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Abstract: Chemoresistance has become a major obstacle to effective retinoblastoma treatment. The urothelial 
cancer-associated gene 1 (UCA1) is commonly considered an oncogene in certain types of cancer and is related 
to drug resistance. Nonetheless, the molecular mechanism and effect of UCA1 in carboplatin resistance in retino-
blastoma are unclear. In this study, UCA1 expression was determined by sequential screening and lncRNA profile 
analysis, which is highly abundant in carboplatin-resistant retinoblastoma cells. Functional analyses revealed that 
UCA1 promoted carboplatin resistance by promoting c-Met and AXL expression. Mechanistic studies revealed that 
UCA1 facilitated c-Met and AXL expression as a ceRNA of miR-206. Importantly, retinoblastoma nude mouse model 
experiments revealed that targeting UCA1 or c-Met and AXL can restore drug sensitivity in carboplatin-resistant 
retinoblastoma. Collectively, we found that UCA1 is a mediator of carboplatin resistance in retinoblastoma cells. It 
competes with others as the endogenous RNA of miR-206, thus upregulating its targets, c-MET and AXL expression.

Keywords: Retinoblastoma, carboplatin resistance, UCA1, miR-206, AXL/c-Met

Introduction

Retinoblastoma (RB) is a primary intraocular 
malignant tumour occurring most frequently in 
children [1]. Recently, with the development of 
surgical procedures such as enucleation and 
various chemotherapy methods, the survival 
rate of patients with retinoblastoma has im- 
proved [2]. However, the mortality rate associ-
ated with RB remains high because of its limit-
ed sensitivity to chemotherapy [3, 4]. Therefore, 
understanding the molecular events of chem-
oresistance in retinoblastoma and formulating 
molecular targeted treatment strategies are 
essential for the treatment of this malignant 
disease.

Long-chain non-coding RNAs (lncRNAs) are a 
group of non-coding RNA subsets with no obvi-
ous protein-coding function, and their lengths 
exceed 200 nucleotides [5, 6]. LncRNAs are 
involved in multilevel gene expression regu- 
lation, including transcriptional regulation by 

recruiting complexes modified by chromatin, 
and post-transcriptional adjustment by interact-
ing with proteins, mRNAs, or miRNA [7-9]. New 
evidence indicates that lncRNAs regulate many 
characteristics of cancer, including chemore-
sistance, apoptosis, and proliferation [10-13].

The urothelial cancer-associated gene 1 (UCA1), 
which is located on chromosome 19p13.12, 
was first discovered in bladder cancer. It faci- 
litates the progression of cancer in various 
tumours through the regulation of proliferation, 
migration, apoptosis, and invasion of cells [14-
16]. More importantly, in addition to its carcino-
genic function, UCA1 also regulates drug resist-
ance in various types of cancer. For instance, 
UCA1 facilitates cell proliferation and leads to 
5-fluorouracil resistance in patients with colon 
cancer [17]. A reduced expression of UCA1 can 
increase chemosensitivity and apoptosis in 
tongue squamous cell carcinoma cells induced 
by Cisplatin (CDDP) [18, 19]. However, the role 
of UCA1 in carboplatin resistance remains 
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unclear. In the present study, we investigated 
the effect of UCA1 on carboplatin resistance 
and simultaneously explored the therapeutic 
importance of carboplatin resistance in pa- 
tients with the condition.

Methods

Cell lines and reagents

From the American Type Culture Collection 
(ATCC, Rockville, MD, USA), we acquired the  
cell lines of human retinoblastoma WERI-Rb1 
(HTB-169) and Y79 (HTB-18), which were culti-
vated in McCoy’s 5a (Life Technologies) or 
RPMI-1640 (Gibco) together with heat-inacti-
vated fetal bovine serum (10%, Gibco; Thermo 
Fisher Scientific, Inc.), under a temperature of 
37°C, 10% of ultimate concentration was 
reached in the humidified incubator involving 
5% CO2. 

