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A B S T R A C T

Background: This study compared the role of autophagy regulators Rapamycin and 3-MA in oxidative damage and
apoptosis of human lens epithelial cells (HLECs) caused by two doses of Ultraviolet Radiation B (UVB).
Methods: HLECs were irradiated with UVB, and two doses of UVB damage models were constructed. After
treatment with autophagy regulators, cell damage tests such as CCK-8, LDH activity, and Ros detection were
performed. Western blotting was used to detect the levels of autophagy-related proteins and apoptosis-related
proteins. Quantitative real-time PCR (RT-qPCR) was used to detect the mRNA leve of secondary antioxidant
enzymes.Flow cytometry was used to examine cell viability and apoptosis. Finally, the proportion of autophagy
and apoptosis was observed by electron microscope.
Results: Autophagy inhibitor 3-MA promoted oxidative damage and apoptosis of HLECs at low doses of UVB (5
mJ/cm2), which corresponds to 1.3 h of exposure to sunlight in human eyes. Under the high dose of UVB (50mJ/
cm2), which is equivalent to 13 h of exposure to sunlight in human eyes, the autophagy inducer Rapamycin
caused more extensive oxidative damage and apoptosis of HLECs. 3-MA was able to reduce this damage, indi-
cating that moderate autophagy is necessary for HLECs to cope with mild oxidative stress. For high dose UVB-
induced oxidative stress, the use of 3-MA inhibiting autophagy is more beneficial to reduce cell damage and
apoptosis. The mechanisms include degradation of damaged organelles, regulation of the expression of antioxi-
dant enzymes HO-1, NQO1, GCS and regulation of apoptosis-related proteins.
Conclusions: Autophagy played different roles in HLECs oxidative stress induced by two doses of UVB. It provides
new ideas for reducing oxidative damage and apoptosis of HLECs to prevent or delay the progression of age-
related cataract (ARC).
1. Introduction

Age-related cataract (ARC) is the most common cause of severe visual
impairment and blindness.1 Although the exact mechanism of ARC is not
fully understood, it is widely recognized that oxidative stress plays an
important role in the pathogenesis of the disease. Ultraviolet（UV）ra-
diation is considered to be the main cause of ARC formation.1–4

UVA and UVB penetrate the atmosphere. In particular, UVB can cause
DNA damage and formation of cyclobutane pyrimidine dimer (Cps),
death receptor activation, and reactive oxygen species (ROS) formation.
These mechanisms are cross-linked and promote UVB-induced
apoptosis.5 Previous studies have shown that the rapid apoptosis of
lens epithelial cells induced by UVB initiates the occurrence of
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In mammalian cells, autophagy occurs at low levels, thereby pre-
venting the accumulation of damaged and dysfunctional cellular com-
ponents; this basal level is enhanced during starvation, providing an
alternative source of energy. When cells are subjected to metabolic stress,
drug therapy, or radiation injury, the levels of intracellular Ca2þ, ROS,
toxin, NO, growth factors, and hormones are increased, which could
induce apoptosis. However, autophagy could reduce oxidative damage
and the ROS level by the degradation of abnormal proteins and damaged
organelles such as mitochondria.8,9

Paradoxically, autophagy plays a dual role in the regulation of cell
death. Whilst mild autophagy protects cells from harmful conditions to
promote cell survival, an excess activation of autophagy may accelerate
tember 2022
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cell injury and apoptotic cell death through unchecked degradative
processes.10–13 Therefore, in lens epithelial cells, the relationship be-
tween autophagy, oxidative damage, and apoptosis remains unclear. We
hypothesize that autophagy may play different roles at different levels of
oxidative stress for HLECs.

