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Retinoblastoma is the most common primary intraocular malignancy of childhood. 
The aim of our study was to investigate the role and regulatory mechanism of the 
long non-coding RNA ANRIL in retinoblastoma. 
Here, our data demonstrated that ANRIL overexpression inhibited miR-328-3p 
expression, but promoted expression of autophagy-related proteins (LC3B, ATG5, 
and BECN1). Then we predicted the binding sites for ANRIL with miR-328-3p, 
and for miR-328-3p with TSC1/ULK2 3′-UTR, and confirmed the combination  
of miR-328-3p and ANRIL and TSC1/ULK2 3′-UTR. 
Importantly, the data showed that ANRIL overexpression promoted TSC1 and 
ULK2 expression, and inhibited the phosphorylation of mTOR. Finally, our results 
indicated that ANRIL overexpression facilitated Y79 cell proliferation and cispla-
tin-induced apoptosis. 
Our results indicated that ANRIL promoted the proliferation and cisplatin resis-
tance of Y79 cells through activating autophagy by promoting TSC1/ULK2 ex-
pression via acting as a miR-328-3p sponge.

Key words: retinoblastoma, competing endogenous RNA, long non-coding RNA, 
cisplatin resistance, proliferation.

Introduction

Retinoblastoma is the most common neoplasm of 
the eye in children, and is the only central nervous 
system tumour readily observed without specialized 
equipment [1]. Generally, retinoblastoma is diag-
nosed at a very early stage of a child’s life. The thera-
peutic approaches for cancer need to consider curing 
the disease as well as preserving vision with minimal 
long-term side effects [2]. At present, the common 
therapeutic methods for retinoblastoma involve in-
travenous chemoreduction, focal therapy for tumour 
consolidation, local administration routes of chemo-
therapy, external beam radiotherapy, and surgical 

enucleation [3–5]. Exploring the pathogenesis and 
identifying new therapeutic targets of retinoblasto-
ma are still crucial.

Most of the human genome encodes RNAs that do 
not code for proteins, called non-coding RNAs, which 
include microRNA, circular RNA, siRNA, and long 
non-coding RNAs (lncRNAs). Among the non-coding 
RNAs, the length of lncRNAs is greater than 200 nu- 
cleotides [6]. In recent years, growing evidence has 
shown that the abnormally expressed lncRNA prolife 
participates in the pathogenesis of many human diseas-
es, for example, malignant tumours [7, 8]. LncRNAs 
are widely considered as a promising therapeutic tar-
get for many disorders [9]. Gao et al. reported that 
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lncRNA MALAT1 and NKILA are downregulated in 
retinoblastoma tissues and cell lines (Weri-Rb1 and 
Y79 cells), facilitate retinoblastoma cell apoptosis, 
and suppress cell proliferation [10]. He et al. reported 
that lncRNA RBAT1 is upregulated in bladder cancer 
tumour tissues and retinoblastoma tissues. RBAT1 
could boost the progression of retinoblastoma and 
the growth of the tumour via targeting E2F3 [11]. 
Recently, more and more retinoblastoma-related ln-
cRNA have been identified. Some lncRNAs could 
regulate the progression of retinoblastoma through 
a competing endogenous RNA (ceRNA) mechanism. 
LncRNA competes with the target of the miRNA for 
binding, hence upregulating expression of the miR-
NA target and inhibiting expression of the miRNA 
[12, 13]. ANRIL is an lncRNA at the CDKN2A/B 
genomic locus [14]. In multiple cancers such as acute 
myeloid leukemia, gastric cancer as well as retino-
blastoma, the level of ANRIL gene expression was 
reported to be upregulated [15–17]. ANRIL could 
regulate the proliferation and apoptosis of retinoblas-
toma cells, and the resistance of retinoblastoma cells 
to cisplatin through acting as a miRNA sponge and 
by a ceRNA mechanism [17]. Here, we explored the 
mechanism of action of ANRIL in regulation of reti-
noblastoma cell apoptosis, proliferation, and cisplatin 
resistance through another pathway.

