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Background: MicroRNAs (miRNAs) have been shown to contribute to the initiation and

progression of human cancer, including retinoblastoma. However, expression levels and potential

roles of miRNAs in retinoblastoma remain largely unknown. In this study, we aimed to identify

dysregulated miRNAs and explore their functional roles in the development of retinoblastoma.

Material and Methods: First, miRNA expression profiling in retinoblastoma tissues was

performed via microarray analysis. To evaluate the involvement of miR-214-3p in multi-drug

resistance, gain-of-function experiments were employed in vitro and in vivo. Bioinformatics

analysis, luciferase reporter assay, qRT-PCR and Western blot were used to investigate the

underlying mechanisms.

Results: Here, we identified 57 up-regulated and 34 down-regulated miRNAs. Among them,

miR-214-3p was the most significantly decreased. We found that miR-214-3p level was

positively correlated with clinical outcome and chemotherapy response. Overexpression of

miR-214-3p significantly sensitized retinoblastoma cells to multiple chemodrugs and pro-

moted cell apoptosis in vitro and in vivo. Further investigations revealed that miR-214-3p

directly regulated ABCB1 and XIAP expression through interacting with the 3’ untranslated

regions (3’UTRs). Pearson correlation analysis showed that miR-214-3p expression in

retinoblastoma tissues was negatively correlated with ABCB1 and XIAP expression. We

also observed that overexpression of ABCB1 or XIAP partly reversed the chemoresistance

inhibition-induced by miR-214-3p overexpression.

Conclusion: Our data demonstrate that miR-214-3p functions as a tumor suppressor to

inhibit the chemoresistance in retinoblastoma, suggesting that miR-214-3p might be potential

diagnostic and therapeutic targets for retinoblastoma treatment.
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Introduction
MicroRNAs (miRNAs) are a class of small non-coding RNAs of 18–24 nucleo-

tides. Increasing evidence has demonstrated that miRNAs are frequently dysregu-

lated and involved in the initiation and progression of human cancer.1 Their

expression levels can be used as biomarkers for diagnosis, prognosis and radio-

chemotherapy response.2 miRNAs can negatively regulate gene expression at the

posttranscriptional level and thereby activate oncogenic pathways.3 Thus, under-

standing the expression profile and function of crucial miRNAs will help to

elucidate tumor pathogenesis and develop novel therapeutic strategies for cancer

treatment.
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miR-214-3p was reported to be down-regulated in oral

squamous cell carcinoma patients with poor prognosis and

could be used as a useful biomarker.4 Phatak et al found that

miR-214-3p enhanced sensitivity to cisplatin (DDP) of eso-

phageal squamous cancer cells through targeting surviving.5 In

endometrial carcinoma, breast cancer, lung cancer and hepa-

tocellular carcinoma, miR-214-3p has been suggested to act as

a tumor suppressor to inhibit tumorigenesis.6–9 However, sev-

eral studies also showed that miR-214-3p expression level was

significantly up-regulated in osteosarcoma and bladder cancer,

and miR-214-3p overexpression promoted cell proliferation

and metastasis.10,11 Taken together, these findings suggest

a pivotal role of miR-214-3p in tumor pathogenesis, but its

functions are complex in regard to different cancer types.

Retinoblastoma is the most common intraocular aggres-

sive cancer of infants and children, and the mortality is

approximately 70% in developing countries.12 Recently,

abnormally expressed miRNAs were broadly implicated in

retinoblastoma development.13–15 However, the biological

role of miR-214-3p in retinoblastoma is still largely unclear.

In this study, miRNA array analysis revealed that

miR-214-3p was significantly down-regulated in retinoblas-

toma tissues. Furthermore, decreased miR-214-3p level was

positively correlated with poor clinical outcome and che-

motherapy response. Using gain-of-function assays in vitro

and in vivo, we explored the biological functions of miR-

214-3p and found that overexpression of miR-214-3p sup-

pressed multi-drug resistance and promoted apoptosis of

retinoblastoma cells. Taken together, our findings provide

new insights into the chemotherapy of retinoblastoma and

also suggest miR-214-3p as novel diagnostic biomarker and

potential therapeutic target for retinoblastoma treatment.

