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Abstract: The long non-coding RNA (lncRNA), urothelial carcinoma-associated 1 (UCA1), belongs to cancer-related 
lncRNAs implicated in various carcinomas, including colorectal and gastric cancers. Nonetheless, the role and 
underlying mechanisms of UCA1 in retinoblastoma are still unclear. This study found that UCA1 expression in reti-
noblastoma tissues and cells was dramatically upregulated relative to that of healthy controls. Functionally, UCA1 
knockdown could suppress retinoblastoma cells’ proliferation, migration and invasion, and facilitate their apoptosis. 
Knockdown of UCA1 also retarded the growth of xenograft tumors in vivo. Mechanistically, UCA1 promoted c-myc 
expression through sponging miR-124. miR-124 inhibition or c-myc overexpression partially reversed the effects of 
UCA1 knockdown on retinoblastoma cells. Overall, lncRNA UCA1 may exert an oncogenic effect on retinoblastoma 
progression through the miR-124/c-myc axis, which might serve as a promising retinoblastoma treatment target.
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Introduction

Retinoblastoma (RB) is the most common pri-
mary intraocular malignant tumor in children 
and is triggered by RB1 gene mutations [1]. It 
has an incidence of about 1/15000 worldwide, 
and takes up about 3% of pediatric malignan-
cies [2]. The RB mortality rate in developing 
countries is approximately 50%-70% [3]. Treat- 
ment for RB includes enucleation, locally tar-
geted treatment (cryotherapy, laser therapy, 
and brachytherapy), radiation therapy, and  
chemotherapy. Despite the various treatment 
options, they are associated with many side 
effects and complications, including multidrug 
resistance and chemotherapy insensitivity, 
which seriously impact their therapeutic eff- 
ects [4]. Therefore, further investigation of the 
molecular mechanisms underlying RB occur-
rence will promote the advances of new diagno-
sis and treatment targets, thereby improving 
the effectiveness of RB treatment.

The dysregulation of long non-coding RNAs 
(lncRNAs) plays a significant regulatory role in 

multiple cancers [5-7]. Several studies have 
reported that lncRNAs were relevant to RB  
carcinogenesis and metastasis. For instance, 
NEAT1 (lncRNA nuclear paraspeckle assembly 
transcript 1), which is correlated with poor  
prognosis of RB, accelerates retinoblastoma 
cell (RC) progression by targeting miR-124 [8]. 
LncRNA-H19, as an oncogene in RCs (Y79 and 
WERI-Rb1 cells), promotes RCs’ viability, migra-
tion as well as invasion, and inhibits apoptosis 
by upregulating the miR-143/runt-related tran-
scription factor 2 axis and inhibiting the PI3K/
AKT/mTOR pathways [9]. The lncRNA, small 
nucleolar RNA host gene 16, is increased in 
retinoblastoma tissues (RTs) and cells, and 
modulates RB progression through sponging 
miR-140-5p [10]. Therefore, lncRNAs may as- 
sume a critical modulatory part in RB.

The lncRNA, UCA1, is considered to be a can-
cer-related lncRNA, and was first discovered in 
human bladder carcinoma [11]. The dysregula-
tion of UCA1 has been associated with several 
human malignancies, including hepatocellular 
carcinoma (HCC), gastric cancer and colorectal 
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cancer as well as esophageal squamous cell 
cancer [12]. Further, the UCA1 upregulation in 
HCC tissues and cell lines promotes HCC cells’ 
proliferation and migration, and inhibits the 
apoptosis [13], which is relevant to poor prog-
nosis and advanced clinicopathologic features 
in colorectal cancer, gastric cancer and esoph-
ageal squamous cell cancer [14-16]. Recently, 
UCA1 was found to be highly expressed in RB 
and significantly upregulated in chemo-resis-
tant RTs and multi-drug resistant retinoblasto-
ma cell lines (RCLs). The upregulation of UCA1 
predicts unfavorable overall survival (OS) and 
promotes RC migration and invasion by miR-
513a-5p/Stathmin 1 (STMN1) axis [17]. How- 
ever, the relevant mechanism of lncRNA UCA1 
in RB carcinogenesis is unclear.

