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1 |  INTRODUCTION

Choroid melanoma (CM) is the most common intraocular 
malignancy occurring among the adults. The overall CM in-
cidence of occurrence is around 20 per million cases each 
year.1 Mortality rate for patients with CM is around 50% due 
to its latency and metastatic potential, which usually involves 
the liver.2 The median survival for choroidal malignant mela-
noma, the malignant type of CM, is 4-5 months. Such dismal 

prognosis is resulted from various clinical factors including 
tumor size.3 Therefore, exploring the recognition of effective 
CM-related molecules and the underlying mechanisms for 
improvement of this disease is of great significance.

Long noncoding RNAs (lncRNAs) are a subgroup under 
noncoding RNAs with transcripts exceeding 200 nucleotides in 
length and limited protein-coding capacity.4-6 Development of 
application of next-generation sequencing has identified thou-
sands of lncRNAs and revealed that the aberrantly expressed 
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Abstract
Long noncoding RNAs (lncRNAs) are essential regulators of gene expression and bio-
logical behaviors. However, the contribution of lncRNA LUCAT1 to choroidal mela-
noma (CM) remains unexplored. Here, we examined the expression of LUCAT1 in 
CM cells by qRT-PCR and investigated its biological effects by cell counting kit-8, 
EdU, TUNEL, transwell assays, and Western blot. Bioinformatics tools were applied 
to find RNA candidates for further study. Moreover, mechanistic experiments includ-
ing RNA immunoprecipitation assay, pull-down assay, and luciferase reporter assay 
confirmed the relation or interaction among the indicated molecules. Here, we reported 
ELF1 as the transcription activator of LUCAT1. Functionally, elevated expression of 
LUCAT1 positively regulated CM cell proliferation, metastasis, and epithelial-mes-
enchymal transition process. In addition, we verified the competing endogenous RNA 
(ceRNA) hypothesis of LUCAT1 and confirmed LUCAT1 modulates CM progression 
by modulating miR-514a/b-3p/RBX1 axis. Meanwhile, miR-514a/b-3p was suggested 
to repress CM progression, whereas RBX1 was unmasked to aggravate CM develop-
ment. Of note, RBX1 overexpression rescued the inhibitory effect of LUCAT1 silence 
on the biological processes of CM cells. Altogether, this study unveiled the modulation 
axis ELF1/LUCAT1/miR-514a/b-3p/RBX1 and evidenced LUCAT1 as a promoter in 
CM for the first time, providing a novel insight into future treatment of CM.
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lncRNAs are correlated with different cancer types. Notably, 
these lncRNAs are crucial regulators in gene regulation and 
accordingly modulate various aspects of cellular homeostasis 
such as proliferation, migration, invasion, and epithelial-mes-
enchymal transition (EMT) process.7,8 For example, lncRNA 
LUCAT1 promotes esophageal squamous cell carcinoma me-
tastasis.9 LUCAT1 drives glioma progression by promoting 
cell viability and invasion.10 As to CM, previous study has re-
ported that lncRNA FOXCUT coordinates with miR-296-3p 
to target MMP-2/MMP-9 and exerts influence on choroidal 
malignant melanoma.3 Although lncRNAs have been demon-
strated playing an essential role in CM, the precise effects and 
mechanism of LUCAT1 in CM remain largely unknown.

In this study, we investigated the expression of LUCAT1 
in CM cells and detected the upregulated expression in can-
cerous cells compared to that in normal choroidal melano-
cytes. To sum up, we identified LUCAT1 as an unfavorable 
biomarker for diagnosis of CM.

2 |  MATERIALS AND METHODS

2.1 | Cell lines

Normal choroidal melanocytes and CM cell lines (C918, 
MUM-2B, M619, OCM-1) were maintained in Dulbecco's 
Modified Essential Medium (DMEM; Invitrogen) at 37°C in 
5% CO2, procured from Shanghai Institute of Cell Biology. 
Streptomycin (100  μg/mL) and penicillin G (100  U/mL), 
as well as 10% fetal bovine serum (FBS; Thermo Fisher 
Scientific), were used as medium supplements.