Materials and Methods
Patients and Tissues
Fifty-six retinoblastoma tissues used in this study were

obtained from retinoblastoma patients who underwent enu-

cleation surgery in Cangzhou Central Hospital between

2013 and 2017. Fifteen age-matched normal retina tissues

were donated by accidental death children. The Ethics

Committee of the hospital granted approval of this study

(CZCH-2017-0039) and written informed consent was

obtained from each patient.

Cell Culture
Human retinoblastoma cell lines WERI-RB1, SO-RB50,

Y79, and human retinal pigment epithelial cell line

ARPE-19 were purchased from ATCC. Human embryonic

kidney cell line HEK-293T cells were obtained from the

Chinese Academy of Sciences Cell Bank (Shanghai,

China). VCR-resistant SO-RB50 (SO-RB50/VCR) and

CBP-resistant SO-RB50 (SO-RB50/CBP) cells were gener-

ated as previous study described.16

RNAOligonucleotides andCell Transfection
miR-214-3p mimics and miRNA negative control were

synthesized by GenePharma (Shanghai, China). Full-length

of ABCB1 and XIAP were cloned into pcDNA3.1 vector

(Invitrogen) to generate ABCB1 and XIAP expression vec-

tors, pcDNA-ABCB1 or pcDNA-XIAP. The wild type (wt)

and mutant (mut) 3’UTR of ABCB1 and XIAP containing

the predicted target sites of miR-214-3p were synthesized by

GenePharma and then cloned into pmirGLO vector

(Promega). The RNA oligonucleotides were transfected

into cells using Lipofectamine 2000 (Invitrogen). At 48 hrs

posttransfection, cells were harvested for next analysis.

qRT-PCR Assays
Total RNAwas extracted from cells and tissues using TRIzol

reagent (Invitrogen). cDNA of miRNA and mRNA was

reverse transcribed using TaqMan miRNA Reverse

Transcription Kit (Applied Biosystems, Foster City, CA,

USA) and PrimeScript RT reagent Kit (TaKaRa, Dalian,

China), respectively. All analyses were performed using the

SYBR Premix Ex Taq II (TaKaRa) on an ABI PRISM 7500

Sequence Detection System (Applied Biosystems). The

2−ΔΔCt method was used to calculate relative expression.

Western Blot
Western blot analysis was performed according to

a previous description.17 Primary antibodies included

ABCB1, XIAP and β-actin (Cell Signaling Technology).

Horseradish peroxidase-conjugated goat anti-rabbit IgG

antibody (1:5000, Beyotime) was applied as a secondary

antibody. Signals were detected using chemiluminescence.

In vitro Drug Sensitivity Assay
Cells (5×103 cells/well) were seeded into 96-well plates.

After cellular adhesion, cells were treated with different

concentrations of vincristine (VCR, Solarbio, Beijing,

China), carboplatin (CBP, Sigma), etoposide (VP-16),

DDP (Sigma) and 5-fluorouracil (5-Fu, Sigma). After

48 hrs treatment, cell viability was assessed by MTT

assay. The IC50 of each drug was evaluated and the
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resistance index was calculated as follows: Resistance

index = IC50 (cell/resistant)/IC50 (cell/control).

Apoptosis Assay
Cells (4×105 cells/well) were seeded into 6-well plates.

Forty-eight hours after the treatment of VCR or CBP, cells

were collected and dual stained with 5 μL Annexin V and

5 μL propidium iodide for 30 min at room temperature.

Flow cytometry was used to detect apoptosis (BD, San

Diego, CA, USA).

Dual-Luciferase Activity Assay
HEK-293T cells (1×105 cells/well) were seeded into 24-well

plates. After cellular adhesion, the wt or mut 3’UTR vector

was transfected into HEK-293Tcells together with miR-214-

3p mimics or miRNA negative control. Luciferase activity

was measured using the Dual Luciferase Reporter Assay

System (Promega) after 48 hrs transfection.

miRNA Array Analysis
Total RNAwas extracted and purified from 3 normal retina

tissues and 3 retinoblastoma tissues using mirVana™

miRNA Isolation kit (Ambion; Thermo Fisher Scientific,

Inc.). The samples were hybridized on Agilent human

miRNA microarray v21 (Agilent Technologies, Santa

Clara, CA, USA). Microarray data were normalized and

analyzed using GeneSpring GX v.14.8 software (Agilent

Technologies). The threshold set for differentially

expressed miRNAs was P < 0.05 and fold-change ≥2.0.