miRNAs belong to the most widely studied non-
coding RNAs that can interact directly with 
lncRNAs and regulate cell processes, including 
individual development, body metabolism, and 
tumorigenesis [18, 19]. Liu et al. indicated that 
the decreased miR-124 expression was rele-
vant to shorter OS in patients with gastric can-
cer [20]. Additionally, miR-124 repressed gas-
tric cancer cells’ migration and invasion th- 
rough acting on Rac1 and SP1. MiR-124 exhib-
its anti-invasion properties in pancreatic ductal 
adenocarcinoma [21] by negatively regulating 
integrin subunit alpha 3 (ITGA3) and integrin 
subunit beta 1 (ITGB1), and suppresses the 
metastasis of melanoma cells by directly tar-
geting the receptor of activated C kinase 1 
(RACK1) [22]. In RB, miR-124 has been con-
firmed as a well-known tumor inhibitor [23].

The miR-124 level was found to be low in both 
RTs and cell lines. The miR-124 overexpression 
can suppress RC migration and invasion, and 
facilitate apoptosis [24]. UCA1 assume an 
oncogenic role in many tumor cells through 
modulating miRNAs. In particular, UCA1 facili-
tates cell development through suppressing 
miR-124 and upregulating ITGB1 expression in 
nasopharyngeal carcinoma [25]. UCA1 also 
promotes the chondrogenic differentiation of 
human bone marrow mesenchymal stem cells 
through the miRNA-124-3p/SMAD family mem-
ber 4 (SMAD4) axis [26]. However, the correla-
tion between UCA1 and miR-124 in RB remains 
unclear. C-myc is a common oncogene and  
miR-124 could directly target it [27]. C-myc is 
upregulated in many cancer cells. In RB, c-myc 

knockdown promotes cell apoptosis and sup-
presses cell proliferation [28]. However, more 
research is needed to assess the association 
among UCA1, miR-124, and c-myc in RB.

The study sought to reveal the clinical role of 
lncRNA UCA1 in RB, and explore the underlying 
molecular mechanisms of the oncogenic role of 
UCA1 in RB progression. UCA1 in RTs and cell 
lines was detected to be increased. Further, 
UCA1, as a ceRNA, increased c-myc expression 
by sponging miR-124, resulting in enhanced 
cell proliferation. These observations shed new 
light on the mechanisms underlying RB pro-
gression and provide a basis for the develop-
ment of novel RB treatment targets.

Materials and methods

Tissue specimens

Tumor specimens and adjacent noncancerous 
tissues were collected from 15 RB patients 
who were treated at the Second Affiliated 
Hospital of Chongqing Medical University from 
January 2018 to January 2020.

Inclusion criteria: Newly diagnosed RB, previ-
ously untreated; life expectancy of at least 10 
weeks; and adequate renal function as mea-
sured by a serum creatinine level ≤3× normal 
for age. The informed consent was provided by 
legal guardians, which indicated that they were 
informed of the details of the study.

Exclusion Criteria: patients that received treat-
ment before, or suffered from metastatic dis-
ease or orbital involvement.

The study included 9 males and 6 females  
(age, 6-60 months old; average age, 28 mon- 
ths old). Three patients had optic nerve/cho-
roid/orbital metastasis, and 12 had local le- 
sions without metastasis. The study has been 
approved by the Research Ethics Committee 
(the Second Affiliated Hospital, Chongqing 
Medical University), China (approval number 
2019-270). The legal guardians signed in- 
formed consent before testing. Baseline data 
for patients are presented in Table 1. High and 
low expressions of this gene are relative con-
cepts. According to a previous study by Wu et 
al. [29], RTs were classified to two groups. By 
comparing the relative UCA1 expression level  
in RTs compared with normal controls, the 
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cases could be divided into high and low  
expression groups. In RTs compared with nor-
mal controls, an expression difference of more 
than two-fold was defined as high expression.

Cell lines and culture

Human cell line RCL Y79, was provided by 
American Type Culture Collection, ATCC. WERI-
Rb1 and ARPE-19 cells were provided by iCell 
Bioscience Inc. (Shanghai, China). Cells were 
cultivated in RPMI-1640 medium with 20% FBS 
(ExCell Bio, China), 1% penicillin, and strepto-
mycin (Gibco), and incubated at 37°C in a damp 
under the condition with 5% CO2.

