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Background/Objective: Although lots of long non-coding RNAs (IncRNAs) have been
demonstrated to be involved in carcinogenesis, the functions of numerous of IncRNAs
remain unknown. Bioinformatics online database showed that IncRNA LOC100132707
was highly expressed in metastatic melanoma tissues, and its expression predicted a lower
overall survival rate in melanoma patients. However, LOC100132707 function in uveal
melanoma (UM) progression still remains unclear. In the present study, we aimed to
elucidate the role and molecular mechanisms underlying LOC100132707 in UM.
Methods: RT-PCR was used to detect the levels of LOC100132707 in UM cells. Cell
migration, invasion and tumorigenesis were tested by using the transwell chamber assay and
in vivo assay.

Results: LOC100132707 expression in metastatic UM cell line MM28 was significantly
higher than that of the non-metastatic UM cell lines, MP38, MP46 and MP65, as well as the
expressions of LOC100132707-related genes, including XRN1, PARP14, JAK2, DDX60,
BUBI and SAMDYL. LOC100132707 downregulation significantly repressed cell migration
and invasion abilities, whereas overexpressing JAK2 rescued these effects. Consistently,
upregulation of LOC100132707 induced significant increases in cell migration and invasion
abilities via upregulating JAK2. In addition, silencing of LOC100132707 significantly
repressed the in vivo tumor formation ability in UM cells.

Conclusion: This study reveals that silence of LOC100132707 represses the migration of
UM via downregulating JAK2. The LOC100132707/JAK2 axis might serve as a potent target
for the prevention and treatment of UM metastasis.

Keywords: long non-coding RNA, IncRNA, LOC100132707, metastasis, uveal melanoma,
UM, JAK2

Introduction

Uveal melanoma (UM) is the most common intraocular malignancy in adults,
accounting for ~5% among all kinds of melanomas.'- It’s estimated that approxi-
mately seven cases from per million people suffer from this disease every year,'
bringing great threats to human visual acuity and even life.** Despite effective
command of the primary tumor, nearly 50% patients develop metastatic disease to
the liver within 15 years.” The 5-year survival rate for patients with UM has not
been obviously improved over the past 40 years as the high metastasis rates.’
Therefore, it’s urgent to further reveal the molecular mechanism underlying the
metastasis of UM.
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Long non-coding RNA (IncRNA) is a type of non-coding
RNA molecular with more than 200 nucleosides in length.
As the development of sequencing technology, more and
more IncRNAs have been found and identified to play impor-
tant roles in the regulation of cancer cell proliferation, apop-
tosis, metastasis and drug resistance.”® For instance,
IncRNA 10c285194 was identified to be a p53-regulated
tumor suppressor, that partially inhibited tumor growth via
inhibiting microRNA-211.” Noticeably, IncRNAs have been
also demonstrated to be closely involved in the development
and progression of melanoma.'® Schmidt et al'' showed that
IncRNA SLNCRI expression was elevated in cutaneous
melanoma and promoted melanoma invasion. Evidence has
demonstrated that IncRNAs can serve as competitive RNAs
(ceRNA) which abrogated the inhibitory effect of miRNA on
their target mRNAs, leading to the development of multiple
kinds of diseases including cancers.'? For example, IncRNA
LINCO01234 acted as a ceRNA in osteosarcoma, and regu-
lated CBFB expression via mutagenizing miR-204-5p."
Liang et al'® reported that IncRNA ZFAS1 promoted tumor-
igenesis through regulating the expression of miR-150-5p/
RABYA axis in melanoma.

In the present study, we used the Cancer RNA-Seq Nexus
Database (https://omictools.com/crn-tool) to find the differ-
ent expression IncRNAs in the metastatic melanoma. The
results showed that IncRNA LOC100132707 (Genecards ID:
PAXIP1-AS2) is the most different expressed gene among

primary melanoma and metastatic melanoma. However, its
role in the progression of UM remains unknown, as well as
the underlying mechanisms. Therefore, we aimed to reveal
the role and mechanism underlying IncRNA LOC100132707
in the occurrence and development of UM.

Materials and Methods

Ethic Statement
The current study obtained the approval of the Ethic
Committee of Henan Eye Hospital (Henan province, China).

Bioinformatics Analysis

Differently expressed IncRNAs among primary melanoma
and metastatic melanoma were assessed by Cancer RNA-
Seq Nexus Database (https://omictools.com/crn-tool). The
expression patterns of IncRNA LOC100132707 were eval-
uated using The Cancer Genome Atlas (TCGA) data por-
tal. GEPIA database (http://gepia.cancer-pku.cn/) was used
to find genes which are related to IncRNA LOC100132707
in melanoma.

