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A B S T R A C T

Retinoblastoma represents 3% of all childhood cancers and is the most common intraocular malignant tumor
with a highly aggressive and metastatic phenotype. While recent genetic and epigenetic studies have reported
new insights into the mechanism of retinoblastoma development, the involvement of regulatory non-coding
RNAs remains unclear. Long non-coding RNAs (lncRNAs) are a group of endogenous non-protein-coding RNAs
with the capacity to regulate gene expression at multiple levels. Recent evidence has shown that lncRNAs can
regulate many cellular processes, such as cell proliferation, differentiation, migration, and invasion. Several
lncRNAs, including BANCR, AFAP1-AS1, NEAT1, XIST, ANRIL, PlncRNA-1, HOTAIR, PANDAR, DANCR, and
THOR, promote the progression and metastasis of retinoblastoma. However, some lncRNAs, such as MEG3,
MT1JP, and H19, play a tumor suppressive role. Our review summarizes the functional role of lncRNAs in
retinoblastoma and their potential clinical applications for diagnosis, prognosis, and treatment.

1. Introduction

Retinoblastoma represents 3% of all childhood cancers and is the
most common intraocular malignant tumor [1,2]. The worldwide in-
cidence rate of retinoblastoma is approximately 1/15000, with no ra-
cial, regional, or gender differences [3]. The average age of diagnosis is
12 months for bilateral retinoblastoma and 24 months for unilateral
retinoblastoma. Approximately 30%–40% of retinoblastoma cases ex-
hibit bilateral onset. Among newly diagnosed retinoblastoma cases,
only 6% were found to be familial, while 94% were sporadic [3,4].
Retinoblastoma is highly malignant and likely causes death due to in-
tracranial metastasis, accounting for 1% of all infant deaths [5]. Un-
treated retinoblastoma usually develops rapidly, destroying the eyeball
structure and leading to blindness [6]. Furthermore, the tumor can
directly infiltrate into the brain through the optic nerve or spread
through the blood to the lung, bone, and other systemic organs [7]. It
affects human health and quality of life, and also imparts tremendous
emotional, medical, and economic burden on patients and society.
Despite the rapid development of retinoblastoma therapeutic strategies
in recent years, the survival rate of retinoblastoma patients is still very
low, mainly due to the limitation of early diagnosis of the disease [8,9].
Therefore, early diagnosis and timely treatment are of great sig-
nificance in preventing visual impairment and metastasis caused by
retinoblastoma.

About 70%–90% of the genes in the human genome is transcribed
into RNA. Only 2% of the total RNA is translated into protein [10]. The

rest of the RNA that is not translated into protein is called non-coding
RNA (ncRNA) [11]. ncRNA that is 200 nucleotides or shorter is cate-
gorized as short-chain ncRNA, while ncRNA longer than 200 nucleo-
tides is considered long-chain ncRNA (lncRNA) [12,13]. The ncRNAs
molecule, which is mainly transcribed by RNA polymerase II, lacks a
clear open reading frame. Initially, it was considered to be transcrip-
tional noise and drew little attention [14,15]. Thanks to recent ad-
vances in genome sequencing technology, both linear ncRNAs (e.g.,
miRNAs and lncRNAs) and circular ncRNAs (e.g., circRNAs) have been
confirmed as crucial regulating molecules in various human diseases,
especially in tumorigenesis and progression [14–16]. The function of
lncRNA in various biological processes is conferred primarily by
binding with miRNAs as sponges or interacting with proteins, including
those active in cell proliferation, migration, invasion, and apoptosis
[17]. Current studies have shown that lncRNAs can regulate gene ex-
pression at various levels, such as epigenetic, transcriptional, and post-
transcriptional levels. It has been found that an increasing number of
lncRNAs is involved in several biological processes, such as genomic
imprinting, histone modification, chromatin remodeling, and cell cycle
regulation [13,18,19]. lncRNAs elicit functional outcomes through in-
teractions with DNA, chromatin, signaling and regulatory proteins, and
a variety of cellular RNA species. lncRNA mechanisms rely on inter-
actions with cellular macromolecules [20]. There are three main
pathways: (a) chromatin-bound lncRNAs can regulate gene expression
by controlling local chromatin architecture or directing the recruitment
of regulatory molecules to specific loci. (b) lncRNA interactions with
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multiple proteins can promote the assembly of protein complexes or
impair protein-protein interactions. (c) mRNA interactions with lncRNA
can recruit protein machinery involved in multiple aspects of mRNA
metabolism to affect splicing, mRNA stability, or translation; lncRNA
can also sequester miRNA away from target mRNA [20]. Furthermore,
cancer-specific lncRNA expression patterns appear more tissue- and
stage-specific than those of protein-coding genes, thus making lncRNA a
prime target for cancer therapy [21]. Until now, only a small number of
lncRNAs have been well elucidated, but most of them are still largely
unknown and need further study Fig. 1.