2.2 | Quantitative real-time PCR

M619 and MUM-2B were cultured in TRIzol reagent 
(Invitrogen) for extracting total RNAs following the estab-
lished protocol. The cDNA was then synthesized by TaKaRa 
Reverse Transcription Kit (TaKaRa) for qPCR procedure with 
the Power SYBR Green (TaKaRa) on Step-One Plus System 
(Applied Biosystems). All results were calculated by the com-
parative 2−ΔΔCt method and normalized to U6 or GAPDH. 
Analyses were carried out in triplicate and repeated three times.

2.3 | Transfection plasmids

M619 and MUM-2B cells were cultured to about 70% con-
fluence in the 6-well plates for 48 hours of transfection using 
Lipofectamine2000 (Invitrogen). The short hairpin RNAs (shR-
NAs) targeting LUCAT1 (sh-LUCAT1#1/2/3), ELF1 (sh-ELF1), 
RBX1 (sh-RBX1#1/2/3), and control shRNAs (sh-NC) were 
acquired from RiboBio for silencing gene. The miR-514a/b-3p 

mimics and control (miR-NC), pcDNA3.1/RBX1 (OE/RBX1), 
pcDNA3.1/ELF1 (OE/ELF1), and empty pcDNA3.1 vector 
were obtained from Genepharma for overexpressing gene.

2.4 | Cell counting kit-8

Choroidal melanoma cells were incubated with 10 μL of cell 
counting kit-8 (CCK-8) reagent (Beyotime) for 2  hours at 
37°C in the 96-well culture plates (5 × 103/well). Cell viabil-
ity was determined by evaluating the optical density value at 
450 nm with microplate reader. The experiments were per-
formed in triplicate for three repeats.

2.5 | EdU incorporation assay

Transfected CM cells were treated with EdU medium diluent 
(Ribobio) for 3 hours, then with 4% paraformaldehyde and 0.5% 
Troxin X-100. After staining with Apollo® 488 fluorescent at 
37°C for 30 minutes, DAPI (Beyotime) was utilized for nuclear 
staining, followed by visualization under fluorescent micro-
scope (Leica). Three repeated EdU assays were conducted in-
distinguishably to assess the proliferation of different cells.

2.6 | TUNEL staining assay

The fixed CM cells were prepared in 0.2% Triton X-100 and 
treated with dUTP-end labeling (Clontech), following DAPI 
staining. The stained cells were analyzed using fluorescent 
microscope, and finally, results were obtained from three 
repetitions of such staining.

2.7 | Transwell assays

Transwell inserts with or not Matrigel (BD Biosciences) coat-
ing were bought from Corning Co for cell invasion or mi-
gration assay. CM cells were placed into the upper chamber 
in 24-well plates, while the lower chamber was filled with 
medium with 20% FBS. After 48 hours of incubation, the in-
vading or migrating CM cells were subjected to 4% paraform-
aldehyde and 0.1% crystal violet prior to observation with 
fluorescence microscope. Assays were repeated three times.

2.8 | Western blotting

Cellular protein samples in RIPA buffer were separated via 
electrophoresis on 10% SDS-PAGE and loaded onto PVDF 
membranes (Millipore), following treatment with 5% skimmed 
milk for 2 hours. The primary antibodies against E-cadherin, 
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N-cadherin, Vimentin, ELF1, and GAPDH were all obtained 
from Abcam, along with the HRP-labeled secondary antibod-
ies. After three washes in phosphate buffer saline, band den-
sity was monitored by enhanced chemiluminescence reagent 
(Santa Cruz Biotechnology). Each sample had three duplicates 
each time and the experiment was performed for three times.

2.9 | Xenograft assay

Six-week-old of male nude mice, purchased from the 
National Laboratory Animal Center, were maintained in 
SPF-grade lab, with the approval of the Animal Research 
Ethics Committee of Tianjin First Central Hospital. 
Xenograft assay was carried out by subcutaneous injection 
of 5  ×  106 transfected M619 cells into nude mice. After 
28  days of inoculation, mice were killed before tumors 
were carefully excised for weighing. Tumor volume was 
recorded as 0.5 × length × width2.aaa

2.10 | Chromatin immunoprecipitation

M619 and MUM-2B cells were subjected to formaldehyde, 
then the DNA-protein cross-links were broken into 200- to 
500-bp fragments. Immunoprecipitation was conducted with 
2 μg of anti-ELF1 and 2 μg of corresponding control anti-
IgG all night at 4°C, followed by adding the magnetic beads 
for 2 hours. At last, the precipitated chromatin was assayed 
by quantitative real-time PCR (qRT-PCR) and electrophore-
sis. Above steps were repeatedly carried out for three times.

