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Circular RNA circ_0000034 upregulates
STX17 level to promote human retinoblastoma
development via inhibiting miR-361-3p
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Abstract. - OBJECTIVE: Retinoblastoma (RB)
is a common intraocular tumor of infancy and
childhood. Circular RNAs (circRNAs) are relat-
ed to the development of RB. The purpose of
this research was to reveal the functional mech-
anism of circRNA circ_0000034 in RB.

MATERIALS AND METHODS: Quantitative Re-
al-Time Polymerase Chain Reaction (qRT-PCR)
and Western blot were applied to determine the
levels of genes. MTT assay and flow cytometry
were employed to assess cell proliferation and
apoptosis rate, respectively. Furthermore, cell
migratory and invasive abilities were measured
using the transwell assay. Mouse xenograft was
conducted to analyze the effect of circ_0000034
on tumor growth in vivo. Besides, the interaction
between miR-361-3p and circ_0000034 or syntax-
in 17 (STX17) was predicted by starBase, and then,
confirmed by the Dual-Luciferase reporter assay
and RNA immunoprecipitation (RIP) assay.

RESULTS: The levels of circ_0000034 and STX17
wereincreased and miR-361-3p level was decreased
in RB tissues and cells. Circ_0000034 knockdown
suppressed cell proliferation, migration, invasion,
autophagy, and tumor growth, and induced apop-
tosis in RB. Circ_0000034 targeted miR-361-3p and
miR-361-3p bound to STX17. Circ_0000034 over-
expression and miR-361-3p knockdown reversed
the effect of miR-361-3p upregulation and STX17
depletion on the growth of RB cells, respectively.
Besides, circ_0000034 elevated STX17 level by
repressing miR-361-3p expression.

CONCLUSIONS: We demonstrated that
circ_0000034 knockdown suppressed the de-
velopment of RB by the modulation of miR-361-
3p/STX17 axis. Our findings provided a theoret-
ical basis for the treatment of RB.

Key Words:
Circ_0000034, MiR-361-3p, STX17, Cell growth, Ret-
inoblastoma.

Introduction

Retinoblastoma (RB), a normal intraocular
tumor occurring in the retina, is diagnosed in

infants and children'. According to the statistics,
there are approximately 5,000 new cases of RB
every year around the world®>. Nowadays, the
combination of chemotherapy and immunothera-
py is the major method for the therapy of RB, but
this method is harmful to the RB cells’. There-
fore, the studies of RB development mechanism
are essential for the therapy of RB.

Circular RNAs (circRNAs), with long se-
quences, are a novel group of non-coding RNAs
that contain closed loop and exist in a variety of
tissues and cells in mammalians*®. They were
significantly involved in cancer cell progression,
such as proliferation®, mobility’, apoptosis®, and
autophagy®. Circ_0000034, identified as cir-
cRNA, was highly expressed in RB tissues com-
pared with that in normal retinal tissues'’, mean-
ing that circ_0000034 might exert a function in
the development of RB. However, the role and
functional mechanism of circ_0000034 still need
further investigations in RB cells.

MicroRNAs (miRNAs) mediate the levels
of target genes via suppressing the translation
or inducing degradation of messenger RNA
(mRNA)"™2, MiRNAs regulated the development
of many human cancers, including bovine gran-
ulosal®, hepatocellular carcinoma', renal carci-
noma®, and RB'. Zhao et al'” demonstrated that
miR-361-3p was lowly expressed in RB tissues
and repressed the proliferation of RB cells. These
results indicated that miR-361-3p played an im-
portant role in the development of RB. However,
the detailed mechanism of miR-361-3p regulation
in RB cells was less reported.

Syntaxin 17 (STX17) is an ER-resident syntax-
in protein that is related to cell autophagy'®. The
evidence suggested that STX17 bound to syn-
aptosome-associated protein 29 (SNAP29) and
vesicle-associated membrane protein 8 (VAMPS)
to promote autophagosome-lysosome fusion by
targeting the membrane of autophagosome'®:".
Furthermore, STX17 played a pivotal role in hu-
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man cancers. Huang et al*® suggested that STX17,
regulated by long non-coding RNA MALATI
(IncRNA MALATI1)/miR-124 axis, affected au-
tophagy of RB cells. However, whether STX17
modulating other RB cell progression is unclear.

