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Background: Retinoblastoma (RB) is a common malignancy in children eyes. Aberrant
microRNA (miR) expression is observed in many cancer cases. miR-515-5p is reported to be
concerned with the course of many cancers. This study explores the role of miR-515-5p in
proliferation and drug sensitivity of RB cells.

Methods: Human RB cell lines (WERI-RB1, SO-RB50 and Y79) and human retinal
pigment epithelial cell line ARPE-19 were utilized in this study. Drug-resistant cells SO-
RB50/VCR and SO-RB50/CBP were constructed for the following experiments. The expres-
sions of miR-515-5p and Notchl in RB cells were detected. Notchl was significantly
upregulated in RB cells while miR-515-5p was notably downregulated. Then, the binding
relationship between miR-515-5p and Notchl was predicted and verified.

Results: miR-515-5p negatively regulated Notchl expression. In vitro and in vivo experi-
ments revealed that overexpressed miR-515-5p inhibited RB cell proliferation and enhanced
drug sensitivity. Functional rescue experiment suggested that miR-515-5p regulated RB cell
proliferation and drug sensitivity via inhibiting Notchl expression.

Conclusion: It could be concluded that overexpressed miR-515-5p suppressed proliferation
and drug resistance of RB cells by targeting Notchl expression, indicating that miR-515-5p
might constitute a promising therapy target for RB.
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Introduction

Retinoblastoma (RB) belongs to a kind of malignant tumor caused by imma-
ture cells in the retina of one or both eyes, which usually occurs in children
under 5 years old." RB is a highly malignant ocular tumor with a low survival
rate and a high metastasis rate.” The clinical symptoms of RB are marked by
pupil abnormality, vision decline, leukocoria, red and irritated eyes, growth
retardation or retardation.® The knowledge of chemotherapy pharmacokinetics
may be helpful to guide the safety and efficacy of RB treatment.* Currently,
the major treatments for RB include enucleation, radiotherapy, chemotherapy
and focal therapies.” Delivery of chemotherapeutic drugs to ophthalmic artery
for the therapy of RB has greatly improved the efficacy of this fatal but
curable ophthalmic cancer.® However, the clinical application of RB first-line
drugs is severely limited because of acquired drug resistance in long-term
treatment.” Multidrug resistance is a primary obstacle limiting the overall
survival of patients, particularly for children, since solid tumors account for
approximately 30% of all childhood cancers.® Cellular drug resistance repre-
sents a multi-causes phenomenon, concerning many biological molecules and
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interrelated pathways.” In short, RB still poses
a considerable threat to children’ health and quality
of life. Therefore, further elucidating the mechanism
of drug resistance of RB cells remains the urgent issue
to be solved in oncology to improve the therapy
response of RB patients.

Notchl plays a vital part in cell proliferation, differ-
entiation and apoptosis, and Notchl dysregulation can
bring about tumorigenesis.'® Chen et al show that color-
ectal cancer cell growth and aggressiveness are pro-
moted by activation of Notchl.'" More importantly, it
is reported that inhibition of Notchl can suppress the
malignant development of RB.'? Emerging evidences
has demonstrated that the effect of Notchl on human
diseases is realized by cooperating with microRNAs
(miRs)."*™'® For example, miR-34a inhibits the prolif-
eration and promotes the chemosensitivity of RB cells
by downregulating Notch1 expression.'® miRs are endo-
genous non-coding RNAs that regulate protein-coding
genes post-transcriptionally.'”” Much information has
obtained about the key role of miRs in tumor develop-
ment and drug resistance.'® For instance, Wan et al
reveal that miR-25-3p promotes malignant transforma-
tion of RB cells by inhibiting PTEN." Studies have
reported the anti-cancer effect of miR-515-5p.%%*!
miR-515 expression is decreased significantly in RB
cells and miR-515 overexpression inhibits the activity
of RB cells.?? Based on the previous findings, we inves-
tigated the role of miR-515-5p and Notchl in the malig-
nant transformation and drug resistance of RB cells,
which shall shed lights on the targeted gene therapy
for RB.

