
  

ONLINE FIRST

This is a provisional PDF only. Copyedited and fully formatted version will be made available soon.

ISSN: 0239-8508

e-ISSN: 1897-5631

Mitofusin 2 inhibits high glucose-induced apoptosis of human
lens epithelial cells via modulating mitochondrial function and

autophagy

Authors:  Yuan-Yi Guo, Jiang-Yue Zhao, Han-Rong Li, Zhuo Guo, Hao-Yue Shen

DOI: 10.5603/fhc.98875

Article type: Original paper

Submitted: 2024-01-10

Accepted: 2024-06-03

Published online: 2024-06-19

This article has been peer reviewed and published immediately upon acceptance.
It is an open access article, which means that it can be downloaded, printed, and distributed freely,

provided the work is properly cited.
Articles in "Folia Histochemica et Cytobiologica" are listed in PubMed.

Pre-print author's version. 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


ORIGINAL PAPER

Mitofusin 2 inhibits high glucose-induced apoptosis of human lens epithelial cells  via

modulating mitochondrial function and autophagy

Yuan-Yi Guo1, Jiang-Yue Zhao2, Han-Rong Li2, Zhuo Guo2, Hao-Yue Shen2

1Department  of  Ophthalmology,  the  Fourth  People's  Hospital  of  Shenyang,  Shenyang,

Liaoning Province, People's Republic of China

2Department of Ophthalmology, the Fourth Affiliated Hospital of China Medical University,

Shenyang, Liaoning Province, People's Republic of China

Correspondence addresses:

Dr. Yuan-Yi Guo

Department of Ophthalmology, the Fourth People's Hospital of Shenyang

No. 20, Huanghe South Street, Shenyang, Liaoning Province, People’s Republic of China

e-mail: gyy_91zgsy@163.com 

Dr. Jiang-Yue Zhao

Department of Ophthalmology, the Fourth Affiliated Hospital of China Medical University,

No. 4, Chongshan East Road, Shenyang, Liaoning Province, People's Republic of China

e-mail: jyzhao@cmu.edu.cn 

mailto:gyy_91zgsy@163.com
mailto:jyzhao@cmu.edu.cn


Abstract

Introduction. Diabetic cataract (DC) is a common ocular complication of diabetes. Mitofusin

2 (MFN2), a mitochondrial fusion protein, is involved in the pathogenesis of cataract and

diabetic complications. However, its role and molecular mechanisms in DC remain unclear.

Materials  and methods. DC models  in  rats  were induced by intraperitoneal  injection  of

streptozocin  (STZ)  for  12  weeks.  We  measured  the  body  weight  of  rats,  blood  glucose

concentrations,  sorbitol dehydrogenase (SDH) activity and advanced glycation end products

(AGE) content in the lenses of rats. MFN2 mRNA and protein expression levels in the lenses

were detected by RT-qPCR and western blot assays. In vitro, human lens epithelial (HLE) B3

cells were treated for 48 h with 25 mM glucose (high glucose, HG) to induce cell damage. To

determine the role of MFN2 in HG-induced cell damage, HLE-B3 cells were transfected with

lentivirus  loaded  with  MFN2  overexpression  plasmid  or  short  hairpin  RNA (shRNA) to

overexpress or knock down MFN2 expression, followed by HG exposure. Cell viability was

assessed by CCK-8 assay.  Flow cytometry was used to detect  cell  apoptosis  and  reactive

oxygen species (ROS) level. JC-1 staining showed the changes in mitochondrial membrane

potential (Δψm). The mediators related to apoptosis, mitochondrial damage, and autophagy

were determined.

Results. STZ-administrated rats showed reduced body weight, increased blood glucose levels,

elevated SDH activity and AGE content, suggesting successful establishment of the DC rat

model. Interestingly, MFN2 expression was significantly downregulated in DC rat lens and

HG-induced  HLE-B3  cells.  Further  analysis  showed  that  under  HG  conditions,  MFN2

overexpression  enhanced cell  viability  and  inhibited  apoptosis  accompanied  by decreased

Bax,  cleaved  caspase-9  and  increased  Bcl-2  expression  in  HLE-B3  cells.  MFN2

overexpression also suppressed the mitochondrial damage elicited by HG as manifested by

reduced ROS production, recovered Δψm and increased mitochondrial cytochrome c (Cyto c)

level.  Moreover,  MFN2  overexpression  increased  LC3B /LC3B  ratio  and  Beclin-1Ⅱ Ⅰ

expression, but decreased p62 level, and blocked the phosphorylation of mTOR in HG-treated

HLE-B3 cells. In contrast, MFN2 silencing exerted opposite effects. 

