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Abstract

e AIM: To detect the expression of miR-211 in age-related
cataract tissue, explore the effects of miR-211 on lens
epithelial cell proliferation and apoptosis, and identify its
target gene.

o METHODS: This study used real-time quantitative polymerase
chain reaction (RT-qPCR) to measure the expression
of miR-211 and its predicted target gene [silent mating-
type information regulation 2 homolog 1 (SIRT1)] in 46
anterior lens capsules collected from age-related cataract
patients. Human lens epithelial cell line (SRA01/04) cells
were transfected with either miR-211 mimics, mimic
controls, miR-211 inhibitors or inhibitor controls, 72h after
transfection, miRNA and protein expression of SIRT1 were
measured using RT-gPCR and Western blotting; then cells
were exposed to 200 ymol/L H,0, for 1h, whereupon cell
viability was measured by MTS assay, caspase-3 assay was
performed. Dual luciferase reporter assay was performed
to verify the relationship between miR-211 of SIRT1.

e RESULTS: Compared to the control group, expression of miR-
211 was significantly increased (P<0.001), the miRNA and
protein expression of SIRT1 were significantly decreased
(P<0.001) in the anterior lens capsules of patients with
age-related cataracts. Relative to the control group, SIRT1
miRNA and protein levels in the miR-211 mimic group were
significantly reduced, cell proliferation activity significantly

decreased, and caspase-3 activity was significantly increased
(P<0.001). In the miR-211 inhibitor group, SIRT1 miRNA
and protein expression were significantly increased, cell
proliferation activity significantly increased, and caspase-3
activity was significantly decreased (P<0.001). A dual
luciferase reporter assay confirmed that SIRT1 is a direct
target of miR-211.

o CONCLUSION: miR-211 is highly expressed in the anterior
lens capsules of patients with age-related cataracts. By
negatively regulating the expression of SIRT1, miR-211
promotes lens epithelial cell apoptosis and inhibits lens
epithelial cell proliferation.
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INTRODUCTION

ilent mating-type information regulation 2 homolog 1

(SIRT1) is an NAD+ dependent histone deacetylase,
and is involved in the regulation of apoptosis and cell survival
under stress'). SIRT1 is known to be increased by chronic
stress'”), but inhibited by ultraviolet radiation B (UVB)". Its
activity is vital for the maintenance of chromosomal integrity
and control of various cellular processes including cell
metabolism and cellular stress response'”. Albani et al™ also
showed that resveratrol, a putative SIRT1 activator, protects
human neuroblastoma cells (SK-N-BE) from oxidative stress
and a-synuclein-mediated toxicity.
MicroRNAs (miRNAs) are a class of tiny non-coding RNA, through
binding to complementary sequences in the 3’-untranslated
regions (3°-UTR) of their target miRNAs, miRNAs can
induce miRNA degradation or translation suppression®. Prior
studies have shown that miRNAs are involved in a variety of

physiological and pathological processes'”’. It has also been
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shown that some miRNAs are associated with the onset of age-
related cataracts, suggesting that miRNAs may become a new
target for cataract diagnosis and treatment". Bioinformatic
investigation has predicted SIRT1 may be a target of miR-211
and this study was designed to detect miR-211 and SIRT1
expression levels in age-related cataract lens tissue. This
was done to further clarify the role of miR-211 in regulating
SIRT1 expression, human lens epithelial cell proliferation and
apoptosis, and to reveal the mechanism of action of miR-211
in the progression of age-related cataracts.

SUBJECTS AND METHODS

Specimens Of 46 fresh 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). Totally 21 of the samples were collected
from males and 25 from females, aged 53-72 (61.234£9.41)y,
and 24 anterior lens capsules of transparent lens (healthy)
were obtained from the Fourth Affiliated Hospital of China
Medical University Eye Bank, including 9 from males and 15
from females, aged 49-68 (59.12+6.17)y. All specimens were
immediately stored in liquid nitrogen at the time of collection.
This study was approved by the Ethics Committee of the
Fourth Affiliated Hospital of China Medical University, and
signed informed consent was obtained from each patient.

