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[Abstract]  Objective  To investigate the regulatory effects of  

microRNA-23b-3p (miR-23b-3p) on the autophagy and apoptosis 

of  human lens epithelial cells induced by high glucose.  

Methods  Thirty diabetic cataract (DC) patients as DC group and 

30 patients with simple cataract as simple cataract group were 

enrolled in The First Affiliated Hospital of  Xi’an Medical 

University from September 2019 to October 2020. Conventional 

phacoemulsification and intraocular lens transplantation were 

performed in both groups. The anterior capsular tissue was 

collected during the operation. The expression of  miR-23b-3p in 

the anterior lens capsule was detected by real-time fluorescence 

quantitative PCR (RT-qPCR). Human lens epithelial cell line 

HLEB3 cells were cultured in vitro and divided into normal control 

group and high-glucose group, which were cultured in normal and 

high-glucose medium, respectively. The targeting relationship 

between proto-cadherin 17 (PCDH17) and miR-23b-3p was 

predicted according to the bioinformatics database, and was 

verified by the dual-luciferase reporter gene experiment. High 

glucose-cultured HLEB3 cells were divided into miR-23b-3p mimic 

group, negative control (NC) mimics group, NC-siRNA group, 

PCDH17-siRNA group, miR-23b-3p mimics+Vector group, 

miR-23b-3p mimics+pcDNA-PCDH17 group, and were 

transfected with corresponding reagents according to grouping. 

The expression of  miR-23b-3p and PCDH17 mRNA was detected 

by RT-qPCR. The expressions of  a mammalian homolog of  yeast 

Atg6/Vps30 (Beclin-1), microtubule-associated protein1 light chain 

3 (LC3B), c-Jun N-terminal kinases (JNK), phosphorylated (p-) 

JNK, c-Jun, p-C-Jun, B-cell lymphoma-2 (Bcl-2) and Bcl-2 

associated X protein (Bax) proteins were assayed by western blot. 

The apoptosis rate was detected by flow cytometry. The study 

protocol was approved by an Ethics Committee of The First 

Affiliated Hospital of Xi'an Medical College (No. LSL2019037). 

Written informed consent was obtained from each patient.  

Results  The relative expression of  miR-23b-3p in the anterior 

lens capsule of  DC group was 0.35±0.15, which was significantly 

lower than simple cataract group 1.00±0.09 (t=44.627, P<0.01). 

There were significant differences in the relative expression levels 

of  miR-23b-3p, LC3B II/I, Beclin-1, Bcl-2 and Bax proteins 

among normal control group, high glucose group, high 

glucose+NC mimics group and high glucose+miR-23b-3p mimics 

group (F=21.325, 28.318, 17.634, 15.482, 22.325, 26.537, all at 

P<0.01). Compared with normal control group, the apoptosis rate, 

LC3B II/I, Beclin-1 and Bax protein expressions in high glucose 

group were significantly increased, and the Bcl-2 protein expression 

was significantly decreased (all at P<0.05). Compared with NC 

mimics group, the apoptosis rate, LC3B II/I, Beclin-1, and Bax 

protein expressions were significantly decreased and the Bcl-2 

protein expression was significantly increased in miR-23b-3p 

mimics group (all at P<0.05). The results of  bioinformatics and 

dual-luciferase reporter gene experiments showed that PCDH17 

was a target gene of  miR-23b-3p, and the relative expression of  

PCDH17 mRNA in miR-23b-3p mimics group was significantly 

lower than that in NC mimics group (P<0.05). Compared with 

NC-siRNA group, the apoptosis rate, LC3B-II/I, Beclin-1 and Bax 

protein expressions in PCDH17-siRNA group were significantly 

decreased, and the Bcl-2 protein expression was significantly 

increased, (t=9.116, 12.413, 5.349, 3.273, 8.419; all at P<0.01). 

There were significant differences in the relative expression levels 

of  p-JNK/JNK, p-c-Jun/c-Jun, LC3B II/I, Beclin-1 and Bcl-2, 

Bax proteins in NC mimics group, miR-23b-3p mimics group, 

miR-23b-3p mimics+Vector group and miR-23b-3p 

mimics+pcDNA-PCDH17 group (F=24.724, 19.319, 23.418, 

17.562, 20.263, 15.249; all at P<0.05). Compared with the 

miR-23b-3p mimics+Vector group, The expressions of  

p-JNK/JNK, p-c-Jun/c-Jun, LC3B II/I, Beclin-1 and Bax were 

significantly increased, and the expression of  Bcl-2 protein was 

decreased in miR-23b-3p mimics+pcDNA-PCDH17 group (all at 

P<0.05).  

