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Background: Abnormally expressed long noncoding RNA (lncRNA) high expression in 
hepatocellular carcinoma (HEIH) has been implicated in many types of human cancer, and 
plays crucial roles in tumor development and progression. However, little is known about its 
function in retinoblastoma.
Methods: qRT-PCR was used to determine the expression levels of HEIH, miR-194-5p and 
WEE1 in retinoblastoma tissues and cell lines. The trypan blue exclusion method, colony 
formation assay, wound-healing assay and transwell invasion assay were performed to 
evaluate the effects of HEIH, miR-194-5p and WEE1 on cell proliferation, migration and 
invasion. Bioinformatics analysis, dual-luciferase reporter assay and Western blot were 
employed to investigate the regulatory relationship among HEIH, miR-194-5p and WEE1.
Results: We found that HEIH was up-regulated in retinoblastoma tissues and cell lines. 
Furthermore, high level of HEIH was associated with TNM stage, optic nerve invasion and 
choroidal invasion of patients with retinoblastoma. Functional studies showed that HEIH 
knockdown significantly suppressed retinoblastoma cell proliferation, migration and inva-
sion. Mechanistically, HEIH promoted retinoblastoma progression by serving as a sponge of 
miR-194-5p to regulate WEE1 expression.
Conclusion: Our work suggests that HEIH acts as an oncogenic lncRNA to promote 
retinoblastoma proliferation and metastasis, providing a new insight into the retinoblastoma 
treatment.
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Introduction
Retinoblastoma is the most common aggressive childhood intraocular cancer, with 
approximately 9000 newly established cases annually.1 The typical clinical feature of 
retinoblastoma patients is leukocoria and strabismus. According to a study conducted 
by Epstein et al from a cohort of 1196 retinoblastoma, median age at presentation is 
15 months with 51% male, 49% female and 53% unilateral, 47% bilateral.2 Indeed, 
the mutation of the Rb1 gene in retinal cells has been characterized as a risk factor for 
retinoblastoma. However, evidence now support the tent that retinoblastoma initia-
tion is involved in genetic and epigenetic alterations as well as dysregulated noncod-
ing RNA.3 Hence, the molecular mechanisms underlying retinoblastoma 
pathogenesis is complex and more efforts are needed to tackle this issue.

Over the past few decades, the survival of retinoblastoma patients has been 
significantly improved, due to advancements in the enucleation, radiotherapy and 

Correspondence: Qinghuai Liu 
Department of Ophthalmology, The First 
Affiliated Hospital of Nanjing Medical 
University, 300# Guangzhou Road, Gulou 
District, Nanjing 210029, People’s 
Republic of China  
Email liuqinghuai6304@hotmail.com

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 12033–12041                                                         12033

http://doi.org/10.2147/OTT.S268942 

DovePress © 2020 Gao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

mailto:liuqinghuai6304@hotmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


neoadjuvant chemotherapy. But the prognosis between 
high-income and low-income countries is very different. 
In high-income countries, the disease-free survival rate is 
over 95%.4,5 In low-income countries, the survival rate is 
still very poor, such as 62.1% at 5 years in Jordan, 26.6% 
at 3 years in Kenyatta and 23.1% at 5 years in Harare.6–8 

Additionally, retinoblastoma can rapidly fill the eye, 
extend into the optic nerve and the central nervous system, 
and easily metastasizes.9 Nevertheless, it is urgent to deci-
pher the molecular mechanisms involved in the metastasis 
of retinoblastoma to discover new biomarkers for diagno-
sis and treatment.