Recently, numerous studies indicated that aberrant expression of
lncRNAs was involved in tumorigenesis and cancer progression of re-
tinoblastoma [22]. Emerging evidence also demonstrated that some
lncRNAs, such as MALAT1, H19, and BANCR, are associated with the
diagnosis and prognosis of retinoblastoma [23–25]. The differential
expression of lncRNA in retinoblastoma and normal tissues may make it
a potential biomarker for retinoblastoma diagnosis. In addition, it may
be a potential therapeutic target for retinoblastoma. This article reviews
the research on the role of lncRNA in retinoblastoma and provides a
new basis for the diagnosis and treatment of retinoblastoma.

2. Upregulated lncRNA in retinoblastoma

2.1. AFAP1-AS1

The actin filament-associated protein1-antisense RNA1(AFAP1-AS1)
gene was first identified in esophageal adenocarcinoma and normal
tissues. It is located on chromosome 4 and is a protein-coding gene
[26]. Further experiments have demonstrated that AFAP1-AS1 was
overexpressed in cancer tissues and cell lines, such as colon cancer [27],
breast cancer [28], and non-small cell lung cancer [29]. In multiple
types of cancers, including retinoblastoma, the expression of AFAP1-
AS1 is upregulated. Overexpression of AFAP1-AS1 is closely associated
with tumor size, lymphatic metastasis, distant metastasis, tumor node-
metastasis (TNM) stage, and poor prognosis of cancer patients. Hao
et al. studied the effects of AFAP1-AS1 on proliferation, cell cycle,
migration, and invasion of retinoblastoma cells. The expression of

AFAP1-AS1 was upregulated in retinoblastoma tissues and cell lines.
Meanwhile, Hao et al. found that AFAP1-AS1 expression was closely
associated with retinoblastoma clinicopathological features, such as
tumor size, choroidal invasion, and optic nerve invasion. in vitro ex-
periments showed that the downregulation of AFAP1-AS1 inhibited the
proliferation, migration, and invasion of retinoblastoma cells, and
suppressed the cell cycle. In conclusion, AFAP1-AS1 plays a carcino-
genic role in retinoblastoma [30,31].

2.2. BANCR

BRAF-activated noncoding RNA (BANCR) is a 4-exon transcript, a
693-bp-long lncRNA encoded on chromosome 9, and is highly ex-
pressed in retinoblastoma tissues and cell lines [32]. BANCR is involved
in a variety of human malignant tumors, including lung cancer, color-
ectal cancer, melanoma, and gastric cancer [32–35]. Su et al. first found
that the expression of BANCR was significantly upregulated in retino-
blastoma tissues and cell lines, and was positively associated with
tumor size, choroidal invasion, and optic nerve invasion. Moreover,
knock-down of BANCR significantly suppressed the retinoblastoma cell
proliferation, migration, and invasion in vitro. Patients with high
BANCR expression showed a poor prognosis and low survival rate.
These data indicated that overexpression of BANCR contributes to the
promotion and progression of retinoblastoma [36].