In vivo xenograft and treatment experiments

Male non-thymic BALB/C nude mice aged 
between 4 and 6 weeks were fed with the stan-
dard sterile environments. The animal study 
was authorized through the Animal Experiment 
Ethics Committee of the Second Affiliated 
Hospital of Nanchang University. The xenograft 
volume was assessed with two vertical diame-
ter calipers, calculated as below: V = [length/2] 
× [width2]. Xenograft specimens were collected 
for transplantation or rapidly frozen in liquid 
nitrogen until ready for use. To obtain carbopla-
tin resistant retinoblastoma cells, the nude 
mice flank was subcutaneously injected with 5 
× 106 Y79 or WERI-Rb1 cells. When xenograft 
volume up to 200 mm3, carrier or carboplatin 
(CBP, 40 mg/kg/day) were injected intraperito-
neally for 4 weeks and 2 weeks according to 
the standard treatment scheme. After a course 
of treatment, the xenograft retinoblastoma 
cells were isolated and transplanted into nude 
mice again, and then treated with carrier or  
carboplatin. retinoblastoma cells were isolated 
from the third generation xenotransplantation 
and confirmed to be carboplatin resistant reti-
noblastoma cells (called YCR3rd and WCR3rd). 
In order to isolate xenograft tumor cells, the 
xenograft was mechanically decomposed with 
500 μg/mL of streptomycin and 500 U/mL of 
penicillin, 2.5 mg/L of amphotericin B and 100 
mg/L of gentamicin were cleaned with cold 
PBS, digested in RPMI-1640 medium involving 

1 mg/ml DNase and 1 mg/ml type II or IV col-
lagenase under a temperature of 37°C for 60 
minutes, and also shaken intermittently. The 
cell suspension was passed through 80 μm fil-
ter (BD Biosciences, USA) and centrifuge at 
300 g at 4°C for 5 minutes. The precipitates 
were suspended and inoculated in 6-well 
plates. Mice xenografted with YCR3rd cells 
were intraperitoneally injected with carboplatin 
(40 mg/kg/day). When the size of xenografts 
was matched, mice were randomly assigned to 
intravenous injection of in vivo grade LNA (50 
nmol, twice a week), intraperitoneal injection of 
carboplatin (40 mg/kg/day), or combined treat-
ment for 4 weeks. Exiqon (Denmark) designed 
and synthesized in vivo grade LNA targeting 
UCA1 (5’-gtctgccatatag-3’) or disturbing LNA 
(5’-aacacgttctacgc-3’). In addition, mice xeno-
grafted with ycr3rd cells were intraperitoneally 
injected with carboplatin (40 mg/kg/day), bms- 
777607 (10 mg/kg/day) or combined treat-
ment for 12 weeks. Bms777607 (10 mg/kg/
day), or combination therapy for 12 weeks. 

RNA isolation and qRT-PCR assay

In accordance with the guidelines of manufac-
turer, TRIzol reagent (Invitrogen) was exploited 
for extracting and gathering the overall RNA 
from cells or tissues. From the above total RNA 
(1 μg), the first strand cDNA was generated  
via applying miScript reverse transcription kit 
(Qiagen, Dusseldorf, Germany). miScript SYBR-
Green PCR kit (Qiagen) was subsequently em- 
ployed for quantifying miR-206 and UCA1 ex- 
pression levels. qRT-PCR primers are as fol-
lows: UCA1 forward: 5’-TTTATGCTTGAGCCTTGA- 
3’, reverse 5’-CTTGCCTGAAATACTTGC-3’; c-Met 
forward: 5’-TGAGAAGGCTAAAGGAAACG-3’, re- 
verse 5’-TGGACCGTCAAGAAGTAAAT-3’; AXL for-
ward: 5’-GACCCGTTATGGAGAAGTGT-3’, reverse 
5’-GGAGTCGTCCTGGTTGAGC-3’. 2-ΔΔCT strategy 
was exploited for calculating the relative fold 
change of the gene expression, where U6 
snRNA or GAPDH was used as an internal 
control.