Conclusions  miR-23b-3p has a protective effect on HLEB3 cells 

in a high-glucose environment, mainly by targeting PCDH17 to 

regulate the JNK signaling pathway to inhibit  

high-glucose-induced autophag y and apoptosis in 

HLEB3 cel ls.  
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Diabetes is an endocrine disease that seriously affects human health 

and its prevalence is increasing worldwide. Diabetes cataract (DC) 

is a major ocular complication characterized by its onset at an early 

age and rapid progression in patients with diabetes1,2. The 

incidence of  cataracts in patients with diabetes is two to 

five t imes that in pat ients without diabetes, which is the 

main cause of  visual impair ment3 .  Previous studies have 
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shown that apoptosis of  lens epithel ia l cells plays an 

important role in the development of  cataract 4 .  In 

addition, human lens cel ls  mainly degrade senescent  

organel les and proteins to maintain lens transparency 

through autophag y5 .  Lens epithel ia l cel l  apoptosis 

induced by high g lucose levels may be one of  the causes 

of  DC format ion; however, the exact pathogenesis 

remains unclear. A microRNA (miRNA) is a noncoding 

single-stranded RNA with a length of  21–23 nucleotides 

that can s ilence gene expression by target ing the 

3′-untranslated region (UTR) of  mRNA molecules via 

mRNA degradation or translat ion inhibit ion6 , 7 .  An 

increasing number of  studies have shown that miRNAs 

play an important role in the pathogenesis of  cataracts,  

such as congenital cataract,  aftercataract, and DC8- 10 .  

Although miR-23b-3p has been confirmed to be highly 

expressed in lens t issue11 ,  i t  remains unclear whether 

miR-23b-3p is involved in the pathogenesis of  DC. 

Herein, we aimed to invest igate the regulatory effect of  

miR-23b-3p on autophag y and apoptosis in human lens 

epithelial  cel ls  induced by high glucose levels,  which is  

helpful in providing exper imental evidence for the 

prevent ion and treatment of  DC. 

1 Materials and methods  

1.1 Materials 

1.1.1 Sample and cell  source 

Thir ty eyes from 30 pat ients with DC (DC group) and 

30 eyes from 30 patients with simple cataract  (control 

g roup) were included from September 2019 to October 

2022 at the First Affi l iated Hospital of  Xi ’an Medical  

University. All patients underwent cataract  surger y,  and 

then the anterior capsule t issues of  the eyes were 

col lected and stored in a cryopreservation tube with 

l iquid nitrogen. In the DC group, the mean age of  

pat ients was 64.1 ± 6.9 (range, 61–81) years, including 

19 males and 11 females. In the control g roup, the mean 

age of  patients was 62.2 ± 9.2 (range,  61–79) years,  

including 17 males and 13 females. The inclusion 

criteria were as follows: (1) the patients with DC were 

diagnosed with type 2 diabetes mell itus, along with 

fasting blood glucose levels of  <7.8 mmol/L before 

surgery and a 4-7-year course of  disease; (2) the pat ients 

with simple cataract had no history of  diabetes mel litus.  

The exclusion cr iteria were as fol lows: (1) patients with 

cataract due to reasons other than diabetes; (2) patients 

with glaucoma, vitreous hemorrhage, and other ocular  

disorders;  (3)  pat ients who ignored medical  instructions 

or had incomplete cl inical data; and (4) patients with 

severe systemic disease. There were no significant  

differences in gender or age between the two g roups (al l  

P>0.05) . The study protocol was reviewed and approved 

by the Ethics Committee of  the First  Affi l iated Hospital  

of  Xi’an Medical University (No. LSL2019037) . Each 

pat ient and family member was informed of  the purpose 

of  the exper iment and signed an informed consent  form. 

The human lens epithel ia l cell  l ine HLEB3 was obtained 

from the ATCC Cell Bank of  the Chinese Academy of  

Sciences. 

1.1.2 The main reagents and equipment  

DMEM medium was purchased from Gibco Company 

(USA). The Annexin V-FITC/PI Cell  Apoptosis 

Detection Kit was purchased from Sigma (USA).  The 

TRIzol reagent , Lipofectamine™ 2000 transfect ion 

reagent, was purchased from Invitrogen (USA). The 

TaqMan miRNA reverse transcr ipt ion kit was purchased 

from Beij ing Biolab Technolog y Co. , Ltd. The 

PrimeScript RT-PCR kit and SYBR Green kit were 

purchased from Takara Company (Japan) . RIPA cracking 

solution was purchased from Shanghai Biyuntian 

Company. The BCA protein content determination kit 

was purchased from Thermo Company (USA). The ECL 

kit was purchased from Bei j ing Baierdi Biotechnolog y 

Co. , Ltd.  The rabbit anti-human protocadher in 17 

(PCDH17) antibody (HPA026817) was purchased from 

Sigma (USA). The rabbit anti-human c-Jun N-terminal  

kinase (JNK) antibody (ab199380) , rabbit  anti-human 

phosphorylated (p-)JNK antibody (ab47337), rabbit 

ant i-human c-Jun antibody (ab40766), rabbit ant i-human 

p-c-Jun ant ibody (ab32385) , rabbit anti-human 

microtubule-associated protein 1 l ight chain 3 (LC3B) 