2.11 | Dual-luciferase reporter assays

To conduct LUCAT1 promoter luciferase analysis, M619 and 
MUM-2B cells in 24-well plates were co-cultured with pGL3-
Basis vector containing LUCAT1 promoter, pRL-TK-Renilla 
(Promega) sh-ELF1, and sh-NC for 48  hours. Besides, the 
wild-type (Wt) or mutant (Mut) miR-514a/b-3p binding sites to 
LUCAT1 sequence were formed for cloning to pmirGLO Dual-
Luciferase Expression Vector (Promega), named as LUCAT1 
Wt/Mut. The reporter vectors RBX1 Wt/Mut were generated as 
above described. After cotransfection, Dual-Luciferase Reporter 
Assay System (Promega) was employed for examining lucif-
erase activity. The experiment was repeated three times.

2.12 | Subcellular fractionation assay

Subcellular fractionation assay was conducted in CM cells 
using Invitrogen PARIS™ Kit as per the guidelines. Lysed 
cells in cell fraction buffer were treated with centrifugation 

to collect the supernatant. The remaining lysates were incu-
bated with cell disruption buffer to obtain cell nuclei. Levels 
of LUCAT1, GAPDH, and U6 were analyzed by qRT-PCR. 
Experiments were repeated from three times.aaa

2.13 | RNA immunoprecipitation

RNA immunoprecipitation (RIP) assay was performed in CM 
cells in line with the protocol of Magna RIP™ RNA-Binding 
Protein Immunoprecipitation Kit (Millipore). 1  ×  107 cells 
collected from RIP lysis buffer were immunoprecipitated with 
anti-Ago2 or anti-IgG antibody (Millipore). The recovered 
RNA by magnetic beads was detected by qRT-PCR. Data col-
lected from three repeats of this assay were finally analyzed.

2.14 | RNA pull-down assay

Pierce Magnetic RNA-Protein Pull-Down Kit was bought 
from Thermo Fisher Scientific for RNA pull-down assay. 
The cellular protein samples of CM cells were cultivated with 
the biotinylated RNAs (Bio-miR-514b-3p or Bio-NC) in the 
presence of magnetic beads at 4°C for 1 hour. The complex 
of RNA protein was measured by qRT-PCR. This experiment 
was conducted for three times.

2.15 | Statistical analysis

Each assay contained at least three biological repeats. Results 
were assayed with ANOVA (one-way or two-way) or un-
paired t test utilizing PRISM 7 (GraphPad), with P < .05 as 
cutoff level. All data were expressed as the mean ± SD.

3 |  RESULTS

3.1 | Elevated LUCAT1 expression is 
correlated with the malignant phenotype of 
choroidal melanoma

LUCAT1 is widely considered as an oncogene in various 
cancers. However, the contribution of LUCAT1 to CM 
remains largely unknown. To start our study, we detected 
the expression of LUCAT1 in CM cells, finding LUCAT1 
was prominently elevated in cancerous cells compared to 
normal cells (Figure 1A). To further confirm the impact of 
LUCAT1 on CM, functional experiments were carried out 
next. After examining the interfering efficacy of shRNAs 
targeting LUCAT1 (Figure 1B), we discovered that silenc-
ing LUCAT1 attenuated cell viability and proliferation 
(Figure 1C,D). By performing TUNEL assay, we observed 
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an obvious increase in cell apoptosis in face of LUCAT1 
inhibition (Figure 1E). Moreover, migrated and invaded 
cell number was prominently decreased after knockdown of 
LUCAT1 according to the results of transwell assays (Figure 

1F). Moreover, we also revealed that silencing LUCAT1 
slowed down EMT process (Figure 1G). In addition, the 
in vivo experiments further demonstrated that depletion 
of LUCAT1 hindered tumor growth in vivo, evidenced by 

F I G U R E  1  Elevated LUCAT1 expression is correlated with the malignant phenotype of choroidal melanoma. A, The expression of LUCAT1 
in choroidal melanoma cells detected by qRT-PCR. B, LUCAT1 interference efficiency analysis. C-E, Cell viability, proliferation, and apoptosis 
were detected by after silencing LUCAT1 via CCK-8, EdU (scale bar = 200 μm), and TUNEL (scale bar = 200 μm). F, Cell migration and 
invasion ability were analyzed by transwell assays (scale bar = 200 μm). G, Western blot assay detected EMT process. H, A xenograft model was 
established to examine the effects of silencing LUCAT1 in vivo. **P < .01
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resultantly reduced tumor volume and weight (Figure 1H). 
In conclusion, LUCAT1 is an oncogenic regulator in CM.

