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Background. Oxidative stress is an important factor during age-related cataract formation. Apoptosis and autophagy induced by
oxidative stress have been reported as key factors in age-related cataract. In our research, we investigated the role of let-7c-3p in
the regulation of autophagy and apoptosis during the formation of age-related cataract. Material and Methods. Real-time PCR
and western blot were employed to detect the expression of let-7c-3p in the tissues of age-related cataract. Human lens epithelial
cells (LECs) were treated with H2O2 as an age-related cataract model. The extent of apoptosis was measured by flow cytometry
and western blot. To detect autophagy, immunofluorescence was used to analyze the spot number of LC3, and western blot was
used to detect the expression of LC3-II/I and ATG3. The molecular mechanisms of let-7c-3p regulating autophagy via ATG3
under oxidative stress were performed by a luciferase report gene assay and rescue experiment. Results. Downregulation of
let-7c-3p was found in the age-related cataract group aged >65 years relative to the age-related cataract group aged ≤65 years.
Consistently, the expression of let-7c-3p was also lower under oxidative stress. The activities of LEC apoptosis and autophagy
induced by oxidative stress were inhibited by let-7c-3p. By the bioinformatics database and the luciferase reporter assay, ATG3
was found to be a direct target of let-7c-3p. Let-7c-3p reduced the ATG3-mediated autophagy level, which was induced by
oxidative stress in LECs. Conclusion. Let-7c-3p inhibits autophagy by targeting ATG3 in LECs in age-related cataract.

1. Introduction

Globally, cataract is a prior cause of blindness and aging is
the leading contributor of the cataracts [1]. Ultraviolet [2]
and oxidative stress [3] are seen as key factors in cataract for-
mation. A meaningful relationship [4] has been revealed
between age-related cataract and oxidative stress. Oxidative
stress refers to the damage of exogenous or endogenous
ROS beyond the antioxidant capacity of cells, which affects
the signal transduction system of cells or subsequently dam-
ages macromolecules such as nucleic acids, proteins, and
lipids [5]. Oxidative stress plays a critical role in regulating
normal physiological functions associated with cell cycle
[6], migration [7], and cell death [8].

In previous study, oxidative stress has also been declared
to induce apoptosis [9] and autophagy [10] in lens epithelial
cells (LECs). There are many studies on the potential mech-
anism of new targets in the treatment of age-related cataract

based on autophagy and apoptosis [11]. Some antioxidative
agents can decrease H2O2-treated human lens epithelial
cell damage; Ma et al. show that HO-1 can protect
human lens epithelial cells from H2O2-induced oxidant
stress by upregulating antioxidant enzyme activity, reduc-
ing ROS generation, and thus inhibiting caspase family-
dependent apoptosis. And Morishita et al. found that
deletion of autophagy-related 5 (Atg5) and Pik3c3 genes
in the lens causes cataract independent of programmed
organelle degradation [12]. However, the molecular mecha-
nisms during the process of age-related cataract formation
remain unclear.

Overaccumulation of ROS destroys the homeostasis of
cells, while autophagy reduces oxidative damage by phagocy-
tosis and degradation of irreversible oxides. Autophagy is a
highly conserved process involving protein, lipid, and organ-
elle degradation, which results in influencing nutrition recy-
cle [13]. When LC3-II is measured as an autophagy-related
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marker, the increase of the LC3-II/LC3-I ratio represents the
active autophagy activity [14]. Almost all cells experience
basal autophagy to maintain cellular homeostasis. But when
under stress conditions, such as hypoxia and starvation,
autophagy will be switched on to protect cells from these
stress conditions [15]. Dysregulation of autophagy has been
reported to be related to various diseases [16]. In addition,
sometimes, the role of autophagy in disease progression is
dual. A recent study has found that autophagy can act a very
important role in keeping the transparency of lenses [17].
Moreover, autophagy can also participate in regulating path-
ophysiologic process in hereditary cataract [18] and age-
related cataract [19]. It has been found that autophagy is
scheduled to be constitutively activated in lens epithelial cells
during the period of fiber cell differentiation [20]. It is very
likely that autophagy is important for protecting lens cells
from oxidative stress, which is one of the main causes of
age-related cataract [21].