Autophagy is an ancient mechanism controlled by 
a series of proteins including autophagy-related genes 
(ATGs), LC3, rapamycin (mTOR), and BECN1 [18]. 
It was reported that autophagy plays a  crucial role 
in the progression of cancer. Recently, Yao et al. re-
ported that lncRNA XIST silencing could suppress 
the proliferation and autophagy of retinoblastoma 
cells, and strengthen the sensitivity of the cancer 
cells to vincristine by targeting miR-204-5p and its 
downstream target [19]. It is not clear that whether 
ANRIL regulates the progression of retinoblastoma 
through targeting autophagy. Our data verified that 
ANRIL could regulate the proliferation and cisplatin 
resistance of retinoblastoma cells through activating 
cell autophagy by promoting the expression of tu-
berous sclerosis complex 1 (TSC1) and unc-51 like 
autophagy activating kinase 2 (ULK2) via acting as 
a  miR-328-3p sponge. Our data may provide new 
evidence that ANRIL acts as a  potential target for 
retinoblastoma treatment.

Materials and methods

Cell culture and treatment 

Retinoblastoma cell line Y79 was obtained from 
American Type Culture Collection (ATCC; USA). 
The lentivirus packaging with pcDNA-ANRIL or 
an empty vector was purchased from WZ Biosci-
ences Inc. (Shandong, China). The pcDNA-ANRIL 
vector is an ANRIL overexpression vector. Y79 cells  

(1 × 105 cells per well) were planted into 6-well 
plates, and were infected with the ANRIL overex-
pression lentivirus (MOI = 50) for 48 hours. All cells 
were cultured in RPMI-1640 medium (HyClone, 
UT, USA) supplemented with 20% fetal bovine se-
rum (FBS; Gibco, CA, USA) and 1% penicillin-strep-
tomycin (Gibco, CA, USA) in an incubator with 5% 
CO2 and 37°C atmosphere.

Quantitative real-time polymerase chain 
reaction assay 

The total RNA in retinoblastoma cells was isolat-
ed using TRIzol reagent (Thermo Fisher Scientific, 
Carlsbad, CA, USA). Subsequently, cDNA was 
synthesized using PrimeScript Master Mix (Takara, 
Otsu, Shiga, Japan). Next, quantitative real-time 
polymerase chain reaction (PCR) was carried out us-
ing a  SYBR Green PCR kit (Takara). All processes 
were carried out according to the instructions of the 
kits. Here, GAPDH served as the internal reference. 
The relative expression levels of genes were calculat-
ed using the 2–DDCt method.

Western blot 

The total protein in retinoblastoma cells was ex-
tracted using RIPA buffer (Solarbio, Beijing, China), 
and then the concentration of the proteins was mea-
sured using a  BCA kit (Solarbio). After that, total 
protein samples were separated through a 12% SDS-
PEGF gel, and then transferred to a polyvinylidene 
fluoride (PVDF) membrane. Subsequently, the 
PVDF membranes were maintained with 5% non-
fat milk for 1 hour at room temperature followed by 
primary antibodies, including anti-LC3B (1  : 2000, 
Abcam), anti-ATG5 (1 : 2000, Abcam), anti-BECN1 
(1 : 2000, Abcam), anti-TSC1 (1 : 1000, Abcam), anti- 
ULK2 (1 : 2000, Abcam) and p-mTOR (1 : 1000, Ab-
cam), at 4°C overnight. Then, the PVDF membranes 
were incubated with secondary antibodies for 1 hour 
at room temperature. Finally, the protein bands were 
visualized using an ECL kit (Solarbio). Here, β-actin 
served as an internal reference.