3.2 | ELF1 is the transcription 
activator of LUCAT1

To find out how the expression of LUCAT1 was ele-
vated, firstly, we made the conjecture that LUCAT1 was 

transcriptionally activated by the upper stream transcrip-
tion factor. To verify our hypothesis, we searched the pos-
sible transcription factors of LUCAT1 (Figure S1) from 
UCSC database (http://genome.ucsc.edu/). Interestingly, 
among these transcription factors, ELF1 was previ-
ously reported as a transcription activator of MEIS1.11 
On this basis, we selected ELF1 for further study. In the 
meantime, we found the expression level of ELF1 was 
enhanced in CM cells (Figure 2A). Interestingly, along 

F I G U R E  2  ELF1 is the transcription activator of LUCAT1. A, qRT-PCR analysis of ELF1 relative expression in choroidal melanoma (CM) 
cells. B, Silencing efficacy of ELF1 in M619 and MUM-2B cells. C, Protein level of ELF1 after silencing ELF1 mRNA. D, Reaction of LUCAT1 
expression in response to ELF1 knockdown. E, The expression of ELF1 and LUCAT1 in CM cells with or without ELF1 overexpression was 
analyzed via qRT-PCR or Western blot as needed. F, ChIP assay to detect the PCR product of ELF1 antibody. G, Agarose gel electrophoresis to 
verify the PCR product of ELF1. H, The impact of ELF1 on LUCAT1 transcription was demonstrated by luciferase reporter assay. **P < .01

http://genome.ucsc.edu/
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with decreased mRNA and protein levels of ELF1 caused 
by ELF1 knockdown (Figure 2B,C), we detected sig-
nificant reduction in the expression of LUCAT1 (Figure 
2D). In contrast, LUCAT1 expression was dramatically 
enhanced under ELF1 overexpression (Figure 2E). The 
subsequent chromatin immunoprecipitation assay and  
agarose gel electrophoresis assay proved the binding 
between LUCAT1 promoter and ELF1 (Figure 2F,G). 
At last, we conducted luciferase reporter assay and ob-
served a prominent decrease after ELF1 silence, whereas 
a significant augment in response to ELF1 upregulation 
(Figure 2H), suggesting ELF1 transactivated LUCAT1  
in CM.

3.3 | LUCAT1 modulates miR-514a/b-3p 
expression by serving as a sponge

RNA analysis in nuclear and cytoplasmic fraction dem-
onstrated LUCAT1 was predominantly located in the cy-
toplasm (Figure 3A). Through screening from StarBase 
(http://starb ase.sysu.edu.cn/), we selected 17 miRNA 
candidates that might share binding sites with LUCAT1. 
Among these candidates, miR-514a-3p and miR-514b-3p 
were validated to be downregulated while others seemed 
to be unchanged in CM cells (Figure S2A). Besides, both 
miR-514a-3p and miR-514b-3p presented an increase in 
their relative expression after silencing LUCAT1 (Figure 
3B). Thereafter, we overexpressed the miR-514a/b-3p 
to investigate their function in CM (Figure 3C). Results 
demonstrated overexpression of miR-514a/b-3p inhibited 
cell proliferation (Figure 3D). TUNEL assay proved miR-
514a/b-3p upregulation increased apoptotic cell number 
(Figure 3E). Also, cell motility and EMT process were both 
obstructed after transfection of miR-514a/b-3p mimics 
into CM cells (Figure 3F,G). Intriguingly, RIP assay con-
firmed that LUCAT1 and miR-514a/b-3p were coexisted in 
RNA-induced silencing complexes (RISCs) (Figure 3H). 
Through luciferase reporter assay, we observed that the 
luciferase activity of LUCAT1 wild-type (LUCAT1 Wt) 
lowered in response to miR-514a-3p mimics or miR-514b-
3p mimics and further decreased under cotransfection of 
miR-514a-3p and miR-514b-3p mimics. On the contrary, 
the luciferase activity of LUCAT1 mutant-type (LUCAT1 
Mut) showed no significant change under diverse condi-
tions (Figure 3I).