Materials and Methods

Cell Line and Culture®*?*

Human RB cell line (WERI-RBI1, SO-Rb50 and Y79)
and human normal retinal pigment epithelium vascular
endothelial cell line ACBRI-181 were obtained from
American Type Culture Collection (Manassas, Virginia,
USA). Cells were cultured in Roswell Park Memorial
Institute-1640 medium (HyClone, Logan, UT, USA)
added with 10% heat-inactivated fetal bovine serum
(FBS) (Life Technologies, Gaithersburg, MD, USA),
100 U/mL penicillin and 100 pg/mL streptomycin
(Beyotime Biotechnology Co. Ltd., Shanghai, China)
in humidified air at 37°C with 5% CO,. SO-RB50 cells

were exposed to increased doses of vincristine (VCR)
(Solarbio, Beijing, China) and carboplatin (CBP)
(Sigma-Aldrich, Merck KGaA, Darmstadt, Germany),
respectively, to generate anti-VCR SO-RB50 (SO-
RB50/VCR) and anti-CBP SO-RB50 (SO-RB50/CBP).
SO-RB50/VCR and SO-RB50/CBP cell culture media
were added with 200 ng/mL VCR and 1.0 mg/mL to

maintain drug resistance.

Cell Transfection?®>?°

miR-515-5p mimic and miR negative control (miR-NC)
were synthesized by GenePharma (Shanghai, China).
Notchl was cloned into pcDNA3.1 vector (Invitrogen,
Carlsbad, CA, USA; Thermo Fisher Scientific Inc.,
Waltham, MA, USA) to generate overexpressed vector
of pcDNA-Notch 1. The wild type (WT) vectors
(Notch1-WT) and the mutant type (MUT) vectors
(Notch1-MUT) containing miR-515-5p binding site
were constructed and then cloned to the downstream
of pmirGLO promoter vector (Promega, Madison, WI,
USA). The cells in logarithmic growth phase were
seeded into 6-well plates at the density of 2 x 10°
cells/well. The culture medium was free of antibiotics
and cultured in a cell incubator with 5% CO, and 37°
C. When cell confluence reached 70%-80%, RNA oli-
gonucleotides were transfected into cells using the
Lipofectamine 2000™ (Invitrogen). The subsequent
48 hours of

experiments were performed after

transfection.

Dual-Luciferase Reporter Gene Assay™’
The targeting relationship between miR-515-5p and
Notchl was predicted by Targetscan (http://www.targets

can.org/vert71/) and miRNAmap (http://mirnamap.mbec.

nctu.edu.tw/). The Notchl fragment containing miR-515-
5p binding site was cloned to the pmirGLO vector
(Promega). Subsequently, the Notch1-WT vectors and the
Notch1-MUT vectors were co-transfected with miR-515-
5p mimic or miR-NC into HEK-293T cells using the
Lipofectamine 2000™ (Invitrogen). Luciferase activity
was detected after 48 hours of transfection by dual-
luciferase reporter gene assay system (Promega), and the
relative activity was calculated as the ratio of luciferase
activity of firefly to that of renilla. The experiment was
conducted 3 times.
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Reverse Transcription Quantitative

Polymerase Chain Reaction
(RT-qPCR)**%’

Total RNA of cells was extracted using the TRIzol reagent
(15596026, Invitrogen). Next, miR and mRNA were rever-
sely transcribed into cDNA using the TagMan™ microRNA
reverse transcription kit (Applied Biosystems, Foster City,
CA, USA) and the PrimeScript-RT reagent kit (Takara,
Dalian, China). The qPCR was performed using ABI 7500
quantitative PCR instrument (Applied Biosystems) on the
instructions of SYBR® Premix Ex Tap™ II (Perfect Real
Time) kit (DRRO81, Takara, Japan). The reaction system
included 10 pL SYBR®™ Premix Ex Taq"™ II, 0.8 uL forward
primers, 0.8 uL reverse primers, 0.4 pL. ROX Reference Dye
I, 2 uLL. cDNA and 6 pLL ddH,0. PCR was performed on the
following conditions: pre-denaturation at 95°C for 10 min-
utes; 40 cycles of denaturing at 95°C for 15 seconds and
annealing at 60°C for 1 minute. Three duplicated wells were
set in each sample and the Ct value of each well was
recorded. The relative expression of miR and mRNA was
AACt method, with U6 and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) acting as the internal

calculated by 2™

reference. Primers (Table 1) were synthesized by Sangon
Biotech Co., Ltd, (Shanghai, China).