Luciferase activity assay 

Y79 cells were co-transfected with a pGL3-based 
vector expressing TSC1 3′-UTR, ULK2 3′-UTR or 
the sequence which binds with miR-328-3p with 
miR-328-3p mimic or negative control mimic 
usage Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA). Cells were collected, lysed, 
and then utilized for the analysis of the firefly and 
Renilla luciferase activities through the Dual- 
Luciferase Reporter Assay System (Promega) at  
48 hours after cell transfection. The activity of Renil-
la luciferase was used as an internal reference.
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CCK-8 assay 

CCK-8 assay was performed to determine the pro-
liferation of Y79 cells using a  CCK-8 kit (Solarbio). 
Y79 cells were plated into 96-well plates at the den-
sity of 4 × 104 cells per well, and were infected with 
the ANRIL overexpression lentivirus for 24, 48, 72, and 
96 hours. After that, 10 μl of CCK-8 reagent was added 
to each well. Y79 cells were incubated with the reagent 
for another 4 hours. Finally, the optical density of the 
cells at 450 nm wavelength was determined on a mi-
croplate reader.

Flow cytometry 

Y79 cells were planted into 96-well plates at the 
density of 4 × 104 cells per well. Lentivirus infection 
was accomplished according to the experimental pur-
pose, and then the cells were treated with 0, 5, 10, and 
15 μmol/l cisplatin for 24 hours. Then, according to 
the manufacturer’s protocol, cell apoptosis was detected 
through a FITC Annexin V Apoptosis Detection Kit (BD 
Biosciences, USA). The horizontal coordinate FITC in 
the flow cytometry results represents that FITC-Annexin 
V selectively binds phosphatidylserine and thus detects 
apoptosis. Longitudinal coordinate propidium iodide is 
a DNA-binding dye that detects cell necrosis.

Statistical analysis

All experiments were run in triplicates and 
the results were presented as mean ± SD, and 
were analyzed using GraphPad Prism 7 software. 
The p-values were calculated by Student’s t-test.  
P < 0.05 was deemed statistically significant.

Results

ANRIL overexpression facilitated autophagy  
of retinoblastoma cells 

ANRIL has been reported to facilitate malignant 
behaviors, including migration, proliferation and in-
vasion, of retinoblastoma cells via some typical sig-
naling pathways [20]. Here, we explored the influ-
ence of ANRIL on the autophagy of retinoblastoma 
cells. The expression of ANRIL was markedly in-
creased by infection of ANRIL overexpression lenti-
virus (Fig. 1A). Nevertheless, the level of miR-328-3p  
was downregulated by the infection of ANRIL overex-
pression lentivirus (Fig. 1B). The protein levels of LC3B, 
ATG5 and BECN1 were also upregulated by ANRIL 
overexpression (Fig. 1C–F). In accordance with the ini-
tial inspection results, ANRIL inhibited the miR-328-3p 
expression and promoted retinoblastoma cell autophagy.

ANRIL completes miR-328-3p with TSC1 
mRNA 3′-UTR 

To elucidate the regulatory mechanism of ANRIL  
in retinoblastoma cell autophagy, we obtained the bind-

ing sites between ANRIL and miR-328-3p through the 
starBase v2.0 database. The luciferase reporter assay 
showed that ANRIL-WT could downregulate the lu-
ciferase activity of the retinoblastoma cells treated with 
miR-328-3p mimic, while ANRIL-MUT had no effect 
on the transfected cells (Fig. 2A). Then, we predict-
ed the binding sites between miR-328-3p and TSC1  
3′-UTR through the TargetScan Human and miRanda 
databases, and detected the combination of miR-328-3p 
and TSC1 3′-UTR. As shown in Figure 2B, TSC1-WT 
significantly downregulated the luciferase activity of the 
retinoblastoma cells treated with miR-328-3p mimic  
(Fig. 2B). Moreover, we predicted the binding sites  
between miR-328-3p and ULK2 3′-UTR using Target-
Scan Human and miRanda databases. Our results indi-
cated that ULK2-WT significantly downregulated the 
luciferase activity of the retinoblastoma cells treated with 
miR-328-3p mimic (Fig. 2C). Overall, the above results 
suggested the combination of ANRIL and miR-328-3p, 
and proved that TSC1 and ULK2 were two downstream 
targets of miR-328-3p. 