2.3. NEAT1

The human nuclear enriched abundant transcript 1 (NEAT1) gene
encodes two lncRNA isoforms that play a key role in nuclear para-
speckles, which are involved in regulating RNA splicing and tran-
scription [37–39]. NEAT1 functions as an oncogenic factor in multiple
types of cancer, including retinoblastoma, and its expression is under
the regulation of the miR-204/CXCR4 axis. The expression levels of
NEAT1 and CXCR4 increased, and miR204 decreased in the xenograft
mouse model. The downregulation of NEAT1 significantly reduced the
proliferation and migration of retinoblastoma cells, but promoted the
apoptosis of retinoblastoma cells. In addition, NEAT1 promoted

Fig. 1. Functional roles of lncRNAs in retinoblasnoma.
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invasion through inducing epithelial–mesenchymal transition (EMT).
NEAT1 could be a new diagnostic biomarker and therapy target for
retinoblastoma [40].

2.4. XIST

It has previously been found that inactive specific transcript (XIST)
functioned as an oncogene in osteosarcoma [41] and hepatocellular
carcinoma [42], but as a tumor suppressor in breast cancer [43] and
prostate cancer [44]. XIST mainly acts via miR-101/ZEB1 or ZEB2
signals. Chang et al. found that the expression of XIST, ZEB1, and ZEB2
increased, while that of miR-101 decreased in retinoblastoma tissues
and cells. XIST knockout significantly inhibits cell proliferation, mi-
gration, invasion, and EMT, and promotes Weri-Rb cell apoptosis and
caspase-3 activity. XIST may downregulate the expression of ZEB1 and
ZEB2 via endogenous competitive microRNA targets, which may pro-
vide a novel therapeutic target for retinoblastoma [45]. In addition, Liu
et al. found that the expression of XIST was negatively correlated with
miR-124 in retinoblastoma tissues. Inhibition of miR-124 partially re-
versed XIST-mediated cell proliferation, cell cycle arrest, and apoptosis
[46]. In addition, XIST regulated the expression of signal transducer
and activator of transcription 3 (STAT3). XIST promotes retinoblastoma
progression by regulating the miR-124/STAT3 axis [46].

2.5. ANRIL

Antisense non-coding RNA in the INK4 locus (ANRIL) is found in
several types of human tumors, and is considered to be involved in
cancer progression [47]. ANRIL was significantly upregulated in many
cancers, including esophageal, cervical, and gastric cancer [48–50]. It
has been shown to regulate the proliferation, apoptosis, and invasion of
retinoblastoma HXO-RB44 cells via the ATM-E2F1 signaling pathway.
Interestingly, silencing of ANRIL increased the expression of INK4b,
INK4a, p53, and pRB in vivo. Yu et al. demonstrated that over-
expression of ANRIL promoted viability, migration, and invasion of
retinoblastoma cells by activating the MEK/ERK and Wnt/β-catenin
pathways, as well as downregulating miR-24 and upregulating c-Myc
[51]. These findings indicated that ANRIL exhibits oncogenic properties
in human retinoblastoma and provides a potential therapeutic target for
targeted interventional therapy of human retinoblastoma [52].

2.6. PlncRNA

Prostate cancer-upregulated long noncoding RNA 1 (PlncRNA-1,
also known as CBR3-AS1) is a lcnRNA which was first found to be
generally overexpressed in prostate cancer cell lines and tissues [53].
PlncRNA has been reported to promote cell proliferation and hepatic
metastasis in colorectal cancer and prostate cancer progression [54,55].
Liu et al. also reported that the expression of PlncRNA-1 negatively
regulated the expression of CBR3, which indicated its role in regulating
the proliferation, migration, and invasion of retinoblastoma cells [56].