Long noncoding RNAs (lncRNAs) are a class of regula-
tory RNAs with more than 200 nucleotides in length. Several 
studies have demonstrated that lncRNAs exert pivotal func-
tions in retinoblastoma via acting as tumor suppressors or 
oncogenes.10–12 High expression in hepatocellular carcinoma 
(HEIH), also known as hepatocellular carcinoma up-regulated 
EZH2-associated long non-coding RNA, is a recently identi-
fied intergenic lncRNA located in chromosome chr5:-
180256954–180258618. HEIH was firstly characterized to 
be overexpressed in HBV-related hepatocellular carcinoma 
tissues compared with paired peritumoral tissues.13 

Subsequently, researchers reported that HEIH was frequently 
up-regulated in various types of human cancer, including 
colorectal cancer, melanoma, esophageal squamous cell carci-
noma, breast cancer and cholangiocarcinoma, and promoted 
cancer cell proliferation, migration and invasion through 
sponging tumor suppressor miRNAs.14–18 Taken together, 
the above mentioned findings suggest that HEIH is 
a functional lncRNA in tumor progression, yet its biological 
role in retinoblastoma remains largely unknown.

This study aimed to investigate the expression profiling 
and role of HEIH in retinoblastoma. qRT-PCR was first used 
to determine HEIH level in retinoblastoma tissues and normal 
retinal tissues. To explore the effects of abnormally expressed 
HEIH on the cellular biological behavior of retinoblastoma 
cells, we performed loss-of-function assays through transfec-
tion with specific siRNA for HEIH. We further attempted to 
reveal the possible underlying mechanism through which 
HEIH exerted its biological functions in retinoblastoma.

Materials and Methods
Clinical Samples
Thirty-five retinoblastoma tissues and seven normal retinal 
tissues were collected from the enucleation in Nanjing Pukou 
Central Hospital between June 2014 and August 2016. No 

patients had received any chemotherapy or radiotherapy 
prior to the surgery. Collections and use of human tissue 
samples were approved by the Ethics Committee of 
Nanjing Pukou Central Hospital (No.20170812) and written 
informed consent was obtained from each participant. All 
protocols followed the principles outlined in the Declaration 
of Helsinki. The clinicopathological characteristics are sum-
marized in Table 1.

Cell Culture and Transfection
Human normal retinal epithelial cell line ARPE-19 and 
retinoblastoma cell lines (Y79 and SO-Rb50) were pur-
chased from ATCC and maintained in RPMI-1640 medium 
supplemented with 10% FBS at 37°C in 5% CO2. si-RNA 
targeting HEIH, and corresponding negative control si-NC, 
miR-194-5p mimics, inhibitor and negative control, WEE1 

Table 1 The Relationship Between HEIH Expression and 
Clinicopathologic Features of Retinoblastoma Patients

Features No. of Cases HEIH 

Expression

P value

High Low

Gender 0.738

Male 20 11 9

Female 15 7 8

Age (years) 0.691

≥5 7 3 4

<5 28 15 13

Tumor size (mm) 0.092

<10 19 7 12

≥10 16 11 5

TNM stage 0.0009 **

I–II 23 7 16

III–IV 12 11 1

Tumor laterality 0.314

Unilateral 20 12 8

Bilateral 15 6 9

Differentiation 0.489

Well/moderately 23 13 10

Poor 12 5 7

Optic nerve invasion 0.006 **

Positive 19 14 5

Negative 16 4 12

Choroidal invasion 0.041 *

Positive 21 14 7

Negative 14 4 10

Notes: The difference between high- and low-HEIH expression groups was deter-
mined by Fisher test; *P<0.05; **P<0.01.
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overexpressing vector pcDNA3.1-WEE1 and negative con-
trol pcDNA3.1 were supplied by RiboBio (Guangzhou, 
China). Cells were transfected using Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s protocol. At 
48 h transfection, the cells were harvested for functional 
analysis.