Western Blot®’

At 48 h post transfection, the cells were seeded into
a 6-well plate and treated under the specified conditions.
Then, cells were lysed in the radio-immunoprecipitation
assay buffer (P0O013B, Beyotime). Equal amount of protein
was separated on sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred onto polyvinylidene
difluoride membranes (Bio-Rad Laboratories, Hercules,
CA, USA). The membranes were blocked with 5% skim
milk, washed by tris buffered saline tween and incubated
with primary antibodies at 4°C overnight: Notchl (#3608,

Table | Primer Sequence for RT-qPCR

Gene Sequence

miR-515-5p F: 5-CGGGTTCTCCAAAAGAAAGCA-3’
R: 5'-CAGCCACAAAAGAGCACAAT-3
ué F: 5-CTCGCTTCGGCAGCACA-3’

R: 5'-AACGCTTCACGAATTTGCGT-3’

Notch | F: 5-AGGCATCATGCATGTCAAAC-3
R: 5-TGTGTTGCTGGAGCATCTTC-3’
f-actin F: 5-CTTAGTTGCGTTACACCCTTTCTTG-3

R: 5'-CTGTCACCTTCACCGTTCCAGTTT-3

1:1000, Cell Signaling Technology, Beverly, MA, USA)
and B-actin (#4970, 1:1000, Cell Signaling Technology).
Afterwards, the membranes were cultured with secondary
antibody horseradish peroxidase (HRP)-conjugated goat
anti-rabbit immunoglobulin G (IgG) H&L (1:2000,
ab205718, Abcam) for 1 hour. Subsequently, the mem-
branes were developed and visualized using the enhanced
chemiluminescence reagent (Thermo Scientific Pierce,
Rockford, IL, USA). The protein band was observed
with B-actin acting as the internal reference.
In vitro Chemosensitivity Assay”>**

At 48 h post transfection, the cells were seeded into a 96-
well plate (5%10% cell/well) and then supplemented with
different concentrations of VCR (200 ng/mL, Solarbio),
CBP (1.0 mg/mL, Sigma-Aldrich), etoposide (500 ng/mL,
VP-16, Sigma-Aldrich), cisplatin (1.0 mg/mL, DDP,
Sigma-Aldrich) and 5-fluorouracil (10.0 pg/mL, 5-FU,
Sigma-Aldrich). Cell counting kit-8 (CCK-8) assay was
employed to test cell viability after 48 hours. The half
maximal inhibitory concentration (IC50) of each drug
was evaluated and the drug resistance index was calcu-
lated: drug resistance index = IC50 (RB cell/drug-resistant
cell)/IC50 (RB cell/parent cell).

CCK-8 Assay**?®

At 48 h post transfection, the cells were seeded into a 96-
well plate (5x10° cells/well) and then cultured overnight.
Then, the cells were cultured with 10 pL. CCK-8 solution
(C0039, Beyotime) for 2 hours at 37°C. The optical den-
sity (OD) at a wavelength of 450 nm of each well was
evaluated using the microplate reader (BioTek Instruments
Inc., Winooski, VT, USA). Cell survival/proliferation was
evaluated by subtracting the absorbance of the blank well
from the OD of the test well.
Colony Formation Assay**?®

At 48 h post transfection, cells were seeded into
a 6-well plate at 1x10° cells/well at 37°C for 2
weeks. The supernatant was discarded and washed
with PBS for 3 times. Then, the cells were fixed with
methanol for 15 min and stained with 0.1% crystal
violet solution (1 mg/mL, Sigma-Aldrich) for 20 min.
The residual dyes were washed by PBS and dried
naturally. The cell colonies were counted under the
inverted microscope (Shanghai Optical Instrument
Co., Ltd, Shanghai, China). The experiment was inde-
pendently performed three times.
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Xenograft Tumor in Nude Mice**?’