Animal Experiments
HumanmiR-214-3p precursor was synthesized (GenePharma)

and cloned into pSuper-GFP-Luc. SO-RB50 cell lines stably

transfected with pSuper-GFP-Luc (pSuper) or pSuper-GFP-

Luc-miR-214-3p (pSuper-miR-214-3p) were established by

selection with G418 (Sigma) and then 5×106 cells were inocu-

lated subcutaneously into 5-week-old female BALB/c mice

(Shanghai, Chinese Academy of Sciences, China). Each

experimental group included six mice. One week after inocu-

lation, mice were injected intraperitoneally with VCR (1.0mg/

kg) or CBP (50mg/kg) twice weekly. After 4 weeks treatment,

the mice were sacrificed and the tumors were isolated and

weighed. The animal experiments were approved by the

Animal Ethics Committee of Cangzhou Central Hospital

Figure 1 miR-214-3p is down-regulated in retinoblastoma tissues and cell lines. (A) Heatmap of the top 50 differentially expressed miRNAs between 3 retinoblastoma

tissues and 3 normal retina tissues (fold change >2 and P < 0.05) determined using miRNA array analysis. (B) The miR-214-3p expression level in 56 retinoblastoma tissues

quantified by qRT-PCR analysis. Expression levels were shown as log2-fold change to age-matched normal retina tissues. (C) The relative expression level of miR-214-3p in

56 retinoblastoma tissues and 15 age-matched normal retina tissues. (D) The relative expression level of miR-214-3p in human retinoblastoma cell lines WERI-RB1, SO-

RB50, Y79, and human retinal pigment epithelial cell line ARPE-19. (E) Kaplan–Meier analysis of overall survival in 56 retinoblastoma patients was analyzed using Log rank

test according to miR-214-3p expression compared with normal retina tissues. Data indicate mean ± SD of at least three independent experiments; Student’s t-test.
**P<0.01.
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(CZCH-2018-0024). All experimental procedures and animal

care were in accordance with the institutional ethics guidelines

for animal experiments.

Statistical Analysis
All data are displayed as mean ± SD. Differences between

two groups were assessed using Student’s t-test. A p value

of <0.05 was considered to be statistically significant.

Results
miR-214-3p Is Down-Regulated in

Retinoblastoma Tissues and Cell Lines
To identify dysregulated miRNAs involved in retinoblas-

toma development, miRNA array analysis was performed

in 3 normal retina tissues and 3 retinoblastoma tissues. Our

result showed that normal and tumor tissues are deeply

different, with 57 up-regulated and 34 down-regulated

miRNAs (fold change >2 and P < 0.05; Figure 1A). Of

particular interest, miR-214-3p was the most significantly

decreased in retinoblastoma tissues. qRT-PCR results

showed that expression level of miR-214-3p was lower

in most retinoblastoma tissues (43/56, 76.8%) when com-

pared with normal retina tissues (Figure 1B and C). As

illustrated in Figure 1D, miR-214-3p was significantly

decreased in retinoblastoma cell lines SO-RB50, WERI-

RB1, Y79 compared to that in retinal pigment epithelial

cell line ARPE-19. Furthermore, Kaplan-Meier analysis

revealed that high level of miR-214-3p was strongly cor-

related with favorable outcome in patients with retinoblas-

toma (P=0.004; Figure 1E). As shown in Table 1, in 56

retinoblastoma tissues, the level of miR-214-3p was lower

in high-grade and chemotherapy nonresponse patients

(P=0.002, P=0.014, respectively).