Cell culture and transfection human lens epithelial cell line
(SRA01/04) was generously provided for experimental use by
Dr. Yi-Sin Liu of the Doheny Eye Institute. SRA01/04 cells
were cultured in Dulbecco's modified eagle medium (DMEM,;
Invitrogen, USA) supplemented with 10% fetal bovine serum
(Gibco, USA), 100 U/mL penicillin and 100 mg/mL streptomycin
(Thermo, USA), and were placed in a 37°C, 5% CO, constant
temperature incubator. SRA01/04 cells were seeded in 24-well
cell culture plate for 24h. When 80%-85% confluence was
reached, cells were divided into four groups, Lipofectamine
RNAIMAX Transfection Reagent (Invitrogen, USA) was used
according to the manufacturer instructions to transfect the cells
with miR-211 mimics, mimic controls, miR-211 inhibitors, or
inhibitor controls. The subsequent experiments were performed
72h after the completion of transfection.

Real-time Quantitative Polymerase Chain Reaction Total
RNA was extracted with Trizol reagent (Invitrogen, USA). For
real-time quantitative polymerase chain reaction (RT-qPCR)
analysis of miR-211, the total RNA isolated from cells was
subsequently reverse transcribed to cDNA using a TagMan
miRNA reverse transcription kit (Applied Biosystems, USA).
TagMan miRNA assays (Applied Biosystems, USA) were
used to detect miR-211 expression, and RNU6B was employed
as an endogenous control. For RT-qPCR analysis of SIRTI,
the total RNA was reverse transcribed using the PrimerScript
RT reagent kit (Takara, China) and SIRT1 miRNA expression
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was detected using the TagMan Universal Master Mix II kit
(Applied Biosystems, USA), with B-actin designated as an
endogenous control. The primers of miR-211 and RNU6B were
purchased from ThermoFisher (USA) and their sequences can
be found on their website. The SIRT1 primer sequences are as
follows: forward: 5’-TCGGCAGGTCCCTTTGTCATCC-3’;
reverse: 5’-TGCAGGTCAACTGGTGTCGT-3’; the
B-actin primer sequences were: forward: 5’-CATCCGT
AAAGACCTCTATGCCAAC-3’; reverse: 5’-ATGGAGCCAC
CGATCCACA-3’. PCR was performed on an ABI 7500
(Applied Biosystems, USA) RT-qPCR System. Three independent
experiments were performed and 2**“ quantitative analysis
was performed to analyze relative expression levels.

Western Blotting Total protein was extracted used radio-
immunoprecipitation assay (RIPA) lysis buffer with protease
inhibitor cocktail (Pierce, USA) and BCA kit (Thermo, USA)
was employed to quantify protein concentration. Totally 40 pg
of protein sample was added to each well of 10% NuPAGE
Bis-Tris precast gels (Invitrogen, USA) for electrophoretic
separation of proteins. Proteins were then transferred to
polyvinylidene fluoride (PVDF) membranes. The membranes
were blocked with 5% nonfat milk for 1h at room temperature,
then incubated with different primary antibodies: rabbit anti-
SIRTI (1:1000, Abcam, USA) and rabbit anti-glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (1:2000, Abcam, USA)
overnight at 4°C. Horseradish peroxidase (HRP)-conjugated
goat anti-rabbit IgG (H+L) secondary antibody (1:2500,
Promega, USA) was then added and samples were incubated
at room temperature for 2h. The protein bands were visualized
using an electrochemiluminescence (ECL) Western blotting
substrate kit (Pierce, USA) after which analysis of protein
bands was conducted using Image J software.

Dual Luciferase Reporter Assay Using a human cDNA
library as a template, the 3’-UTR region sequence of wild-
type SIRT1 containing predicted miR-211 binding site was
amplified and then cloned into the luciferase reporter vector
(pGL3-Promoter vector; Promega, USA) to obtain the wild-
type luciferase reporter gene vector (pGL3-SIRT1-wt). A point
mutation was then induced in the predicted binding region of
miR-211 on a separate sample of wild-type SIRT1 3’-UTR. This
fragment was also cloned into a luciferase pGL3-promoter
vector in the same site to obtain a mutant luciferase reporter
gene vector (pGL3-SIRT1-mut). SRA01/04 cells were seeded
in a 96-well cell culture plate for 24h then cotransfected with
a luciferase reporter gene vector and miR-211 inhibitors
or inhibitor control according to the specifications in the
Lipofectamine RNAIMAX Transfection Reagent manual. The
samples were divided into 8 groups: pGL3-SIRT1-wt+inhibitor
controls, pGL3-SIRT1-wt+miR-211 inhibitors, pGL3-SIRT1-
mut+inhibitor controls, pGL3-SIRT 1-mut+miR-211 inhibitors,
pGL3-SIRT1-wt+mimic controls, pGL3-SIRT1-wt+miR-211
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mimics, pGL3-SIRT I-mut+mimic controls, and pGL3-SIRT1-
mut+miR-211 mimics. Totally 72h following this transfection,
a dual luciferase reporter assay system (Promega, USA)
was used to detect the luciferase activity of each group. All
experiments were performed in triplicates.