Human miR-515-5p precursor (GenePharma) was
synthesized and cloned into pSuper-green fluorescent
protein (GFP)-Luciferase (Luc) (pSuper-GFP-Luc). SO-
RB50 cell line stably transfected with pSuper-GFP-Luc
(pSuper) or pSuper-GFP-Luc-miR-515-5p (pSuper-miR
-515-5p) was constructed by G418 (Sigma-Aldrich)
selection.”” Then, 5 x 10° cells were subcutaneously
seeded into S5-week-old female BALB/C nude mice
(Chinese Academy of Sciences, Shanghai, China). The
nude mice were assigned into 7 groups (6 mice in each
group): Control group (injected with SO-RB50 cells),
pSuper group (injected with SO-RB50 cells transfected
with  pSuper-GFP-Luc), pSuper-miR-515-5p group
(injected with SO-RBS50 cells transfected with pSuper-
GFP-Luc-miR-515-5p), pSuper+VCR group (injected
with SO-RB50 cells transfected with pSuper-GFP-Luc,
and treated with VCR), pSuper-miR-515-5p+VCR group
(injected with SO-RBS50 cells transfected with pSuper-
GFP-Luc-miR-515-5p, and treated with VCR), pSuper
+CBP group (injected with SO-RB50 cells transfected
with pSuper-GFP-Luc, and treated with CBP), and
pSuper-miR-515-5p+CBP group (injected with SO-
RB50 cells transfected with pSuper-GFP-Luc-miR-515-
S5p, and treated with CBP). One week after injection,
VCR (1.0 mg/kg) or CBP (50 mg/kg) was injected
intraperitoneally into each mouse twice a week. Four
weeks later, the nude mice were euthanized by an intra-
peritoneal injection of excessive pentobarbital sodium.
Thereafter, the tumors were dissected and weighed for
immunohistochemistry.

Immunohistochemistry

The tumor specimens were fixed in 4% paraformalde-
hyde solution and embedded in paraffin and sliced. The
sections were routinely dewaxed and washed twice with
PBS for 2 min each time. The citrate (pH=6.0) and high
pressure steam were used to repair the antigen. The
sections were incubated in 3% H,O, for 10-15 rain to
reduce the specific background staining caused by endo-
genous peroxidase, following three PBS washes for 2
min each time. Ki67 (ab16667, 1:200, Abcam) and
Notchl (ab52627, 1:150, Abcam) were added to the
sections, incubated at 37°C for 3 h, and washed 5
times with PBS, 2 min each time. Next, HRP-labeled
goat anti-rabbit IgG secondary antibody (ab224426,

1:50, Abcam) was added into the sections and incubated
at 37°C for 10-15 min, and then washed 5 times with
PBS, 2 min each time. Sections were stained with
2,4-diaminobutyric acid for 3—5 min, rinsed with tap
water for 3 min, washed with distilled water once,
counterstained with hematoxylin, washed with running
water, dehydrated, cleared and sealed. In the negative
control group, PBS was used instead of the primary
antibody. Two independent pathologists read the film
blindly. Ki67 and Notchl staining scores were calcu-
lated as the product of staining intensity and percentage,
and the staining intensity was divided into four grades
(no staining 0, weak staining 1, moderate staining 2,
strong staining 3). The percentage of positive cells was
divided into four grades: 0 (0%), 1 (1%-25%), 2 (26%-
50%), 3 (51%-75%) and 4 (76%-100%).>°

Statistical Analysis

Data analysis was introduced using the SPSS 21.0 (IBM
Corp., Armonk, NY, USA). Data are expressed as mean +
standard deviation. The ¢ test was adopted for analysis of
comparisons between two groups. One-way analysis of
variance (ANOVA) or two-way ANOVA was employed
for the comparisons among multiple groups, and Tukey’s
multiple comparison test was applied for the post hoc test
after ANOVA. The p value was obtained from a two-tailed
test, and p < 0.05 meant statistically significant.