In order to induce different degrees of oxidative stress in HLECs, two
doses of UVB radiation were selected by experiment in this study: 5 mJ/
cm 2 (low dose) and 50 mJ/cm 2 (high dose), which are equivalent to 1.3
h or 13 h of exposure to sunlight in the human eye, respectively. This is
based on the maximum solar UVB exposure reaching the human lens
epithelium being 3.7 mJ/cm 2 in an hour.14

This study regulated autophagy through pretreatment of HLECs using
autophagy regulators Rapamycin (a specific inhibitor of mTOR) and 3-
MA (a selective PI3K inhibitor).8 This study explored the role of auto-
phagy in the two levels of oxidative stress in HLECs, providing new ideas
for more effective prevention or reduction of oxidative damage and
apoptosis in HLECs.

2. Methods

2.1. Cell culture and treatment

Immortalized HLECs (SRA01/04)(Biovector, China) were grown and
maintained in 1: 1 Dulbecco's modified Eagle's medium and Ham's F-12
medium (DMEM/F-12) (#10-092-CV, Corning Cellgro, USA), which is
supplemented with 10% fetal bovine serum (FBS) (Bioind, Israel), 100 U
each of penicillin and streptomycin (Gibco, USA) in a humidified CO2

incubator. HLECs was pretreated with 200 nM Rapamycin or 5 mM 3-MA
for 2 h and subsequently irradiated with two doses of UVB.

For UVB irradiation, the cells were treated by the above methodand
washed with phosphate buffered saline (PBS). HLECs were then irradi-
ated with a medium-wave ultraviolet lamp for different time periods in
PBS (37 �C, air) at an irradiation distance of 0.8 cm. Control cells were
treated similarly without irradiation with UVB. The UVB concentration
reaching the cells was determined using a radiometer (UVX Digital; San
Gabriel, CA) equipped with a 312 nm UVB sensor (UVX-31 type). The
maximum exposure time of UVB is limited to 45 min, and the UVB
irradiation dose under this condition is 70 mJ/cm2. After incubation with
DMEM containing 10% fetal calf serum for 24 h, the cells were washed
again with PBS for subsequent processing and detection.

2.2. Cytotoxicity assay

Cytotoxicity assays were performed using a Cell Counting Kit-8 (CCK-
8) assay (Dojindo, Japan). Twenty-four hours before the treatment, 1 �
104 cells were seeded in each well of the 96-well plate. Cells were then
rinsed with PBS twice and treated with a given dose of UVB. Following
UVB-exposure and subsequent culture, the medium was removed, and
the cells were washed again with PBS. Each well was subsequently
refilled with 90 μL of DMEM/F12 supplemented with 10% FBS and 10 μL
of CCK-8 reagents and incubated in 37 �C for 3 h. The cell viability was
evaluated with OD450 values using a 96-well microplate reader (Bio-
Rad, USA).

2.3. LDH cytotoxicity assay

The membrane integrity of cells was assessed by estimating the
amount of LDH present in the culture media (LDH Cytotoxicity Assay Kit
(Beyotime Institute of Biotechnology, Jiangsu, China). HLECs were
cultured in 96-well plates. Following UVB-exposure and subsequent
culture, LDH was measured in medium and cell extracts according to the
manufacturer's instruction.

2.4. Transmission Electron Microcopy

The cells were fixed with 7% glutaraldehyde. Paraffin embedding and
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dehydration were performed subsequently. Ultrathin sections were
stained with uranyl acetate and lead citrate. Images were taken with
JEM-1200EX Transmission Electron Microscope at 120 V.

2.5. Cell apoptosis assay

HLECs were cultured in 35 mm disks. After treatments, cells were
collected by trypsinization and centrifugation at 1500 rpm for 5min. This
was followed by washing cell pellets twice with cold PBS and resus-
pending in 1* Annexin-binding buffer. 5 μL Annexin V and 1 μL 100 μg/
ml PI working solution were added in 100 μL cell suspension and incu-
bated in the dark at room temperature for 15 min. After incubation, 400
μL 1* Annexin-binding buffer was added. Following gentle mixing,
fluorescence intensity was detected with a flow cytometry (CyAn ADP,
Beckman Coulter, USA) at emission of 530 nm and 575 nm and excitation
at 488 nm. The percentage of cells stained by Annexin V/PI which in-
dicates early apoptosis was shown in bar chart.

