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Background: MicroRNAs have been reported to participatc§@he initiation 2@l progression of

labeling (TUNEL) staining
number after miR-506 wa

RB cells. Furthermore, dual-luciferase reporter
assay was utilized to confirm' i i ction between miR-506 and SIRT1 gene.

gulated in 20 human RB samples from patients as
WERI-Rb1 and Y79, as compared to that in healthy tissues
ast, the expression of sirtuin 1 (SIRT1), known as NAD-dependent
egulated in RB samples and cell lines. Aberrant reduced miR-506

RB cell proliferation and undermined apoptosis.

usion: The results provided an insight into the role of miR-506 during RB develop-
ment and offered potential pharmaceutical strategy for RB diagnosis.
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Introduction
Retinoblastoma (RB), known as a severe cancer developed in the retina, affects
mainly infants and young children under 5 years. The morbidity ratio remains to be
~1:15,000-1:20,000 and responsible for 2-4% of all childhood malignancy.' A case
report of 2580 based on an epidemiological study was shown in 2015.% Various
cellular agents and molecules were recognized to involve in proliferation, apoptosis
and tumor cell cycle. It is speculated that genetic and epigenetic mutations occur
when oncogenes and tumor suppressor genes induced or suppressed RB progression
and carcinogenesis.>*

MicroRNAs (miRs) are non-coding RNA molecules (length: <22-25 nucleotides)
that exert post-transcriptional effects on the specific gene expression.” Increasing
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evidences indicated the essential character of miRs on dif-
ferent cellular processes, including apoptosis. MiR-506 can
affect cell growth, differentiation, cancer metastasis and
Invasion. Consistently, miR-506 dysregulation investigation
has been reported in various cancer-associated studies. The
variation of upstream factors accompanied with promoter
methylation moderated miR-506 expression.® In human duc-
tal carcinoma cell lines, miR-506 served as a suppressor to
alter Vimentin, CD151 and Snai2 gene expression to regulate
epithelial-mesenchymal transition.” Similar phenomenon
was characterized in HeLa and C33A cells, indicating miR-
506 possessed an inhibition property against human cervical
cancer.® It was also revealed that miR-506 targeted ETSI to
regulate gastric cancer angiogenesis and cell invasion.’
Although miR-506 has been widely investigated in various
tumor studies, researchers rarely probed on its role on eye
cancer. Wu et al exhibited that miR-506-3p was significantly
downregulated in RB tissues and cell lines. Dual-luciferase
reporter assay showed that miR-506-3p directly targeted
mitosis Gene A (NIMA)-related kinase 6 (NEK6) in RB
cells. Enhanced expression of miR-506-3p remarkably sup-
pressed cell proliferation, induced GO/G1 cell cycle phase
arrest and apoptosis in RB cells, which were attenuated by
NEKG6 overexpression using MTT assay, colony format
and flow cytometry analysis.'® Recent investigation h:
demonstrated that knockdown of long-non-cogime

process is still lacking:
As a nicotinagmls

n recent cancer research, it is

served as an oncoprotein or a tumor
suppressor upon disf¥ictive circumstances. For instance, it
enabled to influence on infiltrating immune lymphocytes.'?
Furthermore, an altered expression of SIRT1 led to poor
prognosis of gastric cancer,'® breast cancer'® and soft tissue
sarcoma,'® respectively. Immunohistochemical ~analysis
unraveled a complicated function of SIRT1 in tumorigenesis:
23 of 82 carcinomas demonstrated a lower level of SIRT1
expression in contrast to another 18 cancer cells among the

same test group that exhibited an increased expression

manner relative to normal colonic mucosa.'” Additionally,
SIRT1 mRNA downregulated in gastric cancer.'® Here, we
examined how miR-506 is involved in RB generation. An
upregulated MiR-506 expression was identified among RB
cells and the specimens from RB patients. MiR-506 inhibi-
tion impaired RB cell proliferation as well as suppressed the
tumor growth in vitro and in vivo. The depletion of miR-506
expression caused the induction of apoptosis in RB cells
(WERI-RbI and Y79). Our results demonstrated that miR-
506 suppressed apoptosis via suppressing SIRT1 expression
in RB cell lines.

Materials and me
RB samples

Retinal tissues were

hase I (5 cases), Phase II (9 cases) and
. The adjacent healthy tissues were set
ritten informed consent was acquired
each patient guardian. The experimental protocol
proved by the Medical Ethics Committee of
e Second and the Third Hospital of Jilin University,
ina. Patient tissue samples were conducted in accor-
ance with Declaration of Helsinki.