Cell Lines and Culture

Four UM cell lines, MP38, MP46, MP65 and MM28 were
purchased from American Type Culture Collection (ATCC,
Manassas, VA, USA) and were grown in RPMI-1640 med-
ium, supplemented with 20% fetal bovine serum (FBS,
Gibco, MA, USA).

Cell Transfection

The short hairpin RNAs (shRNAs) used to silence
LOC100132707 (sh-LOC100132707) in UM cells and its
negative control vector (sh-NC), and the LOC100132707
overexpressing vector (OE-LOC100132707) and OE-NC
were synthesized by GenePharma (Shanghai, China). Vector
used to overexpress Janus kinase 2 (JAK2) (OE-JAK2; No.
SC316317) and sh-JAK2 (No. TL320395) were purchased
from OriGene (Beijing, China). sh-LOC100132707, sh-
JAK2 and sh-NC vectors were induced into cells with the
help of 7 pg/mL polybrene. OE-JAK2, OE-LOC100132707
and OE-NC were transfected into cells using lipofectamine
2000 reagent (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instructions. In addition, cells were incu-
bated with polybrene (4 pg/mL) for 14 days to induce stable
cell lines which were used in the in vivo assay.

Western Blotting

Cells or tissues were homogenised with lysis buffer (Solarbio,
Beijing, China) with protease inhibitor cocktail (Sigma
Aldrich, Santa Clara, CA, USA) according to the manufac-
turer’s instructions. Following protein concentration being
determined with the BCA (bicinchoninic acid) protein assay
kit (Thermo Scientific, MA, USA), protein samples were
separated by 10% SDS-PAGE and transferred onto nitrocellu-
lose membranes (Millipore, Billerica, MA, USA). The mem-
branes were then incubated with the primary antibodies
targeting JAK2 (No. #3230, Cell Signaling Technology, MA,
USA), MMP2 (No. ab97779, Abcam, Cambridge, MA, USA),
MMP9 (No. ab119906, Abcam) or GAPDH (No. #5174, Cell
Signaling Technology) protein at 4 °C overnight, followed by
incubation with the second antibody for 1 h at room tempera-
ture. The blots were detected with the enhanced chemilumi-
nescence detection kit (Millipore). The specific protein bands
were analyzed using the Image J software with the density
values of GAPDH as an internal reference.

Real-Time PCR (RT-PCR)

Total RNA was extracted from cells and tissues using
RNAsimple total RNA extract kit (CWBIO, Jiangsu,
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China) according to the manufacturer’s instructions. After
quantification with a NanoDrop ND-1000 spectrophot-
ometer (NanoDrop Technologies, Wilmington, Del, USA),
a total of 1 pg RNA was reversely transcribed into cDNA
with the help of a First Strand ¢cDNA Synthesis Kit
(CWBIO). RT-PCR was carried out on an ABI PRISM
7700 Sequence Detection System (Applied Biosystems,
Foster City, CA, USA) with an SYBR Green (CWBIO).
GAPDH was used as an internal reference to normalize
mRNA expression. Primer sequences are listed in Table 1.

Transwell Chamber Assay

Cell migration was detected by using Transwell chambers
(BD Bioscience). A total of 1x10° UM cells infected with
different lentivirus vectors were inoculated into the top
chamber and incubated at 37 °C, 5% CO, for 24 hours.
Next, cells on the bottom of the filter were fixed in 4%
paraformaldehyde and stained with 1% crystal violet
(Solarbio). Nest, the migrated cells were counted under
a microscope. Invasion assay was carried out as same as
the migration assay with Matrigel pre-coated chambers
and the cells were allowed to invade for 48 hours. Each
assay was performed in triplicate with five random images
per filter.

In vivo Assay

The animal studies were approved by the Ethic Committee of
Henan Eye Hospital. Briefly, MM28 cells (5% 10° cells in

Table | Primer Sequences Used in RT-PCR

200 pL PBS/mouse) with sh-NC or sh-LOC100132707
stable transfection were subcutaneously injected into the
flanks of male (6-week-old) NOD/SCID mice (Vitalriver,
Beijing, China). Animals were euthanized and the xenografts
were dissected and weighed following 28 days of injection.

Statistical Analysis

All the quantitative data are presented as means + standard
deviation (SD). The statistical significance of differences
was determined by using Student’s two-tailed ¢ test in two
groups, and one-way ANOVA followed with Tukey’s test
in multiple groups. A p value <0.05 was considered sta-
tistically significant.