Cell Proliferation Assay The number of viable cells in
proliferation was determined using the CellTiter96AQueous
One Solution Cell Proliferation assay kit (Promega, China).
The reagent contains a tetrazolium compound [3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt; MTS]. Seventy-
two hours after transfection, SRA01/04 cells were exposed
to 200 umol/L H,0, for lh. According to the manufacturer’s
instructions, 20 uL MTS solution was added to each well
of the 96-well assay plate containing the cells in 100 pL of
culture medium and the cells were then incubated for 4h at
37°C, 5% CO,. The absorbance of each group was read using
an absorbance plate reader set to a 490 nm wavelength.
Caspase-3 Activity Assay Caspase-3 activity was detected
using a caspase-3 assay kit (Abcam, USA). Seventy-two hours
after transfection, SRA01/04 cells were exposed to 200 pmol/L
H,0, for 1h. Then, in accordance with the manufacturer
instructions, these cells were lysed in 50 pL of chilled cell
lysis buffer and incubated on ice for 10min, centrifuged, the
supernatant protein concentration was determined using the
BCA method. Totally 50 pL of cell lysis buffer containing 100 pg
protein were added to each well in a 96-well plate. Then, 50 pL
2x reaction buffer, 0.5 uL. 10 mmol/L DL-dithiothreitol (DTT)
and 5 pL caspase-3 catalytic substrate DEVD-pNA substrate
were added to each well. The samples were incubated at
37°C for 2h. The optical density (OD) value was obtained
using a microplate reader set at 405 nm wavelength. Each
experiment was repeated three times. In the caspase-3 activity
control group, OD was set to a value of 1 and the caspase-3
experimental group activity was standardized using the
following calculation: (OD value of experimental group-
blank well OD)/(OD value of control group-blank well
0OD)*x100%.

Statistical Analysis Each experiment was performed inde-
pendently at least 3 times with similar results. Measurement
data were presented as meantstandard deviation (SD).
Differences between the groups were calculated using unpaired
Student’s #-tests. Statistical significant difference was considered
at P<0.05. Statistical analysis was done using SPSS 16.0.
RESULTS

miR-211 Expression Increased in the Anterior Lens Capsules
RT-qPCR detection of the expression level of miR-211
indicated that, as compared to the healthy transparent lens
capsule group (normal group), the level of miR-211 expression
in anterior capsules of patients with age-related cataracts
(cataract group) was significantly higher (Figure 1).
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Figure 1 miR-211 expression increased in the anterior lens capsules
of age-related cataract patients RT-qPCR detection of the expression
level of miR-211 in cataract group and normal group. The data were
expressed as the mean+SD, three independent experiments were

performed with pooled specimens. "P<0.001 compared with normal

group.

Silent Mating-type Information Regulation 2 Homolog 1
Expression Decreased in the Anterior Lens Capsules RT-
qPCR and Western blotting assays showed a clear decrease
in SIRT1 miRNA and protein expression in anterior capsules
of age-related cataract patients (cataract group) as compared
with the healthy transparent lens capsule group (normal group)
(Figure 2).

miR-211 Regulated Silent Mating-type Information
Regulation 2 Homolog 1 Expression in Human Lens
Epithelial Cells SRAO01/04 cells were transfected with
miR-211 mimics, mimic controls, miR-211 inhibitors or
inhibitor controls. Seventy-two hours after transfection, RT-
qPCR was used to measure SIRT1 miRNA expression and
Western blotting was used to measure SIRT1 protein levels. As
compared to the mimic control group, SIRT1 miRNA (Figure
3A) and protein (Figure 3B, 3C) expression levels in the miR-
211 mimic group were significantly decreased (P<0.05). In
addition, SIRT1 miRNA (Figure 3A) and protein (Figure 3B,
3C) expression levels in the miR-211 inhibitor group were
significantly increased (P<0.05) when compared with the
inhibitor control group.

