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Background: Growing evidence reveals that circular RNAs (circRNAs) play roles in cancer

development. However, the effects and possible mechanisms of circRNAs in retinoblastoma

(RB) are far from clear.

Methods: circVAPA expression pattern was identified by RT-qPCR. circVAPA induced

effects on RB cells were tested by CCK-8, clone forming, flow cytometry and transwell

assays. Bioinformatics assay, rescue experiments and dual-luciferase tests were applied for

mechanism exploration. Additionally, mouse models were established for in vivo assays.

Results: circVAPAwas upregulated in human RB specimen and RB cell lines, and was correlated

with poor outcomes of Rb patients. Knockdown of circVAPA could suppress the malignant

phenotypes of RB. Mechanistic experiments demonstrated that miR-615-3p could reverse the

circVAPA induced effects on RB cells, and the downstream oncogene SMARCE1 was positively

regulated by circVAPA via miR-615-3p. Further, in vivo analysis confirmed the findings.

Conclusion: In summary, circVAPA promoted RB proliferation and metastasis by sponging

miR-615-3p, thereby upregulating SMARCE1. CircVAPA was a potential biomarker for Rb

therapy.
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Introduction
Retinoblastoma (RB) is the most commonmalignant tumor in children under five years

old.1 RB is not sensitive to radiotherapy and chemotherapy. Although great efforts have

been made to tackle this disease, the survival rate is under 5% in developing countries.2

Hence, exploring biological mechanisms of RB progression and finding out biomarkers

and therapeutic approach are urgent for diagnose and therapy of this disease.

Circular RNAs (circRNAs) are a subclass of non-coding RNAswith single-strands,

and attracted great attention recently.3,4 Most circRNAs are generated from exons with

no protein-coding ability.5,6 CircRNAs were reported predominantly located in cyto-

plasm, where they sponge miRNAs, thereby releasing the target genes sequestered by

miRNAs.7,8 Emerging evidence has reported the important roles of circRNAs in

diverse cancer types.9 However, the function of circRNAs in RB has been rarely

reported. circVAPA, derived from vesicle-associated membrane protein-associated

protein A, was a novel circular RNA that was recently found associated with cancer

progression. circVAPAwas first found to play roles in colorectal cancer via interacting

with miR-101.10 Liu et al observed that circVAPA was upregulated in hepatocellular

cancer and enhanced cell proliferation.11 Zhou et al observed that circVAPA played as a
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tumor promoter via modulating miR-1615-5p in breast can-

cer development.12 Nevertheless, the role of circVAPA in

other cancer types has not been reported, including in RB.

In our work, we observed the overexpression of circVAPA

in RB tissues, as well as the oncogenic effects on RB cells by

promoting cell proliferation, migration and invasion. Further,

the underlying molecular mechanism was explored and we

revealed that circVAPA acted as an oncogene in RB progres-

sion via sponging miR-615-3p, thereby positively modulat-

ing SMARCE1. This research may help provide novel targets

for RB clinical diagnosis and therapy.

Methods
Clinical Samples
We obtained 50-paired RB tissue samples and adjacent nor-

mal ones from Zhejiang Hospital of Integrated Traditional

Chinese and Western Medicine. The involved patients

received surgery between 2017 and 2019. We obtained writ-

ten informed consent from every participant, and this study

was approved by the Ethics Committee of Zhejiang Hospital

of Integrated Traditional Chinese and Western Medicine.

Our study was conducted in accordance with the Declaration

of Helsinki.

Cell Culture
Human retinal pigment epithelial cell line (ARPE-19) and

human RB cell lines (WERI Rb1, hTERT-RPE1, SO-RB-50

and Y79) were provided by Cell Bank of Type Culture of

Chinese Academy of Sciences (Shanghai, China). Cells were

subjected to RPMI-1640 medium (Gibco, USA) with 10%

FBS (Gibco, USA). Incubation was maintained at 37°C with

5%CO2.