5’-CAGUACUUUUGUGUAGUACAA-3’. Full-length 
human c-myc cDNA (NM_001354870.1.) was 
synthesized by GenePharma and cloned into 
the pcDNA3.1. Lipofectamine 3000 (Invitro- 
gen, Carlsbad, CA, USA) was used for transfec-
tion as the relevant guidance.

qRT-PCR

Total RNA was separated from cells and RTs 
with TRIzol. The cDNAs of UCA1 and c-myc  
were transcribed through an M-MLV Reverse 
Transcription Kit (Invitrogen). miR-124 was 
reverse-transcribed and measured using a 
Hairpin-it™ miRNA RT-PCR Quantitation Kit 
(GenePharma). The cDNAs were detected on  
an ABI 7500 RT-PCR system through a SYBR 
Green master mix (Invitrogen). Values were cal-
culated through the 2-ΔΔCt method with GAPDH 
and U6 as the internal reference. The primers 
used for qPCR were listed in Table 2.

CCK-8 assay

Cell proliferation assay was conducted with 
CCK-8 (Dojindo, Japan). Cells (5×103 cells/well) 
were inoculated into 96-well plates. CCK-8 
solution (10 μL) was supplemented at 1, 2, 3, 
and 4 d, and cells were incubated in an in- 
cubator with 5% CO2 for 60 min at 37°C. Ab- 

Table 1. Expression of lncUCA1 and the clinicopatho-
logical features of RB patients
LncUCA1 expression
Feature n low high
All cases 15 3 12
Age
    <2 8 2 6
    ≥2 7 1 6
Gender
    Male 9 1 8
    Female 6 2 4
Tumor size (mm)
    <3 0
    ≥3 15 3 12
TNM stage
    I and II 0
    III and IV, V 15 3 12
The Optic nerve/Choroid/Orbit metastasis
    Negative 12 3 9
    Positive 3 3

Cell transfection and selection of stably 
transfected cell lines

To stabilize the knockdown of UCA1, a 
short hairpin shRNA against UCA1 (sh-
UCA1 GGACAACACAAAGTATGTT) and its 
negative control (sh-NC TTCTCCGAACGT- 
GTCACGT) were synthesized and inserted 
into the lentiviral vector by Genechem 
(Shanghai, China). The transfected cells 
were selected with a culture medium con-
taining puromycin for approximately 4 
weeks. MiR-124 mimics (dsRNA oligonu-
cleotides), miR-124 inhibitors (single-
stranded chemically modified oligonucle-
otides), and the relevant negative con- 
trols (miR-124 nc) were provided by 
GenePharma (Shanghai, China). The miR-
124 mimic sequence was 5’-UAAGGCA- 
CGCGGUGAAUGCC-3’, and the negative 
control sequence was 5’-UUGUACUACAC- 
AAAAGUACUG-3’. The inhibitor sequence 
was 5’-CGUGUUCACAGCGGACCUUGAU-3’, 
and the negative control sequence was 

Table 2. Primers used for qPCR
Primer Sequence
LncRNA UCA1 F: 5’-CTTAGGCTGGCAACCATCAGATCC-3’

R: 5’-GTGTTGTCCTGGATCTGGTCTG-3’
c-myc F: 5’-GCCAACTACTCTACTGTGGATT-3’

R: 5’-ATGCAGATGACTGTGTCGTT-3’
GAPDH F: 5’-TGGCCTGACCC AACTATGAT-3’

R: 5’-GCACTTTTTGCCCTTCTTAATGTT-3’
miR-124 F: 5’-TAAGGCACGCGGTGAATG-3’

R: 5’-GCAGGGTCCGAGGTATTC-3’
U6 F: 5’-GCTTCGGCAGCACATATACT-3’

R: 5’-GTGCAGGGTC CGAGGTATTC-3’
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sorbance at 450 nm was determined through a 
microplate reader.

Colony formation assay (CFA)

Cells with a low density (500 cells per dish) 
were inoculated in a 6 cm dish and cultivated 
for 2 weeks. When the colonies were visible to 
the naked eye, the culture was terminated. Cell 
colonies were then rinsed with PBS and fixed 
with 4% paraformaldehyde for 0.5 h. Thereaf- 
ter, cell colonies were exposed to crystal violet 
staining (0.1%, 1 mg/mL; Beyotime, Shanghai, 
China), and colonies with over 50 cells were 
manually counted under a microscope.