Results
LOCI100132707 is Overexpressed in

Melanoma Tissues and UM Cells

First, we used bioinformatics methods to search the differently
expressed IncRNAs between primary melanoma and meta-
static melanoma. The results showed that several IncRNAs
were upregulated in the metastatic melanoma, such as
LOC100132707, LOC339524, FLJ41200, LOC100505812,
LOC153684, OIP5-AS1, LOC100506585, etc. (Figure 1A).
Among them, LOC100132707 expression patterns showed the
biggest difference; hence, we focused on LOC100132707 and
aimed to reveal its roles in UM progression. The high expres-
sion pattern of LOC100132707 in the metastatic melanoma

Gene

Sequences (5'-3')

LncRNA LOCI100132707

Forward (F): CACCTTTCCTCCTGCACACT
Reverse (R): CAGCAAACTGGTCCATACGC

XRNI (5-3" exoribonuclease [)

F: TGCCACAGACAATGACCGTT
R: CCAGGTGGTACAGCTGAAGG

PARP14 (poly(ADP-ribose) polymerase family member 14)

F: GTTCAGCGCCTCACGAAATC
R: TGGCCATTCTTGGCATCCAT

JAK2

F: GAGACAACTGTGACGGGCTT
R: GCTCAGCTCCCACTCACATC

DDX60 (DExD/H-box helicase 60)

F: AGGTCTGGGGTAACCTGGAA
R: CATTCTTGCTGCTGCCTGTG

BUBI (BUBI mitotic checkpoint serine/threonine kinase)

F: CAGCCATCAAGCCCAAGACT
R: AGATGACAAGACCTTGAGGCA

SAMDGOL (sterile alpha motif domain containing 9 like)

F: AACTGGCACTCTGACACACC
R: CCAGCCAGTCTCTCTCTGGA
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Figure 1 LOCI00132707 expression was increased in metastatic melanoma. (A) Heat map from Cancer RNA-Seq Nexus Database showed the different expression
IncRNAs among the primary melanoma and metastatic melanoma. (B) TCGA database demonstrated that LOCI00132707 expression was increased in metastatic
melanoma. (C) Survivorship curve was used to analyze the effects of different expression levels of LOCI00132707 on the overall survival of patients with melanoma.

(D) RT-PCR assay was carried out to determine the mRNA expressions of LOCI001

was also confirmed by the data uploaded from the TCGA
database (Figure 1B). Moreover, the high expression profile
of LOC100132707 predicted a shorter overall survival
in patients with melanoma (Figure 1C). Similarly to
LOC100132707 expression pattern in metastatic melanoma
and primary melanoma samples, its expression was signifi-
cantly higher in the metastatic human UM cell strain MM28
than that in the non-metastatic UM cell lines, such as MP38,
MP46 and MP65 (Figure 1D). These results suggested that the
high expression of LOC100132707 might be involved in the
metastasis of UM.

LOCI100132707-Related Genes Associates

with UM Metastasis

Next, we analyzed the expression patterns of LOC100132707-
related genes in the metastatic human UM cell strain MM28
and the non-metastatic UM cell lines, such as MP38, MP46
and MP65. The mRNA expressions of XRNI, PARP14,
JAK2, DDX60, BUB1 and SAMDOIL were significantly

32707 in UM cell lines. (*P<0.05, compared with the MP65 group).

higher in MM28 cells than that in MP38, MP46 and MP65
cells (Figure 2A—F). These results further suggested that
LOC100132707 might be involved in UM metastasis via
regulating its related genes.

LOCI100132707 Expression Positively
Associates with XRN |, PARP|4, JAK2,
DDX60, BUBI and SAMD9L

We then using Pearson correlation test to evaluate the corre-
lations between LOC100132707 expression and XRNI,
PARP14, JAK2, DDX60, BUB1 and SAMDOL expressions.
The results showed that LOC100132707 expression showed
positive association with XRN1, PARP14, JAK2, DDX60,
BUBI1 and SAMDOL levels (Figure 3A-F).

LOCI100132707 Promotes the Migration

and Invasion of UM Cells
Next, we performed gain- and loss-of-function assays in
MP65 and MM28 cells to explore LOC100132707 effects
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Figure 2 Assessment of the expressions of LOC100132707-related genes in UM cell lines. (A—F) RT-PCR assay was used to test the mRNA levels of XRN I, PARP 4, JAK2,
DDX60, BUBI and SAMDOL in MM28, MP38, MP46 and MP65 cell lines. (*P<0.05, compared with the MP65 group).