ant ibody (ab192890) ,  rabbit  anti-human mammal 

homolog of  yeast Atg6/Vps30 (Beclin-1) antibody 

(ab207612) , rabbit  anti-human B 

lymphomatoma-2-associated X protein (Bax) antibody 

(ab32503),  rabbit  anti-human B lymphoma-2 (Bcl-2) 

ant ibody (ab32124), and goat anti -rabbit secondary 

ant ibody (ab205718) were purchased from Abcam 

Company (USA). The double luciferase repor ter gene 

vector pGL3 and double luciferase repor ter gene 

detect ion kit were purchased from Promega (USA). The 

miR-23b-3p mimics and neg ative control (NC) mimics 

were purchased from BGI (Shenzhen, China). The 

ultraviolet spectrophotometer was purchased from 

LabTech (USA). The real-t ime f luorescent quantitat ive 

PCR kit was purchased from Applied Biosystems (USA). 

The Thermo Varioskan™ LUX multifunction microplate 

reader and CO2 incubator were purchased from Thermo 

Fisher Scientific (USA). The inver ted ordinar y optical 

microscope was purchased from Japan Olympus 

Company. The electron microscope was purchased from 

JEOL (Japan).  The f low cytometer was purchased from 

BD (USA). The gel imaging analysis system was 

purchased from Bio-Rad (USA).  

1.2 Methods  

1.2.1 Cell  culture and grouping treatment 

HLEB3 cells were inoculated into DMEM/F12 medium 

(10% fetal bovine serum, 1% penici l l in , and 1% 

streptomycin) in a 6-wel l plate for culture. When the 

cel ls reached 80% of  fusion, culture medium was 

discarded and then assigned to the medium containing 

5 mmol/L of  glucose (control g roup) and the medium 

containing 25 mmol/L of  glucose (high g lucose g roup) 
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for 48 hrs at 37 °C in atmosphere of  5% CO2. The cel ls in 

high-glucose-level medium were randomly divided into 

the miR-23b-3p mimic, NC mimic, NC-siRNA, 

PCDH17-siRNA, miR-23b-3p mimic+Vector, and 

miR-23b-3p mimic+pcDNA-PCDH17 groups. 

Subsequently, the cel ls were transfected in accordance 

with the instruct ions of  the Lipofectamine™ 2000 kit  

and cultured for another 24 h for subsequent 

exper iments.  

1.2.2 Evaluation of  the relative expression of  

miR-23b-3p and PCDH17 in each group using 

real-time f luorescent quantitative PCR 

HLEB3 cel ls and anterior capsule t issues were col lected 

in advance. Total RNAs were isolated using the TRIzol reagent 

and evaluated quantitatively using an ultraviolet  

spectrophotometer to deter mine its concentrat ion and 

purity. Total RNAs were reverse-transcribed into complementary 

DNA (cDNA) using the PrimeScript RT-PCR kit in accordance 

with the manufacturer’s protocols. Similarly, miRNAs were 

reverse-transcribed into cDNA using the TaqMan miRNA kit to 

detect  miR-23b-3p expression. qRT-PCR was performed 

using the SYBR Green PCR Kit. The primers used were as follows: 

miR-23b-3p (forward,  

5′-GAGCATCACATTGCCAGGG-3 ′ ;  reverse,  

5′-GTGCAGGGGTCCGAGGT-3′) , U6 (forward, 
5′-GCTTCGAGCACATATACTAAAAT-3′ ; reverse, 
5 ′-CGCTTCGGCAGCAATTTGCGTGTCAT-3′) , 
PCDH17 (forward, 5 ′-CTTGCGCATGTTGCCTAT-3′ ; 
reverse,  5′ -CCATCTGTTGCTGCTTTC-3′) , and 
GAPDH (forward,  

5′-TGACTTCAACAGCGACACCCA-3′ ; reverse,  
5 ′-CACCTGTGTGTGTGTAGTAGCCAAA-3′) . The 
primers were designed and synthesized by Dalian Takara 

(China) . The PCR reaction volume (25 μL),  pr imer  

(1 μL) ,  and cDNA (2 μL) were used. The PCR react ion 
condition included pre-denaturat ion at 95 °C for 30 s 

and denaturat ion at 95 °C for 5 s, annealing, and 

extension at  60 °C for 30 s, with 40 cycles in total.  

