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Abstract

Objective: To identify key genes involved in occurrence and development of retinoblastoma.

Methods: The microarray dataset, GSE5222, was downloaded from the gene expression omni-

bus (GEO) database. Differentially expressed genes (DEGs) between unilateral and bilateral ret-

inoblastoma were identified and functional enrichment analysis performed. The protein–protein

interaction (PPI) network was constructed and analysed by STRING and Cytoscape.

Results: DEGs were mainly associated with activation of cysteine-type endopeptidase activity

involved in apoptotic process and small molecule catabolic process. Seven genes (WAS, GNB3,

PTGER1, TACR1, GPR143, NPFF and CDKN2A) were identified as HUB genes.

Conclusion: Our research provides more understanding of the mechanisms of the disease at a

molecular level and may help in the identification of novel biomarkers for retinoblastoma.
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Introduction

Although rare, retinoblastoma is the most
common primary intraocular cancer of
childhood and is associated with a high mor-
bidity.1 The global incidence rate is 1 in
16,000–18,000 live births and most cases
are diagnosed before 2 years of age.2,3 The
tumour originates from embryonic retinal
cells and there are two forms according to
genetic invovlement.3 The genetic form
accounts for approximately 40% of all
cases, typically affects both eyes (bilateral)
with a median age of onset of 12
months.3,4 The non-genetic form accounts
for approximately 60% of all cases, with a
median age at diagnosis of 2 years and is
usually unilateral.3,4 All children with the
bilateral form, and 10–15% of children
with the unilateral form, carry an RB1
gene mutation.4 In China, there are approx-
imately 1100 new cases of retinoblastoma
each year scattered across 32 provinces.2 In
high income countries, the survival rate of
children with this disease has been estimated
to be over 95%, whereas in low-income
countries it is approximately 30%.2 Before
2005, the main treatment for retinoblastoma
in China was enucleation, and most children
had a poor prognosis and a fatal outcome.2

However, a successful strategy has been
developed in China whereby improved effi-
ciency and use of common protocols has led
to standardized classification and treatment
of newly diagnosed patients which has led to
increased survival.2

Early genetic analysis could assist in the
screening of children with high risk of
developing bilateral disease, which may be
help protect the eyesight of children via
risk-adapted follow-up and early treatment.
Therefore, research into retinoblastoma
genetics is extremely useful in the under-
standing and treatment of the disease.
Microarray and bioinformatics analysis
are now widely used to identify potential
gene targets for the diagnosis and therapy

of different cancers. In this study, we down-
loaded a microarray dataset and analysed
gene expression to obtain differentially
expressed genes (DEGs) between unilateral
and bilateral retinoblastoma. Our objective
was to identify candidate genes that may be
useful as biomarkers for retinoblastoma.

Methods

Microarray database

All data used in this study were from pub-
licly accessible databases and so ethical
approval was not required. Using GPL96,
Affymetrix HG-U133 GeneChip technology,
we obtained gene expression profile for the
microarray dataset, GSE5222, obtained
from Gene Expression Omnibus (GEO)
(http://www.ncbi.nlm.nih.gov/geo). According
to recommendations, the probe was trans-
formed into an homologous gene symbol.
GSE5222 included data from 10 sporadic
unilateral retinoblastoma cases and 2 spo-
radic bilateral retinoblastoma cases.

Identification of DEGs

Differentially expressed genes (DEGs)
between unilateral and bilateral retinoblas-
toma were identified using GEO2R (http://
www.ncbi.nlm.nih.gov/geo/geo2r/) an
interactive tool in GEO. For the dataset
GSE5222, statistical significance was
defined at P�0.05 and fold change �1.

GO and KEGG analysis of DEGs

Gene Ontology (GO) enrichment analysis is
widely used in bioinformatics and is sepa-
rated into three aspects of biology: biolog-
ical processes (BP); cell components (CC);
molecular functions (MF). Kyoto
Encyclopaedia of Genes and Genomes
(KEGG; https://www.kegg. jp/) is a public
database resource for genome sequencing
and other high-throughput experimental
technologies for large molecular dataset
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generation. Metascape (http://metascape.
org/) is an online tool for functional anno-
tations and visual analysis of DEGs.5 In
this study, the GO and KEGG analyses of
DEGs were conducted using Metascape.
Significance was defined at P< 0.05. In
addition, the Database for Annotation,
Visualization and Integrated Discovery
(DAVID, https://david. ncifcrf.gov) (ver-
sion6.8), a database that stores comprehen-
sive information about the functions of
genes and proteins was also used to analyse
the function of DEGS.6

Building and analysis of the protein–
protein interaction (PPI) network

The Search Tool for the Retrieval of
Interacting Genes (STRING, http://string-
db.org) an online dataset, can predict and con-
struct a PPI network after importing common
DEGs identified in the GEO datasets.7 The
software, Cytoscape, was used to visualize
and draw the PPI network to help identify
HUB genes. The most important modules of
the network map were identified by the
Cytoscape plug-in, Molecular Complex
Detection (MCODE, version 1.5.1; http://
apps.cytoscape.org/apps/mcode).