Transwell assay

Transwell assays were conducted to evaluate 
cell migration and invasion ability, and 24-well 
chambers with 8 μm pores (Corning Costar, 
MA, USA) were used. Briefly, the cells (1×104 
cells/well) were suspended in 200 μL medium 
without serum and inoculated in the upper 
chamber. Thereafter, 600 μL normal medium 
was supplemented to the lower chamber. After 
incubated for 1 d at 37°C, the cells which 
migrated to the lower chamber were counted 
through BX53 microscope. In the invasion 
assays, the chambers were pre-coated with 30 
μg Matrigel (BME, 3432-005-01P, R&D, USA), 
and the other operations were the same as 
those in the migration assay.

Cell apoptosis assay

Cell apoptosis was measured through annexin 
V-FITC/PI kit (4A Biotech, Beijing, China) as per 
manufacturer’s instructions. In brief, at 2 d fol-
lowing transfection, cells were harvested, rin- 
sed with PBS, resuspended in binding buffer, 
and stained with annexin V-FITC/PI. After incu-
bation for 60 min away from light at RT, the pro-
portion of apoptotic cells was detected through 
NovoCyte (ACEA Biosciences Inc., CA, USA).

Dual-luciferase report assay (DLRA)

The binding site sequences of miR-124 with 
UCA1 or c-myc and their corresponding mutant 
sequences were amplified through PCR and 
cloned into a pSI-Check2 dual-luciferase vec- 
tor (Hanbio Biotechnology Co., Ltd, Shanghai, 
China) to establish luciferase reporter vectors 
(lncRNA UCA1-WT/MUT and c-myc-WT/MUT). 
The vectors and miR-124 mimic/NC were co-

transfected into cells through Lipofectamine 
3000 reagent (Invitrogen). After transfection 
for 2 h, luciferase activity was determined 
through a DLRA system (Promega, Madison, 
WI, USA).

Western blotting (WB)

Total protein was isolated through radioimmu-
noprecipitation assay buffer containing 10% 
PMSF. Protein concentration was determined 
through BCA Assay Kit (Beyotime, Beijing, 
China). Thereafter, 30 μg of protein was  
supplemented and isolated through 10% PAG. 
The target proteins were added onto a PVDF 
membrane (Millipore, Bedford, MA, USA) by 
SDS-PAGE, which was incubated with primary 
antibodies (1:1000) against c-myc (ab32072, 
Abcam) and β-actin (ab8226, Abcam) overnight 
at 4°C. After blocking with skim milk, the mem-
brane was incubated with a 1:5000 anti-rabbit 
secondary antibody conjugated with HRP 
(WLA024, Wanleibio, Shenyang, China) at RT. 
The membrane density was measured using a 
chemiluminescence digital image system (Bio- 
Rad).

Xenografts in nude mice transfected with 
lentivirus

Twelve female BALB/c nude mice (female, age, 
28-42 d) were obtained from Beijing Animal 
Experimental Center, China, and raised in the 
Animal Center of Chongqing Medical University, 
China. Mice were arbitrarily classified to two 
groups and administered a 200-μL cell suspen-
sion (1×107 Y79 cells with stable sh-UCA1/
sh-NC transfection) in the right flanks. To stabi-
lize transfection, the transfection was mediat-
ed by GeneCopoeia eGFP (LPP-EGFP-LV105, 
108 TU/ml) [30, 31]. One week later, tumor size 
was recorded every 4 days and obtained th- 
rough the equation V = (shortest diameter)2 × 
(longest diameter)/2. Mice were sacrificed 28 
days after injection by an intraperitoneal injec-
tion of barbiturate. The dose was three times 
the usual anesthesia dosage (≥150 mg/kg). 
The tumors were then excised and stored  
for further analysis. Animal experiments have 
been approved by the Animal Ethics Commit- 
tee (Chongqing Medical University, China).

Data analysis

The results were displayed as mean ± SD. Data 
was analyzed through GraphPad Prism 5.0. The 
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variance between the two groups or multiple 
groups was analyzed through Student’s t-test 
or ANOVA with post hoc Bonferroni test. The 
association among UCA1, miR-124, and c-myc 
expression in RTs was estimated through 
Pearson correlation analysis. P<0.05 indicated 
statistical significance.