Cell Proliferation Assay
After 24 h transfection, cells were plated in 6-well plates 
and then cultured for 48h. The number of viable cells was 
counted with the trypan blue exclusion method on 
a Coulter counter (Beckman Coulter, Miami, FL, USA). 
For colony formation assay, 500 transfected cells were 
plated in 6-well plates for 14 days. Then the cells were 
washed two times with PBS, fixed with methanol and 
stained with 0.1% crystal violet (Sigma, St. Louis, MO, 
USA). The colonies were photographed and counted using 
a microscope (Olympus, Tokyo, Japan).

qRT-PCR Assay
Total RNA was isolated from tissues or cultured cells with 
Trizol reagent (Thermo Fisher Scientific, Waltham, MA, 
USA). cDNA was reverse-transcribed with the All-in-One 
First-Strand cDNA Synthesis kit (GeneCopoeia, 
Rockville, MD, USA). All reactions were conducted 
using Platinum SYBR Green qPCR SuperMix-UDG 
reagents (Thermo Fisher Scientific) in triplicate for each 
sample. Gene expression was calculated using the 2-ΔΔCt 
method relative to U6 or GAPDH. The primers sequences 
are as follows:

HEIH-Forward: 5ʹ-CCTCTTGTGCCCCTTTCT-3ʹ,
HEIH-Reverse: 5ʹ- AGGTCTCATGGCTTCTCG-3ʹ;
GAPDH-Forward: 5ʹ-CTCTGCTCCTCCTGTTCGA 

C-3ʹ,
GAPDH-Reverse: 5ʹ- GACTCCGACCTTCACCTT 

CC-3ʹ;
miR-194-5p-Forward: 3ʹ-CTAGTACCTAGAGGAAC 

CTTTGAAGACTGTTACAGCTCAGCA-5ʹ,
miR-194-5p-Reverse: 5ʹ- AGCTTGCTGAGCTGTA 

ACAGTCTTCAAAGGTTCCTCTAGGTA-3ʹ;
U6-Forward: 5ʹ-GTGGACCGCACAAGCTCGCT-3ʹ,
U6-Reverse:5ʹ-TTGTTGAACGGCACTGTGTATA 

GCA-3ʹ.

Cell Migration and Invasion Assays
For wound-healing assay, transfected cells were seeded in 
the 6-well plates. The monolayer cells were scraped with 
a 200 μL sterile pipette tip. The wound healing was then 

captured at 0 and 24 h under a microscope. For Transwell 
invasion assay, transfected cells were seeded into the upper 
chamber pre-coated with Matrigel (BD Biosciences, San 
Jose, CA, USA). RPMI-1640 medium containing 10% 
FBS was added to the bottom chamber. After a 24-h 
incubation, the invasive cells on the lower surface were 
fixed and stained with 0.1% crystal violet, and counted in 
six randomly fields under a microscope.

Western Blot Analysis
Cultured cells were harvested and lysed with RIPA buffer. 
The equivalent protein samples (30 μg) were loaded into 
12% SDS-PAGE and electroblotted onto PVDF mem-
branes (EMD Millipore, Billerica, MA, USA). 
Membranes were blocked by 5% non-fat milk for 2 h at 
room temperature and then incubated with primary anti-
bodies as follows: WEE1 (#13084, Cell Signaling 
Technology) and GAPDH (ab181602). After incubation 
overnight at 4 °C, the membranes were incubated with 
HRP-conjugated goat anti-rabbit secondary antibodies for 
1 h at room temperature. The blot signals were visualized 
with ECL reagents (Pierce, Waltham, MA, USA).

Dual-Luciferase Reporter Assay
The luciferase reporters of wild-type and mutated HEIH 
and 3ʹUTR of WEE1 containing predicted binding site of 
miR-194-5p were constructed into the psiCHECK-2 vector 
(Promega). Then, reporter plasmids wt-HEIH, mut-HEIH, 
wt-WEE1 and mut-WEE1 with miR-194-5p mimics or 
negative control were co-transfected into retinoblastoma 
cells using Lipofectamine 2000. Forty-eight hours after 
transfection, 100 μL PLB buffer was added to each well 
and cell lysates were collected after 15 min shake at room 
temperature. The cell lysates were used to evaluate the 
luciferase activities using the dual luciferase reporter assay 
system (Promega Corporation, Fitchburg, WI, USA).