A growing number of studies have indicated that autoph-
agy could be controlled by microRNAs (miRNAs) [22, 23].
miRNAs are a number of small noncoding RNAs with
20~24 nucleotides that inhibit gene expression, such as
mRNA degradation and translational inhibition, by binding
the 3′UTR region of mRNA [24]. miRNAs have been
recorded to regulate cell proliferation, metastasis [25],
apoptosis [22, 26], and autophagy [23]. Recently, the role of
miRNAs in age-related cataract has been noted. And
miR-326 inhibitor increased βB2 expression via upregulated
FGF1, which may influence the progression of age-related
cataract [22]. The bcl-2 protein is located in the endoplasm
momentum and mitochondrial membranes, and it can
inhibit the release of apoptosis-inducing factors to prevent
cell apoptosis. In apoptosis, Bax protein activates the cascade
of reactions by releasing cytochrome c from the mitochon-
dria that helps in successive activation of caspases and ulti-
mately leads to cell death [27]. Let-7b was noted to induce
apoptosis of LECs through targeting leucine-rich repeat
containing G protein-coupled receptor 4 (Lgr4) [26]. The
miRNA let-7c has been tried and found downregulated in
cataract [28]. In mammals, let-7 is known as the keeper of
differentiation, and its abnormal regulation and expression
have been associated with disease progression [29]. The let-
7 miRNA family was proven to inhibit the cellular repro-
gramming process. Reprogramming well-differentiated cells
into induced persistent stem cells had a great significance
on tissue repair and tumor occurrence [30]. Recently, some
findings suggest that microRNAs have a role in age-related
cataracts. A local let-7 microRNA increase may represent a
risk factor in the formation of age-related cataracts [31].
The aim of our study is to research the differentially
expressed let-7c in age-related cataract whether it can influ-
ence autophagy, a fundamental degradation process in LECs,
which can improve our understanding of cataract.

In the current study, we explored the function of let-7c-
3p in the regulation of autophagy in LECs during age-
related cataract formation. We detected the expression of
let-7c-3p with age-related cataract tissues and LEC cells
treated with hydrogen peroxide. The effect of let-7c-3p on
autophagy and apoptosis was evaluated under oxidative

stress. Moreover, we investigated molecular mechanisms of
let-7c-3p regulating autophagy in LECs. We confirmed that
let-7c-3p regulates autophagy by targeting ATG3 under
oxidative stress in lens epithelial cells.

2. Material and Methods

2.1. Clinical Specimens. A total of 40 anterior lens capsules
were collected at the Fourth Affiliated Hospital of China
Medical University from age-related cataract patients
undergoing phacoemulsification surgery (patients were
excluded if they were affected by other eye diseases). In
total, 20 of the samples were collected from males and 20
from females. All samples were divided into two groups, aged
66-78 (70:23 ± 4:41) and 53-65 (58:23 ± 3:03). The study was
approved by the hospital ethics committee. All patients
provided written informed consent to use the research of
tissue samples.

2.2. Cell Lines and Treatment. Human lens epithelial cells
(SRA01/04 lines) (ATCC, USA) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum and 100U/mL penicillin-streptomycin
solution in a humidified 5% CO2 incubator at 37

°C. Let-7c-
3p mimics, mimic control, let-7c-3p inhibitor, inhibitor con-
trol (RiboBio Co. Ltd, Guangzhou, China), ATG3 plasmid,
and pcDNA3.1 plasmid (Invitrogen, USA) were transfected
into SRA01/04 cell using Lipofectamine 3000 (Invitrogen,
USA) as described in the manufacturer’s instructions.

2.3. Cell Viability. SRA01/04 cells were cultured in 96-well
microplates with a density of 1 × 104 cells/well and incubated
with multiple concentrations (0–150μM) of H2O2 (6 h).
After 24h incubation, the cells were obtained, and cell viabil-
ity was then measured by a CCK8 assay.

2.4. Real-Time PCR and RNA Interference. Total RNA in
anterior lens capsules and cells was extracted with TRIzol
reagent. A TaqMan™ microRNA kit was employed to obtain
miRNA cDNAs. The expression of let-7c-3p was analyzed by
a TaqMan microRNA kit. RNA reverse transcription was
performed with a retrovirus PrimeScript™ kit. TaqMan
Universal Master Mix II kits were used to detect the ATG3
mRNA expression level and β-actin as inner reference. All
primers were as follows: let-7c-3p forward 5′-CTGATT
TGGACAAGCAGCAA-3′ and reverse 5′-CTGGACAAA
CCTCAGCCCTA-3′, ATG3 forward 5′-GACCCCGGTCC
TCAAGGAA-3′ and reverse 5′-TGTAGCCCATTGCCAT
GTTGG-3′, let-7c-3p forward 5′-GCGCGTGAGGTAGT
AGGTT-3′ and reverse 5′-GTGCAGGGTCCGAGGT-3′,
and β-actin forward 5′-AAAGATGTGCTTCGAGATG
TGT-3′ and reverse 5′-CACTTTGTCAGTTACCAACGT
CA-3′. The primer of let-7c-3p was designed by Takara
(Dalian, China). The sense sequences of the ATG3 small
interfering RNAwere synthesized by GeneChem corporation
(Shanghai, China) as follows: siRNA 5′-CCCAGAAGAGU
UUGUGGCAGCUGGA-3′.
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2.5. Western Blot. The samples were homogenized in buffer
containing RIPA and phenylmethylsulfonyl fluoride (Roche,
Nutley, NJ, USA). Protein expression in HCC cell lines was
detected using immunoblotting. The polyvinylidene difluor-
ide membrane was used to transfer the protein after protein
was loaded onto a sodium dodecyl sulfate polyacrylamide
gel electrophoresis mini gel. Rabbit polyclonal primary anti-
body (Abcam, Cambridge, MA) was used to incubate the
membranes. And then, horseradish peroxidase-conjugated
secondary antibody was employed. Subsequently, enhanced
chemiluminescence substrates (Millipore, Billerica, MA)
were obtained to visualize the signals. Glyceraldehyde
3-phosphate dehydrogenase was utilized as an endogenous
protein for normalization. The homogenates were tested on
polyacrylamide gels,moved onto PVDFmembranes (Thermo
Fisher Scientific, Billerica, USA), and then probed with spe-
cific primary antibodies. Western blot was used to detect the
expression of LC3-II/I, ATG3, and apoptosis-related protein.