Real-Time Quantitative PCR (RT-qPCR)
Total RNA was extracted by Trizol (Invitrogen, USA). In

each sample, 2μg RNA was used to synthesize cDNA as

the templates of RT-qPCR using MMLV (Promega,

Beijing, China). RT-qPCR was carried out in triplicate

using a PrimeScript RT reagent kit (Takara, Japan) on

the pikoTM Thermal Cycler (ThermoFisher, USA).

Relative expression levels of genes were calculated using

the 2−ΔΔCt method. U6 and GAPDH were used as internal

controls for miRNA and mRNA, respectively. The

sequences of primers are presented in Table 1.

Cell Transfection
siRNAs against circVAPA (siVAPA), miR-615-3p overex-

pression plasmids (miR-615-3p mimics), miR-615-3p inhi-

bitor and corresponding negative controls were purchased

from Integrated Biotech (Shanghai, China). Lipo3000

(Invitrogen, USA) was utilized for the subsequent trans-

fection into cells.

Cell Viability Assay
CCK-8 (Sigma, USA) was utilized to measure cell viabi-

lity. Each well of a 96-well plate was seeded with 2000

cells and followed by an incubation of described time.

Cells were then added with CCK-8 solution and absor-

bance was measured at 450nm.

Colony-Forming Assay
Treated cells were seeded in 6-well plates with a density of

3000 cells per well, and cultured for 2 weeks. Then,

methanol was utilized for fixing and 0.5% crystal violet

Table 1 Primers of qRT-PCR

Gene Primers

circVAPA Forward 5ʹ-GTGTCTGGCAAGGAACACTA-3ʹ

Reverse 5ʹ-GGTGGAGAAGAGGGACAATAAG-3ʹ

miR-615-3p Stem-loop RT primer 5ʹ- GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGGCUC -3ʹ

Forward 5ʹ UUCUCCCUCUGGGUCC-3ʹ

Reverse 5ʹ-GTGCAGGGTCCGAGGT-3ʹ

SMARCE1 Forward 5ʹ-ATGGCCTTAGCTTAGGCT-3ʹ

Reverse 5ʹ-TTGGCAATGCCGTATTAGC-3ʹ

GAPDH Forward 5ʹ-AGCCACATCGCTCAGACAC-3ʹ

Reverse 5ʹ-GCCCAATACGACCAAATCC-3ʹ

U6 Forward 5ʹ-GCTTCGGCAGCACATATACTAAAAT-3ʹ

Reverse 5ʹ-CGCTTCACGAATTTGCGTGTCAT-3ʹ
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was applied for staining. After 30 min, the number of

colonies were counted.

Cell Apoptosis Assay
Cell apoptosis was detected using Annexin V/Cell apop-

tosis staining kit (LMAI Bio, Shanghai, China), according

to the protocol. The cell apoptosis was tested using

FACScan flow cytometer (BD Biosciences, San Jose, CA).

Transwell Assay
Transwell chamber (Corning, USA) was utilized for migra-

tion and invasion assays. Cells were seeded in the upper

inserts filled with RPMI-1640, and the lower chambers

were filled with complete medium (10% FBS). After 24

hours, cells suspended in the upper insets were removed.

Cells in the lower chamber were fixed and stained with

methanol and crystal violet. Migration cells were photo-

graphed using an inverted microscope (Olympus, Japan).

For invasion assay, the upper chamber was precoated with

Matrigel matrix (BD, USA).

Western Blot
Total protein was extracted from cells or tissues using RAPA

lysis buffer (Thermo Fisher Scientific, USA). Equal amounts

of each sample were loaded on 10% SDS PAGE gel and

transferred on PVDF membranes. After blocked with 5%

non-fat milk for an hour at room temperature, membranes

were incubated at 4 °C overnight with specific primary anti-

bodies against SMARCE1 (Abcam, 1:1000) and β-actin

(Tiangen, 1:2000).

Immunohistochemical Staining
Tumors were treated with formalin and paraffin and sliced

into 5 μM-thick sections. Xylene was utilized to deparaffi-

nize the samples and ethanol was used for hydration. After

blockage with serum for half an hour, samples were incu-

bated with antibodies against SMARCE1 (1:200, Sigma) and

Ki67 (1:500, Sigma) at 4°C overnight. Secondary antibodies

were taken for another incubation at room temperature for an

hour. DBAwas utilized for color reaction.