shRNAs and plasmids

Short hairpin RNA UCA1 (shUCA1) or shNC was 
transferred into cells by the lentivirus, labeled 
as the shUCA1 group and shNC group, respec-
tively. After successful transfection, the cells 
were collected for Western blot, qRT-PCR and 
CCK8. Detailed target sequences of shRNA 
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were as follows: sh-UCA1-1: 5’-CTCCTGGAAG- 
CCACAAGATTA-3’ and sh-UCA1-2 5’-GTTAATCC- 
AGGAGACAAAGA-3’ (Gene Pharmaceutical Co., 
Ltd., Shanghai, China). UCA1 cDNA was ampli-
fied using PrimeSTAR HS DNA polymerase (Ta- 
kara, China) and subcloned into the pcDNA3.1 
vector, which is known as pcDNA3.1-UCA1. 
pcDNA3.1-UCA1 containing a miR-206 MRE 
point mutation was constructed by GenePhar- 
ma Co., Ltd. and named pcDNA3.1-UCA1 (mut). 
Based on the specifications of the manufactur-
er, Lipofectamine RNAiMAX (Invitrogen, USA) 
was conducted to transfect siRNA and plas-
mids (China Gene Pharmaceutical) or miR-206 
mimic or inhibitor (China Ribobio).

The human AXL and c-MET open reading frame 
(ORF) sequences were amplified from the ORF 
cloning vector purchased from GenePharma 
Co., Ltd., and subcloned into the pLenti III vec-
tor. shRNA oligonucleotides were synthesised 
by GenePharma Co., Ltd. After annealing, the 
double-stranded oligomer was inserted into  
the lentivirus pLKO. 1-Puro vector (Addgene). 
The lentiviral vector and packaging vector were 
co-transfected into HEK-293T cells to prepare 
lentiviruses.

Colony formation and cell proliferation assays

Cell Counting Kit 8 (Dojindo, Japan) was used to 
measure RB cell viability, at OD 450 nm, which 
was subsequently detected using the BioTek 
Gen5 system (BioTeck, USA). In the colony gen-
eration experiment, RB cells (1000 cells/well) 
were inoculated into a 6-well plate. After culti-
vation in a humidified chamber at 5% CO2 at 
37°C for two weeks, the cells were cleaned with 
PBS, stained with 0.1% crystal violet for 15 
min, and finally cleaned twice using PBS.

Cell apoptosis detection

The carboplatin (10 μM) was used to treat car-
boplatin-resistant (CR) RB cells at various 
transfection rates for two days, which were  
subsequently double-stained using the An- 
nexin V FITC/PI Apoptosis Detection Kit (BD 
Biosciences) according to the manufacturer’s 
instructions. Flow cytometry (BD Biosciences, 
USA) was employed for assessing the rate of 
apoptosis.

Western blotting

The overall cell protein was extracted from lys- 
ed cells and granulosa cells, and RIPA buffer 

(China Aidlab Biotechnology, Inc.) was added 
with a protease inhibitor (Roche). After separat-
ing SDS-PAGE and transferring the membrane, 
the cells were seeded with the following prima-
ry antibodies: anti-p-EGFR (1:1000, CST), anti-
EGFR (1:1000, Abcam), anti-pc-MET (1:1000, 
Abcam), anti-c-MET (1:1000, Abcam), anti-p-
AXL (1:1000, CST), anti-AXL (1:1000, Abcam), 
and anti-GADPH (1:1000, Abcam), followed by 
treatment with 1:1000 HRP-conjugated sec-
ondary antibody. Finally, the protein bands we- 
re observed using a chemiluminescence de- 
tection kit (Aidlab Biotechnology, Inc., China), 
which was then quantified using Image Lab 4.0 
software (Bio-Rad).

RNA immunoprecipitation (RIP) assays

In accordance with the manufacturer’s ins- 
tructions, the Magna RIP RNA binding protein 
immunoprecipitation kit (Millipore, USA) was 
used for RIP experiments. Ago2 (1:50; Merck 
Millipore) was used to detect RIP. When RIP is 
treated with RNase, the lysate and RNase are 
cultivated for 60 min at 37°C. RT-PCR detec-
tion of the co-precipitated RNA was per- 
formed.