3.4 | RBX1 is the downstream target gene of 
miR-514a/b-3p

By screening from StarBase database, we selected 
19 mRNAs that might bind to miR-514a-3p. And the 

screening conditions were set as clip data: strict, degra-
dome data: low. Nine mRNAs were screened out since they 
might share binding sites with miR-514b-3p according 
to the following conditions: clip data: strict, degradome 
data: low. The Venn plotting presented that there were 
six targets shared between miR-514a-3p and miR-514b-
3p (Figure 4A). To narrow down the mRNA candidates, 
we detected the relative expression of the six mRNAs in 
CM cells, uncovering that only RBX1 expression was 
upregulated in CM cells (Figure S2B). We also found a 
downregulation in RBX1 expression after knockdown of 
LUCAT1 (Figure 4B). Moreover, we silenced RBX1 in 
CM cells (Figure 4C) and then performed experiments to 
explore changes in CM cells after loss of RBX1function. 
EdU and TUNEL demonstrated, respectively, that silenc-
ing RBX1 attenuated cell proliferation and accelerated 
apoptosis (Figure 4D,E). Cell migration and invasion 
were also attenuated after knockdown of RBX1 (Figure 
4F). Additionally, according to the results of western blot, 
EMT process was blocked after silencing RBX1 (Figure 
4G). Therefore, we can conclude RBX1 functions as an 
oncogene in CM. Furthermore, RIP assay elucidated the 
co-enrichment of RBX1, LUCAT1, miR-514a-3p, and 
miR-514b-3p in RISCs (Figure 4H). Pull-down assay 
verified that both miR-514a-3p and miR-514b-3p could 
pull down RBX1 and LUCAT1 in the meantime (Figure 
4I). Finally, the luciferase reporter assays indicated 
that the luciferase activity of RBX1 Wt declined after 
the upregulation of either miR-514a-3p or miR-514b-
3p and further reduced in the context of miR-514a/b-3p  
co-enhancement. However, such reduction could be at-
tenuated after enforced expression of LUCAT1 (Figure 
4J). The result indicates the interaction among the four 
molecules.

3.5 | Overexpressed RBX1 restored the 
function loss due to silencing LUCAT1

At length, we planned to verify whether above unveiled 
LUCAT1/RBX1 pathway functioned in CM. Thus, rescue 
experiments were conducted subsequently. As anticipated, 
we observed a normalized effect in LUCAT1 inhibition-
affected cell viability, proliferation ability, and apoptosis in 
CM cells after being transfected with pcDNA3.1/RBX1 (OE/
RBX1) (Figure 5A-C). Transwell assays demonstrated that 
overexpressed RBX1 recovered the suppressed cell migra-
tion and invasion in LUCAT1-silenced CM cells (Figure 
5D). Also, according to Western blot result, EMT process 
blocked by silenced LUCAT1 was restored in face of RBX1 
overexpression (Figure 5E). Taken that, we can conclude 
that LUCAT1 promotes CM progression by targeting miR-
514a/b-3p/RBX1 axis.

http://starbase.sysu.edu.cn/
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F I G U R E  3  LUCAT1 modulates miR-514a/b-3p expression by serving as a sponge. A, RNA analysis of the nucleus and cytoplasm fraction to 
detect LUCAT1 location. B, MiR-514a/b-3p reaction in response to knockdown of LUCAT1. C, MiR-514a/b-3p expression after transfected miR-
514a/b-3p mimics into cells. D and E, CCK-8, EdU, and TUNEL assays to observe cell viability, proliferation, and apoptosis after overexpressing 
miR-514a/b-3p. F, Migrated and invaded cell number after overexpression of miR-514a/b-3p. G, Western blot assay presented EMT process after 
overexpressing miR-514a/b-3p. H, RNA immunoprecipitation assay verified the coexistence of indicated molecules in RNA-induced silencing 
complex. I, Luciferase reporter assay confirmed the reaction between miR-514a/b-3p and LUCAT1. *P < .05; **P < .01
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F I G U R E  4  RBX1 is the downstream target gene of miR-514a/b-3. A, MRNA candidates screened from StarBase. B, RBX1 expression was 
significantly decreased after knockdown of LUCAT1. C, RBX1 knockdown efficiency examination. D-G, Change in cell proliferation, apoptosis, 
motility, and EMT process after silencing RBX1. H, RNA immunoprecipitation assay proved the coexistence of the indicated molecules. I, Pull-
down assay suggested that the expression of LUCAT1 and RBX1 could be detected from biotinylated miR-514a-3p and miR-514b-3p. J, The 
interaction among the indicated molecules was verified by luciferase reporter assay. *P < .05; **P < .01
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4 |  DISCUSSION