2.6. Measurement of intracellular ROS

ROS were measured with the 20,70-dichlorofluorescein diacetate
(DCFH-DA). Following UVB-exposure and subsequent culture, HLECs
were washed three times with PBS. DCFH-DA, diluted to a final con-
centration of 10 μM, was added to HLECs and these were incubated for
30 min at 37 �C in the dark. After the cells were washed three times with
serum-free medium, the fluorescence intensity was detected with a multi-
detection microplate reader with excitation at 488 nm and emission at
530 nm within 15 min. Fluorescence signals were captured using a
fluorescence micROScope (Leica, Germany). Intracellular levels of ROS
were calculated by the average fluorescence intensity as analyzed by
Image-Pro Plus software. The measured fluorescence values were
expressed as a percentage of the fluorescence in control cells.

2.7. Quantitative real-time PCR (qRT-PCR)

qRT-PCR was performed using StepOnePlus Real-Time PCR system
(Applied Biosystems, Carlsbad, CA, USA) to study the expression of
antioxidant genes. Each sample was run in triplicate. The QuantiTect
Primer Assays (Qiagen) and Power SYBR Green PCR Master Mix (Cat. #
4367659, Life Technologies, Grand Island, NY, USA) were used. qRT-PCR
data were analyzed using ΔΔCt method. ΔCt was the difference between
the Cts (threshold cycles) of the target gene and Cts of the housekeeper
gene (reference gene). ΔΔCt was calculated by subtracting ΔCt of the
treatment group from ΔCt of the Cont group. Fold change was calculated
using the following formula: Fold change ¼ 2ΔΔCt.

The primers used for real-time PCR are followed: GST: 50-ACAGG-
GATCATGAAAGACAGTG -30 and 50-TCTTCATTCCTTGACCAGACG -30;
NQO1: 50-TCACCGAGAGCCTAGTTCC-30and 50- TCATGGCA-
TAGTTGAAGGACG -30; HO-1: 50-CCAGGCAGAGAATGCTGAGTTC-30 and
50-AAGACTGGGCTCTCCTTGTTGC-30, h-GAPDH 50-GGTGAAGGTCG-
GAGTCAACG-30 and 50-CAAAGTTGTCATGGATGHACC-30.

2.8. Western blotting analyses

After the indicated treatment, HLECs were lysed and the BCA Protein
Assay Kit (Sigma, B9643-1L) was used to determine the total protein
concentration. Equal concentrations of total protein samples were loaded
into the wells of 4–12% Bolt mini gels (Life Technologies) followed by
SDS-PAGE electrophoresis. The gels were then transferred onto PVDF
membranes. Following transfer, membranes were blocked with 5% fat-
free milk in TBS and then incubated with primary antibodies against
Bcl-2 (1: 2000; Cell Signaling Technology, Cat#: 4223), Bax (1: 2000;
Cell Signaling Technology, Cat#: 5023), p62 (1: 2000; Cell Signaling
Technology, Cat#: 8025), and β-actin (1: 5000; Santa Cruz, Cat#: sc-
47778) overnight at 4 �C. Then, appropriate HRP-conjugated second-
ary antibodies were applied (1: 5000) and signal was detected with the
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Immobilon method using the enhanced chemiluminescence technique
(Pierce, USA). In the end, the data were analyzed using Image J software.
2.9. Statistics

Statistical analysis was performed by using ANOVA, followed by
Tukey post-test using Graphpad InStat (version 3.05; GraphPad Software,
San Diego, CA, USA). Data are presented as mean � s.d. P < 0.05 was
considered significant.