2.6. Assessment of Apoptotic Cells. The extent of apoptotic
cells was analyzed by an Annexin V-FITC apoptosis detec-
tion kit (Beyotime Institute of Biotechnology) following the
manufacturer’s instruction. Briefly, the cells were harvested,
washed with phosphate-buffered saline, and resuspended
using 500μL binding buffer. Next, 5μL Annexin V-FITC
and 5μL propidium iodide (PI) were supplemented to the

buffer. Cell apoptosis was analyzed by FACSCalibur flow
cytometry (BD Bioscience). The fraction of the cell amount
was measured by quadrant statistics.

2.7. Immunofluorescence Microscopy. SRA01/04 cells were
seeded on coverslips and fixed with 4% paraformaldehyde
for 25 minutes at room temperature after various treatments.
The primary antibody (1 : 100; LC3#PM036) was added and
incubated at 4°C overnight. After washing for three times
(5mins/time), the fluorescent secondary antibody (1 : 100;
FITC#A22120) was added and incubated for 45 minutes at
37°C. Finally, the cells were stained with diaminophenylin-
dole (Beyotime; #C1002) and visualized by a confocal micro-
scope (Nikon A1r). Immunofluorescence was used to analyze
the spot number of LC3.

2.8. Luciferase Reporter Assays. The 3′UTR of ATG3 contain-
ing the putative target site for let-7c-3p and the mutant
sequences were amplified by PCR and inserted into the
pmiR-RB-REPORT (RiboBio). SRA01/04 cells were trans-
fected with the wt ATG3-3′UTR or mut ATG3-3′UTR,
let-7c-3p mimics, mimic control, let-7c-3p inhibitor, and
inhibitor control by Lipofectamine 3000 (Invitrogen). After
transfection for 48h, luciferase activity was analyzed by
the dual-luciferase assay system (Promega).
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Figure 1: The expressions of let-7c-3p were downregulated in the anterior lens capsules and in SRA01/04 cells under oxidative stress. (a) Let-
7c-3p expression levels in samples with age > 65 years relative to samples with age ≤ 65 years were detected by real-time PCR. (b) Let-7c-3p
expression levels in samples with age > 65 years relative to samples with age ≤ 65 years were detected by real-time PCR. (c) The cell viability in
SRA01/04 cell treated with a series of H2O2 concentrations (0-150μM). CCK8 assay was used to detect the levels of cell viability. (d) Let-7c-3p
expression level in SRA01/04 cells under oxidative stress was detected by real-time PCR (∗P < 0:05).
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2.9. Statistical Analysis. All experiments were performed
three times. All results are expressed as means ± SD unless
indicated otherwise. Statistical analysis was carried out using
the Student t-test or one-way analysis of variance. Differen-
tial expression was analyzed by SPSS software (Version
17.0, Chicago, IL, USA). P value < 0.05 was considered
statistically significant.

3. Results

3.1. The Expressions of Let-7c-3p Were Downregulated in
Cataract Tissues and LECs. As shown in the previous
research [31], age is significantly correlated with the severity
of cataract. Therefore, we divided the cataract patients into
two groups according to age. Real-time PCR analysis of
let-7c-3p expression showed that the level of let-7c-3p in
anterior capsules of age-related cataract patients (age > 65
years) was significantly lower than that in anterior cap-

sules of age-related cataract patients (age ≤ 65 years)
(Figure 1(a)). And we found that the SOD expression level
was higher in the age > 65 years group than the age ≤ 65
years group. Oxidative stress is one of the crucial factors
of age-related cataract [4]. Therefore, we examined the cell
viability in SRA01/04 cells treated by various concentra-
tions of H2O2. The results showed that 50μM H2O2
condition was set as work concentration (Figure 1(c)).
SRA01/04 cells were treated with 50μM H2O2 for 24 h.
Real-time PCR was then used to detect let-7c-3p expression.
We demonstrated that the level of let-7c-3p expression in lens
epithelial cells under oxidative stress was significantly lower
than that of the normal group (Figure 1(d)). This indicated
that let-7c-3p was downregulated in SRA01/04 cells under
oxidative stress.