GAPDH and U6 were used as internal references for mRNA 

and miRNA, respect ively. The relative expression of  these 

genes was analyzed using the 2−ΔΔCt method. 

1.2.3 Verification of  the relationship between 

miR-23b-3p and the target gene PCDH17 by the 

double luciferase repor ter gene system 

Wild-type (WT) and mutant-type (MUT) PCDH17 

3 ′-UTR containing the miR-23b-3p binding site were 

cloned into the pGL3 vector to obtain a luciferase 

repor ter  vector. HLEB3 cells were grown in 96-well plates at a 

density of  1×104 cells/mL and divided into the NC mimic and 

miR-23b-3p mimic groups. Thereafter, WT and MUTP CDH17 

cel ls were co-transfected with miR-23b-3p mimics and 

NC mimics and g rown in a cell incubator for 48 h when 

the cel l density reached 70% of  fusion. The luciferase 

act iv ity was detected using a double luciferase analysis  

system.  

1.2.4 Evaluation of  the expressions of  JNK, p-JNK, 

c-Jun, p-c-Jun, LC3B, Beclin-1,  Bax, and Bcl-2 in 

each group by wester n blot  

Proteins were isolated from HLEB3 cells in each group and were 

supplemented with RIPA lysis buffer. The proteins were quantified 

using a BCA detection kit, and then the samples (30 μg) were 

subjected to sodium dodecyl sulfate–polyacrylamide gel 

electrophoresis and transferred onto a polyvinylidene 

fluoride (PVDF) membrane. After incubation with 5% 

nonfat milk for 1 h, the PVDF membrane was incubated 

overnight with specific antibodies. The primary antibodies 

against JNK, p-JNK, c-Jun, p-c-Jun, LC3B, Beclin-1, Bax, 

Bcl-2, and GAPDH (all diluted with 1:1,000) were added to 

cells, incubated overnight at 4 °C, and rinsed with TBST for 

three times; then, the corresponding secondary antibody 

(1:2,000) was added, incubated at 37 °C for 1 h, and rinsed 

with TBST for three times. An ECL kit was used for color 

development, a gel imaging analysis system was used for 

detection, and ImageJ software was used for quantitative 

analysis of  the strip. GAPDH was used as the internal 

reference to measure the relative expression of  each target 

protein. 

1.2.5 Detection of  the apoptosis rate of  HLEB3 cells by 

flow cytometry 

The collected HLEB3 cells were transfected for 48 h, 

digested with trypsin, and washed twice with phosphate 

buffer for the normal control, high glucose, miR-23b-3p 

mimic, NC mimic, NC-siRNA, and PCDH17-siRNA groups. 

The cells were grown at a density of  1×105 cells per plate. Then, 

195 μL of  Annexin V-FITC binding buffer was added to prepare a 

single cell suspension. Subsequent ly, the collected cells were 

incubated at room temperature in the dark for 10 min in a mixture 

of  single cell suspension, 5-μL Annexin V-FITC, and 10-μL PI. 

Apoptosis was analyzed using flow cytometry. 

1.3 Statistical analysis 

SPSS 21.0 statistical software was used for statistical analysis. 

All measurement data were verified to be normally 

distributed using the W test, with x±s means. The relative 

expression of  miR-23b-3p and expression of  proteins 

associated with apoptosis and autophagy in each miRNA 

transfection group, the relative expression of  PCDH17 

mRNA in the cells of  each siRNA transfection group, and 

the JNK pathway protein, autophagy, and apoptosis proteins 

in the cells of  each co-transfection group were compared 

using single factor analysis of  variance, and the comparison 

between the two groups was performed using the LSD t-test. 

A P value of  <0.05 was used as the level of  significance.  

2 Results 

2.1 Comparison of  the relative miR-23b-3p 

expression of  the anterior capsule tissues in the 

simple cataract and DC groups 

The relat ive expression of  miR-23b-3p in the lens t issue 

of  patients in the DC group was 0.35±0.15, which was 

signif icantly lower than that  of  patients in the s imple 

cataract g roup (1.00±0.09),  with a statist ical ly  
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signif icant difference ( t=44, P<0.01) (Figure 1) .  