In this study, we detected the levels of
circ_0000034, miR-361-3p, and STX17 in RB tis-
sues and cells as well as analyzed the function of
circ_0000034 in RB cell progression and tumor
growth. Furthermore, circ_0000034 acted as an
oncogene to promote RB cell growth was first re-
ported and a new mechanism that circ_0000034
exerted function through regulating miR-361-3p/
STX17 axis in RB cells was confirmed.

Materials and Methods

Tissues and Cell Culture

32 RB tissues and 6 normal tissues were obtained
from the patients of the Daping Hospital, Army
Medical Center of PLA (Chongging, China) and
then stored at -80°C. This research was approved by
the Ethics Review Committees of Daping Hospital,
Army Medical Center of PLA. Written informed
consent was provided by all participants.

The human retinal pigment epithelial cell line
(ARPE-19) and two retinoblastoma cell lines (Y79
and WERI-Rb-1) were provided by the American
Type Culture Collection (ATCC; Manassas, VA,
USA). Two RB cell lines (SO-Rb50 and HXO-
RB44) were obtained from ScienCell Research
Laboratories (San Diego, CA, USA). These cells
were maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM; Gibco, Rockville, MD, USA)
with 10% fetal bovine serum (FBS; HyClone,
South-Logan, UT, USA) and 1% penicillin/strep-
tomycin (Millipore, Billerica, MA, USA) at 37°C
with 5% CO,,.

RNA Extraction and Quantitative
Real-Time Polymerase Chain Reaction
(gRT-PCR)

Total RNA in RB tissues/cells was obtained
using TRIzol reagents (Invitrogen, Carlsbad,
CA, USA). Then, SuperScript III* (Invitrogen,
Carlsbad, CA, USA) was employed to gener-
ate complementary DNA (cDNA). Subsequent-
ly, qRT-PCR was carried out using an SYBR
Premix ExTaq kit (TaKaRa Bio, Otsu, Shiga,
Japan). The data were normalized to U6 level
or glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) level with the use of the 244t meth-
od. The primers used in this research were:

Circ_0000034 (forward (F), 5-GAAGCATG-
GGGTGTGTATCC-3’; Reverse (R), 5°-GGC-
CATCTCTCTCACAGCAT-3’), miR-361-3p (F,
5’-UCCCCCAGGUGUGAUUCUGAUUU-3% R,
5’-GCAAATCAGAATCACACCTG-3%), STX17
(F, 5-TCGTGGGAAACCTTAGAAGCGG-3%; R,
5’-GCAGCACTGTTGACATGGTCTG-3"), U6
(F, 5-TGCGGGTGCTCGCTTCGGCAGC-3’; R,
5’-CCAGTGCAGGGTCCGAGGT-3’), and glyc-
eraldehyde 3-phosphate dehydrogenase (GAP-
DH) (F, 5-ATCACTGCCACCCAGAAGAC-3%;
R, 5-TTTCTAGACGGCAGGTCAGG-3’).

RNase R Treatment

3 U/ug of RNase R (Epicentre Biotechnolo-
gies, Madison, WI, USA) was applied to treat to-
tal RNA (5 pg) for 15 min twice at 37°C.

Cell Transfection

Small interfering RNA against circ_ 0000034
andSTX17(si-circ_0000034#1,si-circ_0000034#2,
si-circ_0000034#3, and si-STX17), small hairpin
RNA against circ_0000034 (sh-circ_0000034),
miR-361-3p mimic (miR-361-3p), miR-361-3p in-
hibitor (anti-miR-361-3p), and negative controls
(si-NC, sh-NC, miR-NC, and anti-miR-NC) were
provided by GenePharma (Shanghai, China).
Circ_0000034 sequence was cloned into the pcD-
NA3.1 vector (GenePharma, Shanghai, China) to
construct circ_0000034 overexpression vector.
Cell transfection was performed using Lipofect-
amine 3000 (Invitrogen, Carlsbad, CA, USA).

Cell Proliferation Assay

The 3-4, 5-dimethylthiazol-2-yl)-2, 5-di-
phenyltetrazolium bromide (MTT) kit (Prome-
ga, Madison, WI, USA) was employed to exam-
ine cell proliferation based on the user’s manual.
Briefly, transfected Y79 or WERI-Rb-1 cells were
cultured for 24 h, 48 h, or 72 h, respectively.
Then, the cells were collected, treated with MTT
solution, and incubated by dimethyl sulfoxide
(DMSO). Finally, the absorbance was analyzed
using a microplate reader (Bio-Rad, Hercules,
CA, USA) at 570 nm.