3.2. Let-7c-3p Attenuated the Apoptosis in SRA01/04 Cells
under Oxidative Stress. To explore the effect of let-7c-3p on
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Figure 2: Let-7c-3p attenuated the apoptosis in SRA01/04 cells under oxidative stress. (a, b) The mRNA expression levels of let-7c-3p in
SRA01/04 cells infected by let-7c-3p mimics, mimic controls, let-7c-3p inhibitors, or inhibitor controls were detected by real-time PCR.
(c) Forty-eight hours after infection, downregulated let-7c-3p and control groups were treated with 50μM H2O2 for 24 h. Flow cytometry
was used to analyze apoptosis. (d) Western blot was used to analyze the expression level of Bcl-2 and Bax. The SRA01/04 cells were
treated with 50 μM H2O2 for 24 h (∗P < 0:05).

4 BioMed Research International



apoptosis under oxidative stress, LECs were infected with let-
7c-3p mimics and let-7c-3p inhibitors, respectively. The
transfection efficiency was analyzed by real-time PCR
(Figures 2(a) and 2(b)). We observed that the apoptosis rate
of SRA01/04 cells was induced by oxidative stress
(Figure 2(c)). The rate of apoptosis in SRA01/04 cells
increased from 6.04% to 22.50%. Meanwhile, the rate of
LEC apoptosis decreased from 18.50% to 7.70% when
SRA01/04 cells were infected by let-7c-3p mimics compared
to the negative control. And the rate of LEC apoptosis
decreased from 20.40% to 26.02% when SRA01/04 cells
were infected by let-7c-3p inhibitor compared to the nega-
tive control. To further confirm this result, we analyzed
Bcl-2 and Bax protein expression and found that the results
were consistent with flow cytometry (Figure 2(d)). These
results implied that let-7c-3p attenuated apoptosis under
oxidative stress.

3.3. Let-7c-3p Attenuated the Autophagy in SRA01/04 Cells
under Oxidative Stress. As autophagy and apoptosis both
participate in formation of cataract, we tried to investigate
whether let-7c-3p could modulate autophagy. SRA01/04 cells
were exposed to oxidative stress as an experiment group for
24 h and then treated with let-7c-3p mimics and let-7c-3p
inhibitor. Under oxidative stress, we observed that the ratio

of LC3B II and LC3B I proteins increased significantly
in SRA01/04 cells, while the ratio decreased when LECs
were transfected by let-7c-3p mimics compared with the
control group. However, the let-7c-3p inhibitor could
increase the ratio of LC3B II and LC3B I (Figure 3(a)). To
further investigate the effect of let-7c-3p on autophagy, an
immunofluorescence assay was conducted. The result
showed that let-7c-3p could suppress autophagy induced by
H2O2 (Figure 3(b)). Thus, the findings suggested that let-
7c-3p attenuated the level of autophagy in SRA01/04 cells
under oxidative stress.

3.4. ATG3 Facilitated Autophagy in SRA01/04 Cells under
Oxidative Stress. We conducted real-time PCR and western
blot assays to detect the expression of ATG3 in SRA01/04
cells under oxidative stress. We found that ATG3 was upreg-
ulated in SRA01/04 cells under oxidative stress (Figures 4(a)
and 4(b)). ATG3 has been reported as a vital modulator of
autophagy in mediating mitochondrial homeostasis [32].
To confirm the effect of ATG3 in LECs, we performed the
loss-of-function study. After transfection for 24 h, the level
of ATG3 was downregulated by si-ATG3 (Figure 4(c)). We
found that the ratio of LC3B II and LC3B I proteins in the
si-ATG3 group was lower than that in the negative control
(Figure 4(d)). These findings revealed that ATG3 facilitated
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Figure 3: Let-7c-3p attenuated the autophagy in SRA01/04 cells under oxidative stress. (a) Western blot was used to analyze the expression
level of LC3B II and LC3B I proteins in SRA01/04 cells infected by let-7c-3p mimics, let-7c-3p inhibitor, and mimic controls under oxidative
stress. (b) The effect of enhanced let-7c-3p on LC3 puncta in SRA01/04 was explored by immunofluorescence. The SRA01/04 cells were
treated with 50 μM H2O2 for 24 h (∗P < 0:05).
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the autophagy in SRA01/04 cells under oxidative stress. In
addition, ATG3, an E2-like enzyme, is essential for vesicle
elongation formation and plays a significant role in autoph-
agy regulation. Then, we detected the expression level of
ATG3 in cataract tissues. The results showed that ATG3 in
patients aged >65 years was higher than that in the patients
aged ≤65 years (Figures 4(e) and 4(f)).