Cell culture

WERI-RB1 and Y79 cell lines were obtained from
Chinese Academy of Sciences Cell Bank (Shanghai,
China), and then cultured to 70% confluence in RPMI-
1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine serum
(Hyclone, Logan, UT, USA), 100 U/mL penicillin, as
well as 100 mg/mL streptomycin at 37°C under normoxic
conditions of 100% humidity, 5% CO, and 95% air.

miR-506 and SIRT| inhibition

The miR-506 inhibitor, NC inhibitor (the scramble control
of this inhibitor), SIRT1 siRNA and NC siRNA were
obtained from Creative Biogene. Cells were transfected
with 2 pg miR-506/NC inhibitor or 4pg SIRT1/NC siRNA
with Lipofectamine 2000 transfection reagent (Thermo
Fisher). After cell transfection, the mature endogenous
miR-506 was inhibited by the miR-506 inhibitor. Sodium
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chloride (NaCl; 0.9%) was used for the preparation of miR-
506 and NC inhibitors at 10 mg/mL (final concentration).

Cell proliferation measurement

The cell proliferation was examined using cell-light 5-ethy-
nyl-20-deoxyuridine (EdU) Apollo Imaging Kit (RiboBio,
China). A fluorescence microscopy was applied for the mea-
surement of the rate of EdU-positive cells.

Western blot analysis

Cell lysates (20 g) was applied to sodium dodecyl sulfate
polyacrylamide gel electrophoresis; after protein separa-
tion process, polyvinylidene fluoride membranes were uti-
lized for transformation. The membranes were then treated
and incubated with primary and secondary antibodies.
SIRT1 (ab7343, Abcam, 1:2000) and GAPDH antibodies
(ab9485, Abcam, 1:5000) were used for signal detection
via Amersham ECL Western Blotting detection system.

RNA extraction and quantitative

polymerase chain reaction
Total RNA was extracted with TRIzol reagent using tis-

T-3', R: 5-CAG TGC
snRNA F: 5-CTC GC

3, R: G TGT C-3/;
SIRT1 F: 5 TCG TGG AGA TAT TTT
T-3', TGG CTC AT-3';
GAPDH CCG TTA GGA AA-3,
R: 5'-

col of g e PCR was designed at 95°C in
20 pL reac volume for 10 mins, followed by 40 cycles

at 95°C for 1 60°C for 30 s and 72°C for 30 s. The
endogenous reference was used for normalization and the

Z*AACT

amount of target ( ) was calculated by a calibrator

(mean of the controls).

Colony generation assay

Cells were transfected using various reagents. Cells were re-
suspended in 10% FBS-added DMEM after 2 days of trans-
fection and plated on an 8-mm layer of 0.4% top agar,

followed via transferring into 12-well plates with 0.5 mL of
0.5% bottom agar. In fortnight, four regions were randomly
chosen from each plate and colonies were quantified.

TdT-mediated dUTP nick end labeling

assay
TUNEL assay was applied to examine the apoptosis-
related changes in cells; the nuclei were stained with
4',6-diamidino-2-phenylindole (DAPI, 1:5000; Beyotime,
China) and cells were stained using TUNEL fluorescence
kit (Roche, Switzerland). The ap
mined via counting the T

cells was deter-

laser scanning confocal

IRT1 WT; NC mimic + SIRT1 WT; miR-
IRT1 MU; and NC mimic + SIRT1 MU, in
WT and SIRT1 MU were synthesized by
pobio Co. Ltd. (Guangzhou, China). MiR-506 target
was determined by 3'-untranslated region (UTR)
luciferase reporter assay, wherein MU and WT 3'-UTR
of SIRT1 were utilized. The reporter luminescence (Rluc)
was studied using Renilla luciferase sequence, whereas
firefly luciferase sequence was used to examine the cali-
bration luminescence (Luc). Cells were lysed in passive
lysing buffer, and Firefly and Renilla luciferase activities
were detected via a commercial Dual-Luciferase assay kit
(Promega Corp, Madison, WI, USA) according to the
The vectors and miRNA
mimic were added into cells and the cells were cultured

manufacturer’s instructions.

24 hrs. Dual-luciferase reporter assay (DLRA) was used
for luciferase activity examination.

Animal tests

BALB/c-nu mice (female, five-week-age) were purchased
from Vital River (Beijing, China). The suspension of Y79
cells (1x10% suspension was loaded in the microliter
syringe. Colibri forceps (Storz, SI. Louis, MO) were per-
formed to firmly control the sclera at the limbus area and
rotate the globe anteriorly when the animal was appropri-
ately anesthetized. The needle was then manually inserted
into mouse sclera and gently rotated until the tip can be
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viewed through the retina via a stereomicroscope. The tip
was inserted advanced slightly further to elevate the retina
when the plastic protective sheath hindered over-penetra-
tion of the needle and perforation of the neuroretina, With
the bevel of the needle facing the globe, 3- to 4-ul injec-
tion of cells was injected into the subretinal space. The
needle was then quickly withdrawn after the injection and
same procedure was repeated at a point 180° opposite to
the first injection place on the eye. Typically, two micro-
injections were conducted into each eye, in the retinal
periphery, anterior to the eye’s equator. A topical lubricant
was placed on the cornea to prevent drying after the
procedure. On day 28 after injection, the mice were sacri-
ficed. All animal experiments were performed under the
approval of Animal Operating Principal of the Institutional
Animal Care and Use Committee in The Second and the
Third Hospital of Jilin University, China (regulation guide-
line: The Legal Administration Documents for Laboratory
Animal in People’s Republic of China and Beijing
Municipality).