Luciferase reporter assay

The lncRNA UCA1 containing wild type and 
mutant type was amplified, and then, inserted 
into the Luciferase reporter vector psiCHECK-2 
(Promega, Madison, WI, USA) to construct the 
vector of WT-UCA1 and MUT-UCA1. Then, the 
WT-UCA1 or MUT-UCA1 was co-transfected 
with miR-206 or NC into the YCR3rd or WCR3rd 
cells using Lipofectamine 2000 reagent (Invi- 
trogen, Carlsbad, MA, USA). After two days of 
transfection, the dual-luciferase reporter gene 
analysis system (Promega, Madison, WI, USA) 
was used to detect luciferase activity. 

Statistical analyses

The data are described with the mean ± SD of 
three separated researches. The one-way anal-
ysis of variance and Student’s t test were 
employed for analyzing the difference between 
multiple groups and between two groups, 
respectively, and then use Dunnett’s post-hoc 
test to analyze. SPSS 19.0 (IBM) was imple-
mented for all of the statistical calculations, 
and all the charts were established with 
GraphPad Prism 8.0 (GraphPad software). P 
less than 0.05 was regarded as statistically  
significant difference.
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Results

UCA1 is highly expressed in CR RB cells 

To acquire CR RB cells, WERI-RB-1 and Y79 
cells were transplanted into nude mice, and 
carboplatin treatment cycles were implement-
ed together with continuous passages in vivo 
(Figure 1A). The xenografts of RB from the  
third generation showed adverse reactions to 
carboplatin treatment (Figure 1B). From these 
xenografts, the drug-resistant RB cells were 
separated and referred to as WCR3rd and 
YCR3rd. In contrast to parental cells, WCR3rd 
and YCR3rd cells showed a lower response to 
carboplatin. After treatment with carboplatin, 
DIC50 increased, apoptosis was reduced, and 
growth ability was enhanced (Figure 1C and 
1D).

To determine the lncRNA needed for carbopla-
tin resistance of RB, microarray was used to 
compare the expression profiles of lncRNAs 
between CR and parental RB cells. The heat 
map shows a significant difference between 
the parental and resistant cells (Figure 1E). The 
six lncRNAs with the largest difference (fold 
change > 5) were verified via qRT-PCR. Finally, 
we focused on the lncRNA UCA1 with the great-
est change (Figure 1F).

UCA1 is required for carboplatin resistance of 
RB

To investigate the functional effect of UCA1 on 
carboplatin resistance, we knocked down UCA1 
statically in CR cells via short hairpin RNA 
(shRNA) mediated by the lentivirus (Figure 2A). 
The obvious decrease in IC50 and growth sup-
pression after treatment with carboplatin was 
caused by the silencing of UCA1 in drug-
resistant cells (Figure 2B and 2C). In addition, 
when exposed to carboplatin, the downregula-
tion of UCA1 resulted in increased apoptosis of 
WCR3rd and YCR3rd cells compared to the 
Sh-NC group (Figure 2D and 2E). Also, UCA1 
knockdown significantly restored the sensitivity 
of the YCR3rd xenograft to carboplatin in vivo 
(Figure 2F). In summary, these data indicate 
that UCA1 is the principal regulator of carbopla-
tin resistance in RB cells.

AXL and c-Met are responsible for UCA1-
mediated carboplatin resistance in RB

We deeply explored the mediators of UCA1 that 
drive carboplatin resistance. There is increas-

ing evidence that alternative Receptor Tyrosine 
Kinase (RTK) activation exerts a significant 
effect on drug resistance [20]. As a result,  
in drug-resistant cells, multiple RTKs were 
screened and it was discovered that the knock-
down of UCA1 decreased the phosphorylation 
levels of c-Met and AXL and the expression of 
protein and mRNA (Figure 3A and 3B). Never- 
theless, other RTKs, such as EGFR, do not pos-
sess UCA1 differences after changing the 
above genes. High c-Met and AXL expression 
were observed in the CR xenografts (Figure 
3C).