ANRIL promoted retinoblastoma cell 
autophagy through increasing TSC1/ULK2 

To explore whether ANRIL regulates the autophagy 
of retinoblastoma cells by targeting TSC1 and ULK2, we 
detected the expression of TSC1 and ULK2 in the ret-
inoblastoma cells infected with ANRIL overexpression 
lentivirus. As shown in Figure 3A, ANRIL facilitated 
TSC1 and ULK2 mRNA expression in retinoblastoma 
cells. Consistently, ANRIL overexpression promoted the 
expression of TSC1 and ULK2 proteins in retinoblastoma 
cells. Importantly, ANRIL overexpression inhibited the 
expression of phosphorylated mTOR protein (Fig. 3B, C). 
It was reported that mTOR is an inhibitor of autophagy 
[21]. Our data showed that ANRIL may promote the au-
tophagy of retinoblastoma cells through increasing TCS1 
and ULK2.

ANRIL promoted retinoblastoma cell 
proliferation and resistance to cisplatin

To investigate the regulatory effect of ANRIL on 
retinoblastoma cell behavior, we detected the prolifer-
ation of retinoblastoma cells and the resistance of them 
to cisplatin. As shown in Figure 4A, the cell prolifer-
ation was inhibited by ANRIL overexpression. Then, 
the retinoblastoma cells infected with ANRIL over-
expression lentivirus were treated with 0, 5, 10, and 
15 μg/l cisplatin for 24 hours. Our data indicated that 
ANRIL overexpression suppressed cisplatin-induced 
retinoblastoma cell apoptosis (Fig. 4B, C). In summary, 
ANRIL overexpression promoted retinoblastoma cell 
proliferation and resistance to cisplatin. 

Discussion

LncRNAs are potential therapeutic targets for 
many cancers. Numerous studies have suggested 
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Fig. 1. Effect of ANRIL on miR-328-3p and autophagy-related proteins’ expression. Retinoblastoma cells were infected 
with the lentivirus expressing ANRIL and the control lentivirus. A) Quantitative real-time polymerase chain reaction 
(qRT-PCR) was performed to detect ANRIL expression in the cells to verify the infection efficiency. B) miR-328-3p ex-
pression in the cancer cells also was examined through qRT-PCR. C–F) Autophagy-related proteins’ expression, including 
LC3B, ATG5 as well as BECN1, was determined using Western blot
** and *** p-value lower than 0.01
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that lncRNAs play a  crucial role in the regulation 
of retinoblastoma cell proliferation, migration, inva-
sion, tube formation, and drug resistance, as well as 
the growth of retinoblastoma tumour [22, 23]. For 

instance, lncRNA ELFN1-AS1 was highly expressed 
in retinoblastoma tissues and cell lines. High expres-
sion of ELFN1-AS1 was positively correlated with 
the progression and poor prognosis of the disease, 
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facilitated retinoblastoma cell lines proliferation, 
and contributed to migration and invasion [24]. 
Moreover, lncRNA HOTTIP was increased in the 
retinoblastoma tissues and cell lines. It was reported 
that HOTTIP knockdown could suppress the pro-
liferation and facilitate the apoptosis of retinoblas-
toma cells via acting as a miR-101-3p sponge [25]. 
In this study, our results indicated that lncRNA 

ANRIL could facilitate retinoblastoma cell prolif-
eration, cisplatin resistance and autophagy through 
promoting TSC1 and ULK2 expression by sponging 
miR-328-3p.