3. Results

3.1. The role of autophagy in different degrees of UVB irradiation damage
in LECs

UVB can induce apoptosis and even necrosis of lens epithelial cells.
Based on previous studies, we set up UVB dose gradients (0, 5, 10, 30, 50,
70 mJ/cm2) to detect the cell viability of HLECs (Fig. 1A). It was found
that at 24 h after UVB irradiation in the 50 mJ/cm2 group, the colony
density of the cells was decreased, the cell morphology was irregular, and
Fig. 1. The role of autophagy in the survival of HLECs under different degrees of U
(A) Detecting cell viability of HLECs treated with vary doses of UVB (0, 5, 10, 30, 5
control group was observed under the optical microscope.(C) Detecting cell viability o
(D) LDH release of HLECS pretreated with Rapamycin or 3-MA and irradiated with
(mean � s.d.; n ¼ 3 **P < 0.01.)..
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more vacuoles appeared in the cytoplasm. However, was no significant
difference between the 5 mJ/cm2 group and the control group (Fig. 1B).
At the dose of 5 mJ/cm2 (Fig. 1C), UVB had little effect on cell viability.
At doses above 50 mJ/cm2, cell viability decreased by more than half
compared with the control group, and oxidative damage of HLECs
induced by UVB was significant. Therefore, we classified the cells irra-
diated with UVB at the doses of 5 mJ/cm2 as the low does group and 50
mJ/cm2 as the high dose group.

We subsequently pretreated HLECs with Rapamycin or 3-MA for 2 h
and then irradiated the cells with low or high doses of UVB radiation. In
the low dose group, the effect of Rapamycin pretreatment on cell viability
was not significantly different from that of the control group, but the
pretreatment of 3-MA resulted in a significant loss of cell viability. In the
high dose group, the pretreatment of Rapamycin led to a more significant
decrease in cell viability, while the pretreatment with 3-MA showed
higher cell viability than that of the control group and we discovered the
same trend in the LDH release assay (Fig. 1D). To conclude, we found that
the autophagy regulators Rapamycin and 3-MA may play different roles
in the different degrees of oxidative stress in HLECs.
VB irradiation damage
0, 70 mJ/cm2) (B) The difference between the 5 and 50mJ/cm2 group and the
f Rapamycin or 3-MA pretreated HLECs irradiated with low or high doses of UVB
UVB at low or high does. LDH release was determined using a commercial kit
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3.2. Mechanism of autophagy in oxidative stress

In order to further study the different roles of autophagy under
oxidative stress, we explored the relationship between autophagy and
intracellular ROS level, which is the most important damage factor of
oxidative stress. We detected the ROS in the labeled cells by commercial
kit and observed by fluorescence microscope (Fig. 2A).

In HLEC cells treated with low does UVB, the level of ROS was
significantly increased only in the cells pretreated with 3-MA (Fig. 2B, P <

0.05), but there was no significant difference between the cells pretreated
with Rapamycin and the control group. However, in the high dose group,
the intracellular ROS levels of both groups and the control increased.
HLECs pretreatedwith Rapamycin had significantly higher ROS levels than
those of the control group (P < 0.05), while 3-MA pretreatment was
significantly lower than that of the control group (P < 0.05).

To detect the actual effect of autophagy regulators on autophagy
regulation, we also detected the levels of autophagy-related proteins p62,
LC3I, and LC3II by Western blot (Fig. 2C). Our results were the same as
expected. Rapamycin enhanced autophagy in both low dose and high
dose groups, while 3-MA had the opposite effect (Fig. 2D).

In our study, autophagy promoted the accumulation of intracellular
ROS in the high-dose group, which is different from previous under-
standing. We also detected the expression of three phase II antioxidant
enzymes that play a major role in the antioxidant system (Fig. 2E). We
found that the regulation of autophagy had little effect on the expression
of antioxidant enzymes HO-1, GST, and NQO1 in low-dose group.
However, in the high-dose group, the enhancement of autophagy
inhibited the expression of these three antioxidant enzymes, while the
effect of 3-MA was on the contrary. This may indicate that autophagy
promotes the accumulation of ROS in cells by regulating the expression of
antioxidant enzymes under strong oxidative stress.