miR-214-3p Enhances the Sensitivity to

Multi-Drugs in vitro
To explore the potential role of miR-214-3p in the che-

motherapy response of retinoblastoma cells, two chemore-

sistant cell lines SO-RB50/VCR and SO-RB50/CBP were

constructed by exposing SO-RB50 cells to increasing dose of

VCR or CBP (Figure 2A). In both SO-RB50/VCR and SO-

RB50/CBP cells, miR-214-3p expression level was down-

regulated 3.95-fold and 3.24-fold compared with SO-RB50

cells, respectively (Figure 2B). Gain-of-function assays were

then performed in SO-RB50/VCR and SO-RB50/CBP cells

by transfecting with miR-214-3p mimics. miR-214-3p level

was validated using qRT-PCR (Figure 2C). Compared with

negative control, cells overexpressing miR-214-3p exhibited

significantly increased sensitivity to multi-drugs (Figure 2D

and E). Flow cytometry analysis showed a higher rate of

apoptosis when incubated with gemcitabine for 48 h in SO-

RB50/VCR and SO-RB50/CBP cells transfected with miR-

214-3p mimics than that in cells transfected with negative

control (Figure 2F).

miR-214-3p Enhances the Sensitivity to

Multi-Drug in vivo
To further evaluate the effects of miR-214-3p on chemo-

sensitivity in vivo, SO-RB50 cells stably overexpressing

Table 1 Correlation of miR-214-3p Expression and Clinicopatho-

logical Features of Retinoblastoma Patients

Features Number miR-214-3p

Expression

P value

High Low

Gender 0.918

Male 33 8 25

Female 23 5 18

Age at diagnosis 0.782

≥5 3 1 2

<5 53 12 41

Tumor size (mm) 0.086

<10 21 8 13

≥10 35 5 30

Tumor laterality 0.883

Unilateral 27 7 20

Bilateral 29 6 23

Differentiation grade 0.450

Well/moderately 13 10 26

Poor 43 3 17

Choroidal invasion 0.061

Yes 32 4 28

No 24 9 15

Optic nerve invasion 0.121

Yes 34 5 29

No 22 8 14

ICRB stage 0.002

I–II 21 10 11

III–IV 35 3 32

Chemotherapy response 0.014

Response 17 8 9

Nonresponse 39 5 34

Note: χ2-test was used.
Abbreviation: ICRB, the international classification of retinoblastoma.
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miR-214-3p (pSuper-miR-214-3p) were established and

subcutaneously injected into nude mice and then treated

with VCR or CBP. qRT-PCR results confirmed that

miR-214-3p expression level was up-regulated 54.3-fold

in stably expressing miR-214-3p cells (Supplementary

Figure 1). In both VCR and CBP treatment, tumor growth

of pSuper group was faster than that in the pSuper-miR

-214-3p group (Figure 3A, B and D). The average weight

of tumors in miR-214-3p overexpression group was sig-

nificantly less than tumors derived from blank vector

group (Figure 3C and E).

ABCB1 and XIAP are Direct Target

Genes of miR-214-3p
To understand the underlying mechanism through which

miR-214-3p suppresses chemoresistance, bioinformatics

analysis was performed to identify the potential targets

of miR-214-3p using TargetScan. Of these putative targets,

ABCB1 and XIAP attracted our attention as they have

been implicated in chemoresistance previously

(Figure 4A). ABCB1 and XIAP protein expression levels

were significantly down-regulated in miR-214-3p mimics

transfected SO-RB50/VCR and SO-RB50/CBP cells

(Figure 4B). To confirm ABCB1 and XIAP as direct

targets, wt or mut 3’UTR of ABCB1 and XIAP was co-

transfected with miR-214-3p mimics or miRNA negative

control into HEK-293T cells. Relative luciferase activity

was significantly reduced when ABCB1-wt or XIAP-wt

vector was co-transfected with the miR-214-3p mimics,

but not with the miRNA mimic control (Figure 4C and D).

In addition, ABCB1 and XIAP were up-regulated 2.33-

fold and 2.70-fold (Figure 4E and 4F) and significant

negatively correlated with miR-214-3p level in retinoblas-

toma tissues (R=−0.4491, P=0.0001; R=−0.5137,
P<0.0001; Figure 4G and H).