Next, we investigated whether c-Met and AXL 
participate in carboplatin resistance mediated 
by UCA1. The recovery of c-Met and AXL repli-
cated the CR phenotype in UCA1 resistant cells 
(Figure 3D, 3E and Supplementary Figure 1). 
On the contrary, the simultaneous downregula-
tion of c-Met and AXL can eliminate the effect 
of UCA1-mediated carboplatin resistance on 
cell viability, and the impact of reducing only 
the two is limited (Figure 3F and Supplementary 
Figure 2). In addition, BMS777607, which is a 
small molecule suppression of c-Met and AXL 
[21], re-sensitising UCA1 excessively express- 
ed cells to carboplatin (Figure 3G). Overall, 
pharmacological and genetic data indicate  
that c-Met and AXL are the causes of UCA1-
mediated carboplatin resistance.

UCA1 functions as a ceRNA for miR-206 to 
facilitate AXL and c-Met expression in RB cells

Previous studies have revealed that UCA1 uti-
lises ceRNAs for specific miRNAs, resulting in 
the release of corresponding miRNA-targeted 
transcripts. To confirm this hypothesis, Y79 
cells were transfected first to effectively block 
miRNA biogenesis by Dicer-specific siRNA. 
Interestingly, the increase in c-Met and AXL 
induced by UCA1 was cancelled with the knock-
down of Dicer (Figure 4A). To demonstrate the 
principal effect of miRNA on the effect, RIP 
analysis was implemented on Ago2, which is 
the core component of the silencing complex 
induced by RNA [22]. UCA1 overexpression in 
Y79 cells led to upregulated Ago2 enrichment 
in UCA1 but markedly downregulated enrich-
ment of c-Met and AXL transcripts (Figure 4B). 
Simultaneously, the knockdown of UCA1 in 
YCR3rd cells caused a significant upregulation 
in Ago2 recruitment of c-Met and AXL tran-
scripts in comparison with control cells (Figure 
4C). These results indicate that UCA1 can com-
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Figure 1. UCA1 is highly expressed in carboplatin-Resistant RB Cells. A. A schematic model of carboplatin resistant Rb cell process was obtained. B. Y79 or WERI-
RB-1 xenografted nude mice were treated with carrier or carboplatin (n = 6). Tumor volume was expressed as mean ± SD. C. CCK8 of carboplatin resistant cells 
and parental cells was measured after treatment with carboplatin at the indicated concentration. D. Colony formation test of carboplatin resistant cells and parent 
cells after treatment in 12 well dishes for 3 weeks. E. Heat map displays thr microarray data of parental and CR cells. F. Differential lncrna (fold change > 5) was 
measured through qRT-PCR, *P < 0.05. 
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pete with c-Met and AXL transcripts for inhibi-
tory complexes induced by miRNAs based on 
Ago2. 

Next, we investigated UCA1 distribution in RB 
cells. The results suggested that in Y79 cells, 
UCA1 was present in both the nucleus and 
cytoplasm; however, the proportion of UCA1 in 
the nucleus was much lower than that in the 
cytoplasm (Figure 4D). Moreover, we searched 
for miRNAs containing UCA1 complementary 
base pairs using Starbase v2.0. Bioinformatics 
analyses revealed that UCA1 shared the miRNA 
response element (MRE) of miR-206 and the 
3’UTR of c-Met and AXL (Figure 4E). In addition, 
a comparable copy number of UCA1 and miR-
206 was detected in each CR cell (Figure 4F 
and 4G), which is significant for the cerNa- 
mirNA interactions. Transfection with miR-206 
mimics markedly suppressed the luciferase 
activity of psiCHECK-UCA1/WT, and psiCHECK-
UCA1/MUT did not respond to miR-206 mimics 
(Figure 4H and 4I). These results suggest that 
UCA1 contains functional miR-206 binding 
sites.