It was previously reported that miR-328-3p was 
underexpressed in breast cancer, and participates in 
regulation of the expression of proliferation-related 
proteins in breast cancer [26]. Pan et al. observed that 
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Fig. 3. Effect of ANRIL on TSC1, ULK2 and autopha-
gy-related protein expression in retinoblastoma cells. Ret-
inoblastoma cells were infected with the ANRIL overex-
pression lentivirus and the control lentivirus for 48 hours. 
A) Expression of TSC1 and ULK2 mRNAs was determined 
using quantitative real-time polymerase chain reaction.  
B, C) Expression of TSC1, ULK2, and p-mTOR was deter-
mined using Western blot 
* p-value lower than 0.05
** and *** p-value lower than 0.01

R
el

at
iv

e 
ge

ne
 le

ve
ls

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
ls

10

8

6

4

2

0

3

2

1

0

A

C

	 TSC1 mRNA	 ULK2 mRNA
 Vector         pcDNA-ANRIL

	 TSC1	 ULK2	 mTOR
 Vector         pcDNA-ANRIL

B

TSC1

ULK2

mTOR

β-actin

	 Vector	 pcDNA-ANRIL

overexpression of miR-328-3p in colorectal cancer 
could inhibit the malignant phenotypes of the cancer 
cells through PI3K/AKT signaling [27]. In another 
study, increased levels of miR-328-3p inhibited the 
malignant behaviors of liver cancer cells, and limit-
ed the growth of liver cancer tumours through the 
PI3K/AKT/mTOR signaling pathway [28]. More 
and more studies are suggesting that miR-328-3p 
plays an inhibitory role in cancer development. 
However, the role of miR-328-3p in retinoblastoma 
progression is still unclear. Here, our results proved 
that ANRIL overexpression could inhibit the expres-
sion of miR-328-3p in Y79 retinoblastoma cells.  
We also demonstrated the combination of ANRIL 
and miR-328-3p.

FKBP12-rapamycin complex-associated protein 
is a conserved serine/threonine protein kinase, and is 
also termed as mTOR. mTOR is a  member of the 
PI3K/AKT signaling pathway [21, 29]. It was proved 
that mTOR is an inhibitor of autophagy [30]. In our 
present study, the results indicated that ANRIL over-
expression inhibited the phosphorylation of mTOR 
in retinoblastoma cells, but promoted the expression 
of LC3B, ATG5, and BECN1 expression in the cells. 
Growth factors, cytokines, and TLR ligands regulate 

TSC1/TSC2 phosphorylation and inactivation via 
a plethora of upstream protein kinases, thus primar-
ily triggering mTOR activation [31]. In this study, 
we found the binding sites between miR-328-3p 
and TSC1 3′-UTR, and determined the combination 
of them using luciferase activity assay. ULK2 is an 
evolutionarily conserved serine/threonine kinase or-
tholog of the yeast ATG family member Atg1, which 
has a  redundant role in the regulation of autopha-
gy [32, 33]. Here, we also found the binding sites  
between miR-328-3p and ULK2 3′-UTR, and deter-
mined the combination of them. Importantly, ANRIL 
overexpression facilitates the expression of ULK2 in 
retinoblastoma cells. Furthermore, our data showed 
that ANRIL overexpression promotes the prolifera-
tion and cisplatin resistance of retinoblastoma cells.

Conclusions

Our experiments verified that ANRIL overexpres-
sion promotes proliferation and inhibits cisplatin- 
induced apoptosis through activating autophagy 
via facilitating TSC1/ULK2 expression by acting as 
a miR-328-3p sponge. ANRIL may be a potential 
target of retinoblastoma treatment.
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Fig. 4. Effect of ANRIL on retinoblastoma cell proliferation and cisplatin resistance. A) CCK-8 assay was performed  
to detect proliferation of retinoblastoma cells infected with ANRIL overexpression lentivirus. B) Retinoblastoma cells 
infected with the ANRIL overexpression lentivirus were treated with cisplatin for 24 hours. C) Cell apoptosis was deter-
mined using flow cytometry assay
PI – propidium iodide 
* p-value lower than 0.05
** p-value lower than 0.01

Disclosures

1.	All protocols were authorized by the Ethics Com-
mittee of the Second Affiliated Hospital of Nan-
chang University.

2.	Assistance with the article: None. 
3.	Financial support and sponsorship: None. 
4.	Conflicts of interest: None.

Reference
1.	Dimaras H, Corson TW. Retinoblastoma, the visible CNS tu-

mor: a review. J Neurosci Res 2019; 97: 29-44. 2.
2.	McEvoy JD, Dyer MA. Genetic and epigenetic discoveries in 

human retinoblastoma. Crit Rev Oncogen 2015; 20: 217-25. 