Results

UCA1 exhibited high expression in RTs and 
RCLs

The lncRNA UCA1 level was detected in 15 
pairs of human RTs and adjacent noncancer-
ous tissues. UCA1 expression in RTs was dra-
matically higher relative to that in adjacent  
noncancerous tissues (Figure 1A). The UCA1 
expression in RCs was also higher than that in 
ARPE-19 cells (Figure 1B). These findings indi-
cated that UCA1 might be implicated in RB.

lncRNA UCA1 knockdown suppressed RC 
proliferation, migration and invasion and facili-
tated apoptosis

The role of UCA1 in RCs was explored by trans-
fecting shRNA against lncRNA UCA1 and its 
negative controls (sh-UCA1 and sh-NC). These 
shRNAs were transfected into Y79 cells and 
WERI-Rb1 cells to knock down UCA1. qRT-PCR 
revealed that UCA1 expression was decreased 
after transfection with sh-UCA1 (Figure 2A). 
Further, CCK8 and colony formation assays 
confirmed that the proliferation of UCA1-
knockdown cells was significantly suppressed 
relative to that of control cells (Figure 2B, 2C). 
MeUCA1 knockdown inhibited clone numbers, 
Y79 and WERI-Rb1 cells’ migration and inva-
sion (Figure 2D-I). However, downregulation of 
UCA1 significantly promoted the apoptosis of 
RCs relative to the control (Figure 2J, 2K). 

roles of miRNAs in their targets to exert regula-
tory effects. Bioinformatic analysis was per-
formed using TargetScan prediction to eluci-
date the carcinogenic effect of UCA1 on RB. 
Based on the findings, miR-124 may act as a 
candidate target of lncRNA UCA1 (Figure 3A). 
To verify the prediction, UCA1 3’UTR luciferase 
reporters were co-transfected with miR-124 
mimics or miRNA-NC into RCs. Luciferase activ-
ity was found to be reduced in cells co-trans-
fected with a UCA1-WT reporter and miR-124 
mimic relative to miRNA-NC. Further, no signifi-
cant decrease in UCA1-MUT reporters was 
detected (Figure 3B, 3C). miR-124 expression 
was found to be decreased in the two RCLs 
relative to the matched controls, thereby align-
ing with the findings of previous studies (Figure 
3D) [22]. UCA1 knockdown dramatically upreg-
ulated the miR-124 expression in RCs (P<0.05; 
Figure 3E). However, UCA1 was markedly ele-
vated in WERI-Rb1 cells treated with miR-124 
inhibitor transfection. The UCA1 level was dra-
matically decreased in Y79 cells with miR-124 
mimic transfection (Figure 3F). These findings 
suggest that UCA1 may negatively regulate 
miR-124 by directly targeting it.

MiR-124 suppression eliminated the effects of 
lncRNA UCA1-knockdown on RCs

To determine the effects of UCA1/miR-124  
axis in RC proliferation, clone numbers, migra-
tion, invasion, and apoptosis, loss-of-function 
and rescue experiments were conducted. 
Sh-UCA1 was co-transfected with specific miR-
124 inhibitors into RCs. Thereafter, cell prolif-
eration, migration, invasion as well as apopto-
sis were assessed. CCK8, colony formation, 
and Transwell assays revealed that miR-124 
inhibition could counteract the suppressive 

Figure 1. Upregulation of the lncRNA, UCA1, in retinoblastoma tissues and 
cell lines. A. The relative expression of UCA1 in 15 human retinoblastoma 
and adjacent noncancerous tissues. B. The relative expression of UCA1 in 
retinoblastoma cell lines (Y79 and WERI-Rb1) and ARPE-19. **P<0.01; n=15.

These findings indicate that 
UCA1 knockdown inhibited RC 
proliferation, clone numbers, 
migration, and invasion and 
promoted apoptosis, which is 
consistent with the conclu-
sions reported before [17].

