried out with TRIzol Reagent (Invitrogen). cDNA
synthesis was conducted using the extracted RNA and
Reverse Transcription Kit (Qiagen GmbH). After that,
qRT-PCR was using SYBR-Green PCR Master Mix kits
(Qiagen GmbH) and the Roche LightCycler 480 RT-qPCR
System. Relative gene expression between groups was
determined by 27" method normalized to GAPDH or
U6 expression. Primer sequences are shown in Table S1.

Cell Migration Assay
The wound healing assay was carried out using a
camera system (Olympus Corporation, Tokyo, Ja
Once HS-1 cells reached 95% convergegl?, 2N
pipette tip was used to create a stig #

culture. After being washed wi

well and ce ere incubated for an additional 90 mins.
Optical density 450 nm was measured every 24 hrs (for
a total of 72 hrs) with an ELISA microplate reader (Thermo

Labsystems, Waltham, MA, USA).

Cell Invasion Assay

A transwell chamber (BD Biosciences, New York, NJ,
USA) pre-coated with Matrigel was utilized to assess
cells’ invasive capability. In short, the same amount of
transfected melanoma cells in 100 pL serum-free medium

were placed in the top chamber of each transwell, while
450 uLL DMEM medium and 50 pL FBS was placed in the
bottom chamber as an attractant. After 36 hrs of cultiva-
tion, the cells in the top chamber were washed and cleaned
while cells across the membrane were fixed with parafor-
maldehyde and stained with crystal violet and cell num-
bers were counted under a light microscope.

Subcellular Fractionation Assay
RNA isolated from nuclear or cytoplasm fraction via the
Nuclear/Cytosol  Fractionation i San

Francisco Bay, CA, USA) w,

(Biovision,

CK1 reporter (ROCK1-mut), whose binding
ere mutated, were produced using the rapid site-
specific mutation kit (Tiangen Biotech, Beijing, China).
Lipofectamine 3000 (Invitrogen) was utilized to co-
transfect reporter constructs and miR-139-5p mimic or
NC into melanoma cells. After 36 hrs, relative luciferase
activities were measured using a dual-luciferase reporter
assay system (Promega Corporation, USA). Changes in
ROCKI1 levels were determined after normalization to
GAPDH.

Western Blot Analysis

RIPA buffer (Sigma-Aldrich, St Louis, MO, USA) was uti-
lized for cell lysis. Proteins were separated using 10% SDS-
PAGE gel and then transferred to polyvinylidene difluoride
(PVDF) membranes. Then, the membranes were blocked
with 5% BSA in Tris-buffered saline with 0.1% Tween 20
(TBST), followed by incubation with primary antibodies
against ROCK1 (Abcam, Cambridge, MA, USA) and
GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) at 4°C overnight. After that, the membranes were
incubated with horseradish peroxidase-conjugated secondary
antibody, and the blots were measured and visualized using
a Bio-Rad Gel Doc XR + system (Bio-Rad, Hercules,
CA, USA).
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RNA Immunoprecipitation (RIP) Assay
EZ-Magna RIP RNA-binding protein immunoprecipitation kit
(Millipore, Bedford, MA, USA) was used to perform the RIP
assay. Cell lysates were incubated in RIP buffer containing
magnetic beads conjugated to argonaute-2 (Ago2) (Millipore)
antibody or negative control IgG (Millipore). qRT-PCR was
carried out on the purified immunoprecipitated RNA to mea-
sure relative levels of XIST and miR-139-5p.

RNA Pull-Down Assay

This assay was performed as previously described by
Rivetti et al'> Melanoma cells were transfected with either
biotinylated XIST or, as a negative control, a biotinylated
IncRNA without complementary to miR-139-5p. Cell
lysates were then incubated for 48 hrs with M-280 strep-
tavidin magnetic beads (Invitrogen). qRT-PCR was per-
formed to measure miR-193-5p levels.

Bioinformatics Analysis

StarBase version 3.0 (http://starbase.sysu.edu.cn/index.php)
was utilized to predict the target of XIST. TargetScan (http://
www.targetscan.org) and starBase version 3.0 were utilized

to predict downstream genes regulated by miR-139-
LinkedOmics (http://www.linkedomics.org/) is a public

available portal that includes multi-omics data from all 3

level.

Tumor Xenograft
All animal experiments

lated subcutaned into the flank of nude mice. Tumors

were measured witiernier calipers every 4 days, and the
mice were euthanized after 3 weeks. The volume of the
implanted tumor was calculated by using the formula:
volume = (width® x length)/2. Gene expression in the

implanted tumor was detected by qRT-PCR analysis.