Conclusions. Our findings indicate that MFN2 expression may be essential for preventing



lens epithelial cell apoptosis during development of diabetic cataract.

Keywords:  MFN2;  overexpression;  diabetic  cataract;  mitochondrial  membrane  potential;

autophagy; apoptosis
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Introduction

Diabetes  mellitus,  a  metabolic  disease  characterized  by  elevated  serum/blood  glucose

concentration,  is  expected  to  afflict  629 million  people  worldwide  by  the  year  2045  [1].

Diabetic  cataract  (DC)  is  a  common  complication  of  diabetes,  generally  defined  as  lens

opacity, and is the leading cause of blindness globally [1, 2]. Abundant evidence indicates that

patients with diabetes are accompanied by increased incidence and earlier development of

cataracts [3, 4]. At present, surgery has been accepted as the best method to treat cataract, but

it possibly increases the risk of diabetes-related complications  [4, 5]. Lens epithelial  cells

(LECs), located in the anterior capsule of the lens, are responsible for the differentiation of

lens fiber cells and for maintaining the transparency of the lens  [6]. LEC apoptosis is the

molecular  basis  of  cataractogenesis  [7–9],  and the injury  of  which may contribute to  the

progression  of  DC.  Therefore,  inhibition  of  LEC  apoptosis  is  of  great  significance  in

preventing the development of DC.



Mitochondrial fusion, a major process of mitochondrial dynamics, is found to possess a

beneficial  role  in  mitochondrial  homeostasis  [10].  Mitofusin  2  (MFN2),  a  conserved

mitochondrial  fusion  protein  primarily  localized  in  the  outer  membrane  of  mitochondria,

however, its expression has also been noted in the cytosol [11]. MFN2 has been reported to be

implicated in the regulation of the progression of human obesity and type 2 diabetes [12, 13].

MFN2 attenuates kidney lesion [14, 15] and repairs retinal endothelial cell damage in diabetic

rats  [14–16].  A study of MFN2 conditional  knockout  in  rat  embryo revealed that  loss  of

MFN2 function increased apoptosis and mitochondrial impairment in LECs, thereby leading

to congenital eye defects including opacified lens [17]. Interestingly, the expression of MFN2

is widely downregulated in the kidney, heart, penile tissue and retina of streptozotocin (STZ)-

induced diabetic rats compared to normal rats [18]. Nevertheless, few studies have shown the

expression of MFN2 in the lens and its exact role in LEC injury associated with DC.

Herein, we identified downregulated MFN2 in the lens of STZ-induced diabetic rats.

Human  lens  epithelium  HLE-B3  cells  were  incubated  in  the  culture  medium  containing

glucose at a high concentration (high glucose, HG) to induce cell injury. We unraveled the

significant  role  of  MFN2  in  improving  mitochondrial  function,  reducing  apoptosis,  and

activating autophagy. Our findings indicate that targeting MFN2 may be a promising strategy

for DC treatment.

Materials and methods

Animal model. The Ethic Committee of the China Medical University (Shenyang, China; No.

cmu2022045) approved all animal experiments. Experimental procedures were carried out in

accordance with relevant guidelines and regulations. In our study, healthy male SD rats were

kept in a temperature- and humidity-controlled room (22 ± 1  and 45–55%, respectively)℃

with 12 h/12 h light/dark cycle and given free access to food and water.

One week after adaptation, the rats were intraperitoneally injected with a single dose of

STZ (65 mg/kg body weight)  dissolved in 0.1 M sodium citrate (pH 4.5). The control rats

received the vehicle only. At 72 h after STZ administration, fasting blood glucose levels were

measured by a glucometer using blood taken from the tail tips. The rats with blood glucose



levels > 16.7 mM were regarded as diabetic and were selected for the following experiments.