Animal Model
Mice (8-week-old) were provided by Zhejiang Hospital of

Integrated Traditional Chinese and Western Medicine. Y29

cells carrying sh-circVAPA or sh-scramble (control group)

were injected into flanks of nude mice. Tumor volumes were

recorded weekly. Four weeks later, mice were sacrificed and

tumors were removed for the subsequent assays. Animal

study was approved by Ethics Committee of Zhejiang

Hospital of Integrated Traditional Chinese and Western

Medicine and conducted in accordance with the Guidelines

for Animal Use in the National Institutes of Health.

Results
circVAPA Was Upregulated in RB and

Indicated Poor Prognosis
To identify expression patterns of circVAPA, qPCR was

applied. As shown in Figure 1A and B, circVAPA expression

levels were significantly increased both in RB patient tissue

samples and cell lines. Correlations of circVAPA level with

clinicopathological features were analyzed using Chi-squared

Figure 1 Expression level of circVAPA in RB. (A) circVAPA expressions in RB tissues and matched nearby normal ones were detected by qRT-PCR. (B) circVAPA expression

levels in RB cell lines (WERI Rb1, hTERT-RPE1, SO-RB-50 and Y79) and human retinal pigment epithelial cell line (ARPE-19) were examined by qRT-PCR. (C) Kaplan–Meier

survival analysis was utilized to analyze the association of circVAPA expression and overall survival. **P<0.01.
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test, and results (Table 2) indicated that circVAPA expression

was correlated with tumor size (P = 0.032), FIGO stage

(P = 0.025) and Lymph-node metastasis (P = 0.036).

Moreover, higher circVAPA expression indicated poorer prog-

nosis (Figure 1C). These findings suggested the potential

oncogenic role of circVAPA.

Knockdown of circVAPA Repressed

Proliferation and Metastasis of RB Cells
To investigate the effects of circVAPA on RB, we used si-

circVAPA for loss-of-function experiments. Figure 2A shows

that both the two siRNAs against circVAPA exerted knock-

down efficiencies. Functional experiments were performed

following si-circVAPA (si-circVAPA-2) transfection. Cell via-

bility was measured by CCK-8 assay, showing that the cell

viabilities of SO-RB-50 and Y79 cells were decreased after

transfection of si-circVAPA (Figure 2B). Colony-forming

experiments also showed that the RB cell proliferation was

suppressed with si-circVAPA transfection (Figure 2C).

Whereas, the apoptotic rate of RB cells was increased upon

circVAPA knockdown (Figure 2D). As metastasis was an evi-

dent feature of cancer cells, we further tested the effects of

circVAPA on RB cell metastasis. As shown in Figure 2E and F,

in circVAPA knockdown groups, the migration and invasion

abilities were restrained, compared with those in control

groups. All these results suggested that circVAPA might play

as a tumor promotional role in RB progression.

circVAPA Served as a Sponge for miR-

615-3p
We next explored the possible molecular mechanism. We

utilized CircBank to predict miR-615-3p as an interacting

miRNA, with potential binding sites presented in

Figure 3A. To confirm this prediction, we applied luciferase

activity assay. As shown in Figure 3B, luciferase activity was

suppressed with co-transfection ofmiR-615-3p and wild type

circVAPA, but not with co-transfection of miR-615-3p and

mutant circVAPA. Moreover, miR-615-3p expression was

deceased when circVAPA was knocked down (Figure 3C).

Further, we examined expressions of miR-615-3p in RB cell

lines, observing the downregulated levels of miR-615-3p in

SO-RB-50 and Y79 cell lines, in comparison with those in

normal ARPE-19 cells (Figure 3D). Also, miR-615-3p was

downregulated in RB tissues, in comparison with those in

normal tissues (Figure 3E). Additionally, the expression

levels of circVAPA and miR-615-3p in tumor tissues from

50 RB patients were detected by qPCR. Then, the correlation

between circVAPA and miR-615-3p in RB tissues was deter-

mined using Pearson analysis. Results showed thatmiR-615-

3p was negatively correlated with circVAPA (3F).