3.3. Effect of autophagy on oxidative stress-induced apoptosis in two
degrees of HLECs

To further investigate the role of Rapamycin and 3-MA in different
degrees of HLEC oxidative stress, we stained the cells with AnnexinV-
FITC/PI and analyzed the apoptosis by flow cytometry (FCM) (Fig. 3A).
It was found that in the low dose group, the cells pretreated with 3-MA
had significant apoptosis compared with the control group (P < 0.05).
In the high dose group, the apoptosis rate of 3-MA pretreated cells was
significantly lower than that of the control group (P < 0.01), while
Rapamycin pretreated cells led to more significant apoptosis (P < 0.001,
Fig. 3B).

Autophagy and apoptosis in HLECs were subsequently observed by
transmission electron microscope (TEM) (Fig. 3C). We found that UVB at
the dose of 50 mJ/cm2 induced apoptosis, which was characterized by
nuclear chromatin aggregation and edge aggregation. More apoptosis
and intracellular autophages were observed in the Rapamycin pretreat-
ment group than in the UVB control group, while the 3-MA pretreatment
group showed less apoptosis and intracellular autophages compared with
the UVB control group (Fig. 3D). In the cells pretreated with Rapamycin,
we also observed a significant increase in vacuoles in dying cells; a large
number of organelles were degraded by autophagy lysosomes and some
cells had no typical characteristics of apoptosis (Fig. 3C).

Western blot was carried out to detect the levels of apoptosis-related
proteins Bcl-2 and Bax. Bcl-2 is an important anti-apoptotic protein and
Bax is a marker molecule of apoptosis that is important for the process’
occurrence. Consistent with the previous results, we found that auto-
phagy significantly increased the expression of Bcl-2 in the low dose
group. In the high dose group, the further enhancement of autophagy
down-regulated the expression of Bcl-2 and promoted the expression of
Bax, while inhibition of autophagy promoted the expression of Bcl-2.
These results indicate that 3-MA pretreatment inhibits autophagy in
HLECs and can reduce apoptosis of HLECs compared to the control group
under high dose of UVB irradiation. Rapamycin pretreatment can
18
enhance HLEC autophagy. Although the level of apoptosis was not
significantly different from that of the control group under low doses of
UVB, it was more pronounced under higher doses of UVB.

4. Discussion

The relationship between autophagy and apoptosis is complex and
there is a high degree of cROSstalk. Previous studies have shown that
regulatory factors such as Beclin-1,Bcl-2,ATG5,ATG3,ATG12,caspase and
p53 play an important role in these two pathways.15 Although a large
number of previous studies have shown that autophagy plays a cellular
protective role under oxidative stress,16–18 recent studies have shown
that autophagy may also regulate cell survival by inducing apoptosis or
autophagic cell death.17–19 Different from previous studies, we explored
the relationship between autophagy and cell survival under different
degrees of oxidative stress.By comparing the differences of cell viability,
cytotoxicity, endogenous ROS level, expression of antioxidant enzymes
and apoptosis between two doses of UVB, Rapamycin and 3-MA, we
found that low dose (5 mJ/cm2) or high dose (50 mJ/cm2) of UVB
induced mild or strong oxidative stress in HLEC, and autophagy may play
different roles in these two levels of oxidative stress. That is, under mild
oxidative stress, autophagy helps to reduce the oxidative damage of
HLEC; under strong oxidative stress, the inhibition of autophagy con-
tributes to the better survival of HLEC, and this effect may be related to
the regulation of the expression of antioxidant enzymes (GST, NQO1,
NO-1). This indicates that there is a more complex role between auto-
phagy and cell survival in lens epithelial cells. This study provides a new
insight for the prevention of HLEC oxidative damage induced by UVB
from the perspective of autophagy and is of great significance for the
prevention and delay of ARC.