Statistical Analysis
P<0.05 was applied as the threshold for statistical signifi-
cance. Graphpad Prism 7 software was used for data

analysis. Variance between two or more groups was
assessed via Student’s t-test and one-way ANOVA.
Significant differences in gene expression between mela-
noma specimens and corresponding normal specimens
were evaluated using the Wilcoxon matched-pairs test.
Correlations among XIST, miR-139-5p, and ROCKI1
were evaluated using Pearson correlation analysis.

Results
XIST Is Upregulated in Melanoma Tissues
and Cell Lines

After comparing the mean TP

group with that of the para

employed qRT-PCR to
issues and cells. Figure 1B shows
evel of XIST was observed in
ns when compared to corresponding
ens (P<0.001). Furthermore, downre-

ph node metastasis (P<0.001), matutinal TNM
.025), as shown in Table S2. The result of
mmunohistochemistry showed high XIST protein expres-
n in melanoma tissues in comparison with normal tis-
sues (Figure 1C). Similar upregulation of XIST was also
observed in melanoma cell lines. A significantly enhanced
level of XIST was found in melanoma cells (Figure 1D, all
P<0.001) compared to HEMa-LP cells. All of these find-
ings support the idea that aberrant XIST levels play a role
in melanoma progression.

XIST Functions as a Molecular Sponge of

miR-139-5p in Melanoma Cells

A growing body of research suggests that IncRNAs may
function as “sponges” of miRNAs, such that these
IncRNAs competitively absorb miRNAs and prevent
their interactions with target mRNAs. Subcellular frag-
mentation assay is performed, which revealed that XIST
is located in the cytoplasm (Figure 2A). In our study,
starBase version 3.0 (http://starbase.sysu.edu.cn) was uti-
lized to predict potential target miRNAs of XIST.
According to the data, miR-139-5p was selected as poten-

tial miRNA of interest. Figure 2B shows the potential
binding sites. The amount of miR-139-5p was detected,
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Figure | XIST level in melanoma tissues and cell lines.

expression). (B) Relative level of XIST in melanoma tissues and normal
normal tissues (Bar is 100 pm). (D) Relative levels of XIST in melanoma &

as well as the correlation between

expression in melanoma ti
tissues. As shown in Fj

demonstrate thAXIST level and miR-139-5p level were
both significantly enriched when incubated with Ago2
antibody in comparison to control IgG (Figure 2F).
Moreover, data from RNA pull-down assays revealed
a significant enrichment of miR-139-5p in the metastasis-
associated lung adenocarcinoma transcript 1 pulled down
pellets as compared to a matched group (Figure 2G,
P<0.01). We then explored the relationship between

XIST level and miR-139-5p level in melanoma cells by

34 k%

2+

Relative transcription of XIST

L]
Normal tissues  Melanoma tissues

Ma-LP A375 SK-MEL-110 HS-1 MEL-RM A2508

denotes high relative expression and blue denotes low relative
try showing general tissue morphology of melanoma tissues and
00|, **P<0.001.

transfecting melanoma cells with si-XIST. As anticipated,
XIST level declined (Figure 2H, P<0.05) while miR-139-
S5p level increased (Figure 2I, P<0.01) after XIST
knockdown.

Knockdown of XIST Suppresses
Melanoma Cellular Functions by
Regulating miR-139-5p

To assess the cellular functions and potential mechanism of
XIST, melanoma cells were transfected with specifically
designed oligonucleotides or/and plasmids. As shown in
Figure 3A, knockdown of XIST hindered the proliferation
of melanoma cell (P<0.01), while this effect was partially
reversed upon transfection with miR-139-5p inhibitor
(P<0.01). As shown in Figure 3B and C, migration ability
declined in si-XIST-transfected cells. These effects were
also partially reversed upon transfection with miR-139-5p
inhibitor (P<0.01). Moreover, the transwell assay revealed
a declined invasion ability in si-XIST-transfected cells,
which was again partially reversed after transfection with
miR-139-5p inhibitor (Figure 3D and E). Altogether,
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Figure 2 XIST inhibits miR-139-5p expression by acting as a molecular sponge in melanoma cells.
Notes: (A) Relative RNA level of XIST in cytoplasm and nuclear. (B) Binding sequences between XIST -5p. e g@Wels of miR-139-5p in melanoma
tissues and normal tissues. (D) Negative correlation between XIST expression and miR-139-5p expre EWCLuciferase activity in HS-1 cells co-
transfected with XIST-wt or XIST-mut reporter and miR-139-5p mimic or miR-NC. (F) RIP assays were performed usi 2 antibody or control IgG antibody in HS-1 cells.
(G) RNA pull-down assay was conducted to assess binding between XIST and miR-139-5p in HS- of XIST and miR-139-5p expressions in HS-1

cells after transfection with si-NC or si-XIST. Bio-NC, a biotinylated IncRNA that is not ¢
**P<0.01, *¥*P<0.001.