Identification of HUB genes associated
with retinoblastoma

The Comparative Toxicogenomics
Database (CTD; http://ctdbase.org/) is
used to investigate associations between
genes and human diseases.8 The relation-
ship between gene products identified in
our datasets and retinoblastoma were ana-
lysed using this database.

Identification of miRNA-gene pairs

TargetScan (www.targetscan.org) is an
online database that can predict the biolog-
ical targets of miRNAs.9 In this study,
TargetScan was used to identify the DE
miRNAs that regulate the HUB genes.

Results

Identification of DEGs

Analysis of GSE5222 dataset identified
9165 DEGs between unilateral and bilateral
retinoblastoma; these included 3533 up-
regulated and 5632 down-regulated genes
(Figure 1a). The heat maps of the
GSE5222 dataset are shown in Figure 1b.

GO and KEGG analysis of DEGs

Functional enrichment analysis with
Metascape showed that DEGs between uni-
lateral and bilateral retinoblastoma were
significantly ‘enriched in activation of
cysteine-type endopeptidase activity
involved in apoptotic process’, ‘small mole-
cule catabolic process’ and ‘toxoplasmosis’
(Figure 2a b and c).

DAVID results of the GO analysis found
that there were major variations in BP
including: positive regulation of gene
expression; response to lipopolysaccharide;
activation of cysteine-type endopeptidase
activity involved in apoptotic process
(Figure 3a). Variations in MF of DEGs
included: symporter activity; death effector
domain binding; cysteine-type endopepti-
dase activity involved in apoptotic signal-
ling pathway (Figure 3b). Variations in
CC of DEGs included: integral component
of plasma membrane; ripoptosome; CD95
death-inducing signalling complex (Figure
3c). Analysis of KEGG pathways indicated
that the top pathways associated with
DEGs were, pathways in cancer, p53 signal-
ling pathway and Hepatitis B (Figure 3d).

PPI network construction and
identification of HUB genes

The PPI network of DEGs was obtained via
the STRING database (Figure 4a). The PPI
network was analysed using MCODE to
identify HUB genes (Figures 4b, c and d).
Seven genes were identified as HUB genes
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(WAS, GNB3, PTGER1, TACR1,

GPR143, NPFF and CDKN2A). Six

genes were down-regulated (WAS, GNB3,

PTGER1, TACR1, NPFF and CDKN2A)

and one (GPR143) was up-regulated.

Identification of HUB genes related to

cancer

The HUB gene-retinoblastoma interaction

was investigated in CTD database. Figure

5 shows the results as radar diagrams.

Prediction of miRNAs that regulate HUB

genes

The DE miRNAs that regulate the HUB

genes identified in this study are shown in

Table 1.

Discussion

Genetic factors are important in determin-

ing the prognosis of retinoblastoma. The

retinoblastoma gene is a tumour suppressor

Figure 1. Expression of differentially expressed genes (DEGs) in the GSE5222 dataset. (a) Volcano plots of
DEGs between unilateral retinoblastoma and bilateral retinoblastoma. (b) Heat maps of the DEGs between
unilateral retinoblastoma and bilateral retinoblastoma. Dark red represents high expression and blue rep-
resents low expression.
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gene that codes for the RB protein. Disease

occurs from any mutation that inactivates

both RB1 alleles.2 All bilateral and multi-

focal unilateral forms are hereditary and all

children with these forms, and 10–15% of

children with the unilateral form, carry an

RB1 gene mutation.3

In this study, we obtained GSE5222 gene

expression file dataset from the GEO data-

base. We identified 9165 DEGs between

Figure 2. (a) Gene ontology (GO) analysis of common differentially expressed genes (DEGs) using
Metascape. Heatmap of enriched terms across lists of input differentially expressed genes, coloured by
P–values. (b) Network of enriched terms coloured by cluster identity, where nodes that share the same
cluster identity are typically close to each other. (c) Network of enriched terms, coloured by P –values,
where terms containing more genes tend to have more significant P–values.
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unilateral and bilateral retinoblastoma.

Based on DAVID analysis of DEGs ‘posi-

tive regulation of gene expression’ had the

highest GO-BP enrichment score. This find-

ing suggests that up-regulated genes affect

the severity of retinoblastoma. Based on

analysis of DEGs ‘activation of cysteine-

type endopeptidase activity involved in

apoptotic process’ had the highest GO-

MF enrichment score. Apoptosis is an

important biological process that affects

the development of retinoblastoma. A

previous study found that cell

proliferation and apoptosis are linked in

retinoblastoma and suggested that

apoptosis in retinoblastoma is a caspase-3-

independent pathway.10

KEGG analysis indicated that the DEGs

were enriched in p53 signalling pathways

and Hepatitis B. p53 is a tumour suppressor

gene and mutations in this gene have been

estimated to occur in more than 50% of all

malignancies.11 The protein encoded by this

gene is a transcriptional factor, which con-

trols the initiation of the cell cycle. When a

cell is damaged and cannot be repaired, the

p53 pathway plays a role in causing the cell

to die by apoptosis.12 The p53 gene normal-

ly slows down or monitors cell division, and

abnormalities in this gene can lead to

Figure 3. Enrichment analysis of differentially expressed genes (DEGs) by DAVID. Information relating to
changes in Gene Ontology (GO) categories (a) biological processes (b) molecular function (c) cell com-
ponent. (d) Kyoto Encyclopaedia of Genes and Genomes (KEGG) analyses of common DEGs.
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cancer.13 We suggest that the p53 pathway

is an important factor involved in the

formation of unilateral and bilateral retino-

blastoma but this theory needs further

verification.