In addition, the inhibition of miR-206 with miR-
206 inhibitors was sufficient to restore carbo-
platin resistance after UCA1 knockdown (Fig- 
ure 5A and 5B). In contrast, the use of the miR-
206 simulant eliminated the carboplatin resist-
ance mediated by UCA1 (Figure 5C and 5D). 
Next, we investigated whether UCA1-mediated 
miR-206 isolation was associated with the up- 
regulation of c-Met and AXL. A pGL3 reporter 
involving mutant (MUT) or wild-type miR-206 
MRE and c-Met or Axl 3’UTR was established 
(Figure 5E). After the knockdown of UCA1, the 
luciferase activity of c-Met and AXL reporter 
was downregulated, which was reduced by miR-
206 suppression, whereas the MUT reporter 
luciferase activity remained unchanged (Fig- 
ure 5F). Conversely, after transfection with 
pcDNA3.1-UCA1, the luciferase activity of c-Met 
and AXL wild-type reporters was upregulated in 
a dose-dependent manner, whereas the over-
expression of miR-206 eliminated this effect 
(Figure 5G). These outcomes were further dem-

onstrated at the protein and RNA levels of 
c-Met and AXL (Figure 5H and 5I). In conclu-
sion, these findings suggest that UCA1, as a 
molecular sponge of miR-206, facilitates c-Met 
and AXL expression. 

Targeting UCA1 restores carboplatin response 
in RB

To assess the therapeutic potential of UCA1  
in CR RB in vivo, we used a modified LNA target-
ing UCA1 in an in situ Y79CR-RLUC cell xeno-
graft model. Bioluminescence imaging reveal- 
ed that the therapeutic UCA1 LNA can restore 
the sensitivity of Y79CR-RLUC xenografts to 
concurrent carboplatin therapy. After 28 days, 
the treatment was completed; however, tumour 
regeneration was not observed even after 42 
days in the combined group (Figure 6A-C). This 
was related to the remarkably longer survival  
of the mice (Figure 6D). Furthermore, LNA-
mediated UCA1 knockdown and reduced AXL 
and C-Met levels were confirmed by qRT-PCR 
analysis (Figure 6E). Because c-Met and AXL 
are associated with carboplatin resistance 
mediated by UCA1, BMS777607 was studied in 
vivo. BMS777607 combined with carboplatin 
significantly inhibited the growth of CR xeno-
grafts although neither of them alone resulted 
in growth inhibition (Figure 6F). Taken together, 
these data indicate that AXL or UCA1 together 
with C-Met may be employed as latent thera-
peutic targets for eliminating resistance to car-
boplatin therapy in patients with RB.

Discussion

Carboplatin is a common chemotherapeutic 
drug for RB; however, carboplatin resistance in 
patients with RB is still the main obstacle to  
the success of chemotherapy [23, 24]. In- 
creasing evidence indicates that the abnormal 
expression of lncRNA is involved in the chem-
oresistance of cancer and provides new in- 
sights into tumour progression biology [25]. 
Recently, UCA1 was found to be upregulated in 
different types of cancer and to play a key role 
in chemoresistance [26]. Here, we focused on 

Figure 2. UCA1 is required for carboplatin Resistance of RB. A. qRT-PCR was applied for detecting the UCA1 silenc-
ing efficiency in CR cells. B. CCK8 detection of CR and UCA1-knockdown cells treated with carboplatin at specific 
concentrations (n = 3). *P < 0.05. C. Colony formation tests of UCA1 knockdown and control carboplatin resistant 
cells treated with carboplatin in 12-well petri dishes for 3 weeks. D, E. Apoptosis was detected by flow cytometry. F. 
Subcutaneous xenotransplantation of UCA1 knockdown and control carboplatin resistant cells was performed in 
nude mice treated with carboplatin (n = 6). *P < 0.05.
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the mechanism of carboplatin resistance in RB 
cells mediated by UCA1. The results of our 
study indicated that UCA1 was significantly 
upregulated in CR RB cells. In addition, UCA1 
gene knockdown reduced carboplatin resist-
ance in CR RB cells. In particular, our results 
also revealed that the activation of alternative 

RTKs was associated with UCA1-mediated car-
boplatin resistance. Consistent with our re- 
sults, UCA1 is upregulated in gemcitabine- or 
cisplatin-resistant bladder cancer cells, and 
forced UCA1 expression induces chemical 
resistance by facilitating cell proliferation and 
suppressing cell apoptosis.