Statistical Analysis
All data are presented as the means ± SD from at least 3 
independent experiments. The difference was determined by 
Student’s t-test and the one-way analysis of variance 
(ANOVA). Overall survival rate was analyzed used Kaplan- 
Meier method and Log rank test according to the median value 
of HEIH expression. The associations between HEIH expres-
sion and clinicopathologic characteristics were determined by 
Fisher test. Results were analyzed using GraphPad Prism v6.0 
(GraphPad Software, Inc., La Jolla, CA, USA). Differences 
were considered statistically significant at P < 0.05.
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Results
HEIH Up-Regulation Was Associated 
with TNM Stage, Optic Nerve Invasion 
and Choroidal Invasion in Retinoblastoma
We first determined the expression level of HEIH in 
normal retinal epithelial cell line ARPE-19 and retino-
blastoma cell lines (Y79 and SO-Rb50). As shown in 
Figure 1A, HEIH was up-regulated 2.2-fold and 2.5-fold 
in Y79 and SO-Rb50 relative to ARPE-19. Then, we 
validated HEIH expression in 35 retinoblastoma tissues 
and 7 normal retinal tissues. Consistently, HEIH exhib-
ited a mean 2.3-fold increase in retinoblastoma tissues 
(Figure 1B). We also evaluated the correlation between 
HEIH expression and patients’ characteristics (Table 1). 
Notably, a higher level of HEIH was observed in 
advanced tumor ICRB stage patients than that of early 
tumor stage (Figure 1C). Interestingly, HEIH expression 
was significantly related to retinoblastoma optic nerve 
invasion (Figure 1D) as well as choroidal invasion 
(Figure 1E). Furthermore, up-regulated HEIH predicted 
an unfavorable survival of retinoblastoma patients 

(P=0.0255; Figure 1F). Thus, HEIH might play an impor-
tant regulatory role in retinoblastoma carcinogenesis.

HEIH Knockdown Inhibited 
Retinoblastoma Cell Proliferation, 
Migration and Invasion
Loss-of-function assays were performed to establish the func-
tional role of HEIH by transfecting si-HEIH into Y79 and SO- 
Rb50 cells. qRT-PCR results showed that HEIH expression 
was significantly decreased after si-HEIH transfection (Figure 
2A). As shown in Figure 2B, HEIH knockdown obviously 
reduced the number of viable cells. In addition, a similar effect 
was observed in colony formation assays (Figure 2C and D). 
We also evaluated the effects of HEIH on the migration and 
invasion of retinoblastoma cells. Wound-healing experiment 
proved that the migratory distance was markedly reduced by 
HEIH silence (Figure 2E and F). Transwell assay result 
showed that HEIH knockdown resulted in a smaller number 
of invasive cells than negative control (Figure 2G and H). 
Therefore, HEIH down-regulation suppressed proliferation 
and metastasis of retinoblastoma cells.

Figure 1 HEIH up-regulation was associated with TNM stage, optic nerve invasion and choroidal invasion in retinoblastoma. (A) Relative expression level of HEIH in 
retinoblastoma cell lines (Y79 and SO-Rb50) and normal retinal epithelial cell line ARPE-19. (B) Relative expression level of HEIH in 35 retinoblastoma tissues and 7 normal 
retinal tissues. (C) Relative expression level of HEIH in retinoblastoma patients with different tumor ICRB stages. (D) Relative expression level of HEIH in retinoblastoma 
patients with or without optic nerve invasion. (E) Relative expression level of HEIH in retinoblastoma patients with or without choroidal invasion. (F) The 35 retinoblastoma 
patients were divided into two groups (high HEIH and low HEIH) according to the median value of HEIH expression. Then we analyzed the correlation of up-regulation of 
HEIH with overall survival of the patients used Kaplan-Meier method and Log rank test. *P<0.05; **P<0.01.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 12036