3.5. Let-7c-3p Regulates Autophagy by Targeting ATG3 in
SRA01/04 Cells under Oxidative Stress. The prediction by
the TargetScan database (http://www.targetscan.org/vert_
72/) indicated that ATG3 might be the target gene of let-7c-
3p (Figure 5(a)). To indicate the prediction result, we use
real-time PCR and western blot to measure ATG3 expression
levels after transfecting with let-7c-3p mimics and let-7c-3p
inhibitors in SRA01/04 cells. The results showed that ATG3
mRNA and protein expression increased when let-7c-3p
was downregulated, while the levels of ATG3 mRNA and
protein expression decreased when let-7c-3p was upregu-
lated (Figures 5(b) and 5(c)). Consistently, the luciferase
reporter assay was performed, showing that let-7c-3p could
bind with ATG3 mRNA directly (Figure 5(d)). To examine
whether let-7c-3p could regulate autophagy via ATG3, we
performed a rescue experiment. The results showed that
ATG3 reversed the effect of let-7c-3p on attenuating the
autophagy level (Figure 5(e)). In conclusion, let-7c-3p could
regulate autophagy by targeting ATG3 in SRA01/04 cells
under oxidative stress (Figure 5(f)).

4. Discussion

Since aging predominates in the formation of cataracts [1],
we performed real-time PCR and western blot in various
age groups of age-related cataract tissues. Truscott found that
oxidative stress produced in the early stage of cataract and
the level of H2O2 in the atrial water of cataract patients
increased significantly higher than that of normal people
[33]. There was research on age-related cataract using H2O2
conditions in vitro. Yao et al. [9] and Zhou et al. [10] set
50μM H2O2 as oxidative stress conditions in treating
SRA01/04 cells, finding that apoptosis and autophagy
induced by H2O2 are in a time-dependent manner. In vitro
studies have shown that the same concentration of hydrogen
peroxide in the lens of cataract patients can lead to lens epi-
thelial cell apoptosis and lens opacification, which is the same
as the pathological manifestations of cataract patients [34].
Therefore, we chose SRA01/04 cells cultured under oxidative
stress as the age-related cataract model in the present study
and found that let-7c-3p was downregulated in SRA01/04
cells and age-related cataract tissues (>65 years old). Mean-
while, let-7c-3p could suppress autophagy and apoptosis
under oxidative stress, which might contribute to age-
related cataract.

miRNAs are involved in nearly every fields of cellular
processes like proliferation, apoptosis, metabolism, and
autophagy [22, 23, 25, 26]. So many diseases have been inves-
tigated to be associated with miRNA expression [35, 36]. And
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multiple miRNAs have a terrific relationship with the forma-
tion and progression of age-related cataract. For example,
let-7 family miRNAs are a group of 21-nucleotide-length
miRNAs with 13 members [37] and let-7b has been
declared to induce apoptosis of LECs through targeting

Lgr4 [26]. Recently, some researchers had proved that
let-7b play an important role in the progression of cata-
ract, but it has not explained the retail mechanisms of
let-7c in this process, except the let-7c expression levels
and either the severity of lens opacity or the patient age.
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3′UTR region of ATG3. (b, c) The expression levels of ATG3 mRNA and protein regulated by upregulated or downregulated let-7c-3p. Real-
time PCR and western blot were used to detect the level of ATG3 mRNA and protein expression. ATG3 expression was downregulated when
SRA01/04 cells were transfected with let-7c-3p mimics and upregulated with let-7c-3p inhibitors. (d) Relative luciferase level among wild-type
ATG3-3′UTR, mutated ATG3-3′UTR, mimics-NC, let-7c-3p mimics, inhibitor-NC, and let-7c-3p inhibitor. LECs were transfected with
let-7c-3p mimics, mimics-NC, inhibitor-NC, let-7c-3p inhibitor, wild-type 3′UTR, and mutated 3′UTR of ATG3. Luciferase activity was
analyzed after 48 h. (e) Western blot was used to analyze the expression level of LC3B II and LC3 I proteins in SRA01/04 cells infected
by mimic controls, let-7c-3p mimics, and let-7c-3p mimics with pcDNA3.1-ATG3 under oxidative stress. (f) The schematic of let-7c-
3p-regulating autophagy by targeting ATG3 in SRA01/04 cells under oxidative stress (∗P < 0:05).
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The let-7c has a crucial role in the process of autophagy
[13, 31, 38], and a recent study has found that autophagy
can act a very important role in keeping the transparency of
lenses [13]. Simultaneously, the effect of let-7c-3p during
age-related cataract formation is unknown. In our research,
we found that let-7c-3p was downregulated in SRA01/04 cells
under oxidative stress, suggesting that let-7c-3p might be
involved in the formation of human age-related cataract.
Apoptosis was found inhibited by let-7c-3p in SRA01/04 cells
under oxidative stress. The ratio of LC3B II and LC3B I and
the immunofluorescence assay revealed that let-7c-3p atten-
uated autophagy induced by oxidative stress.