Abbreviations: mut, mutant; qRT-PCR, quantitative reverse transcription-polymerase chain
control; si-XIST, small nucleolar RNA XIST; WT, wild type; MUT, mutant type.

knockdown of XIST had an anti-oncogene function in m T or miR-139-5p levels on ROCKI1 protein levels in

anoma through regulation of miR-139-5p in melanoma.

cells. Increased levels of miR-139-5p and
ecreased levels of XIST both led to a significant decline in
CK1 protein levels, and these effects could be partly
reversed via transfection of miR-139-5p inhibitor (Figure 4C
and D). Interestingly, a negative relationship was found
between miR-139-5p levels and ROCKI levels (Figure 4E,
P<0.001, R?=0.597), while a positive correlation was found
between XIST and ROCKI1 levels (Figure 4F, P<0.001,
R?=0.4059). Publically available data of TCGA also revealed
a positive correlation between XIST level and ROCK1 level
(Figure S1A, P=0.002, R?=0.088), and a negative relationship
between miR-139-5p and ROCKI1 levels (Figure S1B,
P=0.033, R>=0.047). As a whole, these data suggest that

miR-139- oma Progression ‘ , ,
XIST modulates ROCK1 level via “sponging” miR-139-5p.

TargetScan (http:
3.0 were utilized to Pedict downstream genes regulated by

miR-139-5p. ROCK1 was selected as a potential downstream Knockdown of ROCKI Suppresses Cell
target gene, and the binding sequences of miR-139-5p are Functions in Melanoma

shown in Figure 4A. Elevation of miR-139-5p levels led to  We also explore the role of ROCK1 in melanoma. As
subdued luciferase activity of the ROCK 1-wt reporter in HS-1  expected, knockdown of XIST could hinder cell prolifera-
cells; these effects could be partially reversed by upregulating  tion, migration, and invasion. As shown in Figure 5A,
XIST levels (Figure 4B). However, no significant changes knockdown of XIST hindered the proliferation of mela-
were found in the ROCKI1-mut reporter luciferase activity —noma cell (P<0.05). Besides, the transwell assay revealed
(Figure 4B). Western blot was conducted to assess the impact a declined invasion ability in si-XIST-transfected cells

targetscan.org) and starBase version
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Figure 3 The role of XIST in cellular function.

Notes: (A) Cell proliferation in HS- | cells after transfection with either XISTalone or tog
with either XISTalone or together with miR-139-5p inhibitor. (D and E) Cell invasion in H
(F) Cell proliferation in HS- 1 cells after transfection with miR-139-5p mimic or mimic NC (

mimic NC. (I and J) Cell migration in HS-1 cells after transfection with miR-
Abbreviations: OD, optical density; si-NC, scrambled RNA for negati

transfected cells (Figure 5C, P<0.01):

XIST Promotes Tu
Cells in vivo by
ROCKI Path

In order to inves

. Compared with the negative
ed a significant decrease in si-
XIST group
tumor growth

onsistent with in vitro cell growth results,
» was remarkably lower in the si-XIST
group than in the negative control group (Figure 6A and
B). In the implanted tumor, miR-139-5p level was signifi-
cantly higher and ROCK1 level was significantly lower in
si-XIST group (Figure 6C-E).

Discussion
Previous studies have identified associations between
IncRNAs and melanoma pathogenesis, with these effects

Relative invasion cell number
s o
%
&

3
£
§
E
3

1

inhibitor. (B and C) Cell migration in HS-1 cells after transfection
n with either XIST alone or together with miR-139-5p inhibitor.
in HS-1 cells after transfection with either miR-139-5p mimic or
rs are 100 um. *P<0.05, **P<0.01, **P<0.001.

mediated via modulation of molecular pathways and inter-
actions. In our research, we aimed to exhaustively probe
the functions and potential mechanisms of XIST in
melanoma.