Cell Apoptosis Assay

Cell apoptosis was investigated using the
Annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) Kit (Vazyme Biotech, Nan-
jing, China) in line with the recommended pro-
tocol. Briefly, transfected Y79 or WERI-Rb-1
cells were harvested, washed, and stained using
Annexin V-FITC and PI. Subsequently, the flow
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cytometry (BD Biosciences, San Jose, CA, USA)
was applied to analyze the apoptosis rate.

Cell Migration and Invasion Assay

Transfected Y79 or WERI-Rb-1 cells in 100
pL medium without FBS were introduced into
the top transwell chamber (BD Biosciences,
San Jose, CA, USA). 500 pL. medium with 10%
FBS was added into the bottom chamber. Af-
ter 24 h of incubation, the cells on top cham-
ber were wiped off, and migratory cells were
counted using a microscope. The matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) was
coated on the insert of the chamber for invasion
assay, and the steps were consistent with that in
the migration assay.

Western Blot Assay

Total proteins in RB tissues or cells were
isolated using lysis buffer (Beyotime Biotech-
nology, Shanghai, China). Then, Western blot
assay was carried out as described previously?..
The primary antibodies against B-cell lympho-
ma 2 (Bcl-2), cleaved caspase3 (C-caspase3),
Cyclin DI, matrix metalloproteinase-9 (MMP-
9), sequestosome 1 (P62), microtubule-asso-
ciated protein 1 light chain 3 alpha (LC3-I),
LC3-II, Beclin-1, STX17, and GAPDH were
obtained from Abcam (Cambridge, MA, USA).
Corresponding secondary antibodies were also
provided by Abcam.

Mouse Xenograft

5-week-old female SCID mice were used.
This experiment was approved by the Animal
Research Committee of Daping Hospital, Army
Medical Center of PLA and performed based on
the guidance of the National Animal Care and
Ethics Institution. In brief, Y79 cells transfect-
ed with sh-circ_0000034 or sh-NC were subcu-
taneously injected into the mice. Then, tumor
volume (length x width?/2) was analyzed every
4 d. After 28 d, tumors were taken out, and tu-
mor weight was calculated.

The Dual-Luciferase Reporter Assay

The pGL3 vector (Promega, Madison, WI,
USA) inserted with wide circ_0000034 or
STX17 3’UTR (wt-circ_0000034 or wt-STX17
3’UTR) or mutated circ_0000034 or STX17
3’UTR  (mut-circ_ 0000034 or mut-STX17
3’UTR) at binding sites of miR-361-3p was
co-transfected into Y79 and WERI-Rb-1 cells
with miR-361-3p or miR-NC. Subsequently, the

dual-luciferase system (Promega, Madison,
WI, USA) was employed to detect the Lucifer-
ase density.

RNA Immunoprecipitation (RIP) Assay

RIP assay was conducted using the Magna
RNA immunoprecipitation kit (Millipore, Billeri-
ca, WI, USA) based on the recommended instruc-
tion. Briefly, Y79 or WERI-Rb-1 cells were lysed
by RIP buffer, and next incubated by magnetic
beads coated with anti-Argonaute2 (AGO2) or
anti-Immunoglobulin G (IgG) antibodies. Finally,
qRT-PCR assay was employed to investigate the
RNA enrichment.

Statistical Analysis

Statistical analysis was carried out using the
Student’s-¢ test. The data, from three indepen-
dent experiments, were shown as means + stan-
dard deviation (SD). The analysis of Spearman
correlation was employed to investigate the
relationship between the levels of two genes.
When p<0.05 the difference was considered
significant.