UCA1 targeted and negatively 
regulated miR-124

According to previous studies, 
lncRNAs are capable of com-
petitively binding with miRNAs 
and alleviate the inhibitory 
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Figure 2. Knockdown of the lncRNA, UCA1, inhibits the proliferation, clone numbers, migration, and invasion of retinoblastoma cells, and promotes the apoptosis of 
retinoblastoma cells. (A) UCA1 expression was decreased in WERI-Rb1 and Y79 cells after transfection with specific shRNAs targeting the lncRNA, UCA1. Effect of 
UCA1 silencing on the proliferation (B, C), clone numbers (D, E), migration and invasion (F-I), and apoptosis (J, K) of retinoblastoma cells. *P<0.05, **P<0.01; n=6, 
magnification 40×, scale bar 100 µm.
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effects of UCA1 silencing on cell proliferation, 
clone numbers, migration and invasion (Figure 
4A-H). In addition, cell apoptosis assay de- 
monstrated that the miR-124 suppression 
reversed the effect of UCA1 silencing on the 
apoptosis of RCs (Figure 4I, 4J). These findings 
displayed that UCA1 may regulate RC develop-
ment through suppressing miR-124.

C-myc may act as a target gene of miR-124 
and may be regulated by lncRNA UCA1

Several studies have shown that miRNAs exert-
ed their regulatory effects by binding with the 
relevant target genes. Bioinformatics analysis 
predicted that c-Myc may act as a promising 
target of miR-124 (Figure 5A), and DLRA veri-
fied this hypothesis. Luciferase activity was 
found to be decreased in cells treated with miR-
124 mimics and c-myc-WT vector co-transfec-
tion. Nonetheless, no significant decrease was 
detected in cells transfected with the c-myc-
MUT vector (Figure 5B, 5C). qRT-PCR displayed 
that c-myc expression was very elevated in RCs 
relative to that of normal controls (Figure 5D). 
Besides, the c-myc level in the miR-124 mimic 
group was dramatically decreased. The c-myc 
level in miR-124 inhibition group was dramati-
cally higher relative to that of the control group 
(Figure 5E-G). Meanwhile, c-myc expression in 
UCA1 knockdown group was reduced (Figure 

5H, 5I). The western blot results further con-
firmed these findings, indicating that c-myc 
might be a target of miR-124, and UCA1 may 
regulate c-myc by sponging miR-124.

UCA1 facilitated the RB progression by upregu-
lating c-myc

To validate the regulatory effects of the UCA1/
miR-124/c-myc axis in RC proliferation, clone 
numbers, cell migration, invasion, and apopto-
sis, cells were treated with sh-UCA1+pcDNA- 
NC or sh-UCA1+pcDNA-c-myc vectors. The 
c-Myc vectors were successfully transfected 
(Supplementary Figure 1). CCK8 assay, CFA 
and Transwell assay showed that the c-myc 
overexpression reversed the UCA1 knockdown 
- induced suppression in cell proliferation, mi- 
gration, and invasion (Figure 6A-H). Moreover, 
the apoptosis of RCs with UCA1 knockdown 
was reversed by transfection with pcDNA-c- 
myc compared with pc-DNA-NC (Figure 6I, 6J). 
Thus, UCA1 could facilitate RC progression 
through upregulating c-myc.

UCA1 knockdown suppressed RB tumor 
growth in vivo

The effect of UCA1 on RB progression in vivo 
was investigated. In a xenograft model, RCs 
(Y79) stably transfected with sh-UCA1 or sh-NC 