ATG3 is considered as a vital modulator of autophagy in
mediating mitochondrial homeostasis [32] and has been
reported to be involved in the regulation of autophagy and
cell viability [39]. In the present research, we found that oxi-
dative stress induced the increase of ATG3, and ATG3 could
facilitate autophagy in SRA01/04 cells under oxidative stress.
The bioinformatics database and luciferase reporter assay
indicated that let-7c-3p could bind the 3′UTR region of
ATG3 mRNA directly to regulate autophagy in SRA01/04
cells. However, the correlation of autophagy and apoptosis
in the formation of age-related cataract requires further
research. To sum up, we indicate that let-7c-3p regulates apo-
ptosis and ATG3-mediated autophagy in LECs under oxida-
tive stress, which implies that let-7c-3p might be a novel
target for age-related cataract therapy.

5. Conclusion

This study is aimed at investigating the effects of let-7c-3p in
lens epithelial cells (LECs) in vitro and involved the process
of autophagy and apoptosis. Let-7c-3p inhibits autophagy
by targeting ATG3 in LECs in age-related cataract.

Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

All the authors declare that they have no conflicts of interest.

Acknowledgments

This study was supported by the Clinical Genetics
(Ophthalmology) Subject construction project of China
Medical University (No. 3110118049), Natural Foundation
of Liaoning Province (No. 2019-MS-292), Natural Science
Foundation of China (Nos. 81170836 and 81570838), and
Shenyang Science and Technology plan project of Shenyang
(F16-206-9-31).

References

[1] Y. C. Liu, M. Wilkins, T. Kim, B. Malyugin, and J. S. Mehta,
“Cataracts,” Lancet, vol. 390, no. 10094, pp. 600–612, 2017.

[2] G. Li, H. Song, L. Chen, W. Yang, K. Nan, and P. Lu, “TUG1
promotes lens epithelial cell apoptosis by regulating

miR-421/caspase-3 axis in age-related cataract,” Experi-
mental Cell Research, vol. 356, no. 1, pp. 20–27, 2017.

[3] M. Pinazo-duran, R. Gallego-Pinazo, J. J. García-Medina et al.,
“Oxidative stress and its downstream signaling in aging eyes,”
Clinical Interventions in Aging, vol. 9, pp. 637–652, 2014.

[4] M. A. Babizhayev and Y. E. Yegorov, “Reactive oxygen species
and the aging eye: specific role of metabolically active mito-
chondria in maintaining lens function and in the initiation of
the oxidation-induced maturity onset cataract–a novel plat-
form of mitochondria-targeted antioxidants with broad thera-
peutic potential for redox regulation and detoxification of
oxidants in eye diseases,” American Journal of Therapeutics,
vol. 23, no. 1, pp. e98–117, 2016.

[5] T. Finkel, “Oxidant signals and oxidative stress,” Current
Opinion in Cell Biology, vol. 15, no. 2, pp. 247–254, 2003.

[6] W. Z. Liang, C. R. Jan, and S. S. Hsu, “Cytotoxic effects of gas-
trodin extracted from the rhizome of _Gastrodia elata Blume_
in glioblastoma cells, but not in normal astrocytes, via the
induction of oxidative stress-associated apoptosis that
involved cell cycle arrest and p53 activation,” Food and Chem-
ical Toxicology, vol. 107, pp. 280–292, 2017.

[7] W. T. Wang, H. Ye, P. P. Wei et al., “LncRNAs H19 and
HULC, activated by oxidative stress, promote cell migration
and invasion in cholangiocarcinoma through a ceRNA man-
ner,” Journal of Hematology & Oncology, vol. 9, no. 1, p. 117,
2016.

[8] W. Zhang, J. Song, Y. Zhang et al., “Intermittent high glucose-
induced oxidative stress modulates retinal pigmented epithe-
lial cell autophagy and promotes cell survival via increased
HMGB1,” BMC Ophthalmology, vol. 18, no. 1, p. 192, 2018.

[9] H. Yao, X. Tang, X. Shao, L. Feng, N.Wu, and K. Yao, “Parthe-
nolide protects human lens epithelial cells from oxidative
stress- induced apoptosis via inhibition of activation of
caspase-3 and caspase-9,” Cell Research, vol. 17, no. 6,
pp. 565–571, 2007.