Silent Mating-type Information Regulation 2 Homolog 1
is the Target of miR-211 The online software miRanda
predicted SIRT1 may be the target gene of miR-211(Figure
4A). This prediction was confirmed using a dual-luciferase
reporter assay. SRA01/04 cells were co-transfected with a miR-
211 inhibitor or miR-211 mimics and either the pGL3-SIRT1-
wt luciferase reporter gene (3'-UTR sequence containing the
wild-type SIRT1 miR-211 binding region) or pGL3-SIRT1-
mut (containing a mutated 3°-UTR SIRT1 sequence in the
miR-211 binding region). Seventy-two hours after transfection,
relative luciferase activity was measured. The results showed
that, compared with the miR-211 inhibitor control group, cells
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Figure 2 SIRT1 expression decreased in the anterior lens capsules of age-related cataract patients A: miRNA expression of SIRT1 in
cataract group and normal group; B: SIRT1 protein expression in cataract group and normal group; C: Strip chart of SIRT1 protein. The data were

expressed as the mean+SD, three independent experiments were performed with pooled specimens. “P<0.001 compared with normal group.
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Figure 3 miR-211 regulated SIRT1 expression in human lens epithelial cells A: miRNA expression of SIRT1 in each group; B: Protein

expression of SIRT1 in each group; C: Strip chart of SIRT1 protein. The data were expressed as the mean+SD, all experiments were performed

in triplicates. *P<0.03, "P<0.001 compared with control group.

A

@ hsa-miR-211/SIRT1 Alignment

mirSVR score:  -1.2709
PhastCons score: 0.7803

Mut(nt:376-382)SIRT1 3'UTR 5'...UUAAAUUAAUGUUUUCCCUA...3’

B b mm |nhibitor control

3.5 —T == miR-211 inhibitor
_:l_ == Mimic control

3.01 — miR-211 mimic

2>

= 257

©

©

o 2.04

[2]

o a

Q2 1.5

©C

]

— 1.0
0.5
0.0-

pGL3-SIRT1-wt  pGL3-SIRT1-mut

Figure 4 SIRT1 is the target of miR-211 A: Bioinformatic analysis of the wild-type and mutant miR-211 target sequences with the 3’UTR of

SIRT1 cDNA; B: The relative luciferase activity was measured by a dual-luciferase reporter assay. The data were expressed as the mean+SD, all

experiments were performed in triplicates. “P<0.05, "P<0.001 compared with control group.

co-transfected with pGL3-SIRT1-wt+miR-211 inhibitors had
significantly increased luciferase activity (P<0.001; Figure
4B). Cells co-transfected with pGL3-SIRT1-mut+miR-211
inhibitors had no significant change in their luciferase activity
(P>0.05; Figure 4B), otherwise compared with the miR-211
mimic control group, cells co-transfected with pGL3-SIRT1-
wt+miR-211 mimics had significantly decreased luciferase
activity (P<0.05; Figure 4B). Cells co-transfected with pGL3-
SIRT1-mut+miR-211 mimics had no significant change in
their luciferase activity (P>0.05; Figure 4B), demonstrating
that SIRT1 is a direct target of miR-211.
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miR-211 Regulated Human Lens Epithelial Cell Proliferation
and Apoptosis Considering the discovery that SIRT1 inhibited
apoptosis, further investigation was conducted into the effect
of miR-211 on apoptosis and proliferation. SRA01/04 cells
were transfected with either miR-211 mimics, mimic controls,
miR-211 inhibitors, or inhibitor controls. Seventy-two hours
after transfection, the cells were exposed to 200 umol/L H,0,
for 1h, after which caspase-3 activity was assessed and cell
viability was determined using a MTS assay. Compared with
the control group, the miR-211 mimic group had significantly
elevated caspase-3 activity (P<0.001), while the caspase-3
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Figure 5 miR-211 regulated human lens epithelial cell proliferation and apoptosis A: Caspase-3 activity in each group; B: Cell viability

measured by the MTS assay in each group. The data were expressed as the mean+SD, all experiments were performed in triplicates. *P<0.001

compared with control group.