Statistical analysis
The data obtained in this study are represented as meg®
+ standard deviation (SD). The comparisons betweel
two test groups were examined by one-way

between

groups.

Results
Expression of miR-506 was upregulated in

RB specimens and RB cell lines

MiR-506 expression among RB specimens was examined
using qPCR. According to ICRB guidelines, three groups of
patients were selected as follows: good, medium and poor
prognosis groups. The poor and medium prognosis groups
showed a significantly upregulated miR-506 expression man-
ner compared to the good prognosis group and the normal
control group (Figure 1A). In addition, WERI-RB1 (RB1) and
Y79 cells displayed increased miR_4 :
with the other tumor cell lines (F
506 expression was upregulatcghy

prognostic effect is associ

Adenoviral-SIRT1 siRNA, Adenoviral-
SIRT1 siRNA and normal Y79 cells

mor growth was daily monitored. MiR-506
and SIRT1 mRNA level were confirmed that

ing group (Figure 2A). These mice were executed on day
28 after injection and then the formed tumors were excised
and weighed. The miR-506-silenced tumors developed

B miR-506
1000+
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3
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x
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Figure 1 miR-506 expression in RB specimens of patients and RB cell lines (RBI and Y79). (A) miR-506 expression in RB specimens from good prognosis (n=5), medium
prognosis (n=9), poor prognosis (n=6) and patients with normal volunteer (n=10), as examined using qPCR. (B) miR-506 expression was compared between RB cell lines
and other cancer cell lines, as examined using qPCR. Data were represented in the form of mean + SD. *P<0.05.

Abbreviation: RB, retinoblastoma.
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displayed a ler mean tumor volume in contrast to

the control group, whereas the silencing of SIRT1 caused
a restoration on tumor volume and weight as compared

with inhibitor group (Figure 2B and C).

Inhibition of miR-506 suppressed RB cell

line proliferation and triggered apoptosis
The influence of miR-506 on RB cells was then investi-
gated. In RB1 and Y79 cells, the miR-506 inhibitor

transfection led to a significant reduction in miR-506
level (Figure 3A and B). EdU assay results exhibited a
remarkable decrease in the proliferation of these cell types
after 24-72 hrs miR-506 inhibitor transfection in contrast
to cells from the NC groups (Figure 3C and D). The
colony formation assay results demonstrated that the aber-
rant downregulated expression of miR-506 induced a simi-
lar reduction on the colony numbers formed by these two

cell types while transfection with NC inhibition presented
no effect (Figure 3E and F).

rgeted the 3'-UTR of SIRT|
redicted in the Bioinformatics analysis to
TR of SIRT1 (Figure 5A). The correlation
6 to 3-UTR of SIRT1 was investigated using
(Figure 5B). The activity of luciferase declined at
50% in cells transfected with the miR-506 mimic fusing to
the 3'-UTR of SIRTI in comparison to the cells in the
control groups. Subsequently, we examined the SIRT1
expression in RB specimens and RB cell lines. As exhib-
ited in Figure 5C and D, SIRT1 level in RB cell lines and
specimens decreased in contrast to that observed in normal
healthy specimens and other cancer cells. The impacts of
miR-506 inhibitor on SIRT1 expression between these two
RB cell lines were examined by WB and qPCR. Both the
protein and mRNA level of SIRTI enhanced following
with the cells that transfected with miR-506 inhibitor
(Figure SE-H). The results indicated that miR-506 tar-
geted the 3'-UTR of SIRT1 gene.

SIRT| silencing counteracted the role of
miR-506 on the proliferation and
apoptosis of RB cells

To assess whether SIRT1 silencing neutralized the effect of
miR-506 on RB cell proliferation and apoptosis, SIRT1
transcription was silenced in the RB1 and Y79 cells. WB
and qPCR were used to verify the changes in the expression
of SIRT1 (Figure 6A-D). The depletion of SIRT1 expression
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revived the proliferation of the RB1 and Y79 cells repressed
by miR-506 inhibition, as shown from the results of EAU
assay (Figure 6E and F). Cytometry assay was then per-
formed to examine the apoptosis rate of RB cell lines.
Aberrant downregulated expression of SIRT1 caused a visi-
ble decreased amount of apoptotic cells corresponding to the
transfection with the miR-506 inhibitor (Figure 6G and H).
The observable decline of the apoptotic cells subjected to
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ransfected with the miR-506 inhibitor or NC inhibitor. The lower panel indicated the number of colonies formed in each group.