Abbreviations: XRNI, 5'-3' exoribonuclease |; PARPI4, poly(ADP-ribose) polymerase family member 14; JAK2, Janus kinase 2; DDX60, DExD/H-box helicase 60; BUBI,
BUBI mitotic checkpoint serine/threonine kinase; SAMDOL, sterile alpha motif domain containing 9 like.

on cell migration and invasion, respectively. The expression
of LOC100132707 was significantly reduced when MM28
cells were transfected with sh-LOC100132707-1 and sh-
LOC100132707-2 (Figure 4A), while LOC100132707
expression was increased when MP65 cells were transfected
with OE-LOC100132707 (Figure 4D). Knockdown of
LOC100132707 significantly repressed cell invasion and
migration in MM28 cells (Figure 4B and C), whereas over-
expression of LOC100132707 induced significant promo-
tions in cell invasion and migration abilities in MP65 cells
(Figure 4E and F). These results demonstrated that
LOC100132707 served as a promoter in UM metastasis.

LOCI00132707 Promotes Cell Migration
and Invasion via Upregulating JAK2

Expression in UM Cells

To reveal the mechanism underlying LOC100132707 in
promoting the metastasis of UM cells, we then carried out
the rescued experiments. OE-JAK2 transfection induced
a 3-fold increase in JAK2 protein expression level in
MM28 cells (Figure 5A). Transwell chamber assays showed

that JAK2 overexpression significantly rescued sh-
LOC100132707 role in inhibiting MM28 cell migration
and invasion (Figure 5B-D). In addition, JAK2 was silenced
and LOC100132707 was upregulated in MP65 cells to revel
the role of LOC100132707/JAK2 axis in cell invasion and
migration. Western blotting result showed that sh-JAK2-1
and sh-JAK2-2 significantly reduced JAK2 protein expres-
sion level in MP65 cells (Figure 5E). sh-JAK2-1 was chosen
for the following study. The transwell chambers results
showed that knockdown of JAK2 obviously blunted OE-
LOC100132707 effects on the promotions of cell invasion
and migration in MP65 cells (Figure SF—H). These findings
suggested that LOC100132707 facilitated UM cell migra-
tion and invasion via upregulating JAK?2.

Knockdown of LOCI100132707
Significantly Weakens the Tumorigenesis
of UM Cells

Additionally, we explored LOC100132707 role in the pro-
gression of UM in vivo. Compared with the control group,
downregulation of LOC100132707 significantly decreased
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Figure 3 LOCI100132707 expression level related to XRNI, PARP14, JAK2, DDX60, BUBI and SAMDOYL expression levels in melanoma. (A-F) Bioinformatics analysis with
Pearson test was used to assess the correlations between LOCI100132707 expression level and XRNI, PARP|4, JAK2, DDX60, BUBI and SAMD9L expression levels in

melanoma samples.

Abbreviations: XRNI, 5'-3" exoribonuclease |; PARPI4, poly (ADP-ribose) polymerase family member 14; JAK2, Janus kinase 2; DDX60, DExD/H-box helicase 60; BUBI,
BUBI mitotic checkpoint serine/threonine kinase; SAMDOL, sterile alpha motif domain containing 9 like.

the in vivo tumor formation ability of MM28 cells
(Figure 6A-C), with decreased expression levels of
JAK2, and the metastasis markers MMP2 and MMP9
(Figure 6D). These results confirmed the inhibitory role
of LOC100132707 in UM progression.

Discussion

According to the data of global transcriptional analysis,
a wide range of IncRNAs are generated from the transcrip-
tion of human genome.'” Increasing evidence has indi-
cated that IncRNAs play important roles in the malignant
transformation of multiple kinds of tumors including UM.
For instance, Lu et al'® reported that the expression of
IncRNA RHPNI1 antisense RNA 1 was significantly
increased in UM cell lines, and knockdown of it obviously
inhibited UM cell proliferation and migration in vitro and
in vivo. Similarly, IncRNA HOXA11-AS expression was
increased in UM, leading to cancer progression.'’
LncRNA PVTI1 was also reported to be highly expressed
in UM tissues, and downregulation induced a significant

reduction in cell proliferation and an increase in cell
apoptosis.'® These aforementioned IncRNAs are overex-
pressed in UM samples and serve as oncogenes. However,
some IncRNAs exert opposite roles. Ding et al'® revealed
that IncRNA PAUPAR expressed in UM tissues and cells
at low levels; ectopic expression of it repressed the
tumourigenesis of UM in vitro and in vivo. Xing et al*°
demonstrated that IncRNA CASC15-New-Transcript 1
(CANT1) significantly reduced tumor metastatic ability
and tumor formation in cultured cells and tumor-
harboring animals. These above studies illustrate that
IncRNAs are of crucial in UM progression and might
serve as the potent targets for UM treatment.