Hepatitis B virus (HBV) infection is a

global disease with high morbidity and

after acute infection, HBV can exist persist

for life.14 While the mechanisms of carcino-

genesis are unclear, the presence of HBV

Figure 4. (a) The protein–protein interaction (PPI) network complex for the common differentially
expressed genes (DEGs). (b) The top ten highly connected genes of the PPI network. (c) MCODE analysis of
DEGs showed a module containing GNB3, GPR143, TACR1, NPFF and PTGER1. (d) MCODE analysis of
DEGs also showed a second module containing WAS, MCF2, ARHGAP1.
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may influence the development and pro-

gression of retinoblastoma. Indeed, one

study found that RB1 mutation was related

to the occurrence of liver cancer.15 We are

not aware of any other studies that have

found an association between HBV and ret-

inoblastoma. Moreover, our KEGG analy-

sis was based on sequencing files.

Therefore, we suggest further research is

required to corroborate our findings.
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Figure 5. Relationship between unilateral retinoblastoma and bilateral retinoblastoma as related to common
differentially expressed genes (DEGs) based on the Comparative Toxicogenomics Database (CTD) database.
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Seven HUB genes were identified (WAS,
GNB3, PTGER1, TACR1, GPR143,
NPFF and CDKN2A). Six of these genes
were down-regulated but G-protein coupled
receptor 143 (GPR143) was up-regulated.
GPR143 is a receptor for tyrosine, L-
DOPA and dopamine.16 GPR143 binds to
L-DOPA, then stimulates Ca2þ influx in
the cytoplasm, and increases the secretion
of neurotrophic factor SERPINF1
(GPR137B protein (human) - STRING
interaction network [string-db.org]). This
signal transduction is ligand-dependent
and occurs in melanocytes through a G
(q)-mediated pathway.17 Its activity is medi-
ated by G proteins which activate the phos-
phoinositide signalling pathway. GPR143
also acts as an intracellular G protein-
coupled receptor involved in the biogenesis,
organization and transportation of melano-
somes.18 The gene has been linked to eye
disorders in other studies. For example,
one study found that GPR143 mutations
caused developmental eye defects in X-
linked ocular albinism type 1.16

Six genes were downregulated (WAS,
GNB3, PTGER1, TACR1, NPFF and
CDKN2A). WAS encodes for the
Wiskott-Aldrich syndrome protein which
is involved in innate and adaptive immunity
via regulation of actin cytoskeleton-

dependent cellular processes.19 The GNB3
gene encodes for Guanine nucleotide-
binding protein which participates as a mod-
ulator or transducer in several transmem-
brane signalling systems.20 PTGER1 gene
codes for a G protein-coupled receptor
(GPCR) of the rhodopsin-like receptor
family. The TACR1 gene encodes the recep-
tor for the tachykinin neuropeptide sub-
stance P, also referred to as neurokinin
1 and it may be related to G proteins.21

NPFF gene encodes for Neuropeptide
FF peptides. The CDKN2A gene
provides instructions for making several pro-
teins, of which the most well-studied are the
p16(INK4A) and the p14(ARF) proteins.

In conclusion, we downloaded and ana-
lysed the GSE5222 dataset using GEO2R
tools to search for DEGs between unilateral
and bilateral retinoblastoma. DEGs were ana-
lysed to identify genes that may play an
important role between unilateral and bilateral
retinoblastoma. Our research provides more
understanding of the mechanisms of the dis-
ease at a molecular level and may help in the
identification of novel biomarkers for the
diagnosis and treatment of retinoblastoma.
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Table 1. Summary of miRNAs that regulate HUB genes.

HUB Gene Predicted miRNA HUB Gene Predicted miRNA

GNB3 hsa-miR-521 NPFF hsa-miR-3166

hsa-miR-4436b-5p hsa-miR-1273h-3p

hsa-miR-6509-3p hsa-miR-4771

PTGER1 hsa-miR-1306-3p CDKN2A hsa-miR-1307-3p

hsa-miR-5580-5p hsa-miR-4268

hsa-miR-4498 hsa-miR-760

TACR1 hsa-miR-613 WAS hsa-miR-4436b-3p

hsa-miR-206 hsa-miR-4632-5p

hsa-miR-1-3p hsa-miR-7843-5p

GPR143 hsa-miR-711

hsa-miR-4638-3p

hsa-miR-378b
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