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Abstract. Cataracts account for ~50% of the cases of 
blindness in individuals worldwide. The apoptosis of lens 
epithelial cells (LECs) occurs during the formation of 
cataracts, which is a non‑congenital condition. Numerous 
microRNAs (miRs) have been reported to regulate apoptosis 
in LECs. For instance, miR‑23a expression levels were 
shown to be upregulated in cataractous lenses; however, the 
function of miR‑23a in cataracts remains undetermined. 
To establish an in vitro model of cataracts, human LECs, 
HLE‑B3 cells, were induced with 200  µmol/l H2O2 for 
24 h. HLE‑B3 cells were transfected with the miR‑negative 
control (NC) mimic, miR‑23a‑3p mimic, miR‑NC 
inhibitor, miR‑23a‑3p inhibitor, small interfering RNA 
(siRNA) targeting BCL2 (siRNA‑BCL2) and siRNA‑NC. 
The expression levels of miR‑23a‑3p were detected using 
reverse transcription‑quantitative PCR. The interaction 
between miR‑23a‑3p and the 3'‑untranslated region (UTR) 
of the target mRNA BCL2 was predicted by TargetScan 7.1, 
and further validated using a dual luciferase reporter assay. 
The BCL2 protein expression levels were analyzed using 
western blotting, cell proliferation was determined using a 
CCK‑8 assay and the levels of cell apoptosis were analyzed 
using flow cytometric analysis. The results of the present 
study revealed that the expression levels of miR‑23a‑3p 
were significantly upregulated, while the expression levels 
of BCL2 were significantly downregulated in H2O2‑induced 
HLE‑B3 cells compared to untreated control cells. BCL2 
was shown to be a target of miR‑23a‑3p. The miR‑23a‑3p 
inhibitor subsequently attenuated H2O2‑induced apoptosis 
and increased the proliferation of HLE‑B3 cells, which 

was partially reversed by siRNA‑BCL2. In conclusion, the 
findings of the current study suggested that the inhibition of 
miR‑23a‑3p may attenuate H2O2‑induced cataract formation 
by targeting BCL2, thus providing a novel therapeutic target 
for the treatment of patients with cataracts in the clinic.

Introduction

Cataracts have a high morbidity rate worldwide  (1,2) and 
account for ~47.8% of the cases of blindness in individuals (3). 
Various factors result in the formation of cataracts, including 
age, diabetes and ultraviolet light exposure, with aging 
remaining the primary risk factor for cataract formation (4). 
For instance, age‑related cataracts affect 46% of individuals 
with visual impairment (5‑7). Therefore, it remains a priority 
to identify effective therapeutic targets for the treatment of 
cataracts to decrease the incidence of cataracts and blindness.

Currently, apoptosis has become a research hotspot in 
the area of ophthalmology. As the lens develops during the 
morphogenesis process, apoptosis serves as an important 
determinant for sustaining the normal conditions in the 
lens  (8). The induction or reduction of apoptosis, due to 
genetic manipulation/mutations and/or environmental factors, 
has been shown to generate abnormal lenses or result in 
the absence of the ocular lens (9). In humans and animals, 
the presence of apoptosis in LECs has been identified to be 
frequently involved in the development of cataracts, which is a 
non‑congenital condition (10).

MicroRNAs (miRNAs/miRs) are a subgroup of small 
non‑coding RNAs of 20‑25 nucleotides in length, which control 
post‑transcriptional gene expression (11). miRNAs regulate the 
translation or degradation of target mRNAs by complementary 
binding to the 3'‑untranslated region (UTR) of their target 
genes (12). miRNAs have been shown to serve roles in cell 
proliferation, apoptosis and differentiation (13). Numerous 
miRNAs have been reported to regulate the apoptosis of LECs 
in cataracts. For example, miR‑221 induced LEC apoptosis by 
targeting sirtuin 1 (SIRT1) and transcription factor E2F3 (14), 
and miR‑23b‑3p promoted LEC apoptosis and autophagy by 
targeting SIRT1 (15). In addition, the expression levels of 
miR‑23a were demonstrated to be upregulated in cataractous 
lenses (16). However, to the best of our knowledge, whether 
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miR‑23a‑3p targets mRNAs in cataracts remains unknown. 
Therefore, determining the role of miR‑23a‑3p may provide a 
potential therapeutic target for the treatment of patients with 
cataracts.

