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Abstract. Autophagy is a feedback regulatory mechanism of
cells to external stress, which helps cells to adapt to changes in
physiological conditions and environmental stress. Autophagy
possesses a variety of target genes that control a wide range
of signaling pathways. Maintenance of an appropriate level of
autophagy is essential for the growth, metastasis and characteristics of tumors. Retinoblastoma (RB) is the most common
primary intraocular malignant tumor found in the eyes of
children following exposure to extreme environmental factors,
such as mitochondrial defects, oxidative stress and excessive
autophagy; this leads to the development of DNA damage and
progressive loss of the function of the eye, which results in
the occurrence of RB. Recent studies have documented the
involvement of autophagy in the transformation, occurrence
and metastasis of RB. High or low levels of autophagy exert
notably promotive or repressive effects on the development,
invasion, drug resistance and survival of RB, respectively. The
present review reports the research progress on the association
between autophagy and RB.
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1. Introduction
Retinoblastoma (RB) is the most common primary intraocular malignant tumor in children, with a constant incidence
worldwide of 1:15,000-1:20,000 live births (1). At present, the
treatment of RB mainly includes surgical enucleation, radiotherapy and chemotherapy (1). Due to its limited sensitivity
to treatment, the prognosis of RB is often poor (1). RB is a
disease caused by gene mutations. It has been demonstrated
that the mutation of the RB1 gene located on 13q14 plays a
vital role in the development of RB. The RB1 gene participates in tumor inhibition, maintenance of gene stability and
epigenetic inheritance. Therefore, unlimited proliferation of
cells occurs when the RB1 gene is mutated (2).
Regarded as a catabolic process, autophagy is a response
to cell nutrient deficiency, environmental stress and energy
shortage, and plays an important role in clearing damaged
organelles and aggregation of denatured proteins, as well as
in recycling amino acids in the starvation state (3). Through
various mechanisms, including degradation of damaged intracellular organelles and protection of DNA stability, autophagy
maintains the normal function of cells and ensures gene
stability to inhibit the occurrence of tumors (4,5). However, in
tumor cells, such as in RB, autophagy is the main resistance
mechanism towards adverse factors, including an external
anoxic environment or drug therapy, leading to the high
invasion ability of tumors, an anti-anoxic environment and
multidrug resistance (6,7).
The present review describes the current research progress on the association between autophagy and RB. The role
and regulatory mechanism of autophagy in the occurrence,
progression and treatment of RB are reported, and new strategies and targets for the treatment of RB are provided.
2. Concept, classification, biological characteristics and
regulation of autophagy
Autophagy is associated with a variety of pathological and
physiological processes. Generally, according to different
mechanisms of action, autophagy is divided into three types,
namely large autophagy, small autophagy and chaperonmediated autophagy (8,9). Large autophagy is what the present
review calls autophagy. Under particular conditions, such as
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lack of nutrients or energy, or oxygen deficiency, autophagy
is induced to degrade cytoplasmic substances into metabolites in cells, thereby maintaining the normal survival
of cells (10). In a previous study, the autophagy level was
significantly decreased in mouse acinar cells lacking
autophagy-related gene 7 (ATG7) (11), and further experimentation conclusively showed that the protein synthesis
ability of the cells was markedly decreased, accompanied
by a deficiency in the rough endoplasmic reticulum, leading
to progressive loss of pancreatic function, development of
pancreatic inflammation and cancer recurrence (11). When
ATG7 is specifically knocked out in mouse nerve cells,
abnormal protein accumulation and motor function defects
appear (12). Autophagy plays an important role in growth
and development, and it is the main form of innate immunity in cells, since it plays a role in the defense against the
invasion of extracellular microorganisms (13). Furthermore,
autophagy is an important mechanism enabling immune
cells to survive and serve their roles in tumor microenvironments, which are characterized by poor metabolic conditions
and high levels of immunosuppression (14). Autophagy
interacts with apoptosis, promoting the mitosis and specific
degradation of pro-apoptotic proteins, thereby inhibiting
apoptosis. By contrast, after apoptosis is activated, necessary autophagy-related proteins (ARPs) are inactivated or
autophagy proteins are converted into apoptotic proteins
under certain conditions (15).
Autophagy includes five stages: Induction, nucleation,
expansion and containment, fusion and degradation.
Mammalian target of rapamycin receptor complex 1
(mTORC1) inhibits autophagy (16). The initiation of cell
autophagy requires a variety of mTORC1 inhibition pathways to be activated to reverse the upstream inhibition of
autophagy (17,18). The class III phosphatidylinositol 3-kinase
(PI3K) complex constituting of ATG proteins plays an important role in the recruitment and positioning of ATG18 and
ATG2, which in turn recruits ATG8, ATG9 and ATG12 to
form the pre-autophagosomal structure (19,20). This complex
process causes the cargo to gather and nucleate, laying the
foundation for the subsequent expansion of the membrane,
in which two connected systems participate. The connection
between ATG5 and ATG12 requires the participation of the
ubiquitin sample connection system (21). This connection
product is the complex required for the binding between phosphoethanolamine and microtubule-associated protein 1 light
chain 3 (LC3). Finally, the mature autophagosome membrane
is fused with the lysosome membrane structure to release the
encapsulated cargo into the lysosome (22).
Regulation at the post-translational level and the regulation of transcription factors are involved in the regulation
of autophagy. In the absence of amino acids, activation of
general control nonderepressible (Gcn)2 (a kinase) and Gcn4
(a transcription factor) promotes ATG gene expression in yeast
cells (23). In mammals, the inactivation of mTORC1 promotes
the dephosphorylation and translocation of transcription factor
EB, and the transcription of various genes associated with the
autophagy process (24).
In the absence of energy, autophagy is activated via several
pathways, including the AMP-activated protein kinase A
pathway, which directly triggers autophagy (25). In addition,