  
Figure 1 Comparison of  the relative expression level of  miR-23b-3p 
in anterior capsular membrane between two groups  Compared with 
simple cataract group, aP<0.01 (Independent samples t test, n=30)  DC: 
diabetic cataract; miR: microRNA 

2.2 Comparison of  the relative miR-23b-3p 

expression, apoptosis,  and autophagy-related 

proteins in cells transfected with miRNA 

There were significant differences in the relative expression 

levels of  miR-23b-3p, LC3B II/I, Beclin-1, Bcl-2, and Bax 

proteins among the normal control, high glucose, high 

glucose+NC mimic, and high glucose+miR-23b-3p mimic 

groups (F=21.325, P<0.001; F=28.318, P=0.002; F=17.634, 

P=0.007; F=26.537, P=0.003; F=15.482, P=0.001; and 

F=22.325, P<0.001, respectively). Compared with the 

normal control group, the apoptosis rate and LC3B II/I, 

Beclin-1, and Bax protein expressions in the high glucose 

group significantly increased, whereas the Bcl-2 protein 

expression significantly decreased (all P<0.05). Compared 

with the NC mimic group, the apoptosis rate and LC3B II/I, 

Beclin-1, and Bax protein expressions significantly decreased, 

whereas the Bcl-2 protein expression significantly increased 

in the miR-23b-3p mimic group (all P<0.05) (Figure 2, 

Tables 1 and 2). 

 
Figure 2  The expressions of  apoptosis- and autophagy-related 
proteins in various groups  A: Flow cytometry of  apoptosis rate in 
different groups  B: Electrophoretogram of  the expression of  
apoptosis-related proteins  C: Electrophoretogram of  the expression of  
autophagy-related proteins  1: normal control group; 2: high glucose 
group; 3: high glucose+NC mimics group; 4: high glucose+miR-23b-3p 
mimics group  NC: normal control; miR: microRNA; Bcl-2: B-cell 
lymphoma-2; Bax: Bcl-2 associated X protein; GAPDH: 
glyceraldehyde-3-phosphate dehydrogenase; LC3B: microtubule-associated 
protein 1 light chain 3; Beclin-1: a mammalian homolog of  yeast 
Atg6/Vps30 

Table 1 Comparison of  relative expression level of  miR-23b-3p 

among different groups (x±s) 

Group Sample size 
miR-23b-3pexpression 

level 
Normal control group 3 1.00±0.11 
High glucose group 3 0.39±0.08a 
High glucose+NC mimic group 3 0.42±0.07 
High glucose+ miR-23b-3p mimic group 3 1.63±0.16b 
F   21.325 
P   <0.001 
Note: Compared with normal control group, aP<0.05; compared with high 
glucose+NC mimics group, bP<0.05 (One-way ANOVA, LSD-t test)  miR: 
microRNA; NC: negative control 

Table 2 Comparison of  apoptosis rate and the relative expression levels of  autophagy- and apoptosis-related protein among different groups (𝑥̅𝑥±s) 
 
 
 
 
 
 
 
 
 
Note: Compared with normal control group, aP<0.05; compared with NC mimic group, bP<0.05 (One-way ANOVA, LSD-t test)  LC3B: microtubule-associated 
protein1 light chain 3; Beclin-1: a mammalian homolog of  yeast Atg6/Vps30; Bcl-2: B-cell lymphoma-2; Bax: Bcl-2 associated X protein; NC: negative control; miR: 
microRNA 

2.3 Validation of  miR-23b-3p targeting in combination 

with PCDH17 

The bioinformatics database predicted that miR-23b-3p 

could be targeted directly in combination with the PCDH17 

3′-UTR. The luciferase activity of  WT-PCDH17 in the 

miR-23b-3p mimic group was 1.00±0.11, which was 

significantly lower than that in the NC mimic group 

(0.42±0.05) (t=7.306, P=0.004). The luciferase activities of  

MUT-PCDH17 in the miR-23b-3p mimic and NC mimic 

groups were 1.00±0.09 and 0.98±0.08 respectively, with no 

significant difference (t=0.314, P=0.952). The relative 

expression of  PCDH17 mRNA in the miR-23b-3p mimic 

group was 0.41±0.04, which was significantly lower than that 

of  in the NC mimic group (1.00±0.09) (t=9.483, P=0.001) 

(Figure 3). 