In our study, we first explored the level of XIST in
melanoma tumor tissues as well as cell lines, revealing
XIST to be upregulated in both melanoma tissues and cell
lines. Our results are consistent with those of a previous
study.'”
noma and found that knockdown of XIST suppressed mel-

We next explored the function of XIST in mela-

anoma cellular functions (proliferation, migration, and
invasion). Another study also suggested that XIST could
promote melanoma progression,'” demonstrating XIST
may act as an oncogene in melanoma. Moreover, XIST
has been shown to act as an oncogene in other types of
cancer. Chen et al revealed that up-regulated XIST acts as
an oncogene in cervical cancer and contributes to progres-
sion of tumor cells.'® In gastric cancer, XIST is suggested to
accelerate cell growth and invasion via the miR-497/
MACCT axis."

Previous studies have indicated that IncRNAs may func-
tion as miRNA sponges and interact with both miRNAs and
mRNAs.?” MiR-139-5p was discovered to be connected to
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B [ miR-139-5p mimic
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ROCKI-WT ROCKI-MUT

P<0.001 R*=0.597

Relative transcription of miR-139-5p

Relative transcription of ROCK1

Figure 4 The anti-oncogene roles of ROCKI silencing are mediated by XIST/
Notes: (A) Binding sequence between miR-139-5p and ROCKI-3'UTR region
ROCKI-mut reporter and miR-139-5p mimic, mimic NC, miR-139-5p+vector, or

tecreased amounts of XIST suppressed
ad invasion by regulating the Wnt/p-
catenin pathway. HOWever, these effects were diminished
after loss of miR-139-5p.%* In our study, a potential miRNA
and mRNA regulated by XIST in melanoma were explored.
StarBase 3.0 was utilized to identify miR-139-5p as one of
the targets of XIST. Significantly decreased levels of miR-
139-5p were found in melanoma, and a negative correlation
between XIST and miR-139-5p levels in melanoma was
also identified. Further verification experiments (luciferase

reporter, RIP, and RNA pull-down assay) revealed a direct
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transcription of ROCK1

binding between XIST and miR-139-5p. Furthermore,
when XIST levels were decreased in HS-1 cells, miR-139-
5p levels became elevated. In brief, XIST could suppress
miR-139-5p by direct interaction. We then probed the roles
of miR-139-5p on XIST in the biological context of mela-
noma. Functional assays revealed positive effects of XIST
on cellular functions (proliferation, migration, and inva-
sion) that diminished after upregulation of miR-139-5p.
These results suggest that XIST is a cancer-promoting
gene in melanoma and acts via miR-139-5p. Our results
are consistent with those of previous studies. Hu et al found
that XIST facilitated bladder cancer cellular functions
(growth and metastasis) by sponging miR-139-5p,* and
Mo et al similarly found that XIST facilitated hepatocellular
carcinoma cell growth by sponging miR-139-5p.**

We further explored the potential target mRNA regulated
by miR-139-5p. TargetScan and StarBase 3.0 software, dual-
luciferase reporter system and Western blot assay were uti-
lized to identify Rho-associated coiled-coil containing
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Notes: (A) transfection with si-ROCKI or si-NC. (B) Cell invasion in HS-1 cells after transfection with si-ROCKI or Si-NC. (C) Cell
migration i si-ROCKI or si-NC. All bars are 100 um. *P<0.05, ***P<0.001.
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ROCKI1 was rep@ted to interact with miRNA and IncRNA,
regulating cellular migration, invasion, and metastasis during
cancer pathogenesis. For example, miR-202-5p suppress
tumor cell migration and invasion in osteosarcoma, with
these effects weakened by upregulation of ROCKI.?®
Moreover, knockdown of ROCKI inhibited the positive
effects of the IncRNA ITGBI on hepatoma carcinoma cell
growth, migration, and invasion.”® In osteosarcoma, upregu-

lation of IncRNA EPEL has been demonstrated to facilitate

tumor cell migration and invasion by inducing upregulation
of ROCK1.%’ In osteosarcoma, ROCK participates in the
regulation of SNHG5 in tumor growth, invasion, and
migration.”® In this research, the IncRNA XIST was found
to sponge miR-139-5p, thereby reducing ROCK1 levels.

In conclusion, the IncRNA XIST is downregulated in
melanoma and facilitates tumor cell proliferation, migra-
tion, and invasion via the miR-139-5p/ROCK1 pathway.
These findings demonstrate the potential of XIST as
a future target for melanoma therapy.
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Figure 6 XIST promoted tumor growth of TNBC cells in vivo.

Notes: (A and B) Tumors were obtained from nude mice injected subcutaneously with HS-1 cel
respectively. (C—E) qRT-PCR analysis of XIST, miR-139-5p, and ROCK| expressions in the tu

*P<0.01, **P<0.001.
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