Gao et al                                                                                                                                                              Dovepress

http://www.dovepress.com
http://www.dovepress.com


HEIH Negatively Regulated miR-194-5p 
Expression in Retinoblastoma
To explore the underlying mechanism of HEIH in retinoblas-
toma, bioinformatics analysis was performed to search for 
potential targets. Based on starBase v3.0, HEIH had 
a putative binding site for miR-194-5p (Figure 3A). We 
then constructed mutant and wild type luciferase reporter of 

HEIH for miR-194-5p. The results showed that wt-HEIH 
overexpression remarkably reduced the luciferase activity 
when co-transfection with miR-194-5p mimics compared 
with miRNA negative, but no obvious change for mutant 
HEIH (Figure 3B and C). We also assessed the regulatory 
relationship between HEIH and miR-194-5p. HEIH knock-
down could up-regulate miR-194-5p expression (Figure 3D). 

Figure 2 HEIH knockdown inhibited retinoblastoma cell proliferation, migration and invasion. (A) Relative expression level of HEIH in Y79 and SO-Rb50 cells transfected 
with si-HEIH or siRNA control. (B) Cell viability was detected using the trypan blue exclusion method in Y79 and SO-Rb50 cells transfected with si-HEIH or siRNA control. 
(C and D) Cell growth capacity was evaluated using the colony formation assay. (E and F) Effects of HEIH knockdown on cell migration were determined using wound- 
healing assays. (G and H) Effects of HEIH knockdown on cell invasion were determined using transwell invasion assays. **P<0.01.

Figure 3 HEIH negatively regulated miR-194-5p expression in retinoblastoma. (A) Bioinformatics analysis revealed that HEIH contained putative binding site for miR-194-5p 
using starBase v3.0. (B and C) Relative luciferase activity in Y79 (B) and SO-Rb50 (C) cells co-transfected with wt-HEIH or mut-HEIH with miR-194-5p mimics or miRNA 
negative control. (D) Relative expression level of miR-194-5p in Y79 and SO-Rb50 cells transfected with si-HEIH or siRNA control. (E) Relative expression level of HEIH in 
Y79 and SO-Rb50 cells transfected with miR-194-5p mimics or miRNA negative control. (F) Relative expression level of miR-194-5p in 35 retinoblastoma tissues and 7 
normal retinal tissues. (G) Relative expression level of miR-194-5p in retinoblastoma cell lines (Y79 and SO-Rb50) and normal retinal epithelial cell line ARPE-19. (H) 
Pearson correlation analysis between HEIH and miR-194-5p level in retinoblastoma tissues. **P<0.01.
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Meanwhile, miR-194-5p overexpression had no significant 
influence on HEIH level (Figure 3E). Furthermore, miR-194- 
5p expression was detected using qRT-PCR in retinoblas-
toma tissues and cell lines. As shown in Figure 3F and G, 
miR-194-5p level was lower in retinoblastoma tissues and 
cell lines than normal retinal tissues and ARPE-19 cells, 
respectively. More importantly, there was a significant nega-
tive correlation between miR-194-5p and HEIH in retino-
blastoma tissues (R=−0.5461; P=0.0007; Figure 3H). These 
data suggest that miR-194-5p was a downstream target of 
HEIH in retinoblastoma.

HEIH Positively Regulated WEE1 
Expression via miR-194-5p
Utilizing TargetScan v7.2, we further predicted the possible 
target genes of miR-194-5p. As shown in Figure 4A, we 
identified that the conserved 3ʹ UTR of WEE1 contained 
complementary sequence of miR-194-5p at the position of 
225–231. Luciferase reporter assay was performed to validate 
whether miR-194-5p could directly interact with WEE1 
3ʹUTR. In both Y79 and SO-Rb50 cells, luciferase activity 
of wt-WEE1+miR-194-5p mimics group was evidently 
decreased compared to mut-WEE1+miR-194 mimics (Figure 
4B and C). We also performed Western blot to test whether 
HEIH could regulate WEE1 expression through interacting 
with miR-194-5p. We found that HEIH knockdown could 
down-regulate WEE1 expression, but miR-194-5p inhibitor 
transfection reversed the effects of HEIH knockdown on 