Materials and methods

Cell culture. HLE‑B3 cells were obtained from the American 
Type Culture Collection. HLE‑B3 cells were cultured in 
minimum essential medium (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.) and 1% penicillin/streptomycin, and main‑
tained in a humidified incubator with 5% CO2 at 37˚C.

Oxidants induce cell apoptosis and trigger the development 
of cataracts  (10). As peroxidative damage is mediated by 
the toxic metabolites of oxygen, such as hydroxide, H2O2 is 
frequently used to induce the apoptosis of LECs in vitro. For 
the establishment of an in vitro cataract model, HLE‑B3 cells 
(1x106 cells/well) were seeded into 6‑well plates and induced 
at 37˚C with 200 µmol/l H2O2 (Sigma‑Aldrich; Merck KGaA) 
for 24 h, as previously described (17,18), while cells in control 
group were untreated.

Cell transfection. The miR‑negative control (NC) mimic, 
miR‑23a‑3p mimic, miR‑NC inhibitor and miR‑23a‑3p 
inhibitor, in addition to small interfering RNA (siRNA) 
targeting BCL2 (siRNA‑BCL2) and siRNA‑NC, were all 
synthesized by Shanghai GenePharma Co., Ltd. The 50 nM 
miR‑23a‑3p mimic (5'‑CCU​UUA​GGG​ACC​GUU​ACA​
CUA‑3') or 100 nM miR‑23a‑3p inhibitor (5'‑UAG​UGU​AAC​
GGU​CCC​UAA​AGG‑3') and their respective NCs (miR‑NC 
mimic, 5'‑CGA​GCU​CAC​UGG​ACA​ACG​CCG‑3' and miR‑NC 
inhibitor, 5'‑AGC​UUA​AGA​CAU​UCC​GAG​GAA​U‑3') were 
transiently transfected into HLE‑B3 cells using Lipofectamine® 
RNAiMAX reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.), after incubation at 37˚C for 48 h, cells were collected for 
the subsequent experimentation. For the transient transfection 
of 50  nM siRNA‑NC (anti‑sense, 5'‑UGA​GAC​AAU​GCA​
UGC​AGU​ACG​G‑3', sense, 5'‑AUC​GCA​ACA​UAG​ACA​GCU​
AAC​AG‑3') and siRNA‑BCL2 (anti‑sense, 5'‑UUC​ACA​UUU​
AUA​AAC​UAU​UUG​U‑3', sense, 5'‑AAC​AAA​UAG​UUU​AUA​
AAU​GUG​AA‑3') into HLE‑B3 cells, Lipofectamine 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used, 
after incubation at 37˚C for 48 h, cells were collected for the 
subsequent experimentation.

Cell treatment. Briefly, control or transiently transfected 
HLE‑B3 cells were seeded (1x106 cells/well) in 6‑well plates 
and incubated overnight at 37˚C. Following which, HLE‑B3 
cells were treated with or without 200 µmol/l H2O2 for 24 h 
at 37˚C before the conduction of the subsequent experiments.

Dual luciferase reporter assay. Using the online software 
TargetScan 7.1 (www.targetscan.org/vert_71/), it was found 
that miR‑23a‑3p was complementary to BCL2. The wild‑type 
(WT) or mutant (MUT) BCL2 3'‑UTR containing the binding 
site for miR‑23a‑3p was cloned into a pGL3 plasmid (Promega 
Corporation). The miR‑23a‑3p mimic or miR‑NC mimic were 
co‑transfected with pGL3‑WT‑BCL2 or pGL3‑MUT‑BCL2 
into HLE‑B3 cells using Lipofectamine® 2000 reagent 

(Invitrogen; Thermo Fisher Scientific, Inc.). After incubation 
at 37˚C for 48 h, cells were collected. Luciferase activity 
was measured using a dual‑luciferase reporter assay system 
(Promega Corporation) normalized to Renilla luciferase 
activity in each group.

Cell proliferation assay. HLE‑B3 cells were seeded into a 
96‑well plate and incubated overnight as aforementioned. 
Subsequently, 10 µl Cell Counting Kit‑8 (CCK‑8) reagent 
(Dojindo Molecular Technologies, Inc.) was added to the 
HLE‑B3 cells and incubated for 4 h. The cell proliferation 
was measured at an absorbance of 450 nm using a microplate 
reader (BioTek Instruments, Inc.).