circVAPA Exerted Oncogenic Effects on

RB Cells via Regulating miR-615-3p
We further investigated whether miR-615-3p participated in

circVAPA regulation on RB. si-circVAPAwas co-transfected

with/without miR-615-3p inhibitor, followed by functional

experiments. We observed that miR-615-3p inhibitor attenu-

ated the reduction of cell viability and colony number

induced by si-circVAPA (Figure 4A and B). The aggravation

on cell apoptosis induced by si-circVAPAwas also mitigated

by miR-615-3p inhibitor (Figure 4C). si-circVAPA down-

regulated the RB cell migration and invasion abilities,

while miR-615-3p inhibitor could partially reverse these

alterations (Figure 4D and E). These observations indicated

that miR-615-3p was involved in the regulation.

circVAPA Upregulated SMARCE1 via

miR-615-3p
We utilized TargetScan network tool to predict SMARCE1

as the potential target of miR-615-3p (Figure 5A). We

applied luciferase activity assay to confirm this prediction.

As shown in Figure 5B, luciferase activity was suppressed

Table 2 Characteristics of RB Patients

Characteristics

Total

N = 50 CircVAPA Expression P

value
High

(n=33)

Low

(n=17)

Age (years)

≥50 35 25 10 0.521

<50 15 8 7

Tumor size (cm)

≥3 28 18 10 0.032*

<3 22 15 7

FIGO stage

III–IV 18 13 5 0.025*

I–II 27 20 7

Lymph-node

metastasis

Yes 26 19 7 0.036*

No 24 14 10

Histological grade

Well 20 15 5 0.418

Moderately/poorly 30 18 12

Note: *P < 0.05 means statistical difference.
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Figure 2 circVAPA exerted oncogenic effects on RB cells. (A) siRNAs against circVAPA were transfected into RB cell lines, and the knockdown efficiencies were tested by

qRT-PCR. si-VAPA-2 was transfected into SO-RB-50 and Y79 cells. (B) CCK-8 assay was applied to assess cell viability. (C) Colony-forming experiments were performed to

evaluate cell proliferation. (D) Flow cytometry was carried out to test cell apoptosis. (E) Transwell assays were utilized to detect cell migration. (F) Transwell assays were
used to determine cell invasion. **P<0.01.
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with co-transfection of miR-615-3p and wild type 3ʹUTR

of SMARCE1, but not with co-transfection of miR-615-3p

and mutant 3ʹUTR of SMARCE1. Moreover, the expres-

sion level of SMARCE1 was downregulated by miR-615-

3p overexpression (Figure 5C). These results confirmed

that miR-615-3p directly interacted with SMARCE1. In

addition, we observed that SMARCE1 was upregulated in

RB tissues, in comparison with those in normal tissues

(Figure 5D). Further, the mRNA and protein expression

levels of SMRCE1 were downregulated by si-circVAPA,

Figure 3 circVAPA was a sponge for miR-615-3p. (A) Putative interacting sites predicted by CircBank. (B) Luciferase activities were detected after co-transfection of miR-615-
3p and circVAPA wt/mut. (C) si-circVAPA was transfected, and miR-615-3p expression was measured by qRT-PCR. (D) miR-615-3p expression levels in RB cell lines (SO-RB-50

and Y79) and normal cell line (ARPE-19) were measured by RT-qPCR. (E) miR-615-3p expression levels in RB tissues and matched nearby normal ones were measured by RT-

qPCR. (F) Pearson’s correlation analysis of circVAPA and miR-615-3p in RB tissue. **P<0.01.
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Figure 4 miR-615-3p inhibitor mitigated the si-circVAPA induced oncogenic effects on RB cells. si-circVAPA was co-transfected with miR-615-3p inhibitor or its negative

control inhibitor. (A) CCK-8 assay was applied to assess cell viability. (B) Colony-forming experiments were performed to evaluate cell proliferation. (C) Flow cytometry

was carried out to test cell apoptosis. (D) Transwell assays were utilized to detect cell migration. (E) Transwell assays were used to determine cell invasion. **P<0.01