3.	Mendoza PR, Grossniklaus HE. Therapeutic options for reti-
noblastoma. Cancer Control 2016; 23: 99-109. 

4.	Gudiseva HV, Berry JL, Polski A, Tummina SJ, O’Brien JM. 
Next-generation technologies and strategies for the manage-
ment of retinoblastoma. Genes 2019; 10: 10121032.

5.	Ancona-Lezama D, Dalvin LA, Shields CL. Modern treatment 
of retinoblastoma: a 2020 review. Indian J Ophthalmol 2020; 
68: 2356-2365. 

6.	Chen C, He Y, Feng Y, et al. Long non-coding RNA review 
and implications in acute lung inflammation. Life Sci 2021; 
269: 119044. 

7.	Ransohoff JD, Wei Y, Khavari PA. The functions and unique 
features of long intergenic non-coding RNA. Nature Rev Mol 
Cell Biol 2018; 19: 143-157. 

8.	Chi Y, Wang D, Wang J, Yu W, Yang J. Long non-coding RNA 
in the pathogenesis of cancers. Cells 2019; 8: 8091015.



235

ANRIL regulates retinoblastoma progression via targeting autophagy by miR-328-3p/TSC1/ULK signaling 

9.	Matsui M, Corey DR. Non-coding RNAs as drug targets.  
Nature Rev Drug Discov 2017; 16: 167-179. 

10.	Gao YX, Gao HX, Xu XY, Ding FK. Effects of lncRNA 
MALAT1 and lncRNA NKILA on proliferation, invasion 
and apoptosis of retinoblastoma. Eur Rev Med Pharmacol Sci 
2020; 24: 8296-8307. 

11.	He X, Chai P, Li F, et al. A novel LncRNA transcript, RBAT1, 
accelerates tumorigenesis through interacting with HNRNPL 
and cis-activating E2F3. Mol Cancer 2020; 19: 115. 

12.	Xu C, Tian LH. LncRNA XIST promotes proliferation and 
epithelial-mesenchymal transition of retinoblastoma cells 
through sponge action of miR-142-5p. Eur Rev Med Pharma-
col Sci 2020; 24: 9256-9264. 

13.	Yang L, Zhang L, Lu L, Wang Y. lncRNA UCA1 increases 
proliferation and multidrug resistance of retinoblastoma cells 
through downregulating miR-513a-5p. DNA Cell Biol 2020; 
39: 69-77. 

14.	Kong Y, Hsieh CH, Alonso LC. ANRIL: a  lncRNA at the 
CDKN2A/B locus with roles in cancer and metabolic disease. 
Front Endocrinol 2018; 9: 405. 

15.	Sun LY, Li XJ, Sun YM, et al. LncRNA ANRIL regulates AML 
development through modulating the glucose metabolism 
pathway of AdipoR1/AMPK/SIRT1. Mol Cancer 2018; 17: 
127. 

16.	Kangarlouei R, Irani S, Noormohammadi Z, Memari F, Mir-
fakhraie R. ANRIL and ANRASSF1 long noncoding RNAs are 
upregulated in gastric cancer. J Cellular Biochem 2019; 120: 
12544-12548. 

17.	Yin X, Liao Y, Xiong W, et  al. Hypoxia-induced lncRNA 
ANRIL promotes cisplatin resistance in retinoblastoma cells 
through regulating ABCG2 expression. Clin Exp Pharmacol 
Physiol 2020; 47: 1049-1057. 