Figure 3. AXL and c-Met are key for UCA1-Mediated carboplatin resistance. A. The c-Met, AXL, and EGFR expressions 
together with their phosphorylated forms were detected by Western blot. B. qRT-PCR assay of c-Met and AXL in UCA1 
gene down regulated and control carboplatin resistant RB cells (n = 3). *p is less than 0.05. C. qRT-PCR assay of c-
Met and AXL in control and carboplatin resistant RB cells. D. CCK8 assay of YCR3rd or WCR3rd cells transfected with 
shUCA1 or p-c-Met and p-AXL at the specified concentration of carboplatin (n = 3). E. UCA1- knockdown and control 
YCR3rd or WCR3rd cells were transfected in 12 well dishes for 3 weeks (n = 3). F. The overexpression of UCA1 trans-
fected with indicator plasmid and the IC50 of carboplatin in control RB cells were measured by CCK8 method (n = 
3). *P < 0.05. G. Over expressing UCA1 and control RB cells were treated with carboplatin or BMS777607 (1 mm) 
and cultured in 12 well dishes for 3 weeks (n = 3). *P < 0.05.

Figure 4. UCA1 Functions as a ceRNA for miR-206. A. Western blot detection of specific proteins in the Y79 cells 
transfected by Dicer specific UCA1 and siRNAs. B. RIP detection of Ago2 enrichment on the transcripts of c-Met, AXL, 
and UCA1 relative to IgG in the Y79 cells transfected via UCA1 and Control. C. RIP analysis of the Ago2 enrichment 
on the transcripts of c-Met, AXL, UCA1 relative to IgG in the YCR3rd cells transfected through shUCA1 and Control. 
D. qRT-PCR assay of the levels of UCA1 cytoplasmic and nuclear expression in the Y79 cells. U6 and GAPDH was 
employed as the nucleus marker and cytosol marker. E. Putative miR-206 MREs in the 3’UTR of c-Met, AXL and 
UCA1. The seed sequences are shown in bold and mutant sequences shown in red. F and G. qPCR analysis of the 
copy numbers of UCA1 and miR-206 in carboplatin-resistant and parental RB cells (n = 3). H, I. Luciferase activity 
in YCR3rd or WCR3rd cells co-transfected via luciferase reporters and miR-206 mimics involving nothing, UCA1 mut 
or UCA1 wt transcripts. **P < 0.01. 
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lncRNAs interact with miRNAs to play the role  
of ceRNAs and regulate the inhibition of miRNA 
targets [27-29]. There is increasing evidence 
that UCA1 acts as an oncogenic lncRNA by 
interacting with and inhibiting tumour-suppres-
sor miRNAs such as miR-135a [30], miR-203 
[31] and miR-204-5p [32]. Based on bioinfor-
matics and luciferase reports, we identified the 
binding site of tumour-inhibiting miR-206 in 
UCA1 and the 3’UTR of c-Met and AXL. 
Importantly, we observed that the introduction 
of miR-206 simulators eliminated UCA1-me- 
diated carboplatin resistance in RB cells. Our 
observations are consistent with a recently 
published report suggesting that UCA1 pro-
motes cisplatin resistance via the miR-184- 
SF1 pathway in oral squamous cell carcinoma. 

Similar to miR-184, it has also been reported 
that miR-184 is a negative regulator of tumour 
suppressor genes and drug resistance. There- 
fore, UCA1 may act as an oncogene by adsorb-
ing drug-resistant miRNAs.