At 4, 8 and 12 weeks after STZ injection, the body weights of rats were recorded and blood

was harvested from the tail tips for blood glucose level measurement. At the end of week 12,

the opacity of the lens was monitored using a slit lamp [19]. All animals were euthanized via

intraperitoneal (i.p.) injection of pentobarbital sodium overdose (200 mg/kg), and the eyeballs

were excised and photographed. The lenses were then dissected and frozen at –80  until℃

further analyses.

Biochemical estimations.  Lens  tissues were immersed in saline (tissue weight  (g):  saline

volume (mL) = 1: 10), homogenized on ice using a glass homogenizer and centrifuged at 4℃

for  10  min  at  8000×g.  The  supernatant  was  collected  for  quantification  of  protein

concentration  using a BCA protein quantification kit (Beyotime, Nantong, Jiangsu, China).

The activity of sorbitol dehydrogenase (SDH) was estimated in accordance with the protocol

of the manufacturer (Nanjing Jiancheng, Nanjing, Jiangsu, China).  For measurement of lens

advanced glycation end product (AGE) content, the saline was added to the lens tissues as

weight (g): volume (mL) = 1: 9, and then the samples were homogenized and centrifuged at

430×g for 10 min.  After quantification of protein concentration (BCA kit), the AGE content

was determined using an AGE detection kit (USCN, Wuhan, Hubei, China) according to the

manufacturer’s instruction.

Lentivirus. For overexpression, MFN2 CDS (NM_014874.3) was subcloned into a lentiviral

vector  pLVX-IRES-puro  (FENGHUI,  China).  For  MFN2 knockdown,  short  hairpin  RNA

(shRNA) targeting MFN2 was inserted into pLVX-shRNA1 vector (FENGHUI, China). The

targeting  sequence  included  in  the  shRNA was  5’-GGACGTCAAAGGTTACCTATC-3’.

Lentiviruses  were  generated  in  HEK293T  cells  (Icellbioscience,  China)  transfected  with

plasmids  pLVX-IRES-puro or  pLVX-shRNA1, pSPAX2 (FENGHUI,  China)  and pMD2.G

(FENGHUI, China) by using Lipofectamine 3000 (Invitrogen, USA) in accordance with the

recommended protocols. Viral Cell supernatants containing lentiviruses were harvested after

48 h and 72 h of transfection. The transfection efficiency was measured using RT-qPCR and



western blotting assays (Fig. S1).

Cell  culture  and  treatment.  Human lens  epithelial  (HLE)  B3 cells  were  obtained  from

American Type Culture Collection (USA) and cultured in Dulbecco’s modified Eagles media

(DMEM) containing 10% fetal bovine serum. The culture media were placed in an incubator

at 37  and 5% CO℃ 2. After the cells reached 70% confluence, they were subjected to normal

glucose  (NG)  medium  (5.5  mmol/L  glucose),  osmolarity  control  medium  (5.5  mmol/L

glucose and 19.5 mmol/L mannitol) or high glucose (HG) medium (25 mmol/L glucose) for

48 h. NG was used as a control. In addition, prior to exposure to HG for 48 h, the cells were

transfected with the above recombinant lentiviruses.

Cell counting kit-8 (CCK-8) assay. HLE-B3 cells were seeded in 96-well plates and cultured

at 37  for 48 h. Then, 10 ℃ μL CCK-8 solution (Solarbio, Beijing, China) was added to each

well, and cells were incubated for another 2 h. After that, the absorbance (optical density) was

read at 450 nm with a microplate reader (800TS, Biotek, Winooski, VT, USA).

Reverse  transcription  quantitative  polymerase  chain  reaction  (RT-qPCR)  assay.

Referring to  the manufacturer’s  instructions,  total  RNA from lens  and HLE-B3 cells  was

extracted  using  TRIpure  Isolation  Reagent  (BioTeke,  Wuxi,  Jiangsu,  China)  and

complementary DNA (cDNA) was generated using BeyoRT II M-MLV reverse transcriptase.