Choroidal melanoma is an intraocular tumor with rare inci-
dence of occurrence but relatively high death rate up to 50% 
among patients.2 LUCAT1 has been commonly recognized 
as an oncogene in various cancers including non-small lung 
cancer, ovarian cancer, clear cell renal cancer, breast cancer, 
oral squamous cell carcinoma, etc.12-16 However, the expres-
sion of LUCAT1 and its functions in CM have not been ex-
plored yet. Here, we examined the upregulated expression of 
LUCAT1 in CM cells for the first time. The further loss-of-
function experiments confirmed LUCAT1 as a tumor pro-
moter in CM.

To find out whether there is an upstream regulator respon-
sible for LUCAT1 upregulation, we used UCSC database to 
find possible transcription factor for LUCAT1 (Figure 2A). 
Among these transcription factors, ELF1 was recognized as 
a contributor to malignancies17-19 and it was also reported 
as a transcription activator of MEIS111 but an inhibitor of 
erbB2 promoter activity.20 To investigate whether and how 
ELF1 modulates LUCAT1 expression, we first examined the 
expression of ELF1 in CM cells, finding that the expression 
of ELF1 is upregulated significantly, similar to ELF1 over-
expression in endometrial carcinoma.21 We also observed 
that ELF1 acted as a transcriptional activator of LUCAT1 
in CM.

F I G U R E  5  Overexpressed RBX1 restored the function loss due to silencing LUCAT1. A and B, CCK-8 assay and EdU assay (scale 
bar = 200 μm) proved overexpressed RBX1 could save the decrease in cell viability and proliferation caused by silencing LUCAT1. C, 
TUNEL assay demonstrated that apoptotic cell number increased after LUCAT1 knockdown and recovered after overexpressing RBX1 (scale 
bar = 200 μm). D, Cell migration and invasion with the treatment of overexpressed RBX1 by transwell assays (scale bar = 200 μm). E, Western 
blot assay detected EMT process variation after choroidal melanoma cells transfected with overexpressed RBX1. *P < .05; **P < .01
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Recently, cytoplasmic lncRNAs have been increasingly 
suggested to regulate disease development via acting as 
a ceRNA of protein-coding genes through sponging cer-
tain miRNAs.22,23 Meanwhile, many reports revealed that 
LUCAT1 could serve as a ceRNA to exert its facilitating 
role in various cancers. For example, LUCAT1 activated by 
STAT3 modulates hepatoblastoma by sponging miR-301b 
and regulating STAT3 expression.24 LUCAT1 affects chemo-
resistance in osteosarcoma by targeting miR-200c/ABCB1 
axis.25 In our study, we found LUCAT1 mainly located in the 
cytoplasm and therefore conjectured LUCAT1 as a ceRNA 
to control the progression of CM. We further searched pos-
sible downstream miRNAs by StarBase. Subsequently, we 
focused on miR-514a-3p and miR-514b-3p derived from 
miR-514 which seemed to play an antitumor role in cancer.26 
Besides, miR-514a-3p was suggested as a tumor suppressor 
previously,27,28 so was miR-514b-3p.29 Herein, we discovered 
that miR-514a-3p and miR-514b-3p were downregulated in 
CM cells and overexpressed miR-514a/b-3p inhibited cell 
proliferation and metastasis and EMT process. Further, we 
confirmed that miR-514a/b-3p interacted with LUCAT1 in 
RISCs in CM cells.

Six mRNAs might share binding sites with LUCAT1 
were screened out using online bioinformatics analysis tool 
StarBase. Finally, RBX1 was screened out due to elevated ex-
pression in CM cells. Moreover, RBX1 was proved to promote 
CM cell proliferation and metastasis, consistent with several 
evidences which revealed RBX1 as an unfavorable factor in 
non-small lung cancer, gastric cancer, etc.30,31 More impor-
tantly, rescue assays further verified that RBX1 was the medi-
ator for LUCAT1 to facilitate CM development.