[10] J. Zhou, K. Yao, Y. Zhang et al., “Thioredoxin binding protein-
2 regulates autophagy of human Lens epithelial cells under
oxidative stress via inhibition of Akt phosphorylation,” Oxida-
tive Medicine and Cellular Longevity, vol. 2016, Article ID
4856431, 17 pages, 2016.

[11] F. Zhang, W. Meng, and B. Tong, “Down-regulation of
microRNA-133b suppresses apoptosis of lens epithelial cell
by up-regulating BCL2L2 in age-related cataracts,” Medical
Science Monitor, vol. 22, pp. 4139–4145, 2016.

[12] H. Morishita, S. Eguchi, H. Kimura et al., “Deletion of
autophagy-related 5 (Atg5) and Pik3c3 genes in the lens causes
cataract independent of programmed organelle degradation,”
The Journal of Biological Chemistry, vol. 288, no. 16,
pp. 11436–11447, 2013.

[13] E. Morel, M. Mehrpour, J. Botti et al., “Autophagy: a druggable
process,” Annual Review of Pharmacology and Toxicology,
vol. 57, no. 1, pp. 375–398, 2017.

[14] D. J. Klionsky, K. Abdelmohsen, A. Abe et al., “Guidelines for
the use and interpretation of assays for monitoring autophagy
(3rd edition),” Autophagy, vol. 12, no. 1, pp. 1–222, 2016.

[15] X. Zhi, W. Feng, Y. Rong, and R. Liu, “Anatomy of autophagy:
from the beginning to the end,” Cellular and Molecular Life
Sciences, vol. 75, no. 5, pp. 815–831, 2018.

[16] I. Dikic and Z. Elazar, “Mechanism and medical implications
of mammalian autophagy,” Nature Reviews Molecular Cell
Biology, vol. 19, no. 6, pp. 349–364, 2018.

8 BioMed Research International



[17] L. S. Frost, C. H. Mitchell, and K. Boesze-Battaglia, “Autoph-
agy in the eye: implications for ocular cell health,” Experimen-
tal Eye Research, vol. 124, pp. 56–66, 2014.

[18] J. A. Wignes, J. W. Goldman, C. C. Weihl, M. G. Bartley, and
U. P. Andley, “p62 expression and autophagy in αB-crystallin
R120G mutant knock-in mouse model of hereditary cataract,”
Experimental Eye Research, vol. 115, pp. 263–273, 2013.

[19] A. Taylor, “Mechanistically linking age-related diseases and
dietary carbohydrate via autophagy and the ubiquitin proteo-
lytic systems,” Autophagy, vol. 8, no. 9, pp. 1404–1406, 2012.

[20] H. Morishita and N. Mizushima, “Autophagy in the lens,”
Experimental Eye Research, vol. 144, pp. 22–28, 2016.

[21] R. Michael and A. J. Bron, “The ageing lens and cataract: a
model of normal and pathological ageing,” Philosophical trans-
actions of the Royal Society B: Biological sciences, vol. 366,
no. 1568, pp. 1278–1292, 2011.

[22] H. Ren, H. Tao, Q. Gao et al., “miR-326 antagomir delays the
progression of age-related cataract by upregulating FGF1-
mediated expression of betaB2-crystallin,” Biochemical and
Biophysical Research Communications, vol. 505, no. 2,
pp. 505–510, 2018.

[23] C. Xiao, K. Wang, Y. Xu et al., “Transplanted mesenchymal
stem cells reduce autophagic flux in infarcted hearts via the
exosomal transfer of miR-125b,” Circulation Research,
vol. 123, no. 5, pp. 564–578, 2018.

[24] S. Gu, H. Rong, G. Zhang, L. Kang, M. Yang, and H. Guan,
“Functional SNP in 3’-UTR microRNA-binding site of
ZNF350 confers risk for age-related cataract,” Human Muta-
tion, vol. 37, no. 11, pp. 1223–1230, 2016.

[25] W. Pu, J. Li, Y. Zheng et al., “Targeting Pin1 by inhibitor API-1
regulates microRNA biogenesis and suppresses hepatocellular
carcinoma development,” Hepatology, vol. 68, no. 2, pp. 547–
560, 2018.

[26] Y. Dong, Y. Zheng, J. Xiao, C. Zhu, and M. Zhao, “MicroRNA
let-7b induces lens epithelial cell apoptosis by targeting leu-
cine- rich repeat containing G protein-coupled receptor 4
(Lgr4) in age-related cataract,” Experimental Eye Research,
vol. 147, pp. 98–104, 2016.