activity of the miR-211 inhibitor group was markedly decreased
(P<0.001; Figure 5A). These results suggest that miR-211
promotes apoptosis in human lens epithelial cells. The MTS
assay results showed that compared with the control group,
there were significantly fewer viable cells in the miR-211
mimic group cells (P<0.001), while the number of viable cells
was significantly increased in the miR-211 inhibitor group
(P<0.001; Figure 5B). These results further indicate that miR-
211 inhibits the proliferation of human lens epithelial cells.
DISCUSSION

miRNAs are a class of endogenous noncoding RNA ranging
from 21 to 25 nucleotides”’. They often regulate gene expression
by complementary pairing with the 3'-UTR of a target gene
and mediating the degradation of target gene miRNA!"""",
miRNAs are involved in a variety of physiological and
pathological processes including cell growth and apoptosis,
hormone secretion, aging, organ development, immune
response and other pathologies'”'*"®. Other studies have
shown that miRNAs play an important role not only in ocular
development but also the progression of a variety of ocular
diseases such as cataracts, glaucoma, age-related macular
degeneration and choroidal neovascularization'” ). miRNAs
represent a relatively new and intriguing potential target for the
diagnosis, prevention and treatment of ocular disease”>”. This
study highlights the mechanism of miRNA-211 in silencing
SIRT1 expression and elucidates its impact on the development
of age-related cataracts.

Abnormal expression of miRNAs in cataract tissue has been

1P found low

reported previously. For instance, Qin et a
expression of miR-125b in the anterior lens capsules of patients
with age-related cataracts and further discovered that miR-
125b inhibited human lens epithelial cells apoptosis. Other
studies showed that expression of miR-421 and miR-133b

were decreased in the lens epithelial cells of age-related

cataract patients while miR-15a and miR-16-1 expression was
increased™®**".

The first novel finding in this study is that miR-211 expression
was significantly increased in the anterior lens capsules of
patients with age-related cataracts, suggesting that miR-211
may be involved in the development of age-related cataracts.
Other studies have reported low expression of miR-211 in
various tumor tissues, and have investigated the effects of
miR-211 in suppressing tumor cell proliferation, migration,

31- .
"l However, the expression

invasion and induce apoptosis'
and functions of known miRNAs are highly tissue-specific,
and thus the precise mechanism and effects of miR-211 in
human lens epithelial cells requires further study.

This is the first study to report that levels of SIRT1 expression
were significantly decreased in the anterior lens capsules of
age-related cataract patients, suggesting that SIRT1 activity
could be linked to miR-211 expression in mediating the
development of age-related cataracts. The protein encoded by
the SIRT1 gene is an NAD+ dependent histone deacetylase, it
belongs to the human Sirtuin protein family, which is highly
conserved in various species and that is present in almost all
cell types of the body”". It has been suggested that SIRT1
may facilitate p53 acetylation, thereby decreasing its ability to
induce apoptosis””. Calapre et a/” demonstrated that heat-
induced SIRT1 activation mediates survival of DNA damaged
keratinocytes through deacetylation of p53 after exposure
to UVB plus heat. Furthermore, SIRT1 overexpression in
osteoblasts suppressed hypoxia-induced apoptosis'’. SIRT1
seems to play a protective role in a variety of pathological
conditions; however, the mechanism of SIRT1 in cataract
development remains unclear.

The online software miRanda predicted that SIRT1 may be
the target gene of miR-211. We verified that prediction in this
study by transient transfecting lens epithelial cells with miR-
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211 mimics or miR-211 inhibitors and monitoring resultant
SIRT1 levels. This experiment found a striking inverse
relationship between miR-211 and SIRT1 expression. Finally,
dual-luciferase reporter assay confirmed SIRT1 as a direct
target of miR-211.

We then transfected lens epithelial cells with miR-211 mimics
or miR-211 inhibitors exposed them to 200 umol/L H,O, for 1h
to induce apoptosis, and found that overexpression of miR-211
group resulted in significantly higher caspase-3 activity as well
as significantly fewer viable cell. The miR-211 inhibitor group,
by contrast, showed a significant decrease in caspase-3 activity
while cell activity was significantly increased, indicating that
miR-211 plays a role in inducing lens epithelial cell apoptosis
and inhibiting the proliferation of lens epithelial cells. These
results indicate that miR-211 induces lens epithelial cell
apoptosis by SIRT1 expression, suggesting that it may play a
key role in the progression of age-related cataracts.

In summary, miR-211 expression greatly elevated in the
anterior lens capsules of patients with age-related cataracts.
miR-211 induces apoptosis and decreasing the viability of lens
epithelial cells by directly targeting SIRT1, miR-211 may play
a key role in the development of age-related cataracts. The
findings of this study provide strong evidence that miR-211
could be a potential new target for the diagnosis and treatment
of cataracts.
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