Results

Circ_0000034 Expression Was
Upregulated in RB Tissues and Cells

Firstly, we performed qRT-PCR assay to de-
tect the level of circ_ 0000034 in RB tissues. The
results suggested that circ_0000034 level was
higher in RB tissues than that in normal tissues
(Figure 1A). Also, circ_0000034 expression was
significantly upregulated in RB cells (Figure
1B). Next, the association between circ_0000034
expression and overall survival rate of RB pa-
tients was investigated. As shown in Figure
1C, the survival rate of RB patients with a low
circ_0000034 level was higher than the surviv-
al rate of RB patients with a high circ_ 0000034
level. The clinical characteristics of patients and
the expression of circ_ 0000034 was demon-
strated in Table I. Besides, we analyzed wheth-
er circ_0000034 exerts function as a stable cir-
cRNA by using RNase R that degraded linear
RNA characterized by free 3’ terminal end. The
results demonstrated that RNase R did not af-
fect circ_0000034, whereas the internal control
DHDDS was degraded (Figure 1D and E). These
data indicated that circ_0000034 might act as an
oncogene in RB development.
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Figure 1. The level of circ_0000034 in RB tissues and cells. A, and B, Circ_0000034 level was detected by qRT-PCR
assay in RB and normal tissues (A) as well as in RB and normal cells (B). C, Circ_ 0000034 level was determined in RB

patients with different survival rate. D, and E, The levels of circ_0000034 and DHDDS were measured after the treatment
of RNase R. *p<0.05.

Table I. Clinicopathological factors and circ_0000034 expression in patients with retinoblastoma.

Parameter Case circ_0000034 expression p-value®
High (n=16) Low (n=16)

Gender
Female 13 7 6 0.703
Male 19 9 10

Age (years)
<60 17 10 7 0.212
> 60 15 6 9

Choroidal invasion
No 19 7 12 0.013*
Yes 13 9 4

Optic nerve invasion
No 18 6 12 0.008%*
Yes 14 10 4

Laterality
Unilateral 23 10 13 0.124
Bilateral 9 6 3

Pathologic grade
Well differentiated 11 5 6 0.728
Poorly differentiated 21 11 10
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Circ_0000034 Knockdown Suppressed
Cell Proliferation, Migration, Invasion,
and Autophagqgy, and Induced Apoptosis
of RB Cells

To further analyze the function of
circ_ 0000034 in RB cells, Y79 and WERI-
Rb-1 cells were transfected with si-NC, si-
circ_0000034#1, si-circ_0000034#2, or si-
circ_0000034#3 to knockdown the level of
circ_0000034. Knockdown efficiency was con-
firmed by qRT-PCR assay (Figure 2A). Then,
MTT assay was applied to assess cell prolif-
eration. As demonstrated in Figure 2B and C,
cell proliferation was significantly suppressed
by circ_0000034 knockdown. Moreover, flow
cytometry analysis showed that circ_0000034
knockdown dramatically induced cell apoptosis
(Figure 2D). Also, we analyzed cell mobility,
and found that cell migratory and invasive abili-
ties were remarkably repressed by circ_ 0000034
knockdown in Y79 and WERI-Rb-1 cells (Fig-
ure 2E and F). Besides, the levels of some pro-
teins, including apoptosis-related proteins (Bcl-
2 and C-caspase3), proliferation-related protein
(cyclin D1), invasive-related protein (MMP-9),
and autophagy-related proteins (P62, LC3-I,
LC3-II, Beclin-1), were detected by Western
blot assay. The results demonstrated that the lev-
els of Bcl-2, cyclin D1, MMP-9, LC3-I1/LC3-I,
and Beclin-1 were downregulated, and the lev-
els of C-caspase3 and P62 were upregulated in
circ_0000034-depleted Y79 and WERI-Rb-1
cells (Figure 2G-H). These data indicated that
circ_0000034 depletion inhibited the growth of
RB cells.

Circ_0000034 Knockdown Repressed
Tumor Growth In Vivo

Next, the effect of circ_ 0000034 on tumor
growth was explored in vivo. Firstly, the mice
were injected with Y79 transfected with sh-NC
or sh-circ_0000034. Then, tumor volume was
analyzed every 4 d. As shown in Figure 3A,
tumor volume was smaller in sh-circ_0000034
group compared with that in sh-NC group. Af-
ter 28 d, the mice were killed, and the tumor
weight was measured. The results suggested that
circ_0000034 knockdown significantly down-
regulated tumor weight (Figure 3B). Further-
more, we determined the level of circ_0000034.
As expected, circ_0000034 level was decreased
in sh-circ_ 0000034 group (Figure 3C). There-
fore, circ_ 0000034 depletion suppressed tumor
growth in vivo.