compared with si-ctrl+ctrl inhibitor; ##P<0.01 compared with si-circVAPA+ctrl inhibitor.
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Figure 5 SMARCE1 was positively modulated by circVAPA via miR-615-3p. (A) Putative interacting sites predicted by TargetScan. (B) Luciferase activities were detected after

co-transfection of miR-615-3p and SMARCE1 3ʹUTR wt/mut. (C) miR-615-3p was overexpressed, and miR-615-3p level was measured by qRT-PCR. (D) SMARCE1 expression

levels in RB tissues and matched nearby normal ones were measured by RT-qPCR. (E, F) si-circVAPA was co-transfected with miR-615-3p inhibitor or negative control

inhibitor, then SMARCE1 mRNA and protein levels were determined by qRT-PCR and Western blot. **P<0.01 compared with control group; ##P<0.01 compared with si-

circVAPA group.
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while miR-615-3p inhibitor could partially reverse these

alterations (Figure 5E and F). All the above observations

indicated that circVAPA sponged miR-615-3p to positively

regulate SMARCE1 gene expression, which might be the

underlying mechanism.

circVAPA Silencing Hampered RB

Tumorigenesis in vivo
Tumor xenografts were generated in mice to perform in vivo

experiments. Y79 cells expressing sh-circVAPA or sh-scram-

ble (ctrl) were injected intomice. Tumor size and tumorweight

were detected weekly and 4 weeks later, respectively

(Figure 6A and B). After tumors were removed 4 weeks

later, we examined the gene expressions in tumor tissues. RT-

qPCR results showed that circVAPA and SMARCE1 were

downregulated in circVAPA-depleted mice, while miR-615-3p

was upregulated (Figure 6C–E). Immunohistochemistry

assays were further performed to determine SMARCE1 and

Ki67 expression levels. SMARCE1 was downregulated in sh-

circVAPA mice, in line with the qPCR results we found

(Figure 6F). Ki67, a cell proliferation marker, was also lowly

expressed in sh-circVAPA mice (Figure 6G). The in vivo

observations were consistent with those found in cell lines.

Discussion
RB is of high mortality rate that was commonly happened in

children under five years old.13 Despite the great efforts in

treating this disease, the survival rate is very low, especially in

less developed countries.14 Hence, it is urgent to find out new

approaches to overcome RB. Emerging evidence showed that

circRNAs were dysregulated and played as tumor promo-

tional or anti-cancer roles in cancer progressions.15 As to

RB, there existed several reports demonstrating the relation-

ship between circRNAs and RB development. For example,

Figure 6 circVAPA silencing hampered RB tumorigenesis in mice. Mice were injected with Y79 cells expressing sh-circVAPA or sh-scramble stably. (A, B) Image of tumors

removed 4 weeks later and the corresponding tumor sizes and weights. (C) circVAPA expression level in sh-circVAPA and sh-scramble mice. (D) miR-615-3p expression levels

in sh-circVAPA and sh-scramble mice. (E) SMARCE1 mRNA levels in sh-circVAPA and sh-scramble mice. (F) SMARCE1 expression levels were detected by ICH. (G) Ki67
expression levels were assessed by ICH. **P<0.01.
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circ0001694 was revealed to overexpressed in human RB

tissue and indicated poor survival rate by modulating AKT/

mTOR signaling pathway.16 Circ0006168 was reported to

activate S6K/S6 signaling and modulate miR-384/RBBP7,

thereby contributing to RB cell viability and metastasis.17

Thus, in this study, we aimed to investigate the influence of

circRNA in RB pathogenesis.

In this study, we applied qRT-PCR to determine the expres-

sion profile of circVAPA in RB. Results showed that circVAPA

was highly expressed in RB tissue and cell lines. This result

prompted us to explore the function of circVAPA in RB further.

In vitro, knockdown of circVAPA inhibited RB cell viability

and colony formation ability, as well as enhanced cell apopto-

sis. Moreover, the migration and invasion of SO-RB-50 and

Y79 cells were significantly decreased after si-circVAPAwere

transfected. Of note, we detected the cell apoptosis, migration

and invasion 24 h after transfection, when the cell viability had

not been affected (the cell viability curve shown in Figure 2B).