 
 

 
 
 

 
 
 
 
 
 
 
Figure 3  Target binding of  miR-23b-3p and PCDH17  A: The binding 
site of  miR-23b-3p targeting to PCDH17  B: Comparison of  wild-type 
luciferase activity between two groups  Compared with high glucose+NC 
mimics group, aP<0.05 (Independent samples t test, n=3)  C: Comparison of  
mutant luciferase activity between two groups  Compared with high 
glucose+NC mimics group, P=0.952 (Independent samples t test, n=3)   D: 
Comparison of  the relative expression of  PCDH17mRNA among different 
transfection groups  Compared with high glucose+NC mimics group, aP<0.05 
(Independent samples t test, n=3)  1: high glucose+NC mimics group; 2: high 
glucose+miR-23b-3p mimics group  WT: wild type; PCDHl7: protocadherin 17; 
miR: microRNA; MUT: mutant type 
 

Group 
Sample 

size 
LC3B II/I Beclin-1 Bcl-2 Bax 

Apoptotic 
rate (%) 

Normal control group 3 1.02±0.06 1.00±0.05 1.24±0.07 1.01±0.08 4.49±0.69 
High glucose group 3 3.12±0.13a 2.89±0.04a 0.53±0.01 3.47±0.22a 19.18±1.13a 
High glucose+NC mimic group 3 3.01±0.09 2.82±0.11 0.51±0.03 3.29±0.16 20.61±1.05 
High glucose+miR-23b-3p mimic group 3 1.76±0.12b 1.41±0.03b 1.04±0.02 1.54±0.13b 5.83±0.52b 
F   28.318 17.634 15.482  2.325 26.537 
P   0.002 0.007 0.001 <0.001  0.003 
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2.4 Comparison of  the relative expression of  PCDH17 

mRNA in cells transfected with siRNA 

The relative expressions of  PCDH17 mRNA in the normal 

control, high glucose, NC-siRNA, and PCDH17-siRNA 

groups were 1.00±0.04, 3.42±0.16, 3.35±0.13, and 1.42±0.09, 

respectively, and the overall difference was statistically 

significant (F=41, P=0.001). The relative expression of  

PCDH17 mRNA in the high glucose group was significantly 

higher than that in the normal control group. The relative 

expression of  PCDH17 mRNA in the PCDH17-siRNA 

group was significantly lower than that in the NC-siRNA 

group (P<0.05) (Figure 4). 

 
Figure 4  Comparison of  relative expression level of  PCDH17mRNA 
among different groups  F=41.183, P=0.001. Compared with normal 
control group, aP<0.05; compared with NC-siRNA group, bP<0.05 
(One-way ANOVA, LSD-t test, n=3)  PCDHl7: protocadherin 17; NC: 

negative control  1: normal control group; 2：high glucose group; 3：high 

glucose+NC-siRNA group; 4:high glucose+PCDH17-siRNA group 

2.5 Comparison of  the apoptosis rate, apoptosis, and 

autophagy-related protein expression in cells 

transfected with siRNA among different groups  

Compared with the NC-siRNA group, the apoptosis rate and 

LC3B-II/I, Beclin-1, and Bax protein expressions in the 

PCDH17-siRNA group significantly decreased, whereas the 

Bcl-2 protein expression significantly increased (t=9.116, 

P=0.001; t=12.413, P=0.004; t=5.349, P=0.006; t=3.273, 

P=0.001; and t=8. 419, P<0.001, respectively) (Figure 5 and 

Table 3). 

 
Figure 5  Evaluation of  apoptotic rate and expressions of  
autophagy- and apoptosis-related proteins among different groups  
A: Flow cytometry of  cell apoptosis  B: Electrophoretogram of  
autophagy- and apoptosis-related proteins  NC: normal control; PCDHl7: 
protocadherin 17; Bax: Bcl-2 associated X protein; Beclin-1: a mammalian 
homolog of  yeast Atg6/Vps30; LC3B: microtubule-associated protein 1 
light chain 3; Bcl-2: B-cell lymphoma-2; GAPDH: 
glyceraldehyde-3-phosphate dehydrogenase 

Table 3 Comparison of  apoptosis rate and the relative expression levels of  autophagy-related and apoptotic proteins between different 

siRNA-transfected groups (𝑥̅𝑥±s) 
Group Sample size LC3B II/I Beclin-1 Bcl-2 Bax Apoptotic rate (%) 
High glucose+NC-siRNA group 3 1.00±0.09 1.00±0.06 1.00±0.12 1.00±0.10 24.05±1.48 
High glucose+PCDH17-siRNA group 3 0.35±0.03 0.39±0.04 3.11±0.28 0.41±0.04 6.31±0.55 
t   12.413 5.349 8.419 3.273 9.116 
P   0.004 0.006 <0.001 0.001 0.001 

Note: (Independent samples t test)  LC3B: microtubule-associated protein1 light chain 3; Beclin-1: a mammalian homolog of  yeast Atg6/Vps30; Bcl-2: B-cell 
lymphoma-2; Bax: Bcl-2 associated X protein; NC: negative control; PCDHl7: protocadherin 17 

2.6 Comparison of  the JNK pathway proteins, 

autophagy, and apoptosis proteins in transfected cells 

among different groups 

There were significant differences in the relative expression 

levels of  p-JNK/JNK, p-c-Jun/c-Jun, LC3B II/I, Beclin-1, 

Bcl-2, and Bax proteins in the NC mimic, miR-23b-3p mimic, 

miR-23b-3p mimic+vector, and miR-23b-3p 

mimic+pcDNA-PCDH17 groups (F=24.724, P=0.004; 

F=19.319, P=0.008; F=23.418, P=0.009; F=17.562, P=0.011;  

F=20.263, P=0.001; and F=15.249; P=0.005, respectively). 