As almost 50% of patients with UM develop metastatic
disease to the liver,” we mainly aimed to reveal the molecular
mechanisms underlying UM metastasis. In the present study,
we explored the expression pattern and function of IncRNA
LOC100132707 (Genecards ID: PAXIP1-AS2) in UM for first
time. LOC100132707 located at 7q36.2 is a ~1.71 kb RNA
transcribed from the chromosome 7. From the NCBI database
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Figure 4 LOCI100132707 overexpression enhanced the migration and invasion of UM cells. (A) RT-PCR was used to detect the expression of LOC100132707 in sh-LOC100132707-transfected
MM28 cells. (B and C) Transwell chambers were used to detect the effects of LOC100132707 downregulation on MM28 cell invasion and migration. (D) The expression of LOC100132707 was
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Figure 6 Knockdown of LOCI100132707 inhibited the tumorigenesis of MM28 cells in vivo. (A) Tumor growth curves in mice injected with sh-NC/sh-sh- LOC100132707
stably transfected MM28 cells. (B) Tumor weights were assessed in mice injected with sh-NC/sh-LOC100132707 stably transfected MM28 cells. (C) RT-PCR was applied to
determine the expression levels of LOC100132707 in tumor tissues. (D) Western blotting was used to test the protein levels of JAK2, MMP2 and MMP9 in tumor tissues.

(*P<0.05, compared with the sh-NC group).

(https://www.ncbi.nlm.nih.gov/gene/100132707), we find that
LOC100132707 is widely expressed in human tissues, such as

colon, endometrium, esophagus, spleen, ovary, etc. It has been
demonstrated that LOC100132707 level was increased in
glioblastoma samples when compared to normal brain tissues,
which was associated with the malignancy grades of glioma.**
In the present study, we found that LOC100132707 expression
was apparently increased in the metastatic melanoma using
bioinformatics analysis, as well as its expression level in the

metastatic UM cell line MM28, suggesting that the

deregulation of LOC100132707 might be involved in the
metastasis of UM. To determine its function in UM metastasis,
we then carried out gain- and loss-of function experiments in
UM cells. The results showed that overexpression of
LOC100132707 significantly promoted UM cell migration
and metastasis, while knockdown of LOC100132707 inhib-
ited cell migration and invasion. Further experiments also
showed that knockdown of LOC100132707 also induced
asignificant repression in the tumorigenesis in vivo, together
with apparent decreases in the expression levels of metastasis
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markers (MMP2 and MMP9). These results confirmed that

LOC100132707 serves as an accelerator

m UM cell

metastasis.

In mechanism, we found that the expression levels of

XRN1, PARP14, JAK2, DDX60, BUB1 and SAMDIL
showed positive correlation to LOC100132707 expression

pattern in melanoma, suggesting that they might be impli-
cated in LOC100132707-mediated metastasis in UM. JAK2
is a principal member of the JAK2/STAT3 (signal transducer

and activator of transcription) signaling, which is identified to

be frequently overactivated and closely involved in the occur-

rence of many human cancers, including melanoma.

23-25

Activated JAK?2 triggers STAT3 activation and nucleus trans-
location by inducing tyrosine phosphorylation, which then

leads to transcription and translation of downstream

genes.”® Therefore, targeting JAK2 signaling is a potential

anticancer strategy.”’ Herein, we explored JAK2 function in
LOC100132707-mediated UM progression. We observed
that JAK2 downregulation weakened LOC100132707 roles
in promoting UM cell migration and invasion, indicating that
JAK2 played an indispensable role in LOC100132707-
mediated enhancements in UM cell migration and invasion.

However, the present study still has several limitations.

One is that we did not explore the expression pattern of
LOC100132707 in primary UM tissues and metastasis
tissues. The other is that we did not explore the effect of
JAK2/STAT3 signaling on sh-LOC100132707-mediated
inhibition in tumor formation in vivo. We intend to solve

the above problems in our further study.

In summary, this study reveals that silence of

LOC100132707 can repress the migration and invasion

of UM via downregulating JAK2. Our results indicate
that LOC100132707/JAK2 axis might serve as a potent
target for the prevention and treatment of UM metastasis.
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