2.7. HOTAIR

The HOX antisense intergenic RNA (HOTAIR) gene located on
chromosome 12 between HOXC11 and HOXC12, covers a length of
2.2 kb [57]. Numerous studies have shown that HOTAIR expression is
upregulated in human cancers, including breast cancer, liver cancer,
and colorectal cancer [58–60]. Previous studies have reported that
HOTAIR acts as an oncogene for promoting retinoblastoma develop-
ment. Fu et al. confirmed that HOTAIR directly targets miR-613. c-Met
is the direct target gene of miR-613. This signaling axis plays an im-
portant role in regulating cell viability, apoptosis, and EMT-specific
protein expression of retinoblastoma cells. Fu et al. also demonstrated
that higher HOTAIR expression, lower miR‐613 expression, larger
tumor size, and grade T3+T4 had significant statistical relevance to

the undesirable overall survival (OS) rate [61]. Another study showed
that knockdown of HOTAIR attenuated the endogenous Notch signaling
pathway in vitro and in vivo. In addition, HOTAIR has been indicated as
a potential therapeutic biomarker for retinoblastoma, and silencing of
HOTAIR attenuated proliferation, migration, and invasion of retino-
blastoma cells [62].

2.8. PANDAR

PANDAR, the Promoter of CDKN1A Antisense DNA damage
Activated RNA, is a novel lncRNA consisting of 1506 nucleotides and
located at chromosome 6p21.2. Accumulating evidence has demon-
strated that PANDAR is upregulated in different human tumors, such as
pancreatic ductal adenocarcinoma, hepatocellular carcinoma, and
bladder cancer [63–65]. PANDAR has been found to play a carcinogenic
role in RB. It documented that high PANDAR expression in RB tumors
was correlated with advanced International Intraocular Retinoblastoma
Classification (IIRC) staging, positive optic nerve invasion, and poor
differentiation grade [66]. Sp1 can directly bind to the promoter region
of PANDAR and induce its transcription. In addition, PANDAR silencing
inhibits tumor growth in vitro and in vivo. PANDAR partially inhibits
cell apoptosis by interfering with the Bcl-2/caspase-3 pathway, which
may provide potential therapeutic targets for the treatment of RB [66].

2.9. DANCR

Differentiation antagonizing non-protein coding RNA (DANCR) was
first identified in osteoclastogenesis [67]. In recent years, emerging
studies have demonstrated the involvement of this oncogenic lncRNA in
the tumorigenesis of many tumors, including cervical cancer, non-small
cell lung cancer, and bladder cancer [68–70]. Wang et al. found that
DANCR was upregulated in retinoblastoma tissues and cells. RB patients
with high DANCR levels had poor OS and disease free survival (DFS)
than those with low DANCR levels, as measured by Kaplan–Meier
analysis. DANCR plays a role as an miRNA “sponge,” and competes with
endogenous RNA (ceRNA) for miR-34c and miR-613 to regulate re-
tinoblastoma progression by targeting MMP-9 [71]. DANCR knockout
inhibited the proliferation, migration, invasion, and expression of epi-
thelial mesenchymal transition (EMT)-related proteins (n-cadherin and
vimentin) in RB cells. These results demonstrate the in-depth role of
DANCR in retinoblastoma carcinogenesis, suggesting a detailed me-
chanism of cancer progression [71].

2.10. THOR

THOR (ENSG00000226856), which is expressed in the testis and a
broad range of human cancers, has been shown to be related to insulin-
like growth factor 2 mRNA-binding protein 1 (IGF2BP1). It is involved
in the expression of several oncogenic genes, including CD44, IGF2, and
c-myc [72]. THOR is upregulated in retinoblastoma, enhancing its
binding with the TGF-2bp1 protein. Upregulation of c-myc significantly
promotes the malignant phenotypic transformation of retinoblastoma
cells. The THOR cascade may be another potential target for the
treatment of retinoblastoma [73] (Table1).

3. Downregulated lncRNAs in retinoblastoma

3.1. MEG3

Maternally expressed gene 3 (MEG3), which is located on chromo-
some 14q32 [74], represents an important tumor suppressor gene in
human cancers, such as non-small cell lung cancer, cervical cancer, and
bladder cancer [75–77]. Multivariate analysis confirmed that MEG3
methylation was considered as an independent prognostic indicator for
patients with GC. in addition to the standard IIRC stages, nodal or
distant metastasis, and optic nerve invasion [78]. MEG3 is also a tumor
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suppressor gene expressed in retinoblastoma. It inhibited the pro-
liferation of retinoblastoma cells by regulating the Wnt/β-catenin
pathway and promoted apoptosis of RB cells via the p53 pathway, and
thus, serves as a prognostic biomarker and molecular therapeutic target
[25,78].