Flow cytometric analysis of apoptosis. HLE‑B3 cell apoptosis 
was analyzed using an Annexin V‑FITC/propidium iodide 
(PI) apoptosis detection kit (BD Biosciences). Briefly, 1x104 
HLE‑B3 cells/well were cultured in six‑well plates, digested 
using 0.25% trypsin without EDTA and resuspended in 500 µl 
Annexin binding buffer. Subsequently, the cells were incubated 
with 5 µl Annexin V‑FITC and 5 µl PI in the dark for 15 min. 
Apoptotic cells were analyzed using a fluorescence‑activated 
cell sorting system (FACSVantage; BD Biosciences) and 
CellQuest software (version 5.1; BD Biosciences).

Reverse transcription‑quantitative PCR. Total RNA 
was extracted from HLE‑B3 cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was 
reverse transcribed into cDNA using a RevertAid RT reverse 
transcription kit (Invitrogen; Thermo Fisher Scientific, Inc.), 
incubated at 25˚C for 5 min, 60 min at 42˚C, then terminated 
at 70˚C for 5 min. qPCR was subsequently performed using 
a SYBR-Green PCR kit (Takara Bio, Inc.). The following 
thermocycling conditions were used: Initial denaturation 
at 95˚C for 10 min, and 35 cycles of 95˚C for 10  sec and 
annealing at 60˚C for 30 sec, after which a melting curve 
analysis was set from 60˚C to 90˚C. The following primers 
were used: BCL2 forward, 5'‑AAC​AAA​TAG​TTT​ATA​AAT​
GTG​AA‑3' and reverse, 5'‑TTC​ACA​TTT​ATA​AAC​TAT​TTG​
TT‑3'; miR‑23a‑3p forward, 5'‑CCT​TTA​GGG​ACC​GTT​ACA​
CTA‑3' and reverse 5'‑TAG​TGT​AAC​GGT​CCC​TAA​AGG‑3'; 
GAPDH forward, 5'‑AAG​AAG​GTG​GTG​AAG​CAG​GC‑3' 
and reverse 5'‑GTC​AAA​GGT​GGA​GGA​GTG​GG‑3'; and U6 
forward, 5'‑CTC​GCT​TCG​GCA​GCA​CAT​A‑3' and reverse, 
5'‑CAG​TGC​AGG​GTC​CGA​GGT​A‑3'. The expression levels 
were quantified using the 2‑∆∆Cq method (19) and the relative 
expression levels of BCL2 and miR‑23a‑3p were normalized 
to GAPDH and U6, respectively.

Western blotting. Total protein was extracted from HLE‑B3 
cells using RIPA lysis buffer supplemented with a protein 
inhibitor cocktail (Roche Applied Science). Protein 
concentration determination was carried out using a BCA kit 
(Thermo Fisher Scientific, Inc.). Protein samples (15 µg per 
lane) were separated via 8% SDS‑PAGE and the separated 
proteins were transferred onto PVDF membranes. The 
PVDF membranes were blocked with 5% non‑fat milk at 
room temperature for 1 h and then incubated with anti‑BCL2 
(cat.  no.  4223; 1:1,000; Cell Signaling Technology, Inc.), 
anti‑caspase‑3 (cat.  no.  14220, 1:1,000; Cell Signaling 
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Technology, Inc.), anti‑caspase‑8 (cat.  no.  4790; 1:1,000; 
Cell Signaling Technology, Inc.) and anti‑GAPDH 
(cat.  no.  2118; 1:1,000; Cell Signaling Technology, Inc.) 
primary antibodies overnight at 4˚C. Following the primary 
antibody incubation, the membranes were incubated with a 
horseradish peroxidase‑conjugated IgG secondary antibody 
(cat. no. 5127; 1:2,000; Cell Signaling Technology, Inc.) at 
room temperature for 2 h. Protein bands were visualized 
using an ECL chemiluminescence Substrate Reagent kit 
(Pierce; Thermo Fisher Scientific, Inc.). The densitometry 
of protein was normalized to GAPDH and analyzed using 
ImageJ (version 1.5.2; National Institutes of Health).