Results
Notch| Was Upregulated in RB Cells and
miR-515-5p Inhibited Notch | Expression

Notchl was reported to involve in the malignant pheno-
type of RB'**' and chemosensitivity of multiple
tumors.*>° The results of RT-qPCR and Western blot
showed that Notchl was significantly upregulated in RB
cells (p < 0.05) (Figure 1A and B). However, the upstream
miR regulating Notchl expression remained unclear. We
predicted the 56 wupstream miRs of Notchl using
miRNAmap and 550 miRs using TargetScan. Venn map
was drawn on the online website (http://bioinformatics.

psb.ugent.be/webtools/Venn/). After taking the intersec-

tion, it was found that only miR-515-5p targeted Notchl
(Figure 1C). The target binding site of miR-515-5p and
Notchl was shown in Figure 1D. The dual-luciferase
reporter gene assay further showed that miR-515-5p
mimic significantly reduced the luciferase activity of the
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Figure I miR-515-5p was the upstream miR of Notchl. (A) Notchl mRNA expression in RB cells was detected using RT-qPCR; (B) Notch| protein level in RB cells was
detected using Western blot; (C) Venn diagram of the upstream miRs of Notch| predicted by miRNAmap and TargetScan; (D) The binding site of miR-515-5p and Notchl|
3'UTR was predicted by TargetScan; (E) The target binding relationship between miR-515-5p and Notch| was verified using dual-luciferase reporter gene assay. Each
experiment was repeated for three times independently. Data are presented as mean * standard deviation. The t test was adopted for analysis of comparisons between two
groups. One-way ANOVA was employed for the comparisons among multiple groups and Tukey’s multiple comparison test was applied for the post hoc test, **p < 0.01,

#kp < 0,001,

Abbreviations: NS, no significant; NC, negative control; RB, retinoblastoma; RT-qPCR, reverse transcription quantitative polymerase chain reaction; ANOVA, analysis of

variance.

Notch1-WT group (p < 0.05), while the luciferase activity
of the Notch1-MUT group did not change (Figure 1E). It
was suggested that there might be a direct interaction
between miR-515-5p and Notchl in RB.

miR-515-5p Was Downregulated in RB
Cells and Overexpression of miR-515-5p
Inhibited RB Cell Proliferation

miR-515-5p expression was downregulated in RB cell
lines, especially in SO-RB50 cells (all p < 0.05) (Figure
2A). To determine the function of miR-515-5p in RB, we
transfected miR-515-5p mimic into SO-RB50 cells. After
overexpression of miR-515-5p, miR-515-5p expression in
SO-RB50 cells was significantly upregulated, and Notchl
expression was downregulated (all p < 0.05) (Figure 2B
and C). The results of CCK-8 assay (Figure 2D) and
colony formation assay (Figure 2E) revealed that the

proliferation ability of SO-RB50 cells in the miR-515-5p
mimic group was dramatically lower than that in the
mimic NC group (p < 0.05). These results indicated that
overexpressed miR-515-5p notably inhibited RB cell
proliferation.

miR-515-5p Enhanced Drug Sensitivity

in vivo

To determine the function of miR-515-5p in drug sensi-
tivity in vivo, we injected SO-RB50 cells with stable
and miR-515-5p (pSuper-miR-515-5p) into mice subcu-
taneously, followed by VCR or CBP treatment. RT-PCR
confirmed that miR-515-5p was upregulated by 21.5
folds (p < 0.05) in cells stably expressing miR-515-5p
(Figure 3A). Under the VCR and CBP treatment, the
tumor growth rate of mice in the pSuper group was
notably faster than that in the pSuper-miR-515-5p
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Figure 2 miR-515-5p inhibited SO-RB50 cell proliferation. (A) Expression of miR-515-5p in RB cells was detected using RT-qPCR; (B) Expressions of miR-515-5p and
Notchl mRNA in SO-RB50 cells after overexpression of miR-515-5p were detected using RT-qPCR; (C) Notch| protein level in SO-RB50 cells after overexpression of miR-
515-5p was detected using Western blot; (D and E) The proliferation ability of SO-RB50 cells after overexpression of miR-515-5p was detected using CCK-8 assay and
colony formation assay. Each experiment was repeated for three times independently. Data are presented as mean * standard deviation. The t test was adopted for analysis
of comparisons between two groups. One-way ANOVA was employed for the comparisons among multiple groups and Tukey’s multiple comparison test was applied for the

post hoc test, *p < 0.05, *p < 0.01, ***p < 0.001.