it has been found that spermidine inhibits autophagy by inhibiting various acetyl transferases (Fig. 1) (26).
3. Autophagy and tumors
Autophagy prevents genes from being altered by reactive
oxygen species (ROS) and mitochondria (4), and inhibits
the expression of anti-apoptotic proteins to suppress tumorigenesis (27). Autophagy can also restrain tumorigenesis by
repressing mitochondrial swelling, p62 accumulation, oxidative stress and genome damage, particularly in mouse liver
tumors (5). Nuclear factor-erythroid 2-related factor 2 (NRF2),
which can be activated by p62, is mainly responsible for the
transcription of anti-oxidation defensive genes, and for facilitating cell survival and tumorigenesis (28). A previous study
found that autophagy deficiency by ATG7 deletion promoted
p62 accumulation and NRF2 activation. In mouse hepatocarcinoma with autophagy deficiency, knockdown of p62
partially suppressed tumor progression (29), while knockdown
of Parkinson disease 2 (a E3 ubiquitin ligase that is responsible for coding the E3 ligase parkin, a multifaceted protein
involved in the signaling pathway of mitochondrial autophagy)
promoted liver cancer (28,30). Additionally, systemic ATG5
elimination and ATG7 knockdown contribute to the formation
of hepatocarcinoma, particularly in the liver of mice (29). In
summary, autophagy is associated with the malignant transformation of hepatocytes in mice, and it has been demonstrated
to be important for stabilizing cellular homeostasis in tumor
suppression.
As a double-edged sword, autophagy has promotive effects
on tumorigenesis and tumor growth. It has been found that
autophagy is associated with high viability and resistance to
antitumor drugs. ROS stimulates autophagy through the Ras
(a gene involved in the regulation of various cell signaling
pathways)/Raf1 (a serine/threonine kinase)/MEK1/2/ERK1/2
pathway, while it restrains autophagy via activation of the
PI3K and AKT (a protein kinase)/mTOR pathway (31,32).
Based on the role of autophagy in the regulation of cell
genetics and nutrient metabolism, enhanced autophagy may
relieve hypoxia and nutrient deficiency during the overgrowth
of cancer cells (33). A previous study showed that both ROS
and BRAF simultaneously stimulated tumor growth and
improved the levels of autophagy (28). In cancer cells with
KRAS activation, inhibition of autophagy triggers mitochondrial oxidative phosphorylation and increases ROS production,
thus exerting antitumor efficacy (34,35). Deficiency of the
autophagy-suppressor gene ATG7 restricts tumor progression
and promotes the accumulation of mitochondrial dysfunction
through BRAF activation (36). A previous study demonstrated that an autophagy-deficient non-small cell lung cancer
(NSCLC)-derived cell line in mice with p53 deficiency was
highly dependent on glutamine from the environment for
the normal functioning of the mitochondria to support the
metabolism and survival in starvation (37). Resistance to
vemurafenib, a tumor inhibitor, is linked with active autophagy
in patients with melanoma, while the resistance of melanoma
to vemurafenib can be reversed by hydroxychloroquine, which
was discovered in a drug stimulation trial in a melanoma cell
line (38). Furthermore, clinical trials evaluating the potential
of autophagy inhibition protocols on brain cancer have indi-