WEE1 level (Figure 4D and E). In retinoblastoma tissues, 
a higher expression level of WEE1 was observed than normal 
retinal tissues (Figure 4F). Additionally, WEE1 level was 
positively associated with HEIH (Figure 4G). We conclude 
that HEIH serves as a sponge of miR-194-5p to up-regulate 
WEE1 expression in retinoblastoma.

Overexpression of WEE1 Reversed 
Malignant Phenotypes Inhibition of 
Retinoblastoma Cells Induced by HEIH 
Knockdown
To test whether HEIH exerted its oncogenic roles through 
regulating WEE1 expression, we first constructed WEE1 over-
expressing vector pcDNA 3.1-WEE1 and its control vector 
pcDNA 3.1. Western blot analysis validated the up-regulation 
of WEE1 by pcDNA3.1-WEE1 transfection (Figure 5A 
and B). The proliferation of si-HEIH+pcDNA3.1-WEE1 
was significantly increased compared with si-HEIH 
+pcDNA3.1-NC group (Figure 5D and E). Besides, ectopic 
expression of WEE1 also rescued the migrative and invasive 
capability of retinoblastoma cells (Figure 5F). Taken together, 
these findings indicate that HEIH promotes retinoblastoma 
cell proliferation, migration and invasion through up- 
regulating WEE1 expression.

Discussion
Recent genome and transcriptome studies have shown that 
only about 1–2% of the human genome is responsible for 

Figure 4 HEIH positively regulated WEE1 expression via miR-194-5p. (A) Predicted binding site of miR-194-5p in WEE1 3ʹUTR using TargetScan v7.2. (B and C) Relative 
luciferase activity in Y79 (B) and SO-Rb50 (C) cells co-transfected with wt-WEE1 or mut-WEE1 with miR-194-5p mimics or miRNA negative control. (D and E) WEE1 
protein levels in Y79 and SO-Rb50 cells transfected with si-HEIH and miR-194-5p inhibitor or miRNA negative control. (F) Relative expression level of WEE1 in 35 
retinoblastoma tissues and 7 normal retinal tissues. (G) Pearson correlation analysis between HEIH and WEE1 mRNA level in retinoblastoma tissues. **P<0.01.
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encoding proteins, and most transcripts are a large set of non- 
coding RNAs.19,20 Previous studies have implicated that 
abnormally expressed lncRNAs were involved in many 
human cancers, including retinoblastoma. For example, highly 
expressed lncRNA SNHG16 predicted poor overall survival 
of patients with retinoblastoma.21 Silencing of lncRNA 
LINC00152 has been shown to inhibit cell proliferation, col-
ony formation, migration, and invasion and promote cell 
apoptosis in retinoblastoma.22 In addition, lncRNA UCA1 
promoted multidrug resistance of retinoblastoma cells by 
sponging miR-513a-5p.23 Taken together, these findings sug-
gested that targeting lncRNAs could interfere with retinoblas-
toma progression, and identification of functional lncRNAs 
might provide potential therapeutic targets for retinoblastoma 
treatment.