Oxidative stress refers to the imbalance of intracellular oxidation and
anti-oxidation defense mechanisms in the state of elevated ROS levels.
There are abundant antioxidant enzymes in cells to prevent the accu-
mulation of ROS in cells. In addition, the increase of ROS, the key damage
factor of intracellular oxidative damage, can also induce autophagy to
clear damaged mitochondria and reduce the production of ROS.20–24

Autophagy, which is strictly regulated during development and disease,
participates in this negative feedback regulation and plays a key role in
maintaining homeostasis in cells and tissues.10In many specific cells and
conditions, autophagy can reduce the sensitivity of cells to oxidative
stress and keep them alive. In our experiment, we observed that HLECs
up-regulated autophagy in response to different doses of UVB irradiation,
which was characterized by regulation of autophagy-related proteins and
an increase in cytoplasmic autophagy bodies.In low-dose UVB-treated
HLECs, oxidative stress increases the level of intracellular ROS, which
stimulates autophagy and up-regulates the expression of intracellular
antioxidant enzymes, and finally leads to the decrease of ROS to the
physiological level. Pretreatment with the autophagy inducer Rapamycin
did not further reduce cell damage and improve its survival rate, but cells
pretreated with 3-MA showed significant cytotoxicity and higher
apoptosis. This may be due to the fact that under moderate oxidative
stress, the up-regulation of autophagy and antioxidant enzymes can
effectively and timely reduce the level of intracellular ROS.25,26 When
autophagy is inhibited, this synergy is affected, resulting in the contin-
uous accumulation of endogenous ROS, which may lead to further
cellular oxidative damage and apoptosis. We observed that compared
with the low dose group, high dose of UVB significantly increased the
level of intracellular ROS and stimulated autophagy. The difference is
that although Rapamycin pretreatment further increased the level of
autophagy, it also down-regulated the expression of antioxidant enzyme
GST, NQO1,NO-1 and caused a higher level of intracellular ROS. How-
ever, by inhibiting strong autophagy, 3-MA up-regulated the expression
of second-stage antioxidant enzymes and promoted the decrease of ROS
level. Previous studies have shown that p62 can activate the Nrf2 anti-
oxidant pathway by promoting Keap1 degradation and induce the
expression of downstream phase II antioxidant enzymes such as HO-1,



Fig. 2. Effect of autophagy on antioxidase system
under oxidative stress
(A-B) ROS determined by DCFH-DA. Two hours
after pretreatment with Rapamycin or 3-MA,
HLECs were irradiated with two doses of UVB.
After 24 h, intracellular ROS levels were deter-
mined using a commercial kit. (A) Observation
under a fluorescence microscope, and (B) detection
by a fluorescence microplate reader. (C) Western
blot was used to detect the levels of p62, LC3I, and
LC3II protein 24 h after two does of UVB irradia-
tion to HLECs pretreated with Rapamycin or 3-MA.
(D) p62, LC3I and LC3II protein level. (E) Expres-
sion level of HO-1, GST and NQO1 expression level
detected by qPCR (mean � s.d.; n ¼ 3, *P < 0.05,
**P < 0.01) 24 h after two doses of UVB irradiation
to HLECs pretreated with Rapamycin or 3-MA.
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Fig. 3. Apoptosis assay of differently treated HLECs under two doses
of UVB irradiation
(A-B) Annexin V/PI staining detected by flow cytometry. (C–D)
Counting apoptotic cells and autophagosomes by Transmission
Electron Microcopy. 100 cells were randomly selected and the
apoptotic cells (thick arrows) and the number of autophagosomes per
cell (thin arrows) were counted. (E) Two hours after pretreatment
with Rapamycin or 3-MA, HLECs was irradiated with two doses of
UVB. After 24 h, Western blot was used to detect the levels of Bcl-2
and Bax protein. (F) Bcl-2 and Bax protein level (mean � s.d.; n ¼ 3,
*P < 0.05,**P < 0.01,***P < 0.001).
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NQO1, GCS.27–31 Autophagy disorders lead to prolonged activation time
of p62-dependent Nrf2 and up-regulated expression of antioxidant
enzymes.32–34 Activating the p62/Keap1/Nrf2 pathway can up-regulate
antioxidant enzyme systems such as NQO1, NO-1, and GPX4, and help
prevent ferroptosis caused by accumulation of iron-dependent lipid
reactive oxygen species in various tissues and cells such as hepatocellular
carcinoma cells (HCC) and dopaminergic cells. ferroptosis caused by
accumulation of reactive oxygen species, in which high levels of p62
expression are necessary for the antioxidant system to exert cytopro-
tective effects.32–34We detected the level of p62 protein and found that
Rapamycin and 3-MA can regulate the expression of p62 protein, but the
expression of p62 protein affects the expression of antioxidant enzymes
only under strong oxidative stress, suggesting that p62/keap1/Nrf2, a
non-classical pathway, may play an important role under strong oxida-
tive stress. We speculate that Rapamycin may induce cell death by
inhibiting the activation of the p62/Keap1/Nrf2 pathway,
down-regulating the expression of antioxidant enzymes and promoting
the accumulation of ROS in HLECs. This hypothesis needs to be verified
by further experiments.