Then RT-qPCR reaction was done via SYBR Green PCR Master Mix (Solarbio). The cycling

parameters were 95.00  for 5 min and 40 cycles of 95.00  for 10 s, 60.00  for 10 s,℃ ℃ ℃

72.00  for 15 s, followed by 72.00  for 90 s, 40.00  for 60 s,℃ ℃ ℃  melting 60  to 94  with℃ ℃

a 1.0  increase every 1 s, and 25.00  for 1–2 min.  ℃ ℃ The primer sequences used were: rat

MFN2  forward,  5’-GCCGTCCGTCTCATCAT-3’  and  reverse,  5’-

GGCGGTGCAGTTCATTC-3’;  homo  MFN2  forward,  5’-CGCAGAAGGCTTTCAAGT-3’

and reverse, 5’-ACGCATTTCCTCGCAGTA-3’. The Ct values were recorded and the relative

abundance of the products was estimated using the 2−ΔΔCt method [20].



Mitochondrial  extraction.  Mitochondrial  proteins  were  extracted  using  a  Mitochondria

Protein extraction kit  (Nanjing Jiancheng).  According to the manufacturer’s  protocols,  the

cells (5 × 107) were washed with phosphate-buffored saline (PBS) and centrifuged at 800×g,

and then the cells were suspended in lysing solution for 15 min on ice. After lysing with 30–

40 strokes with a homogenizer, cell supernatant was harvested by centrifugation for 5 min

(800×g) and transferred to a new tube. The reagents were added and the tube was centrifuged

for 10 min at 15,000×g at 4 .℃  The mitochondria (precipitate) and cytoplasm (supernatant)

fractions were obtained for western blot analysis.

Western  blot  analysis.  Total  proteins  were  produced  utilizing  RIPA  buffer  solution

(Solarbio),  followed  by  protein  concentration  detection  using  BCA  quantification  kit

(Solarbio).  Proteins  were  separated  by  SDS-PAGE  and  blotted  on  PVDF  membranes

(Millipore,  Burlington, MA, USA). Afterwards, the membranes were sealed with 5% (M/V)

skim milk, and incubated with primary antibodies (overnight, 4 ) and secondary antibody (1℃

h,  37 ).  The  diluted  antibodies  used  in  this  study  contained  primary  antibodies  against℃

MFN2 (abclonal, A19678, 1:1000), Bcl-2 (proteintech, 12789-1-AP, 1:500), Bax (abclonal,

A19684, 1:1000), cleaved caspase-9 (cst, #20750, 1:1000), Cyto c (proteintech, 10993-1-AP,

1:500),  LC3II/I  (abclonal,  A5618,  1:1000),  Beclin-1  (affinity,  AF5128,  1:1000),  p62

(abclonal, A19700, 1:1000), phospho (p)-mTOR (affinity, AF3308, 1:500), mTOR (affinity,

AF6308, 1:500) and secondary anti-rabbit IgG, HRP-conjugated antibody (Solarbio, 1:3000).

The signals were observed via an enhanced chemiluminescence method.

Flow cytometry analysis for cell apoptosis.  To quantify apoptosis, HLE-B3 cells cultured

for 48 h were harvested and incubated in the dark for 10 min with 5 μL AnnexinV-FITC and

10  μL  propidium  iodide  (PI,  Biosharp,  Hefei,  Anhui,  China).  Then,  a  flow  cytometer

(NovoCyte) was applied to analyze the percentage of apoptotic cells.

Determination  of  reactive  oxygen  species  (ROS).  ROS  test  kit  was  purchased  from

Beyotime  (China).  After  treatment,  HLE-B3  cells  were  incubated  with  diluted  2’,7’-



dichlorodihydrofluorescein diacetate (DCFH-DA) reagent (1:1000) at 37  for 20–30 min.℃

After that, cells were collected by centrifugation for 5 min (160×g) and were resuspended in

500 μL PBS, and then ROS was detected by flow cytometry (20000 gated cells).

Measurement  of  mitochondrial  membrane  potential  (Δψm).  The  alterations  of

mitochondrial membrane potential (Δψm) were determined by cationic dye JC-1 (Beyotime).

Cultured HLE-B3 cells were collected and stained with 1 mL JC-1 staining solution at 37℃

for  20  min.  After  washing  twice  with  1×  JC-1  buffer,  the  cells  were  analyzed  by  flow

cytometry (20000 gated cells).

Data  analysis.  Data  were  expressed  as  mean  ±  standard  deviation  (SD).  All  statistical

analyses were carried out using GraphPad Prism software, version 8.0 (GraphPad Software,

USA). Differences were indicated by independent sample t-test or one-way ANOVA, where

appropriate. P values less than 0.05 were taken as statistically significant.