Abbreviations: NC, negative control; RB, retinoblastoma; OD, optical density; RT-qPCR, reverse transcription quantitative polymerase chain reaction; ANOVA, analysis of

variance.

group (p < 0.05) (Figure 3B). Four weeks later, the
tumors of nude mice after injection of SO-RB50 cells
stably transfected with overexpressing miR-515-5p were
shown in Figure 3C. The average weight of tumors of
mice in the pSuper-miR-515-5p group was dramatically
lower than that in the pSuper group (all p < 0.05)
(Figure 3D). Notch 1 was positively expressed in the
cytoplasm and nucleus, and Ki67 was located in the
The
L and Ki67 in pSuper-miR-515-5p group were signifi-

nucleus. immunohistochemical scores of Notch
cantly lower than those in pSuper group. After VCR and
CBP treatment, the effect of pSuper-miR-515-5p on
Notchl and Ki67 was enhanced (Figure 3E). These
results indicated that overexpression of miR-515-5p sig-
nificantly inhibited the growth of RB and enhanced

multidrug resistance in vivo.

miR-515-5p Enhanced Drug Sensitivity

in vitro

To define the function of miR-515-5p in chemotherapeu-
tic drug sensitivity of RB cells, we exposed SO-RB50
cells to increased doses of VCR or CBP to construct two
drug-resistant cell lines, SO-RB50/VCR and SO-RBS50
/CBP (Figure 4A, attached Figure 1). miR-515-5p
expression in SO-RB50/VCR cells and SO-RB50/CBP
cells was 70% and 53% lower than that in SO-RB50
cells, respectively (Figure 4B). Then, the drug sensitivity
was evaluated by transfection of miR-515-5p mimic into
SO-RB50/VCR and SO-RB50/CBP cells. RT-qPCR ver-
ified that miR-515-5p expression was significantly pro-
moted (both p < 0.05) (Figure 4C). The drug resistance
index of the miR-515-5p mimic group was notably lower
than that of the mimic NC group (all p < 0.05), which
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Figure 3 miR-515-5p enhanced drug sensitivity in vivo. (A) Relative expression of miR-515-5p in SO-RB50 cells stably expressing miR-515-5p was detected using RT-qPCR;
(B) Effect of VCR or CBP on tumor volume in nude mice; (C) A representative image of tumors in nude mice 4 weeks after injection of SO-RB50 cells stably overexpressing
miR-515-5p; (D) Effect of VCR or CBP on tumor weight in nude mice; (E) Immunohistochemistry was used to detect the expression of Notch| and Ki67 in tumor tissues of
nude mice. N = 6. Data are presented as mean * standard deviation. The t test was adopted for analysis of comparisons between two groups. One-way ANOVA was
employed for the comparisons among multiple groups and Tukey’s multiple comparison test was applied for the post hoc test, **p < 0.01, ***p < 0.001.

Abbreviations: VCR, vincristine; CBP, carboplatin; RT-qPCR, reverse transcription quantitative polymerase chain reaction.

indicated that the drug sensitivity of the miR-515-5p
mimic group increased (Figure 4D and E, attached
Table 1).
enhanced the drug sensitivity of RB cells.

Overexpressed miR-515-5p significantly

miR-515-5p Inhibited RB Cell

Proliferation via Downregulating Notch|

The pcDNA-Notchl with miR-515-5p mimic or miR-NC
into SO-RB50 cells to verify the role of Notchl in RB cell
proliferation. Notchl expression in miR-515-5p mimic +
pcDNA-Notchl cells was significantly higher than that in
miR-515-5p mimic + pcDNA cells (all p < 0.05) (Figure
5A and B). Overexpressed Notchl attenuated the inhibi-

tory effect of miR-515-5p on SO-RBS50 cell proliferation
(all p <0.05) (Figure 5C and D).