Elucidating the molecular basis of carboplatin 
resistance is helpful in developing reasonably 
designed combination therapies that block 
compensatory signalling pathways [33-35]. Our 
results show that in orthotopic xenotransplan-
tation and PDX models, the inhibition of UCA1 
by LNA makes CR RB cells sensitive to carbo-
platin, which indicates that lncRNA-targeted 
treatment can be applied as an efficient meth-
od for treating CR RB. We also provide eviden- 
ce of the use of c-Met and AXL inhibitors (UCA1 

Figure 5. UCA1 functions as a ceRNA for miR-206 to facilitate expression of AXL and c-Met. A. CCK8 detection of 
RB transfected through miR-206 and shUCA1 suppression after treating with carboplatin at specific concentrations 
(n = 3). *P is less than 0.05. B. Colony generation detection of control and UCA1-knockdown cells transfected via 
miR-206 suppression with the treatment of carboplatin in 12-well dish for three weeks (n = 3). *P is less than 0.05. 
C. CCK8 analysis of RB cells transfected by miR-206 and UCA1 mimics upon treatment of carboplatin at specific 
concentrations (n = 3). *P < 0.05. D. Colony generation analysis of control and UCA1-overexpressing RB cells trans-
fected by miR-206 mimics after treated with carboplatin in 12-well dish for three weeks (n = 3). *P < 0.05. E. Puta-
tive miR-206 MREs in the 3’UTR of c-Met and AXL. The seed sequences are shown in bold and mutant sequences 
shown in red. F, G. The luciferase activity of pGL3 reporters which involved c-MET 3’UTR and mut or wild-type (miR-
206 MREs) AXL with specific treatment in the RB cells (n = 3). *P < 0.05. H. Western blot detection of c-Met and AXL 
in RB cells transfected by shUCA1 or control together with miR-206 suppression. I. qRT-PCR assay of c-MET and AXL 
in RB cells transfected via shUCA1 or control together with miR-206 suppression. *P < 0.05. 

Figure 6. UCA1-knockdown Restores Carboplatin Response in vivo. (A-C) Orthotopic xenotransplantation of YCR3rd 
cells from nude mice was performed by intravenous injection of Scramble or UCA1 LNA twice weekly and oral 
administration of solvent or carboplatin daily (n = 6). Representative bioluminescence image (A), Tumor volume 
(B), quantization of bioluminescence imaging signal intensity (C), *P < 0.05. (D) Show the survival rate of mice in 
indicator group. (E) qRT-PCR analysis of specified transcripts from YCR3rd-luC xenograft after specified treatment (n 
= 6). *P < 0.05. (F) YCR3rd cells were subcutaneously transplanted into nude mice, and carrier or carboplatin and 
BMS777607 were taken orally daily. Tumor volume (n = 6). *P < 0.05.
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downstream effectors) to restore UCA1-medi- 
ated carboplatin resistance. According to our 
study, CR RB treatment with locking nucleic 
acid targeting the suppression of c-Met and 
AXL can restore the carboplatin reaction. The- 
se outcomes reinforce the concept that carbo-
platin resistance can be overcome by combina-
tion therapy targeting specific drug resistance 
mechanisms.

In conclusion, our results provide insights into 
the mechanism, emphasising that UCA1 may 
upregulate the expression of its target genes, 
c-Met and AXL, in RB by utilising as the ceRNA 
of miR-206 to facilitate carboplatin resistance. 
In addition, in drug-resistant retinal cell lines, in 
vivo experiments showed that only UCA1 LNA 
had no effect on carboplatin resistance of drug-
resistant cells, suggesting that other mecha-
nisms of UCA1 affecting carboplatin resistance 
of drug-resistant cell lines need to be further 
explored. This study demonstrates the effect of 
UCA1 in RB chemotherapy resistance, reveal-
ing that UCA1 can be applied as a new marker 
of carboplatin adverse reactions and an under-
lying therapeutic target of RB chemotherapy.
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Supplementary Figure 1. A, B. The expression of c-Met and AXL protein were detected by Western blot,and the ex-
pression of UCA1 was detected by qRT-PCR.
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Supplementary Figure 2. A, B. The expression of c-Met and AXL protein were detected by Western blot,and the ex-
pression of UCA1 was detected by qRT-PCR.