In conclusion, ELF1 promotes transcription of LUCAT1 
and the elevated expression of LUCAT1 accelerates CM pro-
gression by sponging miR-514a/b-3p and releasing LUCAT1.

ACKNOWLEDGMENT
Members involved are appreciated.

CONFLICT OF INTEREST
All authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT
Research data and material are not shared.

ORCID
Fengyuan Sun   https://orcid.org/0000-0001-8815-3367 

REFERENCES
 1. Shukla S, Acharya S, Dulani M. Choroid melanoma – a rare case 

report. J Clin Diagn Res. 2015;9(5):09-10.
 2. Damato B, Eleuteri A, Taktak AF, Coupland SE. Estimating prog-

nosis for survival after treatment of choroidal melanoma. Prog 
Retin Eye Res. 2011;30(5):285-295.

 3. Wang X, Hu Y, Cui J, Zhou Y, Chen L. Coordinated targeting of 
MMP-2/MMP-9 by miR-296-3p/FOXCUT exerts tumor-suppress-
ing effects in choroidal malignant melanoma. Mol Cell Biochem. 
2018;445(1–2):25-33.

 4. Chang Y, Li N, Yuan W, Wang G, Wen J. LINC00997, a novel 
long noncoding RNA, contributes to metastasis via regulation of 
S100A11 in kidney renal clear cell carcinoma. Int J Biochem Cell 
Biol. 2019;116:105590.

 5. Kapranov P, Cheng J, Dike S, et al. RNA maps reveal new RNA 
classes and a possible function for pervasive transcription. Science. 
2007;316(5830):1484-1488.

 6. Sun Z, Yang S, Zhou Q, et al. Emerging role of exosome-derived 
long non-coding RNAs in tumor microenvironment. Mol Cancer. 
2018;17(1):82.

 7. Huarte M. The emerging role of lncRNAs in cancer. Nat Med. 
2015;21(11):1253-1261.

 8. Maxmen A. RNA: the genome's rising stars. Nature. 
2013;496(7443):127-129.

 9. Yoon JH, You BH, Park CH, Kim YJ, Nam JW, Lee SK. The long 
noncoding RNA LUCAT1 promotes tumorigenesis by controlling 
ubiquitination and stability of DNA methyltransferase 1 in esopha-
geal squamous cell carcinoma. Cancer Lett. 2018;417:47-57.

 10. Gao YS, Liu XZ, Zhang YG, Liu XJ, Li LZ. Knockdown of long 
noncoding RNA LUCAT1 inhibits cell viability and invasion by 
regulating miR-375 in glioma. Oncol Res. 2018;26(2):307-313.

 11. Xiang P, Lo C, Argiropoulos B, et al. Identification of E74-like 
factor 1 (ELF1) as a transcriptional regulator of the Hox cofactor 
MEIS1. Exp Hematol. 2010;38(9):798-808.e2.

 12. Sun Y, Jin SD, Zhu Q, et al. Long non-coding RNA LUCAT1 is 
associated with poor prognosis in human non-small lung cancer 
and regulates cell proliferation via epigenetically repressing p21 
and p57 expression. Oncotarget. 2017;8(17):28297-28311.

 13. Yu H, Xu Y, Zhang D, Liu G. Long noncoding RNA LUCAT1 
promotes malignancy of ovarian cancer through regulation of 
miR-612/HOXA13 pathway. Biochem Biophys Res Commun. 
2018;503(3):2095-2100.

 14. Zheng Z, Zhao F, Zhu D, et al. Long non-coding RNA LUCAT1 
promotes proliferation and invasion in clear cell renal cell carci-
noma through AKT/GSK-3beta signaling pathway. Cell Physiol 
Biochem. 2018;48(3):891-904.

 15. Mou E, Wang H. LncRNA LUCAT1 facilitates tumorigenesis 
and metastasis of triple-negative breast cancer through modulat-
ing miR-5702. Biosci Rep. 2019;39(9):BSR20190489. https ://doi.
org/10.1042/BSR20 190489.

 16. Kong Y, Feng Y, Xiao YY, et al. LncRNA LUCAT1 promotes rowth, 
migration, and invasion of oral squamous cell carcinoma by upregu-
lating PCNA. Eur Rev Med Pharmacol Sci. 2019;23(11):4770-4776.