Results

MFN2 expression is downregulated in lens of DC rat

MFN2 has a protective effect against diabetic complications such as diabetic nephropathy;

however, there is no data on whether MFN2 is implicated in DC development. In the present

study, we established an in vivo rat model of DC via administrating STZ, as exhibited in Fig.

1A. Twelve weeks after STZ injection, the lenses of the rats became turbid compared with the

control group (Fig. 1B). Moreover, the body weight of rats was significantly decreased at 4, 8

and 12 weeks after STZ injection. The fasting blood glucose levels were  maintained above

16.7 mmol/L at  72 h after STZ induction,  and increased at  4, 8 and 12 weeks after STZ

injection (Fig. 1C). Besides, DC rats showed elevated SDH activity and AGE formation in the

lens (Fig. 1D). Notably,  RT-qPCR and western blot assays confirmed that the mRNA and

protein levels of MFN2 in the lens of DC rats were significantly lower than those of control

rats (Fig. 1E, F), which indicates that MFN2 may participate in DC progression.

Effect of MFN2 on morphology and viability of HLE-B3 cells



In comparison to NG group, MFN2 expression was downregulated in HLE-B3 cells treated

with HG (Fig. 2A, B). To explore the effect of MFN2 on HG-induced cell injury, HLE-B3

cells  were  transfected with recombinant  lentiviruses  mediated with MFN2 overexpression

plasmid (MFN2-oe) or shRNA, followed by HG induction. Then, morphological changes of

HLE-B3  cells  in  different  groups  were  observed  under  a  light  microscope.  Under  NG

conditions, HLE-B3 cell morphology was regular. When exposed to HG, the cells showed

elongated  fibre-like  form.  Cell  morphology  turned  to  regular  after  MFN2 overexpression

plasmid  treatment,  while  cell  damage  appeared  to  be  aggravated  after  MFN2  shRNA

treatment (Fig. 2C). Besides, cell viability by CCK-8 assay was decreased after HG exposure.

MFN2-oe treatment increased the viability of HLE-B3 cells,  but MFN2 shRNA treatment

decreased  it  (Fig.  2D).  MFN2  protein  level  by  western  blot  analysis  was  significantly

upregulated by MFN2-oe treatment, but downregulated by MFN2 shRNA treatment (Fig. 2E).

MFN2 suppresses high glucose-induced HLE-B3 cell apoptosis

Annexin V/PI double staining assay was performed to evaluate the apoptosis of HLE-B3 cells

in  the  presence  of  HG.  As  shown in  Fig.  3A,  following  a  48-h  treatment  with  HG,  we

observed an elevation in cell apoptosis rate. Treatment with MFN2-oe significantly reduced

HG-induced HLE-B3 cell apoptosis, while MFN2 silencing increased this process. Moreover,

MFN2  overexpression  led  to  downregulated  Bax  and  cleaved  caspase-9 expression  but

upregulated Bcl-2 under HG conditions,  and MFN2 silencing  exerted the opposite  effects

(Fig. 3B).

MFN2 improves mitochondrial dysfunction induced by high glucose

The potential effect of MFN2 on HG-stimulated mitochondrial dysfunction in HLE-B3 cells

was analyzed. ROS accumulation measured by flow cytometry was reduced following MFN2

overexpression in the presence of HG, whereas MFN2 silencing increased the ROS level (Fig.

4A).  MFN2 overexpression also blunted the loss  of  Δψm caused by HG, while  silencing

MFN2 elevated it (Fig. 4B). Besides, western blot analysis showed that MFN2 overexpression

declined the level of cytochrome c in the cytoplasm and increased it in the mitochondria under



HG conditions. In contrast, MFN2 silencing increased the level of Cyto c released into the

cytoplasm (Fig. 4C).

MFN2 activates high glucose-induced autophagy of HLE-B3 cells

As illustrated in Fig. 5A, treatment of HLE-B3 cells with MFN2-oe increased the expression

of  autophagy  biomarkers  LC3B  and  Beclin-1,  but  decreased  p62  expression  under  HG

conditions. However, MFN2 silencing reduced LC3B and Beclin-1 levels and increased p62.