ONCOLOGY LETTERS 22: 632, 2021

3

Figure 1. Process and regulation of autophagy. Energy restriction inhibits mTOR and promotes autophagy. Under energy constraints, the increased AMP/ATP
ratio activates the AMPK pathway, which either directly promotes autophagy or promotes autophagy by inhibiting the mTOR pathway. Energy restriction
also activates CREB protein through the protein kinase A signaling pathway and activates transcription factor EB by inhibiting mTORC1. These autophagy
transcription factors will promote the transcription of autophagy-related proteins and lysosomal proteins. Amino acid deficiency activates mTOR and Gcn4
signaling pathways, and promotes autophagy. mTOR inhibition and AMPK activation promotes the activation of the ULK1 complex upstream of autophagy.
The ULK1 complex promotes the formation of the PI3K and ATG complexes, and ultimately promotes the occurrence of autophagy. After the initiation of
autophagy, through a series of cascade reactions, the process of expansion and closure occurs, followed by consecutive encircle and fusion steps, which finally
leads to the formation of the autolysosome. ULK1, Unc-51-like autophagy activating kinase 1; AMPK, AMP-activated protein kinase; CREB, cAMP-response
element binding; PKA, protein kinase A; mTORC1, mammalian target of rapamycin receptor complex 1; Gcn4, general control nonderepressible 4; ATG,
autophagy-related gene; TFEB, transcription factor EB; PE, phosphoethanolamine; LC3, microtubule-associated protein 1 light chain 3.

cated that the combined use of chloroquine and vemurafenib
prevents the formation of drug resistance (39). Furthermore,
autophagy has been found to maintain the intracellular redox
balance of tumor stem cells (40), preserve the formation and
function of tumor stem cells (41), promote vascular hyperplasia
via activation of the receptors of vascular endothelial growth
factor (42) and participate in the antigen presentation process
of T helper cells (14). These findings indicate that autophagy is
beneficial for the survival of tumors, and autophagic inhibition
blocks the development of tumors (Fig. 2).
4. Association between autophagy and RB
Autophagy and the transformation and occurrence of RB.
Autophagy is involved in the malignant transformation and
gene mutation process of tumors, and the lack of autophagy
will lead to the instability of tumor genes, thus promoting the
occurrence of tumors (43). RB originates from normal cells,
and has been described as a multistep gene variation process of
M1, M2or M3 to Mn, with the RB1 allele variation belonging
to the M1 to M2 variation process (44,45). It has been clinically found that the RB lesions of certain patients contain a