 17. Chen C-H, Su L-J, Tsai H-T, Hwang C-F. ELF-1 expression in 
nasopharyngeal carcinoma facilitates proliferation and metastasis 
of cancer cells via modulation of CCL2/CCR2 signaling. Cancer 
Manag Res. 2019;11:5243-5254.

 18. Yang DX, Li NE, Ma Y, Han YC, Shi Y. Expression of Elf-1 and 
survivin in non-small cell lung cancer and their relationship to intra-
tumoral microvessel density. Chin J Cancer. 2010;29(4):396-402.

 19. Huang X, Brown C, Ni W, Maynard E, Rigby AC, Oettgen P. 
Critical role for the Ets transcription factor ELF-1 in the develop-
ment of tumor angiogenesis. Blood. 2006;107(8):3153-3160.

 20. Scott GK, Chang C-H, Erny KM, et al. Ets regulation of the erbB2 
promoter. Oncogene. 2000;19(55):6490-6502.

https://orcid.org/0000-0001-8815-3367
https://orcid.org/0000-0001-8815-3367
https://doi.org/10.1042/BSR20190489
https://doi.org/10.1042/BSR20190489


2170 |   WANG et Al.

 21. Takai N, Miyazaki T, Nishida M, Shang S, Nasu K, Miyakawa I. 
Clinical relevance of Elf-1 overexpression in endometrial carci-
noma. Gynecol Oncol. 2003;89(3):408-413.

 22. Noh JH, Kim KM, McClusky WG, Abdelmohsen K, Gorospe M. 
Cytoplasmic functions of long noncoding RNAs. Wiley Interdiscip 
Rev RNA. 2018;9(3):e1471.

 23. Qi X, Zhang D-H, Wu N, Xiao J-H, Wang X, Ma W. ceRNA in 
cancer: possible functions and clinical implications. J Med Genet. 
2015;52(10):710-718.

 24. Wang X, Guo S, Zhao R, Liu Y, Yang G. STAT3-activated long 
non-coding RNA lung cancer associated transcript 1 drives cell prolif-
eration, migration, and invasion in hepatoblastoma through regulation 
of the miR-301b/STAT3 axis. Hum Gene Ther. 2019;30(6):702-713.

 25. Han Z, Shi L. Long non-coding RNA LUCAT1 modulates meth-
otrexate resistance in osteosarcoma via miR-200c/ABCB1 axis. 
Biochem Biophys Res Commun. 2018;495(1):947-953.

 26. Xiao S, Zhang M, Liu C, Wang D. MiR-514 attenuates proliferation and 
increases chemoresistance by targeting ATP binding cassette subfam-
ily in ovarian cancer. Mol Genet Genomics. 2018;293(5):1159-1167.

 27. Özata DM, Li X, Lee L, et al. Loss of miR-514a-3p regulation of 
PEG3 activates the NF-kappa B pathway in human testicular germ 
cell tumors. Cell Death Dis. 2017;8(5):e2759.

 28. Ke X, Zeng X, Wei X, et al. MiR-514a-3p inhibits cell 
proliferation and epithelial-mesenchymal transition by 

targeting EGFR in clear cell renal cell carcinoma. Am J Transl 
Res. 2017;9(12):5332-5346.

 29. Ren L-L, Yan T-T, Shen C-Q, et al. The distinct role of strand-spe-
cific miR-514b-3p and miR-514b-5p in colorectal cancer metasta-
sis. Cell Death Dis. 2018;9(6):687.

 30. Xing R, Chen KB, Xuan Y, Feng C, Xue M, Zeng YC. RBX1 ex-
pression is an unfavorable prognostic factor in patients with non-
small cell lung cancer. Surg Oncol. 2016;25(3):147-151.

 31. Chen X, Wang Y, Zang W, Du Y, Li M, Zhao G. miR-194 targets 
RBX1 gene to modulate proliferation and migration of gastric can-
cer cells. Tumour Biol. 2015;36(4):2393-2401.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.  

How to cite this article: Wang L, Tang D, Wu T, Sun F. 
ELF1-mediated LUCAT1 promotes choroidal melanoma 
by modulating RBX1 expression. Cancer Med. 
2020;9:2160–2170. https ://doi.org/10.1002/cam4.2859

https://doi.org/10.1002/cam4.2859