Thus, the reduced cell viability would not influence the phe-

notypic changes. These results suggested that circVAPA

exerted a significant influence on RB cell proliferation, migra-

tion and invasion.

Further, we aimed to explore the possible mechanisms.

More and more reports confirmed that circRNAs were rich in

miRNA binding sites and likely to function by acting as

sponges of miRNAs, thereby releasing the downstream target

genes of miRNAs.18,19 For example, BCRC-3 inhibited blad-

der cancer through sequestering miR-182-5p and positively

regulating p27.20 Circ103869 downregulatedmiR-532-3p and

released FOXO4 mRNA, thereby contributing to colorectal

cancer cell proliferation.21 Circ0084043 upregulated Snail via

sponging miR-153-3p to promote malignant melanoma.22 In

this study, we predicted the binding sites of circVAPA and

miR-615-3p by informatics software and confirmed that

circVAPA could bind to miR-615-3p by luciferase reporter

activity. Moreover, we detected the expression pattern of

miR-615-3p in RB cell lines and tissues, and found that miR-

615-3p was lowly downregulated in RB cell lines and tissues,

which was in line with the previous prediction. Also, in RB

tissues, there existed a negative correlation between circVAPA

and miR-615-3p analyzed by Pearson correlation analysis.

Further, we conducted functional experiments to confirm

that miR-615-3p was involved in the regulation mechanisms.

si-circVAPAwas co-transfected with miR-615-3p inhibitor or

ctrl inhibitor. Then, CCK-8, colony formation assay, apoptosis

assay and transwell assay were conducted. We found that si-

circVAPA suppressed RB cell proliferation, migration and

invasion, as well as promoted RB cell apoptosis, while miR-

615-3p inhibitor could partially reverse these changes. These

results suggested that circVAPA regulated RB cell proliferation

and metastasis by sponging miR-615-3p.

MicroRNAs are known to bind to target genes’ 3ʹUTR,

thus downregulate their expressions.23 Many miRNAs parti-

cipate in cancer progression through repressing target mRNA

expressions. For example, miR-376a-3p targeted KLF15 to

promote colorectal cell proliferation and metastasis.24 miR-

498 promoted RB cell proliferation and inhibited cell apop-

tosis via targeting CCPG1.25 Notch 1 and PAX6 were sup-

pressed to express normally by miR-433, thereby hampering

RB progression.26 Herein, we showed SMARCE1 as a direct

target of miR-615-3p and found that SMARCE1 was highly

expressed in RB tissue. SMARCE1 was a tumor promoter in

many types of cancers, such as ovarian cancer,27 breast

cancer,28 gastric cancer,29 and hepatoma carcinoma.30 In

the present work, we predicted SMARCE1 as a target of

miR-615-3p by TargetScan software, followed by luciferase

reporter activity assays to confirm the prediction. In vivo, we

detected the expression of SMARCE1, and found that

SMARCE1 was upregulated in RB tissues, which might be

inhibited by miR-615-3p. Furthermore, we wanted to inves-

tigate whether circVAPA could regulate SMARCE1 via miR-

615-3p. si-circVAPA was co-transfected with miR-615-3p

inhibitor or ctrl inhibitor, and SMARCE1 expression was

detected. Results showed that SMARCE1 was suppressed

by si-circVAPA, while the suppression was partially reversed

by miR-615-3p inhibitor. These findings indicated that miR-

615-3p/SMARCE1 axis might be involved in circVAPA regu-

lated RB progression. To conform this supposition, we car-

ried out in vivo experiments. Tumors in circVAPA

knockdown group were smaller and lighter, in comparison

with those in the control group. Importantly, miR-615-3p

expression level was upregulated in circVAPA knockdown

mice, while SMARCE1 expression level was downregulated.

All the results suggested that circVAPA promoted RB pro-

gression via regulating miR-615-3p/SMARCE1.

Conclusion
CircVAPA promoted RB cell proliferation, migration and

invasion, as well as inhibited cell apoptosis. In terms of

mechanism, circVAPA could positively regulate SMACE1

via sponging miR-615-3p. This finding might provide new

targets for clinical diagnosis and therapy of RB.
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