In this study, we observed that HEIH was significantly 
overexpressed in retinoblastoma cell lines and tissues. 
Furthermore, up-regulated HEIH indicated advanced tumor 
stage, optic nerve invasion and choroidal invasion. Loss-of- 
function assays showed that HEIH knockdown obviously 
suppressed retinoblastoma cell proliferation, migration and 
invasion. Our data suggest that HEIH in retinoblastoma 

serves as an oncogene, which was consistent with previous 
studies of HEIH in several types of human cancer.14–18

Accumulating data demonstrated that lncRNA transcripts 
can act as endogenous decoys for miRNAs to influence 
cancer-related gene expression through their miRNA binding 
sites. For example, lncRNA H19 increased retinoblastoma 
cell viability, migration and invasion via miR-143/RUNX2 
axis.24 HEIH promoted breast cancer progression through 
down-regulating microRNA-200b.17 To investigate the 
underlying mechanism through which HEIH exerted its 
malignant phenotypes in retinoblastoma, we performed 
bioinformatics analysis using starBase. The results showed 
that HEIH contained putative binding site for miR-194-5p. 
Further investigations revealed that HEIH could directly bind 
miR-194-5p and reduced miR-194-5p expression in retino-
blastoma. These data indicate that miR-194-5p is 
a downstream target of HEIH in retinoblastoma.

Growing studies have suggested that miR-194-5p plays 
key roles in tumor initiation and progression. For example, 
miR-194-5p overexpression was reported to suppress pro-
liferation, migration and invasion of hypopharyngeal car-
cinoma cells by regulating SMURF1.25 In bladder cancer, 

Figure 5 Overexpression of WEE1 reversed malignant phenotypes inhibition of retinoblastoma cells induced by HEIH knockdown. (A) and (B) Western blot was 
performed to validate WEE1 overexpression. (C) Cell viability was detected using the trypan blue exclusion method in Y79 and SO-Rb50 cells co-transfected si-HEIH or 
siRNA control with pcDNA 3.1-WEE1 or pcDNA 3.1-NC. (D) Cell growth capacity was evaluated using the colony formation assay. (E) Effects of WEE1 overexpression on 
cell migration inhibition-induced by HEIH knockdown were determined using wound-healing assays. (F) Effects of WEE1 overexpression on cell invasion inhibition-induced 
by HEIH knockdown were determined using transwell invasion assays. **P<0.01.
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miR-194-5p was down-regulated and associated with node 
metastasis and differentiation.26 Restoration of miR- 
194-5p could inhibit cell migration and invasion through 
targeting E2F3. Besides, Zhu et al found that miR-194 
inhibited the proliferation, invasion, migration, and 
enhanced the cisplatin sensitivity by targeting FOXA1 in 
non-small cell lung cancer.27 These mentioned findings 
indicate that miR-194-5p functions as a tumor suppressor. 
In breast cancer, however, miR-194-5p acted as an onco-
genic miRNA to promote cell proliferation, migration and 
invasion via regulating the Wnt/β-catenin signaling 
pathway.28 These findings indicate that miR-194-5p has 
a complex role in tumorigenesis.

WEE1 is a protein kinase that plays an important role in 
cell cycle and DNA replication by regulating the G2 check-
point and preventing entry into mitosis in response to DNA 
damage.29 Recently, several studies demonstrated that 
WEE1 were implicated in tumor growth and metastasis in 
laryngeal carcinoma, glioma, non-small cell lung cancer, 
bladder cancer and hepatocellular carcinoma.30–34 In this 
study, we observed that miR-194-5p could directly target 
WEE1 3ʹUTR and regulating its expression, which was 
consistent with Li’s report of miR-194 targeting WEE1 in 
laryngeal squamous cell carcinoma.35 Additionally, HEIH 
knockdown significantly reduced WEE1 expression via 
miR-194-5p. More importantly, WEE1 overexpression res-
cued the inhibition of HEIH knockdown on retinoblastoma 
cell proliferation, migration and invasion.

Conclusion
Taken together, our data revealed that HEIH functions as 
an oncogene to promote retinoblastoma cell proliferation, 
migration and invasion through miR-194-5p/WEE1 axis. 
These findings demonstrated that HEIH is a useful prog-
nostic biomarker in retinoblastoma detection and has the 
potential to be a novel promising therapeutic target for 
retinoblastoma treatment, especially for those patients 
who have developed optic nerve and choroidal invasion.
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