Further, we paid attention to the function of MFN2 in the mTOR signaling pathway involved

in  cataract  formation  [21,  22].  Western  blot  analysis  demonstrated  that  the  HG-induced

phosphorylation of  mTOR in HLE-B3 cells  was suppressed by overexpression of MFN2,

whereas it was elevated by MFN2 silencing (Fig. 5B).

Discussion

In the present study, we successfully constructed a rat model of DC and demonstrated, for the

first time, decreased expression of MFN2 in the lens of  STZ-exposed rats, indicating that

MFN2 may be a key gene associated with DC. Since the function of mRNAs in DC formation

is weakly understood, our study deepened the insight on the role of MFN2 in DC. It was

demonstrated that under HG conditions, in vitro overexpression of MFN2 could enhance cell

viability,  inhibit  mitochondrial  dysfunction  and apoptosis,  activate  autophagy,  whereas its

silencing had the reverse effects. This study provides an important advance in understanding

the pathogenesis of DC, and also provides a new clue for the treatment of disorders caused

mainly by HG, including DC.

Lens  epithelial  cells  (LECs) are  the  most  active  cell  type  in  ocular  lens  and  their

abnormal function takes main blame for lens opacity. The death of LECs induced by apoptosis

is a key cause of DC formation [23]. Here, we demonstrated that MFN2 was downregulated in

HG-induced  HLE-B3  cells.  Also,  MFN2  overexpression  suppressed  cell  apoptosis,

accompanied by the reduction in pro-apoptotic proteins Bax and cleaved caspase-9 and the

increase in anti-apoptotic protein Bcl-2 expression. MFN2 silencing had the opposite effects.

We propose that under HG conditions, MFN2 is a critical regulator  of apoptosis in LECs.



There  is  increasing  evidence  that  mitochondrial  pathway  is  relevant  to  apoptosis  and  is

considered to be the basic mechanism modulating cell injury [24, 25]. Previous studies have

suggested that damaged mitochondria of LECs can initiate the occurrence and development of

DC, and exposure of LECs to HG can result in mitochondrial dysfunction and apoptosis [26].

Consistent with these reports, in this study, increased ROS accumulation, decreased Δψm and

elevated level of Cyto c released into the cytoplasm were observed, confirming the disruption

of mitochondrial function in HLE-B3 cells in response to HG. MFN2, a well-known regulator

of mitochondrial  fusion,  plays  beneficial  roles  in  diabetes-related  heart  diseases  [27,  28].

Moreover, MFN2 deficiency has been reported to lead to abnormal mitochondrial morphology

and severe mitochondrial dysfunction  in mouse embryonic fibroblasts, 3T3-L1 and C2C12

cells  or  in  macrophages [13,29,30].  In  agreement  with  the  previous  reports,  our  study

confirmed that the damage of mitochondria in HLE-B3 cells caused by HG was attenuated by

treatment with MFN2-oe, but further aggravated by MFN2 silencing. On the basis of these

observations, we support that MFN2 plays a key role in restoring mitochondrial function in

HG-induced HLE-B3 cells. In addition, mitochondria and endoplasmic reticulum (ER) are

distinct  organelles  that  physically  interact  with  each  other,  including  exchange  of

phospholipids, calcium and other metabolites to maintain cellular integrity and bioenergetics

[31–33]. Previous studies have reported that MFN2 promotes the contact of mitochondria and

ER [32, 34, 35]. Whether MFN2 plays a role in mitochondria-ER contacts (MERCs) in DC

deserves further investigation.

Autophagy or  “self-eating”  in  cells  is  an  evolutionally  conserved  defense  and  stress

mechanism that exerts a critically important role in the development of diabetes as well as its

complications [36, 37]. Increased or reduced autophagy may trigger cell apoptosis, and a base

level of autophagy is essential for maintaining intracellular homeostasis [38, 39]. Prior studies

have revealed that exposure of HLE-B3 cells to HG contributes to a low level of autophagy,

thereby possibly facilitating DC formation [40], which was consistent with our observation in