[27] B. Kulsoom, T. S. Shamsi, N. A. Afsar, Z. Memon, N. Ahmed,
and S. N. Hasnain, “Bax, Bcl-2, and Bax/Bcl-2 as prognostic
markers in acute myeloid leukemia: are we ready for Bcl-2-
directed therapy?,” Cancer Management and Research,
vol. 10, pp. 403–416, 2018.

[28] P. A. Tsonis, M. K. Call, M. W. Grogg et al., “MicroRNAs and
regeneration: _Let-7_ members as potential regulators of
dedifferentiation in lens and inner ear hair cell regeneration
of the adult newt,” Biochemical and Biophysical Research
Communications, vol. 362, no. 4, pp. 940–945, 2007.

[29] E. Chirshev, K. C. Oberg, Y. J. Ioffe, and J. J. Unternaehrer,
“Let-7 as biomarker, prognostic indicator, and therapy for
precision medicine in cancer,” Clinical and Translational
Medicine, vol. 8, no. 1, p. 24, 2019.

[30] X. Sun, J. Liu, C. Xu, S. C. Tang, and H. Ren, “The insights of
Let-7 miRNAs in oncogenesis and stem cell potency,” Journal
of Cellular and Molecular Medicine, vol. 20, no. 9, pp. 1779–
1788, 2016.

[31] C. H. Peng, J. H. Liu, L. C. Woung et al., “MicroRNAs and cat-
aracts: correlation among let-7 expression, age and the severity
of lens opacity,” The British Journal of Ophthalmology, vol. 96,
no. 5, pp. 747–751, 2012.

[32] M. P. Etna, A. Sinigaglia, A. Grassi et al., “Mycobacterium
tuberculosis-induced miR-155 subverts autophagy by target-
ing ATG3 in human dendritic cells,” PLoS Pathogens, vol. 14,
no. 1, article e1006790, 2018.

[33] R. J. W. Truscott, “Age-related nuclear cataract—oxidation is
the key,” Experimental Eye Research, vol. 80, no. 5, pp. 709–
725, 2005.

[34] S. D. Zatechka Jr. and M. F. Lou, “Studies of the mitogen-
activated protein kinases and phosphatidylinositol-3 kinase
in the lens. 1. The mitogenic and stress responses‡,” Experi-
mental Eye Research, vol. 74, no. 6, pp. 703–717, 2002.

[35] X. Huang, C. Liu, C. Hao et al., “Identification of altered
microRNAs and mRNAs in the cumulus cells of PCOS
patients: miRNA-509-3p promotes oestradiol secretion by tar-
geting MAP3K8,” Reproduction, vol. 151, no. 6, pp. 643–655,
2016.

[36] B. Rak, J. M. Marczewska, and P. Wlodarski, “The role of
microRNAs in endometrial cancer and influence on future
therapy: focusing on miRNA-21,” European Journal of Gynae-
cological Oncology, vol. 37, no. 5, pp. 599–603, 2016.

[37] S. Roush and F. J. Slack, “The let-7 family of microRNAs,”
Trends in Cell Biology, vol. 18, no. 10, pp. 505–516, 2008.

[38] R. Petri, K. Pircs, M. E. Jönsson et al., “Let-7 regulates radial
migration of new-born neurons through positive regulation
of autophagy,” The EMBO Journal, vol. 36, no. 10, pp. 1379–
1391, 2017.

[39] L. Li, C. Huang, Y. He, Z. Sang, G. Liu, and H. Dai, “Knock-
down of long non-coding RNA GAS5 increases miR-23a by
targeting ATG3 involved in autophagy and cell viability,”
Cellular Physiology and Biochemistry, vol. 48, no. 4,
pp. 1723–1734, 2018.

9BioMed Research International


	Let-7c-3p Regulates Autophagy under Oxidative Stress by Targeting ATG3 in Lens Epithelial Cells
	1. Introduction
	2. Material and Methods
	2.1. Clinical Specimens
	2.2. Cell Lines and Treatment
	2.3. Cell Viability
	2.4. Real-Time PCR and RNA Interference
	2.5. Western Blot
	2.6. Assessment of Apoptotic Cells
	2.7. Immunofluorescence Microscopy
	2.8. Luciferase Reporter Assays
	2.9. Statistical Analysis

	3. Results
	3.1. The Expressions of Let-7c-3p Were Downregulated in Cataract Tissues and LECs
	3.2. Let-7c-3p Attenuated the Apoptosis in SRA01/04 Cells under Oxidative Stress
	3.3. Let-7c-3p Attenuated the Autophagy in SRA01/04 Cells under Oxidative Stress
	3.4. ATG3 Facilitated Autophagy in SRA01/04 Cells under Oxidative Stress
	3.5. Let-7c-3p Regulates Autophagy by Targeting ATG3 in SRA01/04 Cells under Oxidative Stress

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