Compared with the NC mimic group, the p-JNK/JNK and 

p-c-Jun/Jun ratios significantly decreased in the miR-23b-3p 

mimic group (P<0.05). Compared with the miR-23b-3p 

mimic+Vector group, the expressions of  p-JNK/JNK, 

p-c-Jun/c-Jun, LC3B II/I, Beclin-1, and Bax significantly 

increased, whereas the expression of  Bcl-2 protein decreased 

in the miR-23b-3p mimic+pcDNA-PCDH17 group (all 

P<0.05) (Figure 6 and Table 4). 

 
Figure 6 Electrophoretogram of  JNK pathway-, autophagy- and apoptosis-related proteins in different co-transfection groups  Compared with 
NC mimics group, the expression bands of  p-JNK, p-c-Jun, LC3b II/I, Beclin-1 and Bax proteins were weakened, and the expression bands of  Bcl-2 protein 
were enhanced; compared with miR-23b-3p mimics+vector group, the expression bands of  p-JNK, p-c-Jun, LC3b II/I, Beclin-1 and Bax were stronger, and 
those of  Bcl-2 were weaker  LC3B: microtubule-associated protein1 light chain 3; Beclin-1: a mammalian homolog of  yeast Atg6/Vps30; GAPDH: 
glyceraldehyde-3-phosphate dehydrogenase; Bax: Bcl-2 associated X protein; Bcl-2: B-cell lymphoma-2; JNK: c-Jun N-terminal kinases; miR: microRNA; 
PCDHl7: protocadherin 17   1:NC mimic group; 2:miR-23b-3p mimic group; 3: miR-23b-3p mimic+vector group; miR-23b-3pmimic+pcDNA-PCDH17 
group 
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Table 4  Comparison of  relative expression level of  JNK pathway-, autophagy- and apoptosis-related proteins among different co-transfection 

groups (𝑥̅𝑥±s) 
Group Sample size p-JNK/JNK p-c-Jun/Jun LC3B II/I Beclin-1 Bcl-2 Bax 

NC mimic group 3 1.01±0.02 1.00±0.06 1.00±0.05 1.00±0.08 1.00±0.02 1.00±0.03 
miR-23b-3p mimic group 3 0.43±0.03a 0.31±0.01a 0.33±0.03a 0.39±0.04a 3.14±0.13a 0.31±0.01a 
miR-23b-3p mimic+vector group 3 0.41±0.01 0.33±0.02 0.35±0.02 0.40±0.01 3.11±0.08 0.35±0.03 
miR-23b-3p mimic+pcDNA-PCDH17 group 3 0.91±0.08b 0.93±0.05b 0.93±0.07b 0.95±0.06b 1.42±0.06b 0.96±0.07b 
F   24.724 19.319 23.418 17.562 20.263 15.249 
P    0.004 0.008 0.009 0.011  0.001  0.005 

Note: Compared with NC mimics group, aP<0.05; compared with miR-23b-3p mimic+Vector group, bP<0.05 (One-way ANOVA, LSD-t test)  JNK: c-Jun 
N-terminal kinases; LC3B: microtubule-associated protein1 light chain 3; Beclin-1: a mammalian homolog of  yeast Atg6/Vps30; NC: negative control; Bcl-2: 
B-cell lymphoma-2; Bax: Bcl-2 associated X protein; NC: negative control; miR: microRNA; PCDHl7: protocadherin 17 

3 Discussion  

miRNAs are widely involved in apoptosis, cel l  

proli ferat ion, cell  differentiation, and stress responses,  

and their abnormal expression is closely associated with 

the occurrence of  many diseases. Previous studies have 

repor ted that miRNAs are abnormally expressed during 

cataract progression; thus, increasing attent ion has been 

paid to the mechanism of  DC format ion12- 1 3 .  It has 

been sug gested that  miR-23b-3p plays an important role 

in a var iety of  t issues and cells,  which may inhibit the 

proli ferat ion and invasion of  osteosarcoma cells and 

promote cel l apoptosis by downregulating SIX11 4 .  