benign tissue region called a retinocytoma (RC). Furthermore,
the cell regions of RC have higher genetic stability than those
of RB (46). RC may be an intermediate transition state of
RB or RB degradation, which provides a novel idea for the
transformation and occurrence of RB. As a benign lesion
of RB, RC has a stronger tolerance to chemotherapy, which
was initially speculated to be caused by the different roles of
autophagy in RC and RB. A study on the role of autophagy in
RC and RB indicated that the microtubule-associated protein
LC3B was present at a high level in the RC region (RCR) and
in retinal cells, while its levels were markedly lower in the
adjacent undifferentiated RB region (47). A large number
of autophagic vacuoles were found in RCR cells by electron
microscopy, but not in the undifferentiated RB region, which
confirmed that autophagy is a more common phenomenon in
RCR (47). Similar to RB, RC has the same mutation in the RB1
allele (48). Mutation of the RB1 gene leads to the inhibition of
the E2 transcription factor. When the RB1 gene was transduced
into human cancer cells deficient in RB protein, the levels of
autophagy were increased (49). A previous study reported that
silencing RB tumor repression proteins inhibited autophagy
induced by etoposide, leading to increased double-stranded
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Figure 2. Association between autophagy and tumors. Gene abnormalities lead to autophagy defects in cells by inducing p62 aggregation, mitochondrial
defects, oxidative stress, DNA damage and activation of other pathways', which cause tissue damage, chronic inflammation, tumor gene signaling activation
and decreased gene stability, which are closely associated with the occurrence of tumors. DNA damage, tumor gene activation and other conditions promote
the activation of anti-p53 and other related genes to induce autophagy. Autophagy is used by tumors to promote tumor survival, and may even be a potential
mechanism of tumor metastasis. ATG, autophagy-related gene; mTOR, mammalian target of rapamycin; AMPK, AMP-activated protein kinase; ER, endoplasmic reticulum.

DNA damage and tumor cell death (50). RB1 gene mutation
reduces the level of autophagy by changing the expression of
RB tumor repression proteins, thus inducing cell gene damage
or cell death, which suggests that RC is prone to further M2
to Mn gene mutations, which may be a benign intermediate
transition form of RB. Therefore, the decrease in autophagy
levels may be one of the critical mechanisms of RB formation.
Due to the rarity of RC, the majority of ophthalmologists do
not recommend enucleation of the eyeball for patients with
RC, and experimental interventional studies on RC are still
relatively scarce. Further studies on the role of RC in the
regulation of autophagy may provide important insights into
understanding the pathogenesis of RB.
Autophagy and the invasion and metastasis of RB. A previous
study suggested a possible link between autophagy and the
invasion and metastasis of RB (51). It is recognized that the
sesquiterpenoid nootkatone induces the production of endogenous ROS in RB to induce cytotoxicity and inhibit the migration
of tumor cells, while it promotes autophagy by promoting the
expression of ARPs in RB cells (52). Zhang et al (53) found
that p62 and LC3B were highly expressed in the majority of
RB tumor cells, and that p53 was expressed in the cytoplasm

of certain RB tumor cells. It was also found that high protein
levels of p62 and LC3B were significantly associated with latestage TNM and optic nerve invasion in RB, while low levels
of p53 were significantly associated with calcification of RB
tumors and optic nerve invasion (53). It is known that p53 is an
autophagy inhibitor and LC3B is a marker of autophagy levels;
thus, the decreased level of cytoplasmic p53 and increased
level of LC3B can reflect high autophagy levels in RB cells.
p62 is degraded by autophagy, and inhibition of autophagy
leads to the aggregation of p62, which is not caused by the
abnormal expression of p62; thus, p62 can indirectly reflect the
level of autophagy (54). Consequently, it was hypothesized that
high levels of autophagy may be one of the mechanisms of RB
invasion and metastasis. However, the molecular mechanism
of autophagy involved in tumor metastasis and invasion is
unclear, and further research is needed.
Autophagy and the resistance and survival of RB. Previous
studies have shown that autophagy mediates drug resistance and
has a certain protective effect in RB, which indicates the close
association between drug resistance and autophagy (55,56). It
was found that microRNA (miRNA/miR)-34a regulated apoptosis and autophagy in RB cells by targeting high mobility