HLE-B3 cells.  MFN2 has  been  reported  to  induce  autophagy,  regulate  the  expression  of

autophagy-related proteins and suppress the activation of mTOR signaling pathway in Aspc-1

cells  [41].  Our  current  results  were  consistent  with  the  previous  findings,  and  our  data



suggested  that  MFN2 activated  autophagy  in  HG-treated  HLE-B3 cells.  Intriguingly,  our

results revealed that MFN2 overexpression led to a decrease in the phosphorylation of mTOR

in HG-stimulated HLE-B3 cells, whereas MFN2 silencing accelerated this process, implying

that mTOR signaling pathway may be one of the downstream signaling cascades implicated in

MFN2-mediated regulation of autophagy. Although we demonstrated the beneficial effect of

MFN2 overexpression on inhibiting HG-stimulated apoptosis, further researches are required

to  clarify  the  way  MFN2 protects  against  HG-triggered  LEC damage  and  to  investigate

whether MFN2 overexpression can alleviate the development of DC.

In  summary,  this  report  uncovers  that  MFN2 can  inhibit  mitochondrial  dysfunction,

elevate  autophagy  and  reduce  apoptosis  in  LECs  cultured  under  HG  conditions.  These

observations allow us to propose that MFN2 plays an important role in LECs apoptosis under

HG conditions, and our study provides a new direction for DC therapy.
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Figure 1.  MFN2 involved in diabetic cataract formation. A. Experimental design. Healthy

male SD rats were subjected to 65 mg/kg streptozocin (STZ) intraperitoneally. After 72 h, the

fasting blood glucose was evaluated. Rats with blood glucose levels greater than 16 mM were

selected for further study.  B. After 12 weeks, representative slit lamp photographs of lens

were shown. C. The average body weight of diabetic rats and average blood glucose level at

different time points after STZ injection.  D. Changes in SDH and AGE levels in lens.  E, F.

MFN2 expression was downregulated in the lens of rats with diabetic cataract as displayed by

RT-qPCR and western blot. *P < 0.05, **P < 0.01 vs. the control.



Figure 2. MFN2 expression in high glucose-induced HLE-B3 cells. A, B. HLE-B3 cells were

treated with high glucose (HG), normal glucose (NG), or mannitol for 48 h, and then MFN2

expression  was  confirmed  by  RT-qPCR and  western  blot  assays.  C. HLE-B3 cells  were

transfected  with  lentivirus-mediated  MFN2  overexpression  vector  or  shRNA for  48  h,

followed by HG or NG treatment for another 48 h. The morphological change of HLE-B3

cells was shown. Black arrows point to individual cells. Scale bar = 200 μm. D. CCK-8 assay

revealed cell viability in different groups. E. The protein level of MFN2 in HLE-B3 cells, as

measured by western blot. *P < 0.05,  **P < 0.01, NG as control;  ++P < 0.01, HG+Vector as

control; ##P < 0.01, HG + NC shRNA as control.



Figure 3. MFN2 regulates HLE-B3 cell apoptosis in response to HG. A. Flow cytometry was

performed to measure the apoptosis rate of HLE-B3 cells in response to HG. B. Western blot

characterization of apoptosis-related proteins and quantification. **P < 0.01, NG as control; +

+P < 0.01, HG + Vector as control; ##P < 0.01, HG + NC shRNA as control.



Figure 4. MFN2 affects mitochondria damage in HLE-B3 cells under HG conditions. A. Flow

cytometry  showed  ROS  level  in  HLE-B3 cells.  B. Analysis  of  mitochondrial  membrane

potential by JC-1. C. Cytochrome c (Cyto c) expression in cytoplasm and mitochondria. **P <

0.01, NG as control;  ++P < 0.01,  HG+Vector as control; ##P < 0.01,  HG + NC shRNA as

control.



Figure 5. MFN2 alters autophagy in HLE-B3 cells upon HG stress. A. Western blot analysis

of the markers (LC3B , LC3B , Beclin-1, p62) of autophagy in HLE-B3 cells.  Ⅱ Ⅰ B. Western

blot analysis of mTOR pathway-related proteins. **P < 0.01, NG as control; ++P < 0.01, HG +

Vector as control; ##P < 0.01, HG + NC shRNA as control.



Figure S1. MFN2 expression in HLE-B3 cells overexpressing or knocking down MFN2. A,

B. HLE-B3 cells were transfected with lentivirus-mediated MFN2 overexpression vector or

shRNA for 48 h, and RT-qPCR and western blot assays were performed to detect the MFN2

expression level as described in Methods section.