miR-515-5p Promoted Drug Sensitivity of
RB Cells via Downregulating Notch
SO-RB50/VCR and SO-RBS50/CBP cells were cotrans-
fected with pcDNA-Notchl and miR-515-5p mimic or
miR-NC. Notchl expression was significantly increased
in cells transfected with pcDNA-Notchl (all p < 0.05)
(Figure 6A and B). In vitro experiment further showed
that overexpressed Notchl weakened the promoting effect
of miR-515-5p on drug sensitivity (all p < 0.05) (Figure
6C and D, attached Table 1).
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Figure 4 miR-515-5p enhanced drug sensitivity in vitro. (A) The drug resistance index

of VCR, CBP, DDP, VP-16 and 5-Fu in SO-RB50/VCR and SO-RB50/CBP cells; (B)

Expression of miR-515-5p in SO-RB50/VCR, SO-RB50/CBP and SO-RB50 cells was detected using RT-qPCR; (C) Expression of miR-515-5p in SO-RB50/VCR and SO-RB50

/CBP cells after overexpression of miR-515-5p was detected using RT-qPCR; (D and E)

SO-RB50 cell proliferation after overexpression of miR-515-5p was detected using

CCK-8 assay and colony formation assay. Each experiment was repeated for three times independently. Data are presented as mean * standard deviation. The t test was
adopted for analysis of comparisons between two groups. One-way ANOVA was employed for the comparisons among multiple groups and Tukey’s multiple comparison test

was applied for the post hoc test, *p < 0.05, *p < 0.01, ***p < 0.001.

Abbreviations: VCR, vincristine; CBP, carboplatin; DDP, cisplatin; VP-16, etoposide; 5-Fu, 5-fluorouracil; NC, negative control; RT-qPCR, reverse transcription quantitative

polymerase chain reaction; ANOVA, analysis of variance.

Discussion
RB was a kind of intraocular malignant tumor in
children.® If left untreated, RB might deteriorate into
sporadic or hereditary forms, or even be fatal.>’
Chemotherapy had been conducted to ameliorate the
prognosis of patients with RB to a large extent, but
multidrug resistance was still the major obstacle to
improving the overall survival of patients.® Hence, the
researches on the improvement of drug sensitivity were
in urgency to meliorate the clinical survival and prog-
nosis of RB patients. We focused on Notchl and specifi-
cally explored its role in RB cell proliferation and drug
sensitivity. We found that miR-515-5p suppressed RB
cell proliferation and enhanced drug sensitivity by target-
ing Notchl.

It was reported that Notchl contributed to the malig-

nant development of RB.*® Consistently, we found that

Notchl expression was notably upregulated in RB cells.
Emerging evidence had showed that miRs extensively
modulated RB pathological process.”® For instance, Jin
et al showed that miR-101-3p could inhibit the prolifera-
tion of RB cells.*® Zhou et al also demonstrated that miR-
338-5p in the RB

progression.”” Hence, we then explored the upstream

served as role

41

an oncogenic

miR of Notchl in the regulation of proliferation and drug
sensitivity of RB cells. Notchl was predicted to be the
of miR-515-5p by miRNAmap
TargetScan. The target binding relationship between
miR-515-5p and Notchl was further verified using dual-
luciferase reporter gene assay. miR-515-5p had been man-

target gene and

ifested to be a tumor suppressor.*’ A previous study
showed that miR-515-5p had a critical influence on the
progression of human cancers, such as prostate cancer,

lung cancer and breast cancer.”® Lyv et al had also
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Figure 5 miR-515-5p inhibited RB cell proliferation via downregulating Notch|. (A) Expression of Notch] mRNA in SO-RB50 cells of each transfection group was detected
using RT-qPCR; (B) Notchl protein level in SO-RB50 cells of each transfection group was detected using Western blot; (C and D) SO-RB50 cell proliferation of each
transfection group was detected using CCK-8 assay and colony formation assay. Each experiment was repeated for three times independently. Data are presented as mean *
standard deviation. The t test was adopted for analysis of comparisons between two groups, **p < 0.01.