Figure 3. The lncRNA, UCA1, interacted with miR-124 in retinoblastoma cells. A. The potential binding sequence of 
UCA1 and miR-124 predicted by TargetScan. B, C. Dual-luciferase activity assay revealed that miR-124 may directly 
target UCA1 in Y79 and WERI-Rb1 cells. D. Expression levels of miR-124 in retinoblastoma cells. E. Expression levels 
of miR-124 in Y79 and WERI-Rb1 cells transfected with sh-NC and sh-UCA1. F. Relative expression of c-myc in Y79 
and WERI-Rb1 cells administered different treatments. *P<0.05, **P<0.01, ***P<0.001; n=6.
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Figure 4. miR-124 inhibition reversed the effects of UCA1 knockdown on retinoblastoma cells. Cell proliferation (A, B), clone numbers (C, D), migration (E, F) and 
invasion ability (G, H) as well as apoptosis (I, J) were verified in Y79 and WERI-Rb1 cells transfected with sh-UCA1 and sh-UCA1+miR-124-3p inhibitor using CCK8, 
colony formation, Transwell, and cell apoptosis assays, respectively. *P<0.05, **P<0.01; n=6, magnification 40×, scale bar 100 µm.
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Figure 5. C-myc may be a target gene of miR-124 and may be regulated by UCA1. A. The potential binding sequence of miR-124 and c-myc predicted by TargetScan. 
B, C. Dual-luciferase activity assay showed that miR-124 may directly target c-myc in Y79 and WERI-Rb1 cells. D. The mRNA expression level of c-myc in retinoblas-
toma cells compared to corresponding normal controls. E-G. The expression level of c-myc in Y79 and WERI-Rb1 cells transfected with mimic-NC, miR-124 mimic, 
inhibitor-NC, and miR-124-inhibitor. H, I. The expression level of the c-myc protein in Y79 and WERI-Rb1 transfected with sh-NC and sh-UCA1. **P<0.01, ***P<0.001; 
n=6.
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were subcutaneously injected into nude mice. 
The excised tumors are displayed in Figure 7A, 
and the tumor growth rate and weight were 
recorded. As displayed in Figure 7B, 7C, the 
tumor growth rate and weight of the UCA1 
silencing group were dramatically lower than 
those of control group. Besides, the UCA1 and 
c-myc expression in lncRNA UCA1-knockdown 
group were dramatically reduced relative to 
those of control group. Nonetheless, the miR-
124 level was upregulated in UCA1-knockdown 
group relative to that in control group (Figure 
7D-F). The correlation analysis showed that 
UCA1 was inversely related to miR-124 (Figure 
7G); Further, miR-124 expression was signifi-
cantly decreased, and c-myc expression was 
significantly increased in RTs compared with 
that in matched controls (Figure 7H, 7I). 
Pearson correlation analysis displayed that 
c-myc expression was inversely related to miR-
124 expression (Figure 7J). C-myc expression 
was positively related to UCA1 in RTs (Figure 
7K). These findings suggest that UCA1 might 
facilitate RB development in vivo by increasing 
c-myc and inhibiting miR-124.

Discussion

Previous work has shown that the dysregulated 
expression of lncRNAs might assume an impor-
tant part in several cancers, including RB. For 
example, the lncRNA NEAT1 is elevated in RTs 
and cell lines. The overexpression of NEAT1 
promotes RC growth by regulating the miR-
204-CXCR4 axis [32]. PVT1, as an onco-lncRNA 
in RB, acts by sponging miR-488-3p [33]. 
Simultaneously, MEG3 [34] and MT1JP [35] 
were found to be downregulated in RTs and 
cells and play a suppressive role in tumors. The 
lncRNA, UCA1, is a bladder cancer-specific 
lncRNA that plays an essential role in tumori-
genesis as a carcinoembryonic gene [36]. A 
recent study reported that UCA1 was dramati-
cally increased in chemo-resistant RTs and 
multi-drug resistant RCLs, and predicted poor 
OS. Furthermore, UCA1 increased the prolifera-
tion and multi-drug resistance of RCs by down-
regulating miR-513a-5p [17]. Nevertheless, the 
role of UCA1 in RC growth is still unclear.

The UCA1 upregulation in RTs and cell lines  
was observed in this study, which aligned with 
previously published data [17]. Further, UCA1 
knockdown was shown to suppress cell prolif-
eration, migration, and invasion, and facilitate 
the apoptosis of RCs. In vivo experiments also 
revealed that silencing UCA1 significantly re- 
tarded tumor size and weight. These observa-
tions displayed that UCA1 might assume an 
oncogenic role in RB.

Bioinformatics predictions revealed that miR-
124 may act as a candidate target of UCA1. In 
this study, the miR-124 expression was re- 
duced in RTs and cell lines, and was negatively 
correlated with UCA1, thereby aligning with the 
findings of previous studies [24]. UCA1 silenc-
ing increased the expression of miR-124, while 
the miR-124 mimic and inhibitor significantly 
inhibited and increased the expression of 
UCA1. Rescue experiments revealed that the 
effects induced by UCA1 knockdown, on RC 
proliferation, migration, invasion, and apopto-
sis could be reversed by miR-124 inhibition. 
Thus, UCA1 may target and negatively regulate 
miR-124 in RCs. Bioinformatics prediction 
showed that c-Myc might be a target geneof 
miR-124.