ONCOLOGY LETTERS 22: 632, 2021

5

Figure 3. Association between autophagy and RB. Autophagy plays an important role in the occurrence and development of RB via the regulation of various
factors such as autophagy-related genes, proteins, various microRNAs and long non-coding RNAs. Inhibition of autophagy promotes gene damage and
mutation, thus inducing the formation of retinocytoma (an intermediate transition form). Further genetic variations will lead to malignant transformation and
ultimately RB formation. Autophagy is utilized by RB as one of the important mechanisms for drug resistance and invasion, which may be the reason for the
poor prognosis of RB. RB, retinoblastoma; RC, retinocytoma; miR, microRNA; XIST, X-inactive specific transcript; lncRNA, long non-coding RNA; ATG,
autophagy-related gene; ARP, autophagy-related protein; LC3, microtubule-associated protein 1 light chain 3.

group box 1 (HMGB1), and it was demonstrated that miR-34a
inhibited the expression of HMGB1, thus inhibiting autophagy
and inducing apoptosis (57). Further results showed that inhibition of autophagy enhanced chemotherapy treatment for DNA
damage in RB cells. X-inactive specific transcript (XIST),
a 17-kb long non-coding RNA (lncRNA) located on the X
chromosome, accelerates tumor progression in certain types
of human cancer. Previous studies have demonstrated that the
expression of XIST increases in RB tissues and cell lines, and
that silencing XIST weakens RB proliferation and autophagy,
and enhances the sensitivity to vincristine (VCR) (58,59).
Further studies found that XIST sponged miR-204-5p, and
that the promoting effect of XIST on RB proliferation and
autophagy was reversed by miR-204-5p (59). Thus, it was
speculated that decreased miR-204-5p in RB may be associated with drug resistance and proliferation in RB. LINC00152
is increased in RB, and enhances the invasiveness of RB and
its resistance to carboplatin and Adriamycin through the
sponging of miR-613; however, silencing LINC00152 inhibits
the proliferation, invasiveness and autophagy of RB, and then
significantly promotes apoptosis (60,61). The increased level
of RB autophagy may be one of the mechanisms of resistance
to apoptosis and drug resistance. Huang et al (61) found that
metastasis-associated lung adenocarcinoma transcript 1, as
a lncRNA, promoted the autophagy of RB cells by targeting
miR-124, thus providing a theoretical basis for drug resistance
induced by autophagy. Liu et al (62) applied the autophagy
blocker 3-methyladenine (3-MA) to explore the effect of
autophagy on RB resistance, and found that the inhibition
rate of cisplatin at different concentrations was higher than
that observed in tumor cells treated with cisplatin alone, and
that the transcription level of drug-resistant genes in cisplatin
combined with autophagy inhibitor 3-MA group was markedly downregulated (62). CD24 is a glycosyl phosphatidyl
inositol-anchored protein highly expressed in RB tissues and