ABCB1 and XIAP Rescue miR-214-3p-

Suppressed Chemoresistance
To further validate the roles of ABCB1 and XIAP in

chemoresistance inhibition-induced by miR-214-3p over-

expression, pcDNA-ABCB1 or pcDNA-XIAP was co-

transfected with miR-214-3p mimics or miRNA negative

Figure 2 miR-214-3p enhances the sensitivity to multi-drug in vitro. (A) Resistance index of VCR, CBP, DDP, VP-16 and 5-Fu in SO-RB50/VCR and SO-RB50/CBP cells

compared with their parallel cells SO-RB50. (B) The miR-214-3p expression level in SO-RB50/VCR, SO-RB50/CBP cells and their parallel cells SO-RB50. (C) The miR-214-

3p expression level in SO-RB50/VCR and SO-RB50/CBP cells transfected with miR-214-3p mimics and miRNA negative control. (D) and (E) Resistance index of VCR, CBP,

DDP, VP-16 and 5-Fu in SO-RB50/VCR (D) and SO-RB50/CBP (E) cells transfected with miR-214-3p mimics and miRNA negative control. (F) Flow cytometry assays were

performed to analyze the effect of miR-214-3p overexpression on cell apoptosis in SO-RB50/VCR and SO-RB50/CBP cells treated with VCR or CBP. Data indicate mean ±

SD of at least three independent experiments; Student’s t-test. *P<0.05, **P<0.01.
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Figure 3 miR-214-3p enhances the sensitivity to multi-drugs in vivo. SO-RB50 cells that stably overexpressed miR-214-3p (pSuper-miR-214-3p) or pSuper were

subcutaneously injected into nude mice treated with VCR (1.0 mg/kg) or CBP (50 mg/kg) twice weekly. After 4 weeks treatment, the mice were sacrificed and the tumors

were isolated and weighed. (A) Representative images. (B) and (D) Tumor volume of mice treated with VCR (B) or CBP (D). (C) and (E) Tumor weight mice treated with

VCR (C) or CBP (E). Data indicate mean ± SD of at least three independent experiments; Student’s t-test. **P<0.01.

Figure 4 ABCB1 and XIAP are direct target genes of miR-214-3p. (A) Predicted binding sites of miR-214-3p in the 3’UTR of ABCB1 and XIAP analyzed using TargetScan

7.2. (B) Protein expression level of ABCB1 and XIAP in SO-RB50/VCR and SO-RB50/CBP cells transfected with miR-214-3p mimics or miRNA negative control. (C) and (D)

Luciferase assays were performed after HEK-293T cells were co-transfected wt or mut 3’UTR of ABCB1 (C) and XIAP (D) with miR-214-3p mimics or miRNA negative

control for 48 hrs. (E) and (F) The relative mRNA expression level of ABCB1 (E) and XIAP (F) in 56 retinoblastoma tissues and 15 age-matched normal retina tissues. (G)

and (H) The correlation between miR-214-3p and ABCB1 (G) or XIAP (H) in 56 retinoblastoma tissues. Data indicate mean ± SD of at least three independent

experiments; Student’s t-test. **P<0.01.
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control into SO-RB50/VCR and SO-RB50/CBP cells.

First, ABCB1 and XIAP protein levels were determined

using Western blot. We observed an increased ABCB1 and

XIAP expression after cells transfected with pcDNA-

ABCB1 and pcDNA-XIAP, respectively (Figure 5A

and B). MTT assay results showed that ABCB1 or XIAP

overexpression attenuated the inhibitory effect of

miR-214-3p on drug resistance (Figure 5C and D). In

addition, the results of flow cytometry assays revealed

that ABCB1 or XIAP overexpression significantly

reversed cell apoptosis promotion of retinoblastoma cells

induced by miR-214-3p overexpression (Figure 5E and F).