Statistical analysis. Each experiment was repeated ≥3 times 
and data are presented as the mean ± SD. Statistical differ‑
ences between two groups were analyzed using a two‑tailed 
unpaired Student's t‑test, whereas comparisons among three 
groups were analyzed using one‑way ANOVA followed by 
Newman‑Keuls test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

MiR‑23a‑3p expression levels are upregulated in H2O2‑induced 
HLE‑B3 cells. A significant upregulation of miR‑23a‑3p 
expression levels was observed in H2O2‑induced HLE‑B3 
cells compared with the control group (Fig. 1A). Subsequently, 
the effects of the inhibition of miR‑23a‑3p expression in 
H2O2‑induced HLE‑B3 cells were investigated. HLE‑B3 cells 
were first transfected with a miR‑23a‑3p mimic or inhibitor 
and the transfection efficiency was verified. Compared with 
the miR‑NC mimic group, HLE‑B3 cells transfected with the 
miR‑23a‑3p mimic had significantly increased miR‑23a‑3p 
expression levels (Fig. 1B). Conversely, compared with the 
miR‑NC inhibitor group, HLE‑B3 cells transfected with the 
miR‑23a‑3p inhibitor had significantly downregulated expres‑
sion levels of miR‑23a‑3p (Fig. 1C). These results indicated the 
successful transfection of the miR‑23a‑3p mimic or inhibitor 
into HLE‑B3 cells.

Inhibition of miR‑23a‑3p attenuates the H2O2‑induced 
decrease in proliferation of HLE‑B3 cells. CCK‑8 assays were 
performed to determine the proliferative ability of HLE‑B3 
cells. Compared with the control group, the proliferative rate 
of HLE‑B3 cells was significantly repressed by H2O2, which 
was rescued by the transfection with the miR‑23a‑3p inhibitor 
(Fig. 2).

Inhibition of miR‑23a‑3p attenuates H2O2‑induced apoptosis 
in HLE‑B3 cells. Flow cytometry was performed to determine 
the levels of apoptosis in HLE‑B3 cells. Compared with the 
control group, HLE‑B3 cell apoptosis was significantly induced 
by H2O2, which was then attenuated by the transfection with 
the miR‑23a‑3p inhibitor (Fig. 3A and B). Taken together, these 
findings suggested that the miR‑23a‑3p inhibitor may protect 
HLE‑B3 cells from H2O2‑induced injury.

BCL2 is a target of miR‑23a‑3p in HLE‑B3 cells. Using the 
online software, TargetScan 7.1, the 3'‑UTR of BCL2 was 
predicted to be complementary to miR‑23a‑3p (Fig. 4A). A 
dual luciferase reporter assay was subsequently performed 
to validate the interaction between miR‑23a‑3p and BCL2. 
The results demonstrated that compared with the miR‑NC 
mimic, the miR‑23a‑3p mimic significantly reduced the rela‑
tive luciferase activity of the HLE‑B3 cells transfected with 
pGL3‑WT‑BCL2. However, in HLE‑B3 cells transfected with 
pGL3‑MUT‑BCL2, no significant differences were observed 
in the relative luciferase activity between the miR‑NC mimic 
and miR‑23a‑3p mimic groups (Fig. 4B).

BCL2 expression levels are downregulated in H2O2‑induced 
HLE‑B3 cells. Western blotting was used to analyze BCL2 

Figure 1. Effects of H2O2 on miR‑23a‑3p expression levels in HLE‑B3 cells. (A) miR‑23a‑3p expression the H2O2 and control groups. miR‑23a‑3p expression 
after transfection with (B) miR‑23a‑3p mimic and (C) miR‑23a‑3p inhibitor. **P<0.01 vs. the respective control group. miR, microRNA; NC, negative control.

Figure 2. Effects of miR‑23a‑3p on H2O2‑induced reduction of HLE‑B3 
cell proliferation. miR‑23a‑3p inhibitor rescued H2O2‑induced reduction of 
HLE‑B3 cell proliferation. **P<0.01 vs. the control group and #P<0.05 vs. the 
H2O2 group. miR, microRNA; OD, optical density.
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protein expression levels. Compared with the control 
group, BCL2 protein expression levels were identified to be 

significantly downregulated in the HLE‑B3 cells incubated 
with H2O2 (Fig. 5A and B).

Figure 3. Effects of miR‑23a‑3p on H2O2‑induced HLE‑B3 cell apoptosis. miR‑23a‑3p inhibitor attenuated H2O2‑induced HLE‑B3 cell apoptosis as shown by 
(A) representative flow cytometry plots and (B) quantitative data analysis. **P<0.01 vs. the control group and #P<0.05 vs. the H2O2 group. miR, microRNA.