MiR-361-3p Was a Target
of Circ_0000034

Bioinformatics analysis tool starBase suggest-
ed that circ_ 0000034 possessed a complemen-
tary sequence with miR-361-3p, meaning that
circ_0000034 likely interacted with miR-361-3p
(Figure 4A). Then, the Dual-Luciferase reporter
assay was performed to verify this interaction. As
shown in Figure 4B and C, miR-361-3p overexpres-
sion reduced the Luciferase of wt-circ_0000034
but did not affect the luciferase activity of mut-
circ_0000034, revealing that circ_ 0000034 target-
ed miR-361-3p. Moreover, the interaction between
circ_0000034 and miR-361-3p was confirmed by
RIP assay (Figure 4D and E). Subsequently, we
analyzed the level of miR-361-3p in RB tissues
and found that miR-361-3p level was downregu-
lated (Figure 4F). In addition, miR-361-3p level
was negatively correlated with circ_0000034 lev-
el in RB tissues (Figure 4G). Similarly, decreased
miR-361-3p expression was observed in RB cells
compared with normal cells (Figure 4H). On the
other hand, whether circ_0000034 regulating miR-
361-3p expression was explored through transfect-
ing circ_0000034 or si-circ_0000034 into Y79
and WERI-Rb-1 cells. QRT-PCR assay firstly con-
firmed that the transfection with circ_ 0000034 in-
creased its level (Figure 41), and then suggested that
miR-361-3p level was upregulated by circ_ 0000034
knockdown and downregulated by circ_ 0000034
overexpression (Figure 4J and K). These data re-
vealed that circ_ 0000034 targeted miR-361-3p and
downregulated miR-361-3p expression.

Circ_0000034 overexpression
weakened the effect of miR-361-3p
upregulation on RB cells

To investigate whether circ_0000034 medi-
ating RB cell growth through inhibition of miR-
361-3p expression, Y79 and WERI-Rb-1 cells
were transfected with miR-NC, miR-361-3p, miR-
361-3p + Vector, or miR-361-3p + circ_0000034,
respectively. QRT-PCR assay verified that miR-
361-3p expression was upregulated by the trans-
fection with miR-361-3p, and then downregulat-
ed by circ_ 0000034 overexpression (Figure 5A).
Subsequently, cell proliferation ability was inves-
tigated using MTT assay. As shown in Figure 5B
and C, miR-361-3p upregulation suppressed cell
proliferation, whereas this action was impaired by
circ_ 0000034 overexpression. Furthermore, flow
cytometry analysis revealed that the miR-361-3p
upregulation-induced cell apoptosis was repressed
by circ 0000034 overexpression (Figure 5D).
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Figure 2. The function of circ_0000034 in RB cell progression. A, Circ_0000034 expression was examined in Y79 and
WERI-Rb-1 cells transfected with si-NC, si-circ_0000034#1, si-circ_0000034#2, or si-circ_0000034#3, respectively. B, and
C, MTT assay was performed to determine cell proliferation ability. D, Flow cytometry was used to analyze cell apoptosis
rate. E, and F, Cell migratory and invasive abilities were assessed by transwell assay (100x). G, and H, The levels of the
proteins related to proliferation, apoptosis, migration, and autophagy were detected by Western blot assay. *p<0.05.



H. Liu, H.-F. Yuan, D. Xu, K.-J. Chen, N. Tan, Q.-J. Zheng

3 sh-NC
— -»- sh-NC Il sh-circ_00000034 <
e 207 = checirc_00000034 = 15 g 18
15 = Sc
o 1 = S
£ 2 1.0 S, 210
2 10 s £¢
> 5 0.5 g s
S 05 g™ * 2805
E S ®
5 [~ 3
Fooolr——— - 0.0 , € 00 .
4 8 12 16 20 24 28 sh-NC sh-circ_00000034 sh-NC sh-circ_00000034
Days

Figure 3. The effect of circ_0000034 depletion on tumor growth in vivo. A, and B, Tumor volume (A) and weight (B) were
analyzed in sh-circ_0000034 group and sh-NC group. C, Circ_0000034 level was detected. *p<0.05.
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tion on the levels of these proteins (Figure 5G-J). diction, the Dual-Luciferase reporter assay was
These results suggested that circ_ 0000034 down- carried out. As demonstrated in Figure 6B and
regulated miR-361-3p expression to modulate RB C, the Luciferase activity of wt-STX17 3’UTR,
cell progression. but not mut-STX17 3’UTR, was decreased by
miR-361-3p overexpression, confirming the in-