Figure 5 ABCB1 and XIAP rescue miR-214-3p-suppressed chemoresistance. (A) Protein expression level of ABCB1 in SO-RB50/VCR and SO-RB50/CBP cells transfected

with miR-214-3p mimics or miRNA negative control and pcDNA-ABCB1 or pcDNA 3.1. (B) Protein expression level of XIAP in SO-RB50/VCR and SO-RB50/CBP cells

transfected with miR-214-3p mimics or miRNA negative control and pcDNA-XIAP or pcDNA 3.1. (C) and (D) Resistance index of VCR, CBP, DDP, VP-16 and 5-Fu in SO-

RB50/VCR (C) and SO-RB50/CBP (D) cells transfected with miR-214-3p mimics or miRNA negative control and pcDNA-ABCB1 or pcDNA-XIAP. (E) and (F) Flow
cytometry assays were performed to analyze the apoptosis rate of SO-RB50/VCR (E) and SO-RB50/CBP (F) cells transfected with miR-214-3p mimics or miRNA negative

control and pcDNA-ABCB1 or pcDNA-XIAP treated with VCR or CBP. Data indicate mean ± SD of at least three independent experiments; Student’s t-test. *P<0.05,
**P<0.01.
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Discussion
In recent years, chemotherapy with CBP, VCR and VP-16

has become one of the major treatment methods for reti-

noblastoma and significantly improved patients’ prognosis

and chance of eye preservation.18 However, patients with

long-term chemotherapy often develop to drug resistance,

leading to the increased incidence of treatment failure.19

Therefore, searching for new therapeutic targets and

understanding the molecular mechanism of chemoresis-

tance will help to minimize drug resistance and improve

curative effect for retinoblastoma treatment.

miR-214-3p has been found to play important roles in

several cancers, yet its function in retinoblastoma has not

been reported. In this study, we observed that miR-214-3p

was significantly down-regulated in both retinoblastoma tis-

sues and cell lines, and patients with high expression level of

miR-214-3p predicted better prognosis. Clinicopathological

features analysis revealed that decreased miR-214-3p level

was associated with ICRB stage and chemotherapy resis-

tance. We also found that miR-214-3p overexpression sig-

nificantly suppressed chemoresistance in vitro and in vivo.

These data suggest that miR-214-3p acts as a tumor suppres-

sor gene in retinoblastoma.

miRNAs always exert their functional roles through

interacting with target genes. Based on bioinformatics

analysis, ABCB1 and XIAP were predicted to be candi-

date targets of miR-214-3p. Further investigations con-

firmed that miR-214-3p could directly interact with the

3’UTR of ABCB1 and XIAP, and reduce their expression,

which was consistent with Jin et al’s report of miR-214

inhibiting imatinib mesylate resistance in chronic myeloid

leukemia by targeting ABCB1.20

ABCB1 and XIAP are two classical chemoresistance-

related genes.21–23 ABCB1, also known as MDR1, encodes

P-glycoprotein which is the best-studied member of the

ABC family of transporters.24 ABCB1 is frequently up-

regulated in drug-resistant cancer cells and functions as

transporter of various drugs, such as carfilzomib, paclitaxel,

methotrexate, doxorubicin and cisplatin.25–29 XIAP encodes

a protein that belongs to a family of apoptotic suppressor

proteins. XIAP has been initially identified for its role in

blocking apoptosis upon inhibition of the activation of

caspase-3, −7 and −9.30 Recent studies also suggest the

regulatory roles of abnormally expressed XIAP in chemore-

sistance, inflammation and metastasis.31–33 In this study, we

observed that ABCB1 or XIAP overexpression could sig-

nificantly reverse chemoresistance and cell apoptosis-

induced by miR-214-3p overexpression, indicating that

miR-214-3p inhibits retinoblastoma progression at least

partly through reducing ABCB1 and XIAP expression.

Conclusion
We show that miR-214-3p is down-regulated in retinoblas-

toma and high level of miR-214-3p is associated with

better overall survival of retinoblastoma patients. miR-

214-3p functions as a tumor suppressor to sensitize retino-

blastoma cells to chemodrugs and promote apoptosis

partly through targeting ABCB1 and XIAP. Our data pro-

vide new insight into underlying mechanisms of retino-

blastoma chemoresistance and may contribute to develop

new therapeutic strategies for cancer treatment.
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