Figure 4. Association between BCL2 and miR‑23a‑3p in HLE‑B3 cells. (A) BCL2 3'‑UTR was complementary to miR‑23a‑3p. (B) miR‑23a‑3p targeted 
WT‑BCL2 in HLE‑B3 cells. *P<0.05 vs. the miR‑NC mimic group. n.s, no significant difference; miR, microRNA; NC, negative control; UTR, untranslated 
region; MUT, mutant; WT, wild‑type.
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miR‑23a‑3p inhibitor attenuates the H2O2‑induced reduction 
of proliferation of HLE‑B3 cells by targeting BCL2. The 
effects of the co‑transfection of siRNA‑BCL2 and miR‑23a‑3p 
inhibitor in H2O2‑induced HLE‑B3 cells were subsequently 
investigated. HLE‑B3 cells were first transfected with 
siRNA‑NC or siRNA‑BCL2 to verify the transfection efficacy. 
The results revealed that compared with the siRNA‑NC group, 
the protein expression levels of BCL2 were significantly 
downregulated in the siRNA‑BCL2 group (Fig. 6A and B).

A CCK‑8 assay was performed to determine the prolif‑
erative ability of the HLE‑B3 cells. Compared with the H2O2 
group, the miR‑23a‑3p inhibitor increased the proliferation of 
the HLE‑B3 cells, which was subsequently partially reversed 
through the co‑transfection with siRNA‑BCL2 (Fig. 6C).

miR‑23a‑3p inhibitor attenuates H2O2‑induced apoptosis in 
HLE‑B3 cells by targeting BCL2. Flow cytometric analysis 
was used to analyze the levels of apoptosis in HLE‑B3 cells. 

The levels of HLE‑B3 cell apoptosis were decreased following 
the transfection with the miR‑23a‑3p inhibitor compared with 
the H2O2 group, which was then partially reversed by the 
co‑transfection with siRNA‑BCL2 (Fig. 7A and B).

Western blotting was used to analyze caspase‑3 and 
caspase‑8 protein expression levels. Caspase‑3 and caspase‑8 
protein expression levels were identified to be significantly 
downregulated in the HLE‑B3 cells following the transfection 
with the miR‑23a‑3p inhibitor compared with the H2O2 group, 
which was then partially reversed by the co‑transfection with 
siRNA‑BCL2 (Fig. 8A and B).

Discussion

Previous microarray analysis reported the dysregulation 
of multiple miRNAs in cataractous lenses, including 
miR‑23a (16); however, to the best of our knowledge, the exact 
function of miR‑23a‑3p in cataracts remains undetermined.

Figure 5. Effects of H2O2 on BCL2 protein expression levels in HLE‑B3 cells. BCL2 protein expression level was significantly decreased in the H2O2 group as 
shown by (A) representative blots and (B) semi‑quantitative analysis. ***P<0.001 vs. the control group.

Figure 6. siRNA‑BCL2 partially reverses the effects of miR‑23a‑3p inhibitor on H2O2‑induced reduction in HLE‑B3 cell proliferation. (A and B) BCL2 protein 
expression level was significantly decreased in the siRNA‑BCL2 group. (C) siRNA‑BCL2 partially abolished miR‑23a‑3p inhibitor‑induced upregulation of 
HLE‑B3 cell proliferation. **P<0.01 vs. the siRNA‑NC group, #P<0.05 vs. the H2O2 + miR‑23a‑3p inhibitor group. &P<0.05 vs. the H2O2 + miR‑23a‑3p inhibitor 
group. NC, negative control; siRNA, small interfering RNA; miR, microRNA; OD, optical density.
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Oxidants have been shown to induce apoptosis and result 
in the development of cataracts (10). Therefore, to establish an 
in vitro cataract model in the present study, HLE‑B3 cells were 
induced with H2O2, as described in a previous study (17,18). 
miR‑23a‑3p expression levels were revealed to be upregulated 
in H2O2‑induced HLE‑B3 cells, which suggested the potential 
involvement of miR‑23a‑3p in cataract development and 

provided further evidence for the role of miR‑23a‑3p in 
cataracts, as previously reported (16).

The apoptosis of LECs, which is induced by oxidative stress, 
is a cellular mechanism frequently occurring in cataracts (20). 
Accumulating evidence suggests the involvement of miRNAs 
in the apoptosis of LECs; for example, in cataracts, miR‑let‑7b 
promoted LEC apoptosis by targeting leucine‑rich repeat 

Figure 8. siRNA‑BCL2 partially reverses the effects of miR‑23a‑3p inhibitor on H2O2‑induced protein expression of caspase‑3 and caspase‑8. siRNA‑BCL2 
partially abolished miR‑23a‑3p inhibitor‑induced downregulation of caspase‑3 and caspase‑8 in HLE‑B3 cells as shown by (A) representative blots 
and (B) semi‑quantitative analysis. ###P<0.001 vs. the H2O2 group and &&P<0.01 vs. H2O2 + miR‑23a‑3p inhibitor group. siRNA, small interfering RNA; 
miR, microRNA.