C-myc is relevant to numerous cellular process-
es, including cell cycle, apoptosis, autophagy, 
and carcinogenesis [37]. C-myc has been re- 
ported to be an oncogene and is upregulated  
in several tumors, such as HCC [38], colon car-
cinoma [39], and glioma [40]. Recent studies 
have shown that c-myc was increased in RCLs 
and assumed an oncogenic role in RB develop-
ment. Accordingly, the overexpression of c-Myc 
promotes RC proliferation and inhibits apopto-
sis [41]. In this study, c-myc expression was 
elevated in RTs and cells, assuming an onco-
genic role of c-myc.

The correlation of c-Myc expression and miR-
124 was assessed in this study. The miR-124 
overexpression suppressed the mRNA and pro-
tein expression levels of c-myc in RCs. Lucifer- 
ase reporter assay results revealed that miR-
124 could directly interact with the c-myc 
3’-UTR. These findings suggest that c-Myc 
might act as a regulatory target of miR-124. 

Figure 6. C-myc overexpression abolished UCA1 knockdown-induced retinoblastoma cell proliferation, clone num-
bers, migration, invasion, and apoptosis. Cell proliferation (A, B), clone numbers (C, D), migration and invasion abil-
ity (E-H) as well as apoptosis (I, J) were measured in Y79 and WERI-Rb1 cells transfected with sh-UCA1+pcDNA-NC 
and sh-UCA1+pcDNA-c-myc by CCK8, colony formation, Transwell, and cell apoptosis assays, respectively. *P<0.05, 
**P<0.01; n=6, magnification 40×, scale bar 100 µm.
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Similarly, UCA1 silencing decreased the mRNA 
and protein expressions of c-myc in RCs. Pear- 
son correlation analysis revealed that c-myc 
was positively related to UCA1 and inversely 
related to miR-124 in RTs (Supplementary 
Figure 2).

The miR-124 inhibitor reversed the suppress- 
ed c-myc expression level induced by UCA1 
silencing, suggesting that UCA1 may function 
through regulating c-myc via miR-124 spong- 

ing. Nonetheless, CCK8, CFA, Transwell, and 
apoptosis assays displayed that the overex-
pression of c-myc reversed RC proliferation, 
clone numbers, migration, invasion, and apop-
tosis induced by UCA1 silencing. The results 
indicated that UCA1 silencing may inhibit RC 
development by modulating miR-124/c-myc 
axis.

The incidence of RB is relatively low, and many 
cases remain undiagnosed due to infrequent 

Figure 7. UCA1 knockdown repressed tumor growth in vivo. (A) Excised tumor of xenograft mice. (B) Tumor growth 
curve for 28 days. (C) Tumor weight. The expression level of UCA1 (D), miR-124 (E), and c-myc (F) of xenograft tu-
mor. (G) UCA1 was negatively correlated with miR-124 (r=-0.7910, P<0.0001). (H) Expression level of miR-124 in 
retinoblastoma tissues compared to that in normal controls. (I) Expression level of c-myc in retinoblastoma tissues 
compared to that in normal controls. (J) C-myc was negatively correlated with miR-124 (r=-0.7360, P<0.0001). (K) 
C-myc was positively correlated with UCA1 (r=0.9069, P<0.0001). *P<0.05, **P<0.01; n=6.
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visits. As a result, there is a low number of RB 
cases, despite presumption of a high preva-
lence [2]. In this study, data were obtained  
from only 15 patients with eyeball enucleation 
due to the low availability of cases. Further, no 
systemic metastases were found in any of 
these cases. Nonetheless, follow-up after enu-
cleation is difficult because of the lack of 
patient compliance. Therefore, this study had 
two limitations: (i) a small number of cases  
and (ii) lack of data on prognosis and survival 
curve analysis.

In conclusion, UCA1 expression is elevated in 
RTs and cell lines, and UCA1 might assume an 
oncogenic role in the regulation of RC progres-
sion. Mechanistically, UCA1 may modulate RC 
progression by regulating c-myc via spong- 
ing miR-124. These findings may provide an 
experimental basis for further identification of 
the therapeutic targets of RB.
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Supplementary Figure 1. Expression levels of c-myc in Y79 and WERI-Rb1 cells transfected with pcDNA-NC and 
pcDNA-c-myc. **P<0.01; n=9.

Supplementary Figure 2. Schematic.