Moreover, miR-23b-3p promotes matr ix degradation to 

act ivate p38 MAPK in chondrocytes of  pat ients with 

osteoar thrit is by regulating HS6ST21 5 .  miR-23b inhibits 

neuroinflammation by targeting inositol phosphate 

kinase and plays a protect ive role in pat ients with 

cerebral hemor rhage1 6 .  In addition, Zhao et al . found 

that  miR-23b-3p regulates cell metabol ism induced by 

high g lucose levels in diabet ic retinopathy through the 

SIRT1-dependent s ignal ing pathway1 7 .  CircZNF292 can 

regulate oxidative stress and lens epithel ia l cell  

apoptosis through sponge adsorption of  miR-23b-3p in 

the anter ior capsule t issue of  patients with age-related  

cataract1 8 .  Currently, the funct ion and mechanism of  

miR-23b-3p in DC remain unclear. In this study, HLEB3 

cel ls  were cultured in high-g lucose-level medium as DC 

models to invest igate the mechanism of  action of  

miR-23b-3p in DC. 

Functional changes in lens epithel ia l cel ls  are 

considered to be the basis of  cataracts at the cel lular  

level. Recent studies have shown that apoptosis and 

autophag y of  lens epithelial cel ls  play vital roles in the 

occurrence and development of  cataracts. It has been 

shown that lens epithelial cel l  apoptosis may be the 

init iating factor of  DC for mation1 9- 2 0 .  The autophag y–

lysosome pathway is cri t ical for maintaining lens 

transparency. Several studies have confirmed that  

autophag y plays a role in the occur rence and 

development of  var ious types of  cataracts21- 2 2 .  The 

microtubule-associated protein 1 l ight chain 3 subfamily 

LC3B is an important  ubiquitination system involved in 

autophag y and acts as a standard indicator of  the 

autophag y level .  The LC3-II/LC3-I ratio is  typically 

used to evaluate the autophag y. Becl in-1 is mainly 

involved in the init ial stage of  autophag y and is an  

important marker for evaluating the autophag y levels. 

Previous studies have shown that  high glucose levels can 

induce autophag y in vascular endothelia l cells23 .  In the 

present study, the results showed that the expressions 

of  LC3B, Becl in-1, and Bax increased in lens epithelia l 

cel ls cultured in high-glucose conditions, whereas the 

expression of  Bcl-2 decreased, accompanied by cel l 

autophag y and apoptosis. PCDH17 belongs to the 

protocadher in gene family and has been shown to be 

related to cell apoptosis and autophag y2 4- 26 .  The 

function of  PCDH17 in DC has not been repor ted 

previously. Our results showed that the expression of  

PCDH17 mRNA in HLEB3 cells increased under 

high-glucose conditions, whereas the levels of  cel l 

autophag y and apoptosis s ignif icantly decreased after 

si lencing PCDH17 expression, sug gesting that PCDH17 

plays an important role in DC. However, the protein 

level of  PCDH17 and mechanism of  PCDH17 in DC 

were not  detected in this study, which deserve more 

attent ion in subsequent studies. In addit ion, there is a 

complex interact ion between cell autophag y and 

apoptosis.  It has been repor ted that activation of  

autophag y could promote the sur vival of  ret inal  

ganglion cells,  whereas inhibit ion of  autophag y could 

reduce the survival of  cells in the process of  opt ic 

nerve degenerat ion2 7 .  The results of  this study showed 

that both cell apoptosis and autophag y changed 

signif icantly during the formation of  DC. Never theless,  

the relat ionship between cel l autophag y and apoptosis 

remains unknown and requires fur ther investigat ion.  

We also explored the potent ial effect of  miR-23b-3p 

on the JNK signal ing pathway in HLEB3 cells induced 

by high glucose levels. JNK is a member of  the 

mitogen-act ivated protein kinase family, which can bind 

to the transcriptional  activat ion domain of  

phosphorylated c-Jun and plays a crucial role in 

regulating cel lular inf lammatory response and cell  

apoptosis and autophag y2 8- 29 .  Moreover, miR-23b-3p 

overexpression significantly reduced the p-JNK/JNK 

and p-c-Jun/Jun rat ios, whereas PCDH17 

overexpression could reverse this effect , sug gest ing that  

miR-23b-3p inhibited the activat ion of  the JNK 

signaling pathway by regulating PCDH17 in 

high-glucose-level-induced HLEB3 cel ls.  

In conclusion, miR-23b-3p inhibits the JNK pathway 

and promotes autophag y and apoptosis in HLEB3 cel ls  
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induced by high glucose levels by targeting PCDH17. 

Our results provide new insights into the molecular  

mechanisms underly ing the occurrence and development 

of  DC. Moreover, it  provides the exper imental basis of  

miR-23b-3p as a target for DC therapy.  
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