Figure 7. siRNA‑BCL2 partially reverses the effects of miR‑23a‑3p inhibitor on H2O2‑induced HLE‑B3 cell apoptosis. siRNA‑BCL2 partially abolished 
miR‑23a‑3p inhibitor‑induced downregulation of HLE‑B3 cell apoptosis as shown by (A) representative flow cytometry plots and (B) quantitative data analysis. 
#P<0.05 vs. the H2O2 group and &P<0.05 vs. the H2O2 + miR‑23a‑3p inhibitor group. siRNA, small interfering RNA; miR, microRNA.
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containing G protein‑coupled receptor 4 (21); miR‑378a was 
shown to increase LEC apoptosis by targeting the superoxide 
dismutase 1 gene (22); and miR‑26a and miR‑26b reduced 
lens fibrosis by regulating the Jagged‑1/Notch signaling 
pathway  (23). The present study demonstrated that the 
inhibition of miR‑23a‑3p expression levels reduced the 
H2O2‑induced apoptosis of HLE‑B3 cells. However, to the best 
of our knowledge, the potential target mRNAs of miR‑23a‑3p 
remained to be investigated.

In the present study, miR‑23a‑3p was predicted and verified 
to target BCL2, an anti‑apoptotic gene family member, in 
HLE‑B3 cells, which may improve the current understanding 
of the role of miR‑23a‑3p in numerous types of human 
disease (24,25). In a previous study, BCL2 reduced cell apoptosis 
by acting via cellular signal transduction pathways or inhibiting 
lipid oxidation via inhibition of oxygen free radicals  (26). 
BCL2 protein expression level was lower in the lens epithelium 
of elderly individuals compared with that of human fetuses and 
children (27). BCL2 was reported to be associated with cell 
apoptosis in oxidative stress‑induced cataracts; for example, 
BCL2 protein expression levels were reduced in LECs if cell 
apoptosis was induced (28), and anthocyanin was shown to 
protect HLECs against oxidative damage and prevent the 
H2O2‑induced downregulation of BCL2  (29). In addition, 
the downregulation of Smac expression levels attenuated 
the H2O2‑induced apoptosis and downregulation of BCL2 
expression levels in HLECs (30). Furthermore, ELL‑associated 
factor 2 prevented HLECs from oxidative stress‑induced 
apoptosis and the downregulation of BCL2 expression levels 
by targeting the Wnt signaling pathway (31). Previously, the 
3'‑UTR of BCL2 was discovered to be targeted by several 
miRNAs in cataracts. For example, miR‑34a induced HLEC 
apoptosis by targeting BCL2 (32) and miR‑15a‑3p repressed 
the proliferation and promoted the apoptosis of HLECs by 
targeting BCL2 (17,33). However, to the best of our knowledge, 
whether miR‑23a‑3p can regulate the formation of cataracts 
by targeting BCL2 remained undetermined. In the present 
study, BCL2 protein expression levels were significantly 
downregulated in H2O2‑induced HLE‑B3 cells. In addition, 
the miR‑23a‑3p inhibitor was found to attenuate H2O2‑induced 
apoptosis and the inhibition of proliferation in HLE‑B3 cells 
by targeting BCL2. However, the present study was an in vitro 
investigation, which suggested that targeting BCL2 may be 
useful for treating cataracts; therefore, further in vivo studies 
are required to confirm these findings.

Caspase‑3 and caspase‑8 were previously demonstrated to 
be positively associated with the apoptosis of HLECs (34,35). 
Therefore, the protein expression levels of caspase‑3 and 
caspase‑8 were also evaluated in the present study. The results 
revealed that caspase‑3 and caspase‑8 protein expression 
levels were downregulated following the transfection with the 
miR‑23a‑3p inhibitor compared with the H2O2 group; however, 
the downregulated expression levels were reversed following 
the transfection with siRNA‑BCL2.

In conclusion, the findings of the present study indicated 
that the inhibition of miR‑23a‑3p expression levels may 
attenuate H2O2‑induced injury of human lens epithelial cells 
by targeting Bcl‑2 in an in vitro model of cataract by targeting 
BCL2, thus providing a novel therapeutic target for the 
treatment of patients with cataracts.
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