SIRT1 silencing. Previous studies indicated that Bax and p53
induced apoptosis while NF-kB p65 played an inhibitory role
on apoptosis. To further evaluate the mechanism of SIRT1 on
apoptosis of RB cell, we examined p53, p65 and Bax expres-
sion after transfection. It revealed that inhibition of miR-506
induced the upregulation of both p53 and Bax; however, it
led to downregulation of p65. Moreover, the silencing of
SIRT1 reversed the effect of miR-506 on the expression of
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these three proteins (Figure 61 and J). Thus, SIRT1 silencing
enabled to reverse the inhibition effect of miR-506 on the
proliferation and apoptosis of RB cells.

Discussion
Tumorigenesis is considered as a synergetic intricate process
accompanied with several anti-oncogenes and oncogenes. In

e performed to determine the number of apoptonc cells. The upper right quadrant of each plot represents early apoptotlc ceIIs and apoptotic rate
9 cells from each group was shown in the lower panel. Data were represented in the form of mean * SD. *P<0.05.
poblastoma; TUNEL, TdT-mediated dUTP nick end labeling.

the present work, an increased miR-506 expression was
observed in RB cells and tumor specimens. It also revealed
that miR-506 enables to suppress the expression of SIRT1, the
key modulator in malignancies. MiR-506 inhibition caused a
suppression of cell viability and proliferation. It promoted
apoptosis on both RB1 and Y79 cells. Further investigation
demonstrated the interaction between miR-506 and the 3'-UTR
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of SIRT1 gene, resul®fg in the abrogation of SIRT1 expres-
sion. The knockout of SIRT1 expression neutralized miR-506
on RB cell proliferation. Our findings suggested that miR-506
acted as oncogenic factor by targeting the SIRT1 gene.

The regulating effect of miRNAs on downstream target
gene expression has been studied in various cancer types.
Multiple target genes downregulated the translation or
triggered the cleavage of molecules through the binding
of miRs to their 3'-UTR. Therefore, we aimed to examine
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the expression of miR-506-regulated downstream target
genes. Previous research has demonstrated that miR-506
might target different genes, including YAP, ROCKI,
CDK4/6-FOXM, IQGAP1 and SPHK1 which mediated
various malignancy progressions.’*2* It was shown that
miR-506 is supposed to target the conservative site of
SIRT1 according to bioinformatics analysis. DLRA results
further confirmed that 3'-UTR of SIRT1 directly interacted
with miR-506 in RB cells. SIRT1 possessed anti-apoptotic
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Figure 6 Silencing of SIRT | expression counteracted the effect of miR-506 on RB cell lines. (A-D) Expression of SIRT| was examined in RBI and Y79 cells at both protein
and mRNA levels following transfection with different agents. SIRTli represents interference of SIRT| siRNA, NCi represents transfection with NC siRNA. (E, F) SIRT|
silencing recovered the proliferation of RBI and Y79 cells. (G, H) SIRT| silencing eliminated the pro-apoptotic effect of the miR-506 inhibitor. Annexin V-FITC/PI staining
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p53, p65 and Bax after 48 hrs of transfection. Results were presented as mean + SD. *P<0.05, **P<0.01.

Abbreviation: RB, retinoblastoma.
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property and involved in diverse cellular process including
autophagy, proliferation, apoptosis and aging to affect
tumorigenesis. It is speculated that the function of miR
and SIRT1 interaction varies from the specific tumor-asso-
ciated oncogenic pathway. For instance, miR-22 acted as
an oncogene/tumor-suppressor in prostate cancer and
SIRT1 was a target agent to miR-22. Another study
showed that SIRT1 overexpression in breast cancer cells
induced the downregulated expression of MiR-22.*° The
expression of miR-138 in NSCLC declined due to SIRT1
neutralization function on this tumor suppressor gene.
AMP-activated protein kinase (AMPK)-mTOR pathway
exerted a vital role in adjusting autophagy. MiR-138
reduced SIRT1 expression to undermine the AMPK path-
way activity and subsequently promoted the mTOR
phosphorylation.?® In prostate cancer, downregulation of
miR-221 or miR-222 expression suppressed cell prolifera-
tion and migration as well as enhanced apoptosis,”’ fol-
lowing with an induced SIRT! expression. A study
implied that downregulation of SIRT1 has the potential
to boost migration and reduce cell death,?® suggesting
SIRT1 exhibited an inhibitive feature toward the onco-
genic activity of miR-221 and miR-222. The escalat
manner of SIRTI expression succeeding miR-506 inhi
tion was determined in our study. The knock-down o

tial role
diagnosis.
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