3.2. MT1JP

Metallothionein 1 J, pseudogene (MT1JP) modulates a series of
cancer hallmark traits associated with p53, such as cell cycle, apoptosis,
proliferation, migration, and invasion modulation, by acting as a p53
regulator [79]. Several studies have reported that MT1JP acts as a
tumor suppressor in a variety of cancers, including gastric cancer. This
was also observed in retinoblastoma [80]. Han et al. reported that
MT1JP can negatively regulate the Wnt/beta-catenin signaling pathway
during the formation of retinoblastoma. In addition, low expression of
MT1JP is related to poor prognosis, such as optic nerve invasion and
nodal or distant metastasis in patients with RB [81]. Thus, MT1JP may
act as a tumor suppressor that can predict the prognosis of retino-
blastoma. MT1JP is a potential therapeutic target of retinoblastoma
[81].

3.3. H19

H19 is one of the first lncRNAs identified. It is located downstream
of the sense of IGF2. It plays an oncogenic role in some tumors and an
anti-oncogenic role in other tumors. Li et al. found that compared with
the control group, the level of H19 in RB cells and tissues was sig-
nificantly increased. In addition, the expression of H19 is associated
with many proteins, such as cyclin-dependent kinase 1, B-cell lym-
phoma-related X protein, apoptotic regulatory factor, tumor protein
p53, vimentin, cadherin 13, and matrix metalloproteinase 9. H19 may
play an important role in tumorigenesis and may be a potential target
for the treatment and prognosis of retinoblastoma [82].

In retinoblastoma, H19 may inhibit the progression of retino-
blastoma by binding to the miR-17-92 cluster, upregulating p21 ex-
pression, inhibiting STAT3 phosphorylation, and downregulating the
expression of Bcl2, Bcl2l1, and Birc5; these functions suggest that up-
regulating H19 may be a promising therapeutic strategy for retino-
blastoma [83]. Another study revealed that knocking down lncRNA-
H19 in human RB Y79 cells repressed cell viability, migration, and
invasion, while it promoted apoptosis in Y79 cells. Knockdown of
lncRNA-H19 acted as a tumor suppressor in Y79 cells by upregulating
miR-143. Moreover, miR-143 exerted tumor suppressive effects on Y79
cells by targeting RUNX2 and inhibiting the PI3K/AKT/mTOR pathway
[84] (Table2).

4. Conclusions

Retinoblastoma is an aggressive form of intraocular cancer usually
occurring during childhood with rapid metastatic progression. Early
diagnosis is crucial for retinoblastoma management, as advanced stages
of retinoblastoma are refractory to conventional treatment and are as-
sociated with poor survival outcomes. lncRNAs were initially con-
sidered to be genetic noise and were therefore termed as “genomic dark
matter”. However, emerging studies have revealed their importance.
Although thousands of lncRNAs have been identified, only a few have
been functionally characterized. Current research has revealed the
importance of lncRNA in tumorigenesis and tumor progression. In re-
tinoblastoma, several lncRNAs have been demonstrated to be differ-
entially expressed and potent regulators of retinoblastoma progression
and metastasis. These lncRNAs include BANCR, AFAP1-AS1, NEAT1,
XIST, ANRIL, PlncRNA-1, HOTAIR, PANDAR, DANCR, and THOR.
However, some lncRNAs play a tumor suppressive role, such as MEG3,
MT1JP, and H19. More studies are required to understand the regula-
tion and mechanisms of lncRNAs in retinoblastoma. Moreover, theTa
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clinical utilities of lncRNAs remain unclear. Thus, future investigations
are needed to elucidate the upstream and downstream mechanisms, as
well as clinical implications of lncRNAs in retinoblastoma.
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