cell lines, and studies have shown that it activates autophagy
through the PTEN/AKT/mTORC1 signaling pathway, thereby
inactivating the sensitivity of RB to VCR (63). The aforementioned studies suggest that autophagy is a crucial participant in
the drug resistance mechanism of RB.
Autophagy is not only associated with chemotherapy resistance in RB, but it may also be an important mechanism for
RB survival. Under normal conditions, the expression levels
of hypoxia inducible factor-1 (HIF-1) and miR-320 in RB
cells are increased compared with those in normal cells. A
previous study showed that HIF-1α was a downstream target
of miR-320, and that decreasing miR-320 or HIF-1α expression inhibited autophagy in RB cells. LC3 aggregation was
significantly increased under hypoxia, indicating a high level
of autophagy, while inhibition of miR-320 or HIF-1 caused
a significant decrease in LC3 aggregation (64). Therefore, it
was speculated that increased expression of miR-320 promotes
the expression of HIF-1, thereby regulating the expression of
ARPs and enhancing RB autophagy. These results suggested
that autophagy may be a protective mechanism for RB to
promote its survival in the hypoxic environment of the center
ischemic region of the RB. Studies have found that miR-512-3p
promotes RB cell apoptosis induced by endoplasmic reticulum
stress; however, this process is associated with the inhibition
of autophagy (65). Additionally, it was found that inhibiting
autophagy and inducing cytotoxicity in RB cells promoted
their apoptosis when using a suicide gene therapy with herpes
simplex virus type 1 thymidine kinase/ganciclovir (66).
The present review has so far presented a summary of the
various protective effects of autophagy in RB at the gene and
protein levels. Autophagy can also regulate the intracellular
environment of RB, which allocates available materials for
decomposition and utilization under conditions of starvation and lack of nutrients, and also helps to maintain the
homeostasis of the cytoplasm against stress caused by adverse
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external environments. To date, several studies have reported
conflicting results. Ginsenoside Rh2 inhibited RB proliferation but promoted autophagy and apoptosis by downregulating
miR-638, while methylbutanol led to potential anti-RB effects
by inducing autophagy and cell cycle arrest, and inhibiting the
PI3K/mTOR/Akt signaling pathway (67,68). In these studies,
the antitumor effect of anticancer drugs or substances may
have been accompanied by an increase in the autophagy level,
but such studies could not demonstrate whether an elevated
level of autophagy is associated with RB repression. On the
contrary, the aforementioned drugs with anti-RB effects may
induce autophagy and lead to important drug resistance,
similar to numerous anti-RB drugs such as etoposide and
cisplatin. A number of studies reached the opposite conclusion, and found that dimethyldibutanol 2-methyl-2-butanol
(MBT) led to RB cell apoptosis, while the use of autophagy
inhibitors blocked the action of this drug (69). These results
indicate that the anti-RB effect of MBT may be associated
with an increase in the autophagy level, while the specific
mechanism remains unknown. Therefore, further studies on
the association between autophagy and RB will help us to
understand the mechanism of drug resistance in RB (Fig. 3).
5. Review and summary
Autophagy, a catabolic process conserved by evolution, plays
a vital role in maintaining the homeostasis of the internal and
external environments of the cell, and in enhancing the adaptability of the cell to the external environment. The present
study reviewed relevant studies on the association between
autophagy and RB, and concluded that autophagy plays a
‘housekeeping’ role in normal, RB and other tumor cells by
protecting the cells, promoting the cell fight against external
adverse stimuli and improving cell viability. Autophagy
degrades damaged intracellular organelles in time and protects
DNA stability to maintain normal cell functions in normal
cells. Contrary to the situation in normal cells, in tumor cells,
autophagy becomes the main mechanism for RB cells to fight
against external adverse factors, leading to drug resistance,
anti-hypoxia and high tumor invasiveness of these cells. A
marked decrease in autophagy in both normal and RB cells
has serious consequences. Decreased levels of autophagy lead
to apoptosis or promotion of cancer in normal cells, whereas
in RB or other tumor cells, they lead to cytotoxic damage and
decrease the drug resistance of tumor cells, eventually leading
to tumor cell death. Therefore, inhibition of autophagy in RB
cells may be an effective target for treatment or may serve as
an adjunct therapy to enhance the efficacy of anticancer drugs.
The method to specifically target RB tissues or cells without
significantly affecting autophagy in normal cells needs to be
clarified.
Numerous studies have found that lncRNA and miRNA
have significant regulatory effects on autophagy in RB, and
various lncRNAs and miRNAs exert significant anti-RB
effects by inhibiting autophagy. In addition, the expression
of certain lncRNAs and miRNAs in RB showed obvious
specificity. These findings suggest that gene therapy targeting
lncRNA and miRNA may become a new effective method for
RB therapy by regulating autophagy. However, the molecular
mechanism of the interaction between autophagy and RB is

still unknown, and further research will provide more reliable
theories and novel ideas for the clinical treatment of RB.
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