Our results have confirmed that autophagy regulates intracellular
ROS levels, which may affect the occurrence of apoptosis[8]. In addition,
it has been suggested that autophagy-associated protein 12 (Atg12) binds
and inhibits Bcl-2, to invalidate an important anti-apoptotic member of
the Bcl-2 family.35Similarly, we also found that the effect of autophagy
on apoptosis was consistent with the level of Bcl-2 protein. But the causal
relationship between them needs to be further verified. Apoptotic cells
and autophagic vesicles in the high-dose group were observed and
counted by TEM. It was found that the number of autophagic vesicles
appeared to be positively correlated with the number of apoptotic cells.
In addition, there is growing evidence that autophagy may also promote
cell death through excessive autodegradation and degradation of essen-
tial cellular components.36,37We also observed by TEM that there were a
large number of vacuoles in the cells treated with Rapamycin and a large
number of organelles surrounded by autophagy lysosomes. these dying
cells did not show typical characteristics of apoptosis, which may be
described as autophagic cell death or cell death accompanied by auto-
phagy.17,18In summary, our research shows that autophagy regulates cell
survival through multiple mechanisms, and that this effect is different
under different degrees of oxidative stress.

Many evidences show that the ocular UV exposure accumulation
(COUV) is an important risk factor for cataract development, and that
HLEC apoptosis is an important pathological mechanism for cata-
ract.2,5,7,38–40 Although in the past few decades, ARC can be effectively
treated by surgery, it is still the most common cause of blindness in the
world, and there is still no affordable effective drug that can inhibit or
reverse the progress of cataract.41 In view of the fact that oxidative stress
plays an important role in the pathogenesis of cataract, reducing and
preventing oxidative stress has become a reasonable potential thera-
peutic target for cataract,39 while for senile cataracts, which account for
the majority of cataract, there may be long-term low-and medium-dose
UVB exposure, and autophagy flux decreases with age. This aggravates
the progression of cataract, and the use of autophagy inducers may help
to restore autophagy flux and reduce oxidative damage in HLECs to
prevent and improve cataract progression.

Given that autophagy may play different roles in oxidative stress of
HLECs induced by two doses of UVB, at least by degrading damaged
organelles, regulating the expression of antioxidant enzymes, and regu-
lating the levels of apoptosis-related proteins, it can provide us with
better cell protection. These results provide important evidence for
further expanding the different roles of autophagy in HLECs under
oxidative stress, and also provide new ideas for preventing and delaying
the progress of ARC by reducing oxidative damage and apoptosis in
HLECs.
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