Abbreviations: RB, retinoblastoma; OD, optical density; RT-qPCR, reverse transcription quantitative polymerase chain reaction; ANOVA, analysis of variance.

revealed that miR-515 participated in the progression of
RB.*?> However, the exact role of miR-515-5p in the
course of RB had not been clarified. Our study was the
first to reveal that miR-515-5p expression was downregu-
lated in RB cell line and overexpressed miR-515-5p could
suppress the proliferation of RB cells. We might unveil an
inhibitory role of miR-515-5p in RB progression.

Then, we constructed two drug-resistant cell lines SO-
RB50/VCR and SO-RB50/CBP to determine the role of
miR-515-5p mimic in drug sensitivity of RB cells. In vivo
experiments, SO-RB50 cells stably transfected with
pSuper GFP Luc (pSuper) or pSuper-GFP-Luc-miR-515-
5p (pSuper-miR-515-5p) were subcutaneously injected
into 5-week-old female BALB/c nude mice. One week
later, VCR (1.0 mg/kg) or CBP (50 mg/kg) was injected
intraperitoneally. Both in vitro and in vivo experiments

showed that the enhanced expression of miR-515-5p

could improve the drug sensitivity of RB cells by targeting
Notch. Intriguingly, previous literature had also implied
that miR-515-5p was involved in the bladder cancer cell
proliferation and chemo-resistance.** miR-515-3p was
reported to promote the chemosensitivity of mucinous
ovarian cancer cell to oxaliplatin.*> Furthermore, Notchl
was reported to exert an effect on chemo-resistance and
poor outcome.>” Bai et al showed that inhibition of Notch1
could promote drug sensitivity of ovarian cancer cells.>
Suppression of Notch1 inhibited cell growth and improved
drug sensitivity of breast cancer.>> The combined effect of
miR and Notchl in RB had been published, but the inter-
action between miR-515-5p and Notchl in RB was studied
for the first time. Thereafter, functional rescue experiments
were conducted, which indicated that overexpressing
Notchl attenuated the inhibitory effect of miR-515-5p on
RB cell proliferation and the promotion of drug sensitivity.
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Figure 6 miR-515-5p promoted drug sensitivity of RB cells via downregulating Notch|. (A) Expression of Notchl mRNA in SO-RB50/VCR and SO-RB50/CBP cells of each
transfection group was detected using RT-qPCR; (B) Notch| protein level in SO-RB50/VCR and SO-RB50/CBP cells of each transfection group was detected using Western
blot; (C and D) The drug resistance index of VCR, CBP, DDP, VP-16 and 5-Fu in SO-RB50/VCR and SO-RB50/CBP cells. Each experiment was repeated for three times
independently. Data are presented as mean * standard deviation. The t test was adopted for analysis of comparisons between two groups, *p < 0.05, *p < 0.01.
Abbreviations: VCR, vincristine; CBP, carboplatin; DDP, cisplatin; VP-16, etoposide; 5-Fu, 5-fluorouracil.

Li et al also reported that restoration of Notchl expression
could partially reverse the inhibitory effect of overexpres-
sing miR-433 on RB cell proliferation.'?

Conclusion

To summarize, our study demonstrated that overexpres-
sing miR-515-5p reduced proliferation and drug resis-
tance of RB cells via inhibiting Notch1 expression. The
research on the drug resistance of RB cells was of
great significance to adjust the clinical practice of
chemotherapy. This study might hint the possibility of
miR-515-5p as a potential target for RB patients with
chemoresistance. Considering the limitation of our
experimental technology and funding, we constructed
a subcutaneous retinoblastoma model.?*****®*7 The
microenvironment and its immune response greatly
affect of
Subcutaneous environment vary greatly with intraocu-

proliferation and  survival tumor.
lar space and retina tissue. When the following tech-
nology is mature and the conditions are feasible, we
will establish a xenograft tumor model of vitreous RB
in nude mice to verify the effect of miR-515-5p on RB

in vivo. In the future, we shall conduct more researches

on the feasibility and safety of miR-515-5p in the
treatment of RB, with the aim to transform miR-515-
5p from a gene tool into a clinical means.
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