MiR-361-3p Was a Sponge for STX17 teraction between miR-361-3p and STX17. Then,
Bioinformatics analysis tool starBase pre- the expression of STX17 in RB tissues was de-

dicted that STX17 was a potential target gene termined by qRT-PCR assay and Western blot
of miR-361-3p (Figure 6A). To verify this pre- assay. The results demonstrated that STX17 ex-

E :::g§1-ap Y79 WER1-Rb1 O miR-NC
B miR-361-3p+Vector - miR-NC -»- miR-NC Il miR-361-3p
a 5 miR-361-3p+ circ_ 0000034 1.2 MiR-361-3p 1.2, MiR-3613p 30, miR-361-3p+Vector
? g |+ miR-361-3p+Vector g |+ miRr-361-3p+Vector g miR-361-3p+ circ_ 0000034
o4 s * miR-361-3p+ circ_ 0000034 s - miR-361-3p+ circ_ 0000034 4
@9 = & 0. 3
g% 508 I* & 0.3 I*I* 3 20
ES F I F p
% 3 S04 So4 :g_ 10
a a
£ 8 8 g
© 9 0.0 0.0 0
Y79 WER1-Rb1 24h 48h 72h 24h 48h 72h Y79 WER1-Rb1
Y79 Y79
iR-NC : h
E :;Rasmp L1 miR-NC miR-NC  + - - - § CImRNC W miR3813p
B miR-361-3p+Vector Il mIR-361-3p miR-361-3p - + + + ‘% ~_ I miR-361-3p+Vector
i (A I miR-361-3p+Vector Vector - - + - 2 81. miR-361-3p+ circ_ 0000034
% 80 *mIR-361-3p+ circ_ 0000034 % 100 miR-361-3p+ circ_ 0000034 irc 0000034 _ - -t g_ -
;.E & circ_{ g
g g 80 Bel-2 - — — s
% & 60 C-Caspase 3 s wmw w—— — %
[
S 40 CyclinD1 s
E 3 yclin —— —— .g
g 7 20 MMP-9 e e 5
g E o &
Y79 WER1-Rb1 Y79 WER1-Rb1 GAPDH | e e s
WER1-Rb1
— Y79 Y79
miRNC + - - - WER1-Rb1 ) ) )
miR-361-3p - + + + 5 I miR-NC  Hll miR-361-3p ~_miR-NC + _; _; ; 5 E ::2251-3 :e:::-:gm-"‘l’
Vector - - + - 7 6 Bl miR-361-3p+Vector miR-361-3p - 2 i p+Ve
circ 0000034 - - - + g miR-361-3p+ circ_ 0000034 Vector - -+ - g miR-361-3p+ circ_ 0000034
- s circ_0000034 - - - + 5
BCl-2 | - e —— — 3 3
£ PB2 o — — £
C-caspase 3 w— ww— w— K] L3 k]
| ———
T, P — £ Loal — = == £
o o
MMP-9 | e —— = % Beclin-1 s — — — %
GAPDH S we s & GAPDH " v — — e
_ WER1-Rb1 WER1-Rb1
miR-NC + - - - [ miR-NC B miR-361-3p
miR-361-3p - + + + § MM miR-361-3p+Vector
Vector - - + - g 6 miR-361-3p+ circ_ 0000034
circ_0000034 - - - + £
P62 —— w —— E
TN e —— 3
LC3-ll - e o — g
Beclin-1 e —— e — .g
5
GAPDH s s s & QQ'L (_.“-"\ o‘\
Nd o“\\
o <
v

Figure 5. The effect of circ_0000034 on miR-361-3p-regulated RB cell progression. A, MiR-361-3p expression was detected
in Y79 and WERI-Rb-1 cells transfected with miR-NC, miR-361-3p, miR-361-3p + Vector, or miR-361-3p + circ_0000034,
respectively. B, and C, Cell proliferation ability was assessed using MTT assay. D, Cell apoptosis rate was explored using
flow cytometry. E, and F, Transwell assay was employed to measure cell migratory and invasive abilities. G-J, Western blot
was carried out to detect the levels of proteins. *p<0.05.
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Figure 6. The relationship between miR-361-3p and STX17. A, StarBase was used to predict the potential targets of miR-
361-3p. B, and C, The Luciferase activity was examined in Y79 and WERI-Rb-1 cells transfected with wt-STX17 3’UTR
or mut-STX17 3°UTR and miR-361-3p or miR-NC. D, and E, STX17 level was detected in RB and normal tissues. F, The
relationship between miR-361-3p level and STX17 level was investigated. G, and H, STX17 level was measured in RB and
normal cells. I, MiR-361-3p expression was examined in Y79 and WERI-Rb-1 cells transfected with anti-miR-NC or anti-
miR-361-3p. J-M, The mRNA level and protein level of STX17 were determined in Y79 and WERI-Rb-1 cells transfected
with anti-miR-361-3p or miR-361-3p. *p<0.05.