18.	Galluzzi L, Green DR. Autophagy-independent functions of 
the autophagy machinery. Cell 2019; 177: 1682-1699. 

19.	Yao L, Yang L, Song H, Liu TG, Yan H. Silencing of lncRNA 
XIST suppresses proliferation and autophagy and enhances 
vincristine sensitivity in retinoblastoma cells by sponging miR-
204-5p. Eur Rev Med Pharmacol Sci 2020; 24: 3526-3537. 

20.	Yang M, Wei W. Long non-coding RNAs in retinoblastoma. 
Pathol Res Practice 2019; 215: 152435. 

21.	Al-Bari MAA, Xu P. Molecular regulation of autophagy ma-
chinery by mTOR-dependent and -independent pathways. 
Ann N York Acad Sci 2020; 1467: 3-20. 

22.	Gao S, Chu Q, Liu X, et al. Long noncoding RNA HEIH pro-
motes proliferation, migration and invasion of retinoblastoma 
cells through miR-194-5p/WEE1 axis. Oncotarget Therapy 
2020; 13: 12033-12041. 

23.	Zhang G, Yang W, Li D, et al. lncRNA FEZF1‑AS1 promotes 
migration, invasion and epithelial‑mesenchymal transition of 
retinoblastoma cells by targeting miR‑1236‑3p. Mol Med Rep 
2020; 22: 3635-3644. 

24.	Feng W, Zhu R, Ma J, Song H. LncRNA ELFN1-AS1 pro-
motes retinoblastoma growth and invasion via regulating miR-
4270/SBK1 axis. Cancer Manag Res 2021; 13: 1067-1073. 

25.	Yuan X, Sun Z, Cui C. Knockdown of lncRNA HOTTIP 
inhibits retinoblastoma progression by modulating the miR-
101-3p/STC1 axis. Technol Cancer Res Treat 2021; 20: 
1533033821997831. 

26.	Ma H, Liu T, Xu Y, et al. MiR-519d and miR-328-3p combi-
natorially suppress breast cancer progression. Oncotarget Ther 
2020; 13: 12987-12997. 

27.	Pan S, Ren F, Li L, et al. MiR-328-3p inhibits cell proliferation 
and metastasis in colorectal cancer by targeting Girdin and in-
hibiting the PI3K/Akt signaling pathway. Exp Cell Res 2020; 
390: 111939. 

28.	Lu H, Hu J, Li J, et  al. miR-328-3p overexpression attenu-
ates the malignant proliferation and invasion of liver cancer via 
targeting endoplasmic reticulum metallo protease 1 to inhibit 
AKT phosphorylation. Ann Translat Med 2020; 8: 754. 

29.	Zhu Z, Yang C, Iyaswamy A, et al. Balancing mTOR signal-
ing and autophagy in the treatment of Parkinson’s disease. Int  
J Mol Sci 2019; 20: 20030728.

30.	Munson MJ, Ganley IG. MTOR, PIK3C3, and autophagy: 
signaling the beginning from the end. Autophagy 2015; 11: 
2375-2376. 

31.	Xie Y, Zhao Y, Shi L, et al. Gut epithelial TSC1/mTOR con-
trols RIPK3-dependent necroptosis in intestinal inflammation 
and cancer. J Clin Invest 2020; 130: 2111-2128. 

32.	Goodwin JM, Dowdle WE, DeJesus R, et al. Autophagy-in-
dependent lysosomal targeting regulated by ULK1/2-FIP200 
and ATG9. Cell Rep 2017; 20: 2341-2356. 

33.	Wang B, Iyengar R, Li-Harms X, et al. The autophagy-inducing 
kinases, ULK1 and ULK2, regulate axon guidance in the de-
veloping mouse forebrain via a noncanonical pathway. Autoph-
agy 2018; 14: 796-811. 

Address for correspondence
Xiaolong Yin 
Department of Ophthalmic Center
The Second Affiliated Hospital of Nanchang University
Nanchang, Jiangxi, China
e-mail: Yxiaolong02@126.com