pression was higher in RB tissues than that in anti-miR-361-3p or miR-361-3p into Y79 and
normal tissues (Figure 6D and E). Moreover, WERI-Rb-1 cells. Firstly, we confirmed that the
we analyzed the relationship between miR-361- transfection with anti-miR-361-3p remarkably
3p level and STX17 level and found that STX17 downregulated miR-361-3p expression (Figure
level was negatively correlated with miR-361-3p 61). Then, qRT-PCR assay and Western blot as-
level in RB tissues (Figure 6F). Besides, an in- say indicated that STX17 level was upregulated
creased STX17 level was discovered in RB cells by miR-361-3p depletion and downregulated by
compared with normal cells (Figure 6G and H). miR-361-3p overexpression (Figure 6J-M). Thus,
Next, the effect of miR-361-3p on STX17 ex- miR-361-3p repressed STX17 expression via in-
pression was investigated through transfecting teraction.
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Figure 7. The effect of miR-361-3p on STX17-regulated RB cell progression. A-C, The mRNA level and protein level of
STX17 were measured in Y79 and WERI-Rb-1 cells transfected with si-NC, si-STX17, si-STX17 + anti-miR-NC, or si-STX17
+ anti-miR-361-3p, respectively. D, and E, MTT assay was conducted to analyze cell proliferation ability. F, Flow cytometry
was used to investigate cell apoptosis rate. (G and H) Transwell assay was performed to explore cell migratory and invasive
abilities. I-L, Western blot assay was carried out to detect the levels of proteins. *p<0.05.

MiR-361-3p Depletion Reversed
the Effect of STX17 Knockdown
on RB Cells

To investigate whether miR-361-3p exerts
function by regulating STX17 expression, Y79
and WERI-Rb-1 cells were transfected with si-
NC, si-STX17, si-STX17 + anti-miR-NC, or si-
STX17 + anti-miR-361-3p, respectively. QRT-PCR
assay and Western blot assay confirmed that the

expression of STX17 was downregulated by the
transfection with si-STX17, and then, upregulated
by miR-361-3p depletion (Figure 7A-C). Subse-
quently, MTT assay was employed to determine
cell proliferation ability. The results suggested
that cell proliferation was suppressed by STX17
knockdown, and then, partly rescued due to miR-
361-3p depletion (Figure 7D and E). Furthermore,
flow cytometry analysis revealed that STX17
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knockdown-induced cell apoptosis was inhibited
by miR-361-3p depletion in Y79 and WERI-Rb-1
cells (Figure 7F). Besides, we detected cell mobil-
ity using transwell assay. As shown in Figure 7G
and H, the inhibitory effect of STX17 knockdown
on cell migration and invasion was impaired by
miR-361-3p depletion. On the other hand, we an-
alyzed the levels of Bcl-2, C-caspase3, cyclin D1,
MMP-9, P62, LC3-1, LC3-II, and Beclin-1, and
found that miR-361-3p depletion weakened the ef-
fect of STX17 knockdown on the levels of these
proteins (Figure 71-L). Taken together, miR-361-
3p downregulated STX17 expression to modulate
the growth of RB cells.

Circ_0000034 Inhibited MiR-361-3p
Expression to Upregulate STX17 Level

In this study, we analyzed the relationship be-
tween STX17 and circ_ 0000034 and found that
there was a positive correlation between STX17
level and circ_0000034 level in RB tissues (Fig-
ure 8A). Then, we demonstrated that the level
of STX17 was downregulated by circ_ 0000034
knockdown, and then, partly rescued by miR-
361-3p depletion (Figure 8B-D). Therefore,
circ_0000034 increased the level of STX17 by
repressing miR-361-3p expression.

Discussion

In recent years, more and more circRNAs
were reported to be involved in the development
of human cancers. So far, Li et al*? revealed that
circ_0137606 inhibited the growth and metas-
tasis of bladder cancer cells through targeting
miR-1231. Ma et al*® observed that circ_0005576
repressed cell development via modulating miR-
153/kinesin family member 20A (KIF20A) axis
in cervical cancer. Ye et al** demonstrated that
circFBXW7 attenuated cell proliferation and
mobility, as well as tumor growth, by mediat-
ing miR-197-3p level in breast cancer. Therefore,
circRNAs exerted a crucial function in human
cancers. However, the researches of circRNAs
in RB were little. In this study, we found that
circ_0000034 expression was significantly in-
creased in RB tissues and cells. This result was
consistent with the previous data'®. Furthermore,
we observed that circ_ 0000034 knockdown in-
hibited RB cell proliferation, mobility, and auto-
phagy, as well as induced apoptosis. These results
suggested that circ_ 0000034 acted as an onco-
gene in RB development. Nowadays, the study of
circ_0000034 function in human cancers is rare.
Therefore, more experiments are needed to verify
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the function of circ_0000034 in human cancers.

CircRNA mediated the development of cancer
cells through targeting miRNAs and downregu-
lating the level of target miRNA in human can-
cers?2¢, For instance, circRNA UBAP2 reduced
miR-144 level via sponging miR-144 in ovarian
cancer cells?””. We then used bioinformatics analy-
sis tool starBase to explore the downstream genes
of circ_0000034 and found that miR-361-3p was
a potential target of circ_0000034. Subsequently,
the interaction between circ_0000034 and miR-
361-3p was proved by the Dual-Luciferase report-
er assay and RIP assay. Moreover, we revealed
that circ_0000034 downregulated the level of
miR-361-3p. MiR-361-3p, considered as a tumor
suppressor, was shown to repress the develop-
ment of many cancers. In particular, miR-361-3p
attenuated the growth of non-small cell lung can-
cer cells by modulating the level of SH2B adap-
tor protein 1 (SH2B1)?. Liu et al*’ revealed that
miR-361-3p level was significantly low in cervical
cancer tissues. Here, we analyzed the expression
and function of miR-361-3p in RB. The results
indicated that miR-361-3p level was decreased
in RB tissues and cells, as well as miR-361-3p
suppressed the growth of RB cells. These results
were accordant with the previous data'’. Taken to-
gether, we speculated that circ_0000034 inhibited
miR-361-3p expression to modulate RB cell pro-
gression. Further, this hypothesis was confirmed
by our experiments.

Present evidence’®' demonstrated that miR-
NA acted as a sponge for mRNA via binding the
3’UTR of mRNA in human cancers. To further
investigate the functional mechanism of miR-
361-3p, bioinformatics analysis tool starBase was
used to predict the potential targets of miR-361-
3p. The results showed that STX17 likely inter-
acted with miR-361-3p. Then, the interaction be-
tween STX17 and miR-361-3p was verified by the
Dual-Luciferase reporter assay. Furthermore, our
results confirmed that STX17 level was down-
regulated by miR-361-3p. STX17 was initially re-
ported as a cell autophagy-related protein. STX17
interacted with the target protein to promote the
information of the autophagosome'®*. Moreover,
Hamasaki et al®* indicated that the depletion of
STX17 impaired the function of the autophago-
some. Thereafter, it has been shown that STX17
level was increased in RB cells, and STX17 ac-
celerated RB cell autophagy?. In this study, we
analyzed the expression and function of STX17
in RB cells. The results were in agreement with
the previous data. Furthermore, we also detected

that STX17 knockdown inhibited cell prolifera-
tion and mobility and promoted apoptosis in RB.
Besides, STX17 knockdown repressed the growth
of RB cells, whereas this effect was weakened by
the depletion of miR-361-3p. Therefore, miR-361-
3p suppressed the expression of STX17 to affect
RB cell progression.

Conclusions

Taken together, these results showed that
circ_0000034 upregulated STX17 level through
inhibiting miR-361-3p expression. Our findings
demonstrated that circ_0000034 knockdown in-
hibited the growth of RB cells via modulating
miR-361-3p/STX17 axis, providing a potential
target